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THE NERVOUS SYSTEM.
The nervous system—the complex apparatus by which the organism is brought

into relation with its surroundings and by which its various parts are united into one
coordinated whole—consists essentially of structural units, the neurones, held together
by a special sustentacular tissue, the neuroglia, assisted by ingrowths of connective
tissue from the investing membrane, the pia mater.

The neurone, the morphological unit of the ner\'ous system, includes a
nucleated protoplasmic accumulation, the cell-body, and the processes. The former,

usually spoken of as the nerve-cell, presides over the nutrition of the neurone and is

the seat of the subtle changes giving rise to ner\-ous impulse. The processes arise

as outgrowths from the cell-body and provide the paths along which impulses are

conveyed. They are very variable in length, some extending only a fraction of a
millimeter beyond the cell-body, while others continue for many centimeters to

distant parts of the body. The longer processes, which usually acquire protecting

sheaths, are known as the nei^ve-Jibres, and these, associated in bundles, constitute

the nerve-trunks that pass to the muscles and various other organs.

Reduced to its simplest terms, the nervous system consists of the two parts rep-

resented in the accompanying diagram (Fig. 834). The one, the sensory neu7-one,

{A) takes up the stimulus received upon the

integument or other sensory surface and, by means
of its process (nerve-fibre), conveys such impulse

from the periphery towards the central aggregations
of nerve-cells that commonly lie in the vicinity of the

body-axis. Functionally, such a path constitutes a
cent7-ipelal or afferent fibre (a). The impressions

thus carried are transferred to the second element,

the motor 7ieurone (B), which in response sends
out the impulse originating within the cell-body

(nerve-cell) along the process known as the centri-

ftigal or efferent fibre (e), to the muscle-cell

and causes contraction. The simple relations of

the foregoing apparatus are, in fact, superceded
by much greater complexity in consequence of the

introduction of additional neurones by which the

aflerent impressions are distributed to ner\e-cells

situated not only in the immediate vicinity of the
first neurone, but at diflerent and often distant levels.

Although ver\' exceptionally the relation between the neurones may perhaps be
that of actual continuitv in consequence of a secondary union of their processes

(Held), the view concerning the constitution of the nervous system most worthy of

confidence, notwithstanding the bitter attacks by certain histologists, regards the

neurones as separate and distinct units. While chained together to form the various

paths of conduction, they are probably seldom, if ever, actually united to one another

but only intimately related, since their processes, although in close contact, are not

directly continuous,—conti_guit\- but not continuity being the ordinary relation.

During the evolution of the nervous system from the simpler type, the cell-

bodies of the neurones forsake their primary superficial position and recede from the

periphery. In vertebrates this recession is expressed in the axial accumulation of

cell-bodies either within the wall or in the immediate vicinity of the neural tube
(brain and spinal cord), from or to which the processes pass. The ner\'Ous system
is often divided, therefore, into a central Sind a pen'plieral portion. The former, also

known as the cerebro-spinal axis, includes the brain and spinal cord and contains

the chief axial collections of ner\'e-cells ; the peripheral portion, on the contrary,

996

Diagram showing fundamental units
of ner\-ous system. A. sensory neurone,
conducting afferent impulses by its pro-
cess ia) from periphery ^S\\ B. motor
neurone sending: efferent impulses by its

process {e) to muscle.
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contains the ncive-cclls of the sensory ganglia and is princijjally composed of the

nerve-fibres that ])ass to antl from the end-organs. Intimately associated with and
in fact a part of the peripheral nervous system, but at the same time possessing a

certain degree of independence, stands the sympathetic system, which provides for

the inner\ation of the involuntary muscle and glandular tissue throughout the body
and the muscle of the heart.

When sectioned, the fresh brain and spinal cord do not present a uniform a])pear-

ance, but are seen to be made up of a darker and a lighter substance. The fcjrmer,

\\\G. grav matter, owes its reddish brown color not only to the numerous nerve-cells

that it contains, but also to its greater vascularity ; the hue of the lighter substance,

the 7vhite matter, is (\\\ki to its chief constituents, the medullated nerve-tibres, in

conjunction with its relatively meagre blood supi^ly.

Fig. 835.

THE NERVOUS TISSUES.

The Neurones.—The neurones, the essential morphological units of the
nervous system, consist of the cell-body and the process^. The latter, as seen in

the case of a typical motor neurone (Fig. 835 J, are of two kinds : (a) the branched
protoplasmic extensions, the dendrites, which may be multiple and form elaborate
arborescent ramifications that establish relations with other neurones, and {^b) the
single unbranched axone (neuraxis, neurite) that ordinarily is prolonged to form the
axis-cylinder of a nerve-fibre, and, hence, is often termed the axis-cylinder process.

The dendrites are usually uneven in contour and relatively robust as they leave

the cell-body, but rapidly become thinner, due to their repeated branching, until

they are reduced to delicate threads that con-
stitute the terminal arborizations, the telodendria,

formed by the end-branches. The latter are
beset with minute varicosities and finally end in

terminal bead-like thickenings. The axones,
slender and smooth and of uniform thickness,

are much less conspicuous than the dendrites.

They may be short and only extend to nearby
cells ; or they may be of great length and con-
nect distant parts that lie either wholly within the

Fig. 836.

Dendrites

Dendrites

Aiborization
of axone

Telodendriou

Diagram of typical neurone.

Diagram of nerve-cell of type
II, in which axone is not prolonged
as nerve-fibre.

cerebro-spinal axis (as from the brain-cortex to the lower part of the spinal cord) or
extend beyond (as from the lower part of the cord to the plantar muscles of the foot).
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Fig

Semidiagrammatic representation of
structure of neurone ; a, axone.

On reaching- their destination the axones terminate in end-arborizations (telodendria)

of various forms, in a manner similar to the dench'ites. According to the distriljution

of their axones, tlie neurones are divided into two
classes. In those of the first, known as ccl/s of type I,

the axone is continued as a nerve-fibre and is, therefore,

relatively long. Soon after leaving the cell-body such
axones give off delicate lateral processes, the collaterals,

which, after a longer or shorter course, break up into

arborizations ending in relation with other and often

remote neurones. Neurones of the second and much
less frequent class, cells of type If possess short axones
that are not continued as nerve-fibres, l)ut almost

immediately break up into complex end-arborizations

or neio'opodia (Kolliker), limited to the gray matter.

The processes of the se?isory neurones, as in the

case of those constituting the spinal and other ganglia

connected with afferent nerves, are so modified during

development (Fig. 839) that later both dendrites and
axones arise in common from the single robust stalk of

an apparently unipolar cell. Branching T-like, one
process (the dendrite) passes towards the periphery

and the other (the axone) extends to and into the

cerebro-spinal axis.

The nerve-cells, as the bodies of the neurones

are called, possess certain structural details in common,
although in some instances they present characteristics

that suffice to identify them as belonging to particular localities. Nerve-cells are

relatively large elements, those in the anterior horns of the spinal cord measuring

from .070-150 mm. in diameter, and contain a large spherical nucleus, poor in

chromatin but usually pro-

vided with a conspicuous Fig. 838.

nucleolus. Their cytoplasin

varies in appearance with

the method of fixation and
staining to such an extent

that considerable uncertain-

ty exists as to the relation

of many described details to

the actual structure of the

cells. It may be accepted

as established, however,
that the cell-body of the

neurone consists of 2.ground
substa?ice, homogeneous or

finely granular, in which
delicate yf(^;77/r^ and masses
of chromatophilic granules
are embedded ; in addition,

a variable amount of brown
or blackish pig7nent is com-
monly present in the vicin-

ity of the nucleus. The
presence of the fibrillae

within the nerve-cell, long
ago maintained by Max
Schultze but later disre-

garded, has been placed
beyond question by the researches of Apathy, Bethe, Cajal and others. The signifi-

cance and relations of the fibrillae to the nerve-cell, however, have given rise to warm

Nerve-cells of human spinal cord stained to show Nissl bodies ;
D, dendrites

;

.,4, axones; C, implantation cone ; A^, nucleus ; ^1/, nucleolus. X 400.
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discussion. The ()l)scrvati<)iis hasnl [.\\>ii\\ llic iiii|)r()\(.(l inctliods of silver-staining

intioiliicctl by Cajal have coiUiibiili-il nuich towards the sohition of these questions,

and, at |)resent, the most experienced histcjloj^isls inehne towards the view tiiat tlie

tibrilhe demonstrable within the nerve-cell are limiltd to the body and processes of

that particular neurone and do not unite with the hbrillic* of other neurones. When
adequately dilTerentiated by successful staining, the fibrilla; form an intracellular

net-work within the cell-body, from which they are continued into the dendrites and
axone and in all cases end free in the terminal arborizatifjns (Retzius).

After special staining with methylene blue, or other basic anilines, the chro
matophilic granules ajjpiar dee])ly colored and arranged in groups or masses of vary-

ing form and size. Such aggregations, known as A7ss/ bodies, after the German
histologist whose elaborate studies and thet)ries concerning the structure (jf the nerve-

cell have gi\'en prominence to these masses of " stainai^le substance," are usually

most conspicuous in the vicinity of the nucleus. Collecti\ely, they constitute the

tigroid substance of Lenhossek and are least marked at the periphery of the nerve-

cell. They are continued into the dendrites as elongated flakes or pointed rod-like

tracts that finally are resolved into scattered granules along the processes. The
axone, on the contrary, is not invaded by the Nissl bodies, and usually joins the

nerve-cell at an area free from the stainable substance, the a.xis-cylinder process com-
monly arising from a slight elevation known as the implantation cone. Exception-
ally, the axone may arise from one of the dendrites, eithei at its base or at a point

some distance from the cell -body. *

Notwitlistandiiii^ the elaborate classification of nerve-cells and the theories based upon the

Nissl bodies, their si.uniiicance is still debatable, althouj^h in the lijjht of the more recent studies

by Carrier. Holmes and others it seems probable that they are normal constituents of the cell

and are directly related to functional activity, undergoing increase under unusual stimulus.

Critical study of the structure of ganglionic nerve-cells has established the presence of four

fundamental components within their cytoplasm. These are, according to Cowdry, (1 ) the Nissl

bodies, (2) the mitrochondria, deeply staining minute rod-like granules, (3) an intracellular system

of clefts or canaliculi, and (4) the neuro-fibrils. That these canaliculi are not artefacts is probable

from their demonstration after staining i)itya vitam with a solution of pyronin, when the clefts

appear as a network of clear, continuous, but tortuous spaces within the red-tinted cytoplasm.

Fig.

Every neurone possesses at least one process, which is then an axone, although

usually provided with both dendrites and axone. Very
rarely more than a single axone is present. Depend-
ing upon the number of their processes, nerve-cells are

described as unipolar, bipolar, or multipolar. The
unipolar condition is often secondary, since two
processes may be so blended for part of their course

that they form a single process. Conspicuous examples
of such relation are seen in the spherical nerve-cells

composing the spinal and other ganglia connected with

the sensory nerves. Primarily such neurones possess

an axone and a dendrite that arise from opposite ends
of what is for a time a spindle-shaped bipolar cell.

During development, however, the unilateral growth
of the cell-body towards the surface of the ganglion
brings about the gradual approximation of the two
processes until they fuse in the single extension into

which the spherical or flask-like cell is prolonged.
This process sooner or later undergoes a Y- or T- like

division, one process, usually identified as the dendrite,

passing to the periphery to end in the free terminal

arborization, whilst the other, the axone, passes

centrally to end in an arborization around the

neurones lying within the cercbro-spinal axis.

Examples of bipolar neurones, in which the dendrite and axone pass from
opposite sides of the spherical cell-body, are found in the retina and the ganglia

Diagram showing transformation
of young bipolar sensory neurone into
one of unipolar type.
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Fig. S40.

connected with the acoustic nerve. An interesting modification of bipolar neurones

is presented by the olfactory cells, whose dendrites are represented by the extremely
short processes embedded within the nasal mucous
membrane, whilst the axones are prolonged as the

fibres of the olfactory nerves into the cranial cavity

to end in tclodendria within the glomeruli of the

olfactory bulb.

The cell-bodies of the multipolar neurones,
which possess one axone and several dendrites, vary
in form (Fig. 841). Some, as those within the sym-
pathetic ganglia, are approximately spherical and of

moderate size, with short delicate dendrites ; many
are of large size and irregularly stellate form, the

dendrites passing out in all directions, as seen in the

conspicuous motor neurones within the gray matter

of the spinal cord ; others possess a regular and
characteristic form, as the flask-shaped cells of Purkinje

within the cerebellum, or the pyramidal cells of the

cerebral cortex. Certain multipolar neurones within

the cerebral cortex, and especially those constituting

the chief components of the granule layer of the

cerebellum, are distinguished by the small size of

their cell-bodies and the peculiar ramifications and claw-like telodendria of their

dendrites (Fig. 945j. Within the cerebellar cortex are likewise found examples of

Bipolar neurones; a, from olfactory
miicous membrane—dendrite is above;
by from retina. {Modifiedfrom Cajal.)

Fig. 841.

Multipolarnerve-cells of various forms; A, from spinal cord ; B, from cerebral cortex; C, from cerebellar cortex

(Purkinje cell) ; a, axone ; c, implantation cone.

the multipolar neurones of Golgi's type II, whose axones almost immediately

undergo elaborate branching within the gray matter to which they are confined.

The Nerve-Fibres.—From the foregoing considerations it is evident that tlie

nerve-fibres are not independent elements, but that all are the processes of neurones

— either the axones of those that are prolonged into fibres (type I), or the dendrites

of those situated within the spinal and other sensory peripheral ganglia. Although

neurones exist which are not continued as nerve-fibres, the latter are always connected
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Axis-cylinders

Axolciiiina

Medullary sheath

Node of Rainier

Neurilemma

Medullated nerve-fibres, as seen in longi-
tudinal seclions of spinal nerve. >' 500.

with neurones. Rccoj^iii/.in^, llicrcloic, thai the ncrvc-liljix-s art,- only processes of

neurones, their separate description is justified only as a matter of convenience.
The fundamental |)art of every nerve-fibre is the central cord, commcjiilv kncnvn

as the axis-cylinder, which is composed of threads of ^reat delicacy, the axi's-

Jibrillcc, proloni;\'d from the nerve-cell and embedded within a scmilluid interfibrillar

substance, the neuroplasm , the entire cord per-

haps beinu^ enclosed by a delicate structureless

sheath, the axo/cniina. The existence of the

a.volemma as a distinct sheath, lunvever, is (|ues-

tionable, the a|)pearance of such investment not

improbably beinji;^ due to a local condensation of

the framework of the medullary coat immediately
around the a.xis-cylinder.

In the case of the typical fibres, such as form
the chief constituents of the peripheral nerves

distributed to varit)us parts of the bod)', the a.xis-

cylinder is surrounded by a relati\'ely thick coat,

known as the vicdullary sheath, outside of which
lies a thin structureless enx'elope, the neurilemma
or sheath of ScJnvann, that invests the entire

nerve- fibre. In the case of fibres proceeding from
neurones composing the sensory ganglia, the

neurilemma is continuous with the nucleated

sheath enclosing the individual ganglion-cells.

The medullary sheath consists of two parts,

a delicate XitViCwXwx frame'cL'ork and a fatty substance, the myelin, that fills the meshes
of the supporting reticulum. The latter, arranged for the most part as anastomosing
membranous lamellae, that in transverse sections of the nerve-fibre appear as faint

concentric lines, resists pancreatic digestion and fat-dissolving reagents, and was
regarded by Evvald and Kiihne as possessing properties similar to the keratin of

horny substances and, hence, was named by them neurokeratin. The blackening
after treatment with osmic acid and other reactions exhibited by myelin indicate its

fatty nature, and it is probable that this substance exists during life in the form of a
fine emulsion supported by the framework. When fresh, myelin appears highly
refracting and homogeneous, and confers upon the medullated nerve-fibres their

characteristic whitish color. It is, however, prone to post-mortem changes, so that

after death it loses its former uniformity and presents irregular contractions and
collections, or at the broken end "of the fibre extrudes in irregular globules, due
probably to fusion of the normal indi\'idual minute droplets into larger masses.

The medullary sheath is not uniformly continuous, but almost completely inter-

rupted at regular, although in different fibres variable, intervals marked by annular
constrictions. These constrictions, the nodes

of Ranvier, correspond to narrow zones at

which the medullary sheath is practically

wanting and the neurilemma dips in and, some-
what thickened, lies in close relation with the
axis-cylinder. According to Hardesty ^ the

medullary sheath does not suffer complete
suppression at the nodes, but is represented
by part of its reduced framework which trans-

verses the constriction, a conclusion which
we can confirm. The nodes occur at regular
intervals along the fibre, which thev thus divide

into a series of intcryiodal segments. In general, the latter are longer in'large fibres,
where they have a length of about i mm., and shorter in those of small diameter, in
which they may measure . i mm. or less in length. The axis-cylinder passes uninter-
ruptedly across the nodes, although it often presents a slight' fusiform enlargement

Axis-cylinder

Neurilemma

Medullary sheath

Medullated ner\ e-fibres ni transverse
section. X 550.

'Amer. Journal of Anatomy, vol. iv., 1905.
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opposite each constriction (Ranvier). The neurilemma also suffers no break at

the nodes, but is continuous from one segment to the other.

In addition to the partial interruptions at the

nodes, the medullary sheath after treatment with

osmic acid frequently ajjpears broken by clear

narnjw clefts that extend obliquely from the neuri-

lemma to the axolemma and thus subdivide each

internodal segment into a number of smaller

tracts, known as the Schviidt- Lantcrviann segments

(Fig. 844). The oblique clefts do not all extend

in the same direction, even within the same inter-

nodal segment, since they are usually directed from

without inward and towards the nodal constrictions

and, therefore, have an opposed disposition at the

ends of the same as well as of the adjoining seg-

ments. The significance of this subdi\ision is un-

certain ; many regarding the details as artefacts.

According to Capparelli', however, the apparent

clefts are in reality unstained membraneous septa

that pass obliquely from the axolemma to the inner

surface of the neurilemma and serve to hold the

axis-cylinder in place and to enclose the myelin.

The studies of Hatai - on the arrangement of the

neurokeratin seem to support these conclusions.

Within each internodal segment, beneath the sheath

of Schwann, lies a single (sometimes more than

one) small neurilemma-cell which consists of an

elongated oval nucleus surrounded by a meagre

amount of cytoplasm. These cells represent the

remains of the formative elements {sheath-cells) that during the growth of the

nerve-fibre were active in providing its envelope (page loiij.

Fig. S45.

Node of Rainier

MeduUated nerve-fibres after treatment

with osmic acid; A, fibre showing relic u-

lum within medullar>- coat ; B. one show ing

same coat divided into segments. /. 500.

MeduUated nerve-fibres becoming nonmeduUated on approaching

their termination. X 235.

Depending upon the presence or absence of the medullary sheath throughout

the greater part of their course, nerve-fibres are distinguished as meduUated or non-

^ Archiv f. mikros. Anat. u. Entwick., Bd. 66, 1905.

journal of Comparative Neurology, vol. xiii., 1903.
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Nonmcdullatcd nerve-
fibrcsin longitudinal si.'ction

ol splenic nerve. / 310.

nicduUilfil. The medullated fibres constitute tin- j^^rcat niajority of iIkjsl* makinj^

up tlie peripheral nerves and tlie tracts of the cerebro-sjjinal a.xis ; the component
fibres of the latter, however, while medullated are without the neurilemma. The
nonmedullated fibres, on the other hand, are chieHy prolongations (a.xones) from
the i^ani^lioii cells of the sym|)athetic system, alth(ju^h in the case of the olfactory

nerves the fibres are also without a myelin-coat. The dis-

tinction between these two classes of fibres is relative rather than "Fio. .S46.

absolute, since everv medullatcti ner\e-til)re becomes nonmed-
ullated before ••'•achiiii; its terminatinn, cc-iUral or ])crij)li(ral.

Medullated lurve-fibres vary j^reatly in tliickness, the smallest

haviiijr a dinnu'ter of only .txji mm., whilst the larj^est may measure as

much as .020 mm. According to tluir diameter, as determined by
ILolliker, the medullated filjres may be j^rouped as line (.002-.004

mm.), medium (.U05-.009 nmi.), and coarse (.oio-.o2u mm.). In

general, the thicker fibres are the lonj^^er and are the processes of large

nerve- cells ; conversely, the finer have shorter courses and belong to

small cells. Allhough subject to many e.xceptions, the motor fibres

are usually the thicker and the sensory the smaller.

Since there are many more nerve-iibres than nerve-cells, it is evi-

dent that the former must undergo division along their course. Such
doubling always occurs at a point corresponding to a node of Ranvier,

never within the internodal segment, the sheaths being continued over
the two resulting fibres. On apj)roaching their peripheral termination

the branching becomes more frecjuent and the medullary sheath thinner

until it ends, after which the a.xis-cylinder continues invested witii only
the attenuated neurilemma. The latter, now reduced to an extremely
delicate covering beset with occasional nuclei, sooner or later disappears, the naked axis-cylinder
alone being prolonged to end finally in the varicose threads of the telcKlendrion.

The nonmedullated nerve-fibres proper, also X.&x\\\it(\ pale fibres or fibres ofiRetnak, include
those that are without the myelin sheath throughout their course. They are chiefly the axones
of sympathetic neurones. Devoid of medullary sheath, these fibres, often .002 mm. or less in

diameter, consist of only the axis-cylinder and the neurilemma, the latter being thinner and
more delicate than on the medullated fibres. Like the latter, the pale fibres end in telodendria
composed of naked axis-cylinders, bearing irregular varicosities.

Neuroglia.—The neurones (nerve-cells and fibres) within the cerebro-spinal
axis are everywhere held together by a special supporting- tissue known as neuroglia.

The latter is primarily derived from the invagi-

nated ectoblast lining the neural tube, certain

elements, the spongioblasts, being devoted to the
production of the neuroglia, while others, the
neuroblasts, gi\-e rise to the neurones. At first

the supporting tissue is represented by greatly

elongated, radially disposed fibre-cells that often

extend the entire thickness of the wall of the
neural canal. Later, the neurogliar elements
become differentiated into (a) those bordering
the lumen of the canal, which are partlv retained

as the ependymal cells, and ib^ those which have
early migrated to more peripheral locations and
given rise to stellate cells that are con\-erted

into spider-like elements, the astrocytes. Seen
in chrome-silver preparations (Fig. 847) these
appear as irregular triangular or quadrilateral

cells from whose angles numerous delicate

fibrillae extend between the surrounding nervous
elements. According to Rubaschkin,^ the astro-

cytes are transformations from larger branched gliogenetic cells, by the conversion of
whose robust protoplasmic processes the delicate JibrillcB that later form the chief

'Archiv f. mikros. Anat. u. Entwick., Bd. 64, 1904.

Fig

Young neuroglia cells; astrocytes, from brain
of child. X 300.
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constituents of the neuroglia arise. So long as neuroglia is being produced, as in

the ner\'ous a.\is of young animals, the large gliogcnetic cells are present and directly

concerned in the production of additional til^rilke, their cytoplasm becoming pro-
gressively less granular and reduced through the various transition [)hases until in

the final condition, as the small glia cells, little more than the nucleus remains.
During these changes very many tibrilUe lose their connection with the cells and, in

conjunction with the glia threads still attached to the astrocytes, form an elaborate
interlacement in which the neuroglia cells, now reduced and for the most part devoid
of processes, lie scattered at uncertain intervals.

In all parts of the central nervous system the mature neuroglia consists of

essentially the same tissue, the differences presented in certain localities depending
largely upon variations in its compactness. Everywhere the chief part of the sup-
porting* tissue consists of the intricate felt-work of fibrilUe, glla-Jibrcs, as they are
called, which are usually free but to some extent connected with the spider-cells or
astrocytes. Where, however, the neuroglia borders the neural tube (the ventricles

of the brain and the central canal of the spinal cord) as the ependymal layer^ its

arrangement exhibits peculiarities that call for later special mention.

Fig

In the immediate vicinity of the neurones the felt-work of the fibrilla." is unusually close, so
that the- Cfll-bodies and the roots of the processes are surrounded by a protectins^ slieath, the
glia-capsulc. Tliis diminishes along the dendrites, and after these begin to branch the neuroglia

no longer forms a complete special investment. The medullated nerve-fibres within the brain

and spinal cord are also provided with delicate nenrogliar sheaths which replace the neurilemma
which on these fibres is wanting. These sheaths are prolonged for some distance on the fibres

of the roots of the spinal nerves. The fibres of the optic

nerve and of the olfactory tract are accompanied through-

out their length by neurogliar sheaths, those of the

remaining cranial nerves losing these envelopes shortly

after leaving the brain (Rubaschkin).

Beneath the pia mater the neuroglia is especially

dense and forms the external stibpial layer that every-

where invests the nervous mass, following all the inequali-

ties of its surface, bi this manner the pia mater is excluded

and, except where its connective-tissue strands accompany
the blood-vessels that enter the ner\ous mass, takes no
part in the make-up of the supporting stroma. The
subpial layer consists of a dense felt-work of glia-fibres,

disposed in various planes, which are partly free and partly

the processes of spider cells, biternally the layer fades

into the adjoining diffuse neuroglia without demarcation.

At the periphery the fibres often exhibit a radial disposi-

tion, their outer ends usually being somewhat expanded.

Within the white matter the neuroglia, both in its distri-

bution and density, is fairly uniform, although special

tracts often separate the larger bundles o! nerve-fibres.

Its arrangement within the gray matter presents less

uniformity, since more or less marked condensations

occur where the nerve-cells are collected into nuclei, as

conspicuously seen in the inferior olive.

J ji * vi'

^

Ependymal cells and adjacent neuro-
glia surrouiuliiig central canal of spinal

cord ot cat. X 75. (^Rubaschkin.)

Where the neuroglia borders the neural tube

(especially the central canal of the spinjil cord) it

constitutes the ependymal layer, the peculiari-

ties of which call for sj^iecial mention. The imme-

diate lining of the tube consists of a single layer of

pyramidal epithelial elements, the ependymal cells, whose free surfaces or bases look

towards the lumen, and the apices towards the surrounding ner\'ous tissue. At least

during the earlier years in man, and throughout life in many lower mammals, the

free surface of each cell is beset with a number of hair-like processes that in their

relations with the cytoplasm correspond to ordinary cilia. The pointed distal end of

the ependvmal cell is prolonged into a conical process that is direcdy continued

into usually a single neurogliar fibre which, after a course of uncertain length becomes



Till-: NERVOUS TISSUES. 1005

lost in the siirroiindinuf com[)lex of u:lia-til>ics. In younj^^ tissue the apical processes

often exhibit e\iclences of l)reakini^ up into a nunii>er of line fibrilhe. Where the

processes enter robust tracts of neuroglia, as in tiie posterior longitutiinal sej)tuin of

the spinal cord, they are of unusual lenjj^th. In addition to the radially directed

fibres connected with the ependymal cells, the fibre-complex of the ependynial zone

includes many fibrilUe that are circularly and longitudinally disposed. Scattered

p^lia cells, some stellate but mostly small, are also present and represent the elements

from which the neuroi;lia-til)rilke have been derived.

Ill tlif prc-ci-iling accoiiiil of tlic ek-iiK-iits composiiit,^ tliL- nervous tissues the neurones have

been resarclt-d as tlie nu)ri)lu)logical units, eacli retainin.L; its individual anatomical inde|)en-

denie, altlioujjh fuiutionally closely related with otlar similar units. This cfjnception, com-

monly rtk-rrLcl to as the Neurone Doctrine and strikiiiijly fornuilaled by W'akleyer in 1.S91,

stands in contrast to the prior views by which actual continuity was attributed to the nerve-cells

by means of the union assumed to exist within the terminal net-works of their processes. The
independence and true relation of the neurone was establisiied kir;^ely tiirough the convincing

embryolo.<;ical investit^ations of His and the renewed study of the nerve-cells as demonstrated

by the improved apjilications of the Golj^i silver-impre.!:^nations, supi^lemented by the method
of vital staininji by methylene blue introduced by Eluiicii. The Neurone Doctrine has gained

wide acceptance and the support of the most distinguished anatomists, among those who have
materially strengtiiened its position being Kolliker, Ramon y Cajal, Retzius, Lenhoss^k,

Waldeyer, van Gehnchten, and Edinger.

The neurone conception, securely founded as it is upon a vast mass of evidence collected

from a wide field by the most painstaking and accurate observation, has not escaped challenge,

and at present is assailed by a group of histologists headed by Apathy and Bethe, who not only

bitterly oppose the integrity of the neurone as an independent unit, but also strive to depose the

nerve-cell from its dignity as the fundamental physiological factor. In 1897 ApAthy^ published

his observations on the structure of the ganglia of certain invertebrates, as revealed by a new
mercuric gold-ciiloride method, and thereby established the important fact that the cell-body

and processes of the neurone are pervaded by fine neurofibrilke, thus confirming the fibrillar

structure of the nerve-cell advanced by Max .Schultze more than a quarter of a century before.

Following ApAthy, Bethe''' investigated the tissues of the higher animals and succeeded in dem-
onstrating the existence of the neurofibrilla; within the neurones of man. According to these

observers, the neurofibrillae, although interlaced without junction within the cell-bodies, are

independent threads, that are not confined to the neurones but pass beyond and unite with

fibres from other sources. The neurofibrillar, therefore, and not the nerve-cells, are the essen-

tial elements of the nervous system, the cells being only interposed along the path of conduc-
tion. Indeed, according to these views, the neurofibrillse are independent of and, in a sense,

foreign to the nerve-cells, leaving or entering the latter at pleasure and constituting by their

union a continuous path of conduction from the receptive element to the muscle-fibre. Apdthy,
moreover, assumes the existence throughout the central nervous system of a fibrillar net-work
formed outside and between the nerve-cells by the neurofibrillae from which the axones may
arise independently of the nerve-cells. It is evident that if such be the case the conception of

the neurone as an individual unit falls.

The criti ism made by the newer school, that the supporters of the neurone theory relied

upon methods which inadecjuately demonstrated the ultimate terminal relations (the assumed
union in net-works) has been met by the introduction of the still newer methods of Beilschow-
sky and especially of Cajal, which have yielded preparations that demonstrate that the neuro-
fibrillae everywhere form net-works within the cell-bodies of the neurones, are confined to their

processes, and even in their ultimate endings form ununited terminal arborizations. It seems,
indeed, that, at present at least, the defenders of the neurone theory may with justice charge
their opponents in turn with depending upon methods that only partially show the relations of

the neurofibrillae within the neurones. Retzius, than whom no more experienced and competent
authority in this difficult field of research can be consulted, has recently reviewed the entire

question and presented ^ most convincingly the facts that enable him, as well as the most
distinguished anatomists of to-day, still vigorously to champion the Neurone Doctrine. After
a critical and scientific discussion of the arguments advanced by Apdthy, Bethe and Nissl,*

Retzius rests his case with little concern as to the verdict of those to whom facts and not
speculation most appeal.

' Mitteilungen aus d. Zoolog. Station zu Neapel, Rd. xii., 1897.
' Allgerneine Anat. u. Physiol, des Nervensystems, 1903.
^ Biologische Untersuchungen, N. F., Bd. xii., 1905.
* Die Neuronenlehre und ihre Anhanger. 1903.
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The Nerve-Trunks.—The fibres composing the peripheral nervous system are

grouped into the larger and smaller nerve-trunks which extend to various parts of the

body. In the make-up of those that supply both muscles and sensory surfaces

(integument or mucous membranes), as, for example, the median or the third division

of the trigeminal nerve, three sets of fibres are included : ( i ) the efferent axones of

motor neurones whose cell-bodies are situated within the spinal cord or brain
; (2) the

afferent dendrites of sensory neurones within the spinal and other sensorv ganglia
;

and (3) the efferent axones of neurones within the sympathetic ganglia that accompany
the spinal fibres to the periphery and ser\e for the innervation of the involuntary

muscle of the blood-vessels and of the skin and the glands.

The nerve-fibres, the various kinds usually more or less intermingled, are

grouped into bundles, the funiculi, which differ in number and diameter according
to the size of the entire trunk that they form. Each funiculus is surrounded by a
definite sheath of dense connective tissue, the perineurium, which is directly con-

tinuous with the delicate fibro-elastic tissue prolonged between the individual nerve-

fibres as the endoneuriuni. When well represented, the sheath of the funiculus

consists of concentric lamellae of fibrous tissue which enclose pei'ineurial lymph-spaces.

Fig. S49.
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Transverse section of small ner\'e-trunk composed of loosely united funiculi. X 20.

The latter, lined bv flattened connective-tissue plates, are in relation with the clefts

between the nerve-fibres, on the one hand, and with the lymphatics within the inter-

funicular tissue on the other. Where, as usual, the nerve is composed of several

funiculi, these are loosely bound together and the entire trunk so formed is invested

by a general fibro-elastic envelope, the epineurium , in which course the blood-vessels

and lymphatics. These envelopes of the nerve-trunk are continued over its branches,

even onto its smallest subdivisions. The last representative of these coverings

is seen on the individual fibres as the sheath of Hejile, that surrounds the fibre

and consists of flattened cells and delicate strands of connective tissue outside the

neurilemma.
In cross-sections of the ner\e-trunk (Fig. 850), the transversely cut individual

medullated nerve-fibres appear as small circles, sharply defined by a fine outline (the

neurilemma), each enclosing a deeply stained dot (the axis-cylinder in section).

The inter\-al between the latter and the neurilemma, corresponding to the space

occupied by the myelin, usually appears clear and unstained with the exception of

delicate and uncertain suggestions of membranous septa. In contrast with its

unstained appearance in sections tinged with carmine, after the action of osmic acid

or special hematoxylin staining (Weigert) the medullary substance exhibits a dark

color and the axis-cylinder appears surrounded by a deeply tinted ring. The neuri-
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lemma nuclei are occasionally seen as deeply stained crescentic figures that partially

embrace the nerve-fibre, lying beneath the neurilemma within depressions in the

medullary substance.

Fig. 850.
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Nerve-fibre

Epineurium

Blood-vessel

Transverse section of funiculus composed of nerve-fibres held together by endoneurium and
surrounded by perineurium. X 175.

Viewed in cross-section, the nonmedullated fibres appear as small irregularly

round figures arranged in groups that correspond to bundles (Fig. 851). When
numerous, the latter are aggregated

Fig. 851.

Epineurium

v^

into secondary bundles between
which extend delicate connective-

tissue septa, continuous with the

general envelope investing the nerve-

trunk. The medullary substance

being wanting, the pale fibres are

of small size and often possess-

a

diameter of less than .001 mm.
The Ganglia.—The cell-

bodies of the neurones that consti-

tute the sensory pathways within the

peripheral ner\'es and of the neu-

rones of the sympathetic system
are collected at various points into

aggregations known as ganglia.

Familiar e.xamples of the latter are

the spinal ganglia on the posterior

roots of the spinal ner\'es, certain

cranial ganglia (as the Gasserian

connected with the fifth ner\'e, the

acoustic with the eighth, and those on the trunks of the seventh, ninth and tenth

cranial nerves), and the sympathetic ganglia along the gangliated cords and within

various plexuses of the sympathetic.

A longitudinal section of a spinal ganglion (Fig. 852), which may be taken

as a type, of such collections, shows the entire ovoid mass to be enclosed by 2l fibrous

capsule continuous with that ensheathing the nen-es. Immediately beneath the

capsule the ganglion-cells are arranged in a fairly continuous layer of var\-ing thick-

ness, while the cells, more deeply placed, are broken up into groups by the tracts of

Inter-fascicular
septum

Transverse section of small splenic nerve consisting chiefly ol

nonmedullated fibres. X 200.
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intervening nerve-fibres, a small amount of connective tissue prolonged from the

endoneurium of the nerve-bundles and accompanying the blood-vessels being also

Fig. 852.

I'obtenor root (sensor> )

Spinal cord

Spinal ganglion

Fig. 853.

Xerve-fibres, cut transversely

N'erve-cell

Anterior (motor) root

Common trunk of spinal nerve

Anterior division

Section of spina! nerve, showing its roots, ganglion, common trunk and primary divisions. X 10.

present. The chief ganglion-cells are from .060-. 080 mm. in diameter, but some
measure as much as .170 mm. and others as little as .025 mm. In sections

(Fig. 853) they usually appear round or oval,

since only exceptionally are their processes to

be seen. Each cell is enclosed by a richly

nucleated capsule which is continuous with the

sheath of the nerve-fibres. Most of the many
other oval nuclei that are conspicuous in sections

of the ganglia belong to the neurilemma of the

ner-\e-fibres and, hence, are seen as chains ex-

tending in different planes. Although many
of the nerve-cells within the spinal ganglia are

the cell bodies of the sens(jry neurones, whose

processes course as medullated fibres within

the spinal nerves, many more are small cells,

whose axones never acquire a medullary coat

and, dividing into peripheral and central

branches, run within the trunks and posterior

roots of the nerves as nonmeduUated fibres.

Based largely on the behavior of their axones,

DogieU has described eleven types of cells

within the ganglia. Ranson regards the "large" and "small" cells, whose axones

become medullated and nonmeduUated fibres respectively, as an important grouping,

1 Der Bau der Spinalganglien, Jena, 190S. Dogiel describes eleven varieties of nerve-cells.

Capsule

Nerve-fibres

Section of spinal ganglion, showing nerve-cells
surrounded by nucleated capsules. X .'^oo.
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•nnd li.'is tnircd the noniiu-diillatc 1 fibres aloiii^ llu- dorsal roots into tlv» s[>inal cord.

Tli«' ])rcscnce of fibres i)r()bal)ly derived from syin[>athetic neurones has been

demonstrated.

The sympatlutic miuiilia are represented by those of the great ganji;liated cords,

certain cranial ^anj^^lia (ciliary, spheno-palatine, otic, and subma.xillary;, the j^anjj^lia

within the three prevertebral ])le.\uses, and the innumerable small and often micro-

sco|)ic j^ani^lia associated with the muscular tissue of the dij^estivc, respiratory and
uro-j^enital tracts, in the heart antl in the varif)us j^lands.

In their i^eneral structure the sympathetic j^anj^lia are similar to those connected
with the spinal ner\'es, ftjrmini^ definite masses enclosed by a fibrous capsule, from
which connective-tissue processes pass into the interior of the j^suij^lion for the support
and separation of the nervous
elements. The individual j^^anLjli- Fig. S54.

on-cells—unipolar, bipolar or multi-

polar—are ensheathed by nucleated

capsules continuous with the neuri-

lemma of the ner\'e-fibres. The
sympathetic <^ano;Iion-cells are \ari-

ously related to the terminal ramifi-

cations of {a) other sympathetic
neurones and of ((^) the neurones
of the central nervous system (by
way of the white rami fibres or their

equivalents). In both cases, the

ramification of the nonmedullated
and fine fibre in the one and of the

medullated fibre in the other, a
pericellular i)lexus, commonly en-

closes the cell -body. In the lower
vertebrates (amphibians and reptiles), the spinal fibre frequently winds spirally around
the single process of the ganglion-cell before breaking up into the pericellular ple.xus

(Huber'). The broader relations of the component nervous elements of the spinal

ganglia are considered in connection with the Sympathetic System (page 1354).

Diagram of coiisiilueiits of spinal ganglion ; blue lines repre-
sent efferent fibres; black, afferent ; red, sympathetic; a. sensory
ganglion cells; c, cells of type II, whose axones end Kb) around
sensory cells; (/, sympathetic neurone; AR, PR, anterior and
posterior roots; AD, I'D. anterior and posterior primary divi-
sions of spinal nerve; RC, ramus communicaiis.

DEVELOPMENT OF THE NERVOUS TISSUES.

Reference to the account of the early development of the nervous system (page 26) will

recall the fact that the neural groove, later the neural tube, is lined by invaginated and thickened

ectoblast from which the essential nervous tissues are

derived. For the fundamental facts concerning the histo-

genesis of these tissues we are in large measure indebted

J -=:ii--,—;_^.. -:r--^x^"^^^^"^>I^^ to the labors of His, whose account, supplemented by the

ir^^^^P-h^^''^^^^^ -^^iB-^^^''^
' important contributions of Kfilliker, Cajal, Lenhoss^k,

Schaper and others, forms the basis of our knowledge
concerning these processes. Although in its principal

features the histogenesis is similar in all parts of the

neural tube, in that portion which becomes the spinal

cord the changes are most typical and will, therefore, be

here described.

During the approximation and closure of the neural

tube the cells composing its wall undergo active prolife-

ration, whereby the wall, at first composed of only or.e

or two rows of definitely outlined cells, is converted into

a multinucleated tract in which the cell boundaries dis-

appear and the nuclei lie embedded within a general

protoplasmic sheet or syncytiuvi fHardesty^). The
large dividing elements within the latter, the s:ernii7ial

cells of His, are conspicuous on account of their mitotic

figfures and are situated close to the lumen of the neural tube. His regarded them as special

cells directly concerned in the production of the neurones, a conclusion, however, that has not

' Journal of Morpholog>-, 1899.
='Amer. Journal of Anatomy, vol. iii., 1904.

ex

ihn

Segment from lateral wall of neural tube
of pig embryo of 5 mm. ; syncytium replacing
distinctly outline'l cells, a, inner zone; g,
ferminai cells; Urn, internal limiting mem-
rane; m, peripheral zone ; r, radial strands

of cytoplasm. X 690. (Hardesty.)
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been sustained (Kolliker, Scliaper and others) since the primary germinal cells probably only
represent proliferating elements engaged in forming what for a time is an undifTerentiated tissue.

The cells composing the neural wall are at first in close contact, their blended cytoplasm
(syncytium) forming an almost unbroken sheet. Soon, however, this continuity is interrupted

in consequence of the longitudinal expansion of the tissue and the appearance of spaces, and the

cell-substance is resolved into a delicate reticulum, the myclospougium of His, which becomes
condensed at the inner and outer margins of the wall of the neural tube into the internal and
external limiting membrane.

The meshes of the reticulum enlarge, the intervening nucleated tracts of cytoplasm elongate

and the increasing nuclei become radially disposed. By reason of these changes the elements
next the lumen of the tube assume a columnar form and radial arrangement and become the

primary ependymal cells. The remaining elements, appropriately named the indifferent cells

(Schaper), increase in number in conseciuence of the continued division of the germinal cells and
gradually become collected as the nuclear layer at some distance beycjnd the ependymal zone.

Meanwhile and very early, the peripheral portion of the supporting framework adjoining

the outer border of the neural wall becomes denser and free from nuclei and is converted into

the marginal zone { Randschleier of
Fig. S56.

. ^ K ilm
elm

His), that is continuous with the

delicate reticulum pervading the

other parts of the wall. The in-

different cells later differentiate

into (a) the spongioblasts from
which the characteristic constitu-

ents of the definite supporting
tissue, the neuroglia, are derived,

and [b) the neuroblasts that are

directly converted into the neu-

rones. Within the resulting cell-

comple.x that for a time occupies
the greater part of the wall of

the neural tube, it is difficult to

distinguish with certainty between the neuroglia and neuron-producing elements, since both

are often elongated in shape and prolonged into processes.

Histogenesis of the Neuroglia.—In addition to the extension, condensation and moulding
(by the developing nerve-cells and fibres) that the primary syncytial meshwork undergoes

Segment of wall of neural tube of pig embryo of 10 mm. ; radial

strands (r) of syncytium and differentiation of ependymal (ai, nuclear
{b) and marginal {m) layers; j'/w. <"/»«, internal and external limiting
membrane

; ^, dividing cell ;/, pia mater. X 690, (Hardesty.)

Fig. 857.

Transverse section of ventro-lateral segment of de\tlopinjj spinal cord from pig embryo of 30 mm., upper part of

figfure from chrome-silver preparation, lower part from one stained with toluidin blue: c, central canal; <;>, ependymal
layer; n. nuclear layer; w, marginal layer; r, radial fibres; v. ventral iilate uniting halves of cord. X 240.

(Hardesty.)

(Hardesty), the gradual transformation of the spongioblasts and their descendants into fibrillae

establishes a more definite framework that replaces the primary net-work f myelospongium), and
eventually, in conjunction with the fibrillae derived from the processes of the ependymal cells,
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gives rise to the lieliiiilc suppurtiiij; tissue, tiie iitiiri)^Iia. A< cording to I lardesty, the >iha-fibres

arise within the syncytial tissue iiulependeiitly of the iKuroj;ha cells, a view in direct (opposition

to the observations ot Kubaschkin, who attributes to the descendants of the spoiiKioblasls, the

^Jlia^;enelic cells, a i)ositive rCAc in the production of the fibres. Accepting; the conclusiijiis of

the last-named investigator, the successive sta);es of the cells concerned in the production of

the jjeneral neurojiliar tissue are representeil by the spi>nxnu/>/asfs, the ^(/iuj^uitelic cells, the

aslroivlrs, and, (inally, the f^lia cells. The primary cpciulymal clctnctils are succeeded by the

epithelium which lines the ventricles and the central canal of the spinal (ord. Their peri|>h-

erally directed processes are in larj^e |)art transfcormed into >;lia-libres and thus, ahjuj^ with the

|)rocesses of the spider cells, contribute to the formation of the neuro};liar felt-work. The
accompanying illustration {V\<^. 857), taken from Hardesty's paper, affords an instructive

com|)arison ot the appearance of the younj^ supportinj^ tissue after true slaininj^ with approved

reagents ( lUnda | and after silver precipitation methods (Clolj^ij upon which so much reliance

has been placed. The silver picture shows the classic loiijj neurogliar fibres extending the

entire thickness, but fails to reveal the wealth of supp(jrting tissue and nuclei. To what

extent the mesoblastic ingrowths that follow the penetrating young blood-vessels into the neural

wall take part in the |)roduclion of the distinctive neurogliar framework is admittedly difficult to

determine (Hardesty) ; that such tissue, however, contributes to the sui)port (jf the nervous

elements is certain.

Histogenesis of the Neurones.—The neurobla.sts are distinguishable with certainty from the

spongioblasts as soon as they are provided with nerve-processes. The latter appear as out-

growths from the pointed and
perii^herally directed ends of the

developing nerve-cells, invade the

marginal zone, and later emerge
from the wall of the immature

cord as the ventral or anterior

root-fibres of the spinal nerves

(Fig. .S5.S). The deeper tint of

their distal ends after staining,

their tendency to collect in con-

verging groups, and the uniform

width of the outgrowing nerve-

processes are distinctive charac-

teristics of the neuroblasts ( His ' ).

The first, and for a considerable

lime the only processes with which

the neurones are provided cor-

respond to the axones that be-

come the axis-cylinders of the

efferent (motor) nerves. Subse-

quently other processes, the den-

drites, grow out in various direc-

tions from the cell-bodies of the

Fig. 8.sS.

'«£> Neuroblasts

^^ '-%t m,
.'Ah
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Eflerent axones

Portion of spinal cord of human embryo, showing development of

ventral root-axones as outgrowths from ventral neuroblasts. X 300.

(After His.)

young neurones.

Development of the Peripheral Nerves.—According to the teaching of His, accepted by

most anatomists, the a.xis-cylinder of the entire future nerve-fibre is formed by the peripheral

growth of the original nerve-process of the neuroblast. The assumed development of the ner\e-

fibre by the union of a number of segments ( Balfour, Dohrn, and others, and, more recently,

Bethe and O. Schultze) is not in accord with renewed investigations, and the findings upon
which the composite theory of the fibre is based are open to different interpretation (Kolliker,

Retzius).

According to Bardeen,^ the development of the peripheral spinal nerves is briefly as follows:

The motor neuroblasts and the sensory spinal ganglion-cells send out processes of considerable

thickness, all of which soon begin to give rise at their extremities to groups of Jibrillcr, which

increase in thickness and length and, in turn, at their extremities give rise to new groups of

fibrils. At first these proceed as naked bundles, but soon become surrounded with nucleated

fusiform sheath-cells which thus enclose the early embryonic nerve, and may contain hundreds

of fibrilhe. After a nerve has become distended by ingrowth of new fibrils from behind, the

proliferating sheath cells begin to wander from the periphery in among the fibrilla.' and give rise

by anastomosis of their processes to a net-work that divides the original fasciculus into a number
of ."jpcondary bundles. The intrafascicular cells increase rapidly, the process of subdivision

' Die Entwickelung des menschlichen Gehirns, 1904.
'Amer. Journal of Anatomy, vol. ii., 1903.
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Developing intercostal ner\'e of pie
embryo of lo mm. ; tip of nerve is composed
of fibrils surroutuled by sheath-cells. X 360.

(Bardeen.)

Fig. 860.

L^

continues and the bundles of fibrillae become progressively smaller and more compact until,

surrounded by membranous septa, they correspond to the a.iis-iy/indcrs of the individual nerve-

fibres, enclosed by the iieuri/enmta and its cells. The endoncnnuui appears comparatively late

and, like the neurilemma, is a product of the mesoblast.

Later, condensations of the mesoblast around the definite

bundles of nerve-fibres and about the entire nerve-trunk

provide \\\^ perincuriuui and the cpincuriiini respectively.

During its course to the periphery the young nerve gives

rise to numerous branches, the points of outgrowth being

indicated by a preparatory increase of the peri])heral cells

which often form a tubular projection into which the nerve-

fibrillffi grow. The proximal plexuses (such as the

brachial or lumbar) are formed during the outgrowth of

the nerves from the region of the central nervous system ;

the coarser distal plexuses arise during the e.xtension of

the branches to the various parts for which they are

destined ; whilst the finer lerininalplexuses are established during the development of functional

unity between the nerve-fibres and the structures to which they are distributed.

The medullary sheath is a comparatively late acquisition, since it does not appear until

about the fourth month of fcetal life. Within the central nervous system the tracts of nerve-

fibres obtain their medullar)- coat at different times (some not until after birth), a variation that

is of much service in enabling the anatomist to trace the course of the indi\idual paths of con-

duction. The origin and method of formation of the medullary substance has been, and in fact

still is, a subject of discussion. It is, however, certain that its production is not dependent

upon the neurilemma, since the meduUated fibres within the

cerebro-spinal axis are devoid of this sheath, and, further,

that the myelin sometimes appears before the neurilemma

( Roister, Bardeen). While it is doubtful whether the myeliii

is directly formed from the outer part of the axis-cylinder,

as suggested by K511iker, it is probable that this structure

exerts some influence resulting in the deposit of the myelin-

droplets either from the blood (Wlassak), or from the

apparently fluid substance that after a time surrounds

the axis-cylinder (Bardeen). Regarding the formation of

\\\Qframezvork supporting the droplets of myelin, Hardesty'

inclines to the view that certain sheath cells, which appear

during medullation, are probably concerned. From the

foregoing account it is evident that the axis-cylinder is

derived from the ectoblast and the neurilemma from the

ectoblast ; the origin of the medullary sheath is still unde-

termined, but most probably is also ectoblastic.

Development of the Ganglia.—The origin of the afferent

(sensory) neurones, whose cell-bodies are situated within

the spinal and other ganglia, is entirely different from that

of the efferent (motor) ones above described, bi the case

of the spinal nerves, the development of the ganglia pro-

ceeds from a group of ectoblastic cells that form a ridge, the

ganglion-crest, on the margin of either lip of the still open

neural tube (Fig. 860), just where the general ectoblast

passes into that lining the groove. On approximation of

the lips of the latter, the cells of the ganglion-crests fuse

into a wedge-shaped mass that completes the closure of the

neural tube and constitutes a centre of proliferation from

which the cells migrate outward over the dorso-lateral wall

of the tube. The proliferation is not uniform but most

marked at points that correspond to the mesoblastic

somites, in consequence of which a series of segmentally

arranged cell-aggregations appears on each side of the

neural tube. These collections are the anlages of the

spinal ganglia. Within them certain cells soon become fusiform and, assuming the r61e ol

•neuroblasts, send out a process from either end. One process—the axone—grows centrally,

while the other—the dendrite—extends peripherally and becomes the chief part of a sensory

nerve-fibre. The subsequent growth of the neurone is not symmetrical, but to one side, and so

h

Transverse sections of dorsal region

of human embryos, showing early differ-

entiation of spinal ganglion \ A,B, neural

tube still open ; t", D. tube closed ; a,

ganglion-ridges ; *, fused ridges ; c, out-

growth to form ganglion ; d, ectoblast.

X 230. (Lenhossik.)

'Amer. Journal of Anatomy, vol. iv., 1905.
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Fk;. 861.

''^^^>
dr^

y.-

"'&m

Cross-section of part of dorsal region of human
embryo, showing developing spinal ^ianglion; dz,
vz, niz, dorsal, ventral and marginal zones of
spinal cord; dr, vr, dorsal and ventral root-fibres
of spinal nerve (n) ; sg, spinal ganglion on dorsal
root. X 85.

orclcrci.1 that tlir two processes are approximated and tiiially joined t(^ tlie cell-b(jdy by a

common stalk ( l-i^- ^39), the neurone beinj; thus converted into an unipolar j^anj^lion-cell.

The centrally tlirecteil |)rocesses, the later posterior

root-libres ot a spinal nerve, jjrow into the develop-

ing cord and enter the peripheral /one (later the

white matter) to end, when their develojjment is

completed, at various levels in relation with neu-

rones formed within the neural axis. The [)eri-

pherally directed ])rocesses of the spinal sensory

neurones, on tlu- other hand, mingle with the

axones from the motor neurones to form the mixetl

nerves distributed to the various parts of the body.

The essential parts of the sensory neurones, the

cell-body ami the processes, are derived from

ectoblastic elements, as well as the sheaths of the

fibres, while the sheath of the entire ganglion is

contributed by the mesoblast.

The development of the sympathetic ganglia,

which include essentially three sets—tlK)se of tl.e

gangliated cords, those of the prevertebral plexuses

(cardiac, solar and hypogastric), and the terminal

—has given rise to much discussion. According
to one view, the sympathetic neurones have an
independent origin and only secondarily form con-
nections with the cerebro-spinal nerves. The other

view, on the contrary, regards the sympathetic
neurones as the direct descendents of neurogenetic

elements derived from the developing spinal nerves.

The evidence in support of the last view is so

convincing that there is little question as to the

correctness of its principle, although many details

of the process, as relating to man, are still to

be studied. It is, however, equally true that the

sympathetic ganglia are neither produced by constriction and isolation of parts of the spinal

ganglia, as sometimes assumed,
nor by the migration of fully

differentiated ganglion - cells,

but, as emphasized by Neu-
mayer, from undifferentiated

neuroblasts which undergo in

loco their development. The
earliest suggestions of definite

sympathetic ganglia in the

human embryo appear about
the beginning of the second
fcetal month as aggregations of

cells at the distal ends of the

visceral rami of the developing
spinal nerves. From these cells

are derived the definite sympa-
thetic neurones of the gangliated

cord, as well as those which
follovv' the mesial ingrowth of

the spinal fibres for the pro-

duction of the prevertebral and
terminal ganglia. The lateral

ganglia thus formed constitute

for a time a series of isolated

nodes ; subsequently these are

connected by the differentiation

of sympathetic axones which
grow from one ganglion to the

next and, in conjunction with the spinal fibres, establish the longitudinal commissural strands
of the gangliated cord. Other sympathetic cells send a.xones centrally and give rise to the
efferent splanchnic nerves, whilst the axones of still others pass to the growing spinal nerxes.

Fig. 862.

-r
I

*v>

I

V

"^^ .«?;>,

\

Spinal
ganglia \-j^

Sagittal section of rabbit embryo showing several developing spinal ganglia
and nerve-trunks

; ^, aorta; 5, intersegmental artery. X 52.
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NERVE-TERMINATIONS.
The terminations of the fibres composing the peripheral ner\-es—the axones of

certain motor neurones situated within the cerebro-spinal axis and the sympathetic

system and the dendrites of the neurones of the sensory ganglia—supply the means
by which the various structures of the body are brought into intimate relation

with the ner\'Ous system. Some of these terminations transfer impulses resulting in

muscular contractions ; others convey impressions that produce various sensations

fpain, pressure, muscle-sense,
Fig. 863. temperature;. The nerve-

Xerve A terminations, therefore, may
be grouped according to func-

^Ov *> tion into motor and sensory

endings.

Motor Nerve-Endings.

The motor endings in-

clude {a) terminations of the

axones of neurones situated

within the motor nuclei of

the spinal cord and brain-

stem that pass to voluntary

muscle
; (3j terminations of

sympathetic neurones that

end in involuntar\- muscle and
(c) in cardiac muscle.

Endings in Voluntary
Muscle.—On approaching
their peripheral destination

the medullated nerve-fibres

branch repeatedly, each fibre

in this manner coming into

relationwith a number of mus-
cle-fibres. When the med-
ullated ner\e-fibre reaches the

muscle-fibre which it supplies, its medullary sheath abruptly ends and the neurilemma
becomes inseparably fused with the sarcolemma, whilst the axis-cylinder passes beneath
this sheath to terminate in an end-plale. The latter appears as an oval area, from
.040-. 060 mm. in its greatest diameter, which is applied

to the muscle-substance ; in profile it shows a slight F'g. S64.

projection beyond the contour of the muscle-fibre,

although this is often wanting. Embedded within

a general nucleated sheet of granular protoplasm, the

sole-plate, lie the brush-like terminal arborizations of the

axis-cylinder formed of irregular varicosites and club-

shaped ends. From the details of the development of

the motor end plates, as described by Bardeen, it is

probable that the granular sole-plate and its nuclei are

differentiated from the sarcoplasm and the nuclei of the

muscle-fibre respectively. The much discussed relation

of the end-plate to the sarcolemma—whether outside or

beneath—seems to be decided in favor of a subsarco-

lemmal position, since the muscle-sheath appears sub-

sequently to the formation of the motor-ending, a fact

that explains the apparent piercing of the sarcolemma
by the axis-cylinder. Usually each muscle-fibre is pro-

vided with a single motor end-plate, which may lie at an
equal or unequal distance from the ends of the fibre. Exceptionally two end-plates

m.ay be found on one muscle-fibre, in which case the endings lie near each other.

Eiid-
plate

Motor nerve-endings in voluntarv- muscle : bundle of ner\e-fibres is

seen separating to supply the individual muscle-fibres. X i6o.

muscle

:

plate ;

' 400

Motor iier\e-ending in voluntary
axone terminatmg in enc
neurilemma ; s, sole-plate.
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Endings in Involuntary Muscle.—The tcniiiiuitions (;f the axoncs (jf the

syiTipathclic neurones supplyini^' the nonstriated muscle are comparatively simple.

The neurones contribulini; the immediate fibres of distributicjn

usually occupy the notlal j)oints of j)le.\uses from which bundles Fig. 865.

of nonmcdullatetl nerve-lilires extend to and enclose tlie nuiscle

fasciculi. Enterinm the latter the nerve-tibres divide int<j

delicate varicose threads that pass between the muscle-cells,

parallel with their loni;' a.xes. As they course within the

intercellular substance, the varicose fibrils ^ive ofT short lateral

branches that enti, as does also the jxirent fibre, in minute

terminal knots on the surface of the muscle-cells, often in the

vicinity of the nucleus. Probably by no means every muscle-

cell indi\'iilually receives a nerve-endinjj;-, a lont^ntudinal group
includinij three or four rows of muscle-cells lying' between
two adjoining terminal ner\e-fibrils { Huber j.

Endings in Cardiac Muscle.—These, also the termi-

nations of svnii)athetic neurones, have been studied by, among ^, 1-
, .

1 y^ •'
1 Ti • TT 1 1 r- • * 1- Ncrve-ending in involuntary

others, Cajal, Retzuis, Huber and Smirnow. Accordmg to muscle. (,Huber.)

the last-named investigator, the varicose nerve-fibrils may be

followed between the muscle-cells, during which course side branches arise that, as

well as the main fibril, terminate on the muscle elements in endings of varying com-
plexity. In some cases these are merely minute simple end-knots, resembling those

found in involuntary muscle ; in other cases they are more elaborate and consist of a

group of secondary fibrilhe bearing nodular endings, the whole recalling somewhat
the motor end-plates in striped muscle. It is probable that most of the cardiac

muscle-cells are in direct relation with nerve-endings (Huber).

Sensory Nerve-Endings.

Since the sensory endings are the peripheral terminal arborizations of the

neurones whose cell-bodies lie in the spinal and other sensory ganglia, such teloden-

dria are functionally the beginnings of the paths conducting the sensory stimuli to

the central nervous system. According to their relations to the surrounding tissue,

the sensory endings are broadly grouped into free and e?icapsulated.

Free Sensory Endings.—These endings include vast numbers of nerve-

terminations found in the skin and the mucous membranes, chiefly within the

epithelium but to some extent also within the connective tissue strata. As a rule

the sensory (afferent) nerve-fibres do not branch to any extent until near their

peripheral destination, where they undergo repeated divisions, always at a node of

Ranvier and in various directions. The medullary sheath of the main fibre is

retained until close to its termination, although some of its branches may course

as nonmedullated fibres for a considerable distance before ending or entering the

epithelium. In the skin—and the same general plan applies to the mucous mem-
branes—the fibres destined for the epidermis lose their myelin coat beneath the

basement membrane and enter the epithelium as \'ertically coursing nonmedullated
fibrils. Within the epidermis they break up into

numerous delicate fibrils which undergo further divi-

sion into still finer varicose threads that ramify

between the cells of the stratum germinativum and
terminate in minute free end-knobs (Fig. 866).

Although an intracellular position of these nerve-

endings has been described by various writers, it

is probable that the endings are extracellular and lie

upon the surface of and not within the epithelial

Free sensoo' endinRs within epidermis elements. Similar, but far Icss uumcrous, freeend-

?eVminatVin"end-'knoL^'^^So^w^ '"S"^' varicosc and club-like in form, occur within

the connective tissue layers of the skin and the

tunica propria of mucous membranes. Within the integument, conspicuous end-

ramifications of sensory neurones surround the hair follicles, lying upon the outer
surface of the glassv membrane.
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Fig. 867.

Tactile cells of Merkel lying- within inter-
papillary epithelium; broken line {e) indicates
junction of epithelium and connective tissue
layer; («) nerve passing into epithelium. X 160.

( tVorthmann.)

Fig. 868.

The tactile cells of Merkel, found in the deeper layers of the epidermis,
represent a somewhat more differentiated form of intraepithehal terminations and

suggest transitions to the more speciahzed end-
organs. In these endings the nerve-iibrils
terminate in cup-shaped expansions or menisci,
against which rest the modified epithelial cells.

The latter may be regarded as an imperfectly
differentiated neurocpithelhayi, e.xamples of
which are seen in the gustatory cells in the
taste buds and in the highly specialized visual
and auditory cells in the retina and in the
organ of Corti respectively.

Encapsulated Sensory Endings.—In
their most highly developed forms these end-
ings (corpuscula nervorum terminalia) are
represented by relatively large special end-
organs in which the terminations of the axis-

cylinder are enclosed within an elaborate
laminated capsule. The latter, however, is

more often present as a much simpler and
thinner envelope consisting of strands of fibrous

tissue.

Transition forms between the intraepithelial tactile cells above noted and the
more specialized encapsulated end-organs, always within the connective tissue, are
seen in the corpuscles of Gra^idry (not found in man
but conspicuous in the skin covering the bill and in

the tongue of many water-fowl), in which the nerve
ends in a disc-like expansion enclosed between large
modified epithelial cells and the neuromuscular and
neurotendinous end-organs, presendy to be described
(page 1020).

The group of simpler encapsulated endings
includes three well-known examples : the eyid-bidbs
and the genital corpuscles of Krause and the cor-

puscles of Meissner, all of which possess a common
structural plan—interwoven telodendria embedded
within a semifluid interfibrillar substance and surrounded by a thin fibrous envelope.

The End-Bulbs of Krause.—These endings
include a variety of irregularly spherical or ellipsoidal

bodies found in the edge of the eyelid, the conjunctiva

and corneal margin, the lips and the oral mucous
membrane, the glans penis and clitoridis and probably
other parts of the integument highly endowed with
sensibility. Within the conjunctiva, as described by
Dogiel \ they lie superficially placed within the con-

nective tissue near the summit of the papillae and
folds, when such elevations exist, but always close

beneath the epithelium. They vary considerably in

size, often being small (.002-004 nini-). but some-
times measuring from .05-10 mm. in diameter.

Usually a single nerve-fibre, exceptionally two or even
more, enters each bulb, losing its medullary sheath as

it pierces the thin fibrous capsule. Within the latter

the nerve, now represented by the naked a.xis-cylinder,

divides into from two to four branches, which, after

describing several annular or spiral turns, give off

varicose fibrils that undergo further division, the terminal threads forming a more or
less intricate maze within the semifluid substance enclosed by the fibrous capsule.

^Archiv f. mik. Anat., Bd. xliv., 1895.

Two corpuscles of Grandry from
bill of duck ; nerve is seen entering
corpuscle on right. X 265.

Fig. 869.

Two end-bulbs of Krause from human
conjunctiva. {Dogiel.)
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Fig

Genital corpuscle from integument
of penis; nerve divides before piercing
capsule and terminates in intricate end-
windings. (Dogicl.)

Genital corpuscle from integ-
ument of human clitoris. / 350.

( IVoi thmann.)

The Genital Corpuscles.^TJicse endings, most numerous (from one to four

to tlic stiiiarc inillimclcr ) in the tleeper strata of the corium covering the glans penis

and cHtoridis, hut occurring also iii the neighboring parts of the genitaha, are of

irregular oval or lol)ulated

outline and from .02 to .35
'"'

"^
"

mm. in diameter. Tliey
present the same gemral
architecture as tiie end-

bulbs, but are of larger size,

possess a somewhat thicker

capsule, and contain a more
intricate interlacement of

the terminal nerve-hl)rill^.

The latter are derived from
the sulxiivision of two or

three medullated fibres that

enter near the base of the

corpuscle and are beset with

varicosities and club-shaped

terminal enlargements.
The fibrous capsule, consisting of several connective tissue lamelhe possessing flat-

tened fusiform nuclei, encloses the semifluid or granular interfibrillar substance in

which the end-artxirizations are embedded.
The Corpuscles of Meissner.—In man these are most numerous in the

corium of the skin covering the flexor surface of the fingers and toes. They are also

found in other regions possessing sensibility in a high degree, such as the lips,

margin of the eyelid, nipple, penis and clitoris, as well as on the dorsum of the hand
and foot and the radial surface of the forearm.

On the volar surface of the distal phalanx of the
fingers, where they occur in greatest numbers,
some twenty are found to the square millimeter

(Meissner). The corpuscles occupy the summit
of the papillae and ridges of the connective tissue

stratum of the skin, and lie close beneath the
cuticle, with their long axes perpendicular to the
latter. In shape they are elongated irregular

ellipsoids, often somewhat sinuous in outline,

and in the larger papillae may be joined at the
deeper end with others to form a compound
corpuscle. They are relatively large, being from
.12-. 18 mm. long and about one-third as wide.
Depending upon the size, each corpuscle is sup-
plied by one or more nerve-fibres which enter in

the vicinity of the base, as the deeper end is

called, and, on piercing the capsule and losing

the medullary sheath, divide into a number of

naked axis-cylinders. These pass across the
corpuscle in parallel or spiral windings and are

beset with fusiform and pyriform varicosities,-

similar enlargements marking the ends of the
terminal threads. The entire fibrillar interlace-

ment is embedded within a semifluid substance
and enclosed by a thin nucleated fibrous capsule.

The Corpuscles of Rufifini.—These end-
ings are also found within the skin, but at deeper levels, near and sometimes within
the subcorium. They are of large size, sometimes measuring as much as 1.35 mm.
in length, and of an elongated fusiform contour. The nerve-fibres, often two or
more, which usually join the capsule on the side, less frequently near one end, retain

the medullary sheath for some distance after penetrating the capsule and throughout

L^^

"^jl>U?
Corpuscle of Meissner lying within papilla

of corium of skin from finger; only deeper
layers of overlying epidermis are shown; n,
entering nerve-fibre. X 270.
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Cylindrical end-bulb from con-
nective tissue layer of skin. X iSo.

{Szymonowicz .)

a number of bold curves and twistin^s. After the disappearance of their sheaths,

the naked axis-cyhnders undergf) repeated (hvisions, tin- resulting- fibrilhe becoming
varicose and intertwined and ending in free terminal

knob-like enlargements.

In contrast to the foregoing end-organs, in which
the axis-cylinder subdivides into numerous terminal

threads disposed as more or less elaborate intertwinings,

a second group is distinguished by the possession of a

thick laminated capsule tliat encloses a cylindrical core or

inner bulb containing the slightly branched axis-cylinder.

These endings, of which the Pacinian corpuscle is repre-

sentative, are relatively large and ellipsoidal.

A transitional form, connecting them with the

spherical end-bulbs, is j)resented by the cylindrical
end-bulbs of Krause. These are found in various

parts of the corium, the oral mucous membrane and
between the bundles of striped muscle and of tendon.
They are irregularly cylindrical in form, often more or

less bent, and consist of a thin laminated capsule that encloses a core of semifluid

substance in which lies the centrally placed axis-cylinder. The latter, after losing

the medullary sheath on entering at the proximal end of the capsule, traverses the

core without branching until near the distal pole, where it ends in a single or slightly

subdivided terminal enlargement.

The Vater-Pacinian Corpuscles.—These structures, the most highly special-

ized sensory end-organs, are relatively large ellipsoidal bodies, from .5-1.5 mm. in

length and about one-third as much in breadth, situated within the connective tissue

in many parts of the body.

In man they are found in
^

Fig. S74.

the deeper layers of the

connective tissue layer of

the skin, especially on the

palmar and plantar aspects

of the lingers and toes, in

the connective tissue in the

vicinity of the joints, in

tendons, in the sheath of

muscles, in the periosteum

and in the tunica propria

of the serous membranes,

the peritoneum, pleura and
pericardium. They are

particularly large in the

mesentery of the cat, where

they may be readily de-

tected with the unaided eye

as oval pearly bodies some-

times two millimeters or

more in length.

The most conspicuous

part of the Pacinian body
is the robust capsule that

constitutes almost the en-

tire bulk of the corpuscle

and consists of from one

to three dozen thin con-

centric lamellee of fibrous

tissue. The surfaces of the
.

iamelte are covered with endothelial plates whose nuclei appear as fusiform thicken-

ings, along the concentric striae of the corpuscle. The axis of the Pacinian body

Vater-Pacinian corpuscles from skin of child's finger; A, longitudinal;

B, transverse section ; n, nerve entering capsule to reach inner bulb. X 105-
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Corpuscles of Herbst from bill of duck ; a, longitudinal, b, transverse
section ; w, nerve traversing lamellae of capsule ; axis-cylinder within core
is surrounded by cells. X 360.

is occuj)iecl by a core or inner bulb of seniitluid sul)st:ince in which the naked
axis-cylintlcr is emhi-'tUU-d.

On joining the proximal pole of tlic corpuscle, the fibrous ( Henle's) sheath of

the nerve-fibre bleiuls with tlie outer hinielhe of the capsule, while the medullary

coat is retained durintj the somewhat tortuous path of the fibre thrc^uj^h the cajjsule

as far as the ct)re. Here the remaining envelope of the nerve-fibre disapjjears, the

terminal part of its course,

through the core, being as Fig. S75.

the naked a.\is-cylinder. At a

a variable distance but often

just before gaining the distal

pole of the core, the axis-

cylinder divides into from
two to four branches, each of

which terminates in a slightly

expandetl end-knot. Some-
times shortly after penetrat-

ing the capsule, the nerve-

fibre splits into two or more
axis-cylinders which then

share the common envelope

of semifluid axial substance.

Similar end-organs, the

corpuscles of Herbst,
occur in the velvety skin

covering the bill and in the

tongue of water-fowl. They
closely resemble the Pacinian

bodies of mammals, but differ

in being generally smaller, relatively broader, and in exhibiting a row of cubical cells

within the core and around the axis-cylinder. These cells are regarded as corres-

ponding to the large cells enclosing the tactile discs in the Grandry's corpuscles.

The Golgi-Mazzoni corpuscles, found in the subcutaneous tissue of the pulp
of the fingers, are modifications of the ordinary Pacinian end-organs. They differ

from the latter in possessing fewer lamellae, a relatively larger core and a more
branched axis-cylinder.

Neuromuscular Endings.—First described by Kolliker and by Kiihne,
although previously seen by Weissmann, these end-organs, often termed muscle-
spindles, are now regarded as sensory endings that are probably concerned in afford-

ing impressions as to tension or '

' muscle-sense
'

' . They lie within the connective
tissue separating the bundles of voluntary muscle-fibres and are long spindle-shaped
structures, varying in length from 1-5 mm. or more and in width from .1-3 mm.
where broadest. They are widely distributed, being probably present in all the
skeletal muscles, and are especially numerous in the small muscles of the hand and
foot. They are uncertainly found, however, in the intrinsic muscles of the tongue and
in the eye muscles, although within the tendons of the latter very similar ^neuro-
tendinous^ end-organs have been demonstrated.

Each spindle consists of a capsule, composed of a half-dozen concentric layers
of fibrous tissue, which encloses a group of usually from three to ten, but sometimes
as many as twenty, striped muscle-fibres, medullated nerves, blood-vessels and inter-

spersed connective tissue. These intrafusal fibres, as they are called, differ from
those of the surrounding muscle in being much smaller in diameter and length,
markedly tapering towards either end, more coarsely but less distinctly striated, and
in possessing nuclei within the sarcous substance. The striations are not equally
distinct in all parts of the fibres, being much less evident in the middle zone than
towards the ends. The fibres are more numerous and of greater diameter in the
equatorial region than near the poles of the spindle.

The intrafusal fibres collectively are surrounded by a thin special connective
tissue envelope, the axial sheath, between which and the capsule lies the periaxial
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Nerve-fibre-

»:•

;

^.'l

Sheath-

I**'!

Ivmph-space. Each spindle receives usually several medullated ner\e-fibres, which,

after incorporation of their sheaths of Henle with the capsule, pierce the latter at

various points and proceed to the individual muscle-hbres. The terminal relations

of the nenes to the intrafusal fibres have been studied by means of the newer
methods especially by Rufifini,

^
Fig. 876. Huber and DeWitt and Dogiel.

I
., .

After repeated division during

their course through the cap-

sule and periaxial space, the

nerve-libres pierce the a.xial

sheath, lose their medullary

coat and terminate either as

one or more ribbon-like
branches that encircle the mus-
cle-fibres in annular or spiral

windings, or, after further

subdivision, as branched telo-

dendria in which the ultimate

fibrils end in irregular spherical

or pyriform enlargements.

Neurotendinous End-
ings.—These end-organs,
described by Golgi and sub-

sequently more fully investi-

gated by Kolliker, Ciaccio, and
Huber and DeW'itt, in their

general architecture resemble

closely the senson,- endings in

muscle. They lie embedded
within the interfascicular con-

nective tissue and are usually

found in the vicinit)' of the

junction of muscle and tendon.

Like the neuromuscular end-

ings, the teyidon-spijidles are

long fusiform structures, from

I.—1.5 mm. in length, sur-

rounded by a fibrous capsule.

The latter encloses a group of

from eight to twenty intrafusal

tendon fasciadi, which are

smaller and apparently less

mature than those of the sur-

rounding tendon-tissue. The
intrafusal fasciculi are invested

bv a fibrous axial sheath be-

tween which and the capsule

lies a periaxial lymph-space.

On reaching the spindle,

after repeated branching, the

medullated ner\e-fibres pene-

trate the capsule, with which

their fibrous fHenle's; sheaths

blend, and undergo further

division. The medullar^' coat is lost after thev pierce the axial sheath, the naked axis-

cylinders breaking up into smaller fibrils that extend along the intrafusal fasciculi. The

terminal ramifications, applied to the surface of the fasciculi, vary in details (Huber).

Some arise as short lateral branches that partly encircle the fasciculi and end in

irregular plate-like expansions, while others terminate between the smaller fasciculi.

.\xial_

sheath

'A-

Xerve-fibre

:^\\

A n^vromuscular ending; .ff, neurotendinous ending in longitudi-

nal section, meihylene-blue staining. X 260. (Drawn from preparation

made by Professor Huber.)



THE CENTRAL NERVOUS SYSTEM.

TiiK central nervous system includes the s])inal cord and the brain. In princiiile

tlusc i)arts are to be rej^ardet! as the walls of the primary neural lube, modified by

unequal Ljrowth and expansion, which even after acquirinj": their defmite relations

enclose tlie remains t)f the canal, as re[)resented by the system of ventricular spaces.

In contrast to the spinal sej,Mnent of the neural tube, which always remains a rela-

tively simple cylinder, the spinal cord, the cephalic segment early differentiates into

three pn'man' cerebral vesicles, the anterior and posterior of which subdivide, so that

five secondary brain-vesicles are present. Coincidendy marked flexure of the

cephalic segment occurs at certain ])(>ints and in consequence this part of the n(-ural

tube becomes bent upon itself to such a degree that the axis of the anterior vesicle

lies almost parallel with that of the spinal segment (Fig. 912). From the five

secondary divisions of the Rexed and sinuously bent cephalic segment of the neural

tube are' developed the fundamental parts of the brain in the manner presently to be

described (page i36o), whilst from the relatively straight spinal segment proceeds the

development of the spinal cord, in which process growth and differentiation convert

the originally thin-walled tube into an almost solid cylinder, the minute central canal

alone remaining as the reprcsentati\'c of the oijce conspicuous lumen.

THE SPINAL CORD.

The spinal cord (medulla spinalis ) is that part of the central nervous system, or

cerebro-spinal axis, which lies within the \ertebral canal. Its upper limit, where it

becomes continuous with the medulla oblongata, is in a measure conventional, since

there is no demarcation on the cord itself to indicate exactly its junction with the brain.

Accurately considered, the superior limit of the cord may be assumed to correspond

with the emergence of the uppermost root-fibres of the first spinal nerve which pass

out between the atlas and the skull ; this level also corresponds to the lowest strands

of the pyramidal decussation of the medulla oblongata and to the upper border of the

posterior arch of the atlas. For practical purposes, however, the lower margin of

the foramen magnum defines with sufficient accuracy the upper limit of the spinal

cord. Below, the spinal cord terminates somewhat abruptly in a pointed end, the

conus medullaris, that usually ends opposite the disc between the first and second

lumbar vertebrae. The level to which the cord extends inferiorly, however, is subject

to considerable variation, very rarely being as high as the middle of the body of the

last thoracic vertebra (Moorhead), or as low as the upper border of the body of the

third lumbar vertebra (Waring). In the female subject the spinal cord, although

absolutely shorter than in the male, extends to a relatively lower level in the vertebral

canal. Marked bending of the spine produces slight alterations in the position of the

cord, during strong flexion an appreciable ascent of the lower end taking place. The
relation of the cord to the vertebral canal varies at different periods. Until the third

month of foetal life the cord occupies the entire length of the canal, but subsequently,

owing to the more rapid lengthening of the spine than of the spinal cord, the latter no

longer reaches to the lower limit of the canal and, therefore, apparently rises, so that

by the sixth foetal month the lower end of the cord lies opposite the first sacral vertebra,

and at birth terminates usually on a level with the body of the third lumbar vertebra.

Measured from its upper conventional limit to the lower end of the conus medullaris, the

spinal cord in the adult male has an average length of .45 cm. (17^ in.), and in the female of

43.7 cm. (i7'/i in.\ in both sexes the proportion of the length of the cord to that of the pre-

sacral spine being approximately as 64 : 100 (Ziehen). The cord-length bears no constant rela-

tion to stature, although in a general way tall individuals may possess long cords. The weight

of the spinal cord, stripped of its membranes and nerves, is something less than 30 grammes
(i oz. ), or about i-2uoo of the body-weight. Its proportion to the weight of the brain is i :43.

When fresh the spinal cord possesses a soft cheesy consistence and a specific gravity of 1035.

102
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Skull
Metiulla

Laniiiuc, cut

Transverse
i» ^—

'

processes

Dnral sheath

Posterior
divisions of
sacral nerves

Sheath of filiim

End of

dural sheath

. Cn

P'lid of filum

Coccyx

Spinal cord enclosed in unopened dural sheath lying within
vertebral canal ; neural arches completely removed on right side,
partially on left, to expose dorsal aspect of dura: first and last
nerves of cervical, thoracic, lumbar atitl sacral groups are indicated
by Italic figures; corresponding vertebrae by Roman numerals.

The Membranes of the
Cord.— riu; .sj)inal cord, loL^clhcr

with tlie rc)t)ts of the thirty-one j)airs

of sj)inal nerves, lies within the

vertebral canal enclosed by three

protecting membranes, or meninges,
which, from without inward, are (

i

)

the dura viatcr, (2) the arachnoidca,

and (3) the />/« mater, all of which
are directly continuous through the

foramen magnum with the corres-

ponding coverings of the brain.

The external sheath, or thcca, formed
by the dura, is a robust fibro-elastic

tubular °nvelope, much longer and
considerably wider than the cord,

that does not lie against the wall of

the vertebral canal, but is separated

by an interval containing thin-walled

plexiform veins and loose fatty con-

nective tissues (Pig. •'^79).

The dural sheath, about .5

mm. in thickness, extends to the

level of the second sacral vertebra

and is, therefore, considerably longer

than the spinal cord. The part of

the sac not occupied by the cord

encloses the longitudinal bundles

of root-fibres, that pass obliquely to

the levels at which the correspond-

ing nerves leave the vertebral canal,

and a fibrous strand, xhit Ji/ion tei'-

viinale, prolonged from the cord to

the lower end of the spine.

The pia constitutes the imme-
diate investment of the cord and
supports the blood-vessels destined

for the nutrition of the enclosed

nervous cylinder. The pial sheath

is composed of an outer fibrous

and an inner vascular layer, the

connective tissue of the latter ac-

companying the blood-vessels into

the s'ubstance of the cord.

The arachnoid, a delicate veil-

like structure made up of interlacing

bundles of fibro-elastic tissue, lies

between the other two membranes
and invests loosely the inner surface

of the dura nnd closely the outer

surface of the pia. It effectually

subdivides the considerable space

between the external and internal

sheaths into two compartments, the

one beneath the dura, the subdural

space, being little more than a capil-

lary cleft filled with modified lymi>h,

and the other, the subarachnoid

space, between the arachnoid and
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The spinal cord, therefore, hany^s

iMO. S7S.

/ Pons

Arailinoid

. Vertebral
artery

Mc<lulla

the pia, containiiii; the ccrcbto-spinal fluid.

suspeiuled within llu- tiil)e of chira,

siirrouiuUd by a cushion of tliiiti -

an arrani^enient well adapted to insure

the nervous cylinder against the inju-

rious elTects of shocks and of undue
pressure durinjii^ chanj^es in tin- position

of the spine. Both spaces, IjuI par-

ticularly the subarachnoid, are crossed

by fibrous tral>ecula' and thus imper-

fectly sulxli\itled into secondary coni-

partnu'iits, all of which arc linc-d wilh

endotlu'liuni.

The spinal cord is fixed within the

loose dural sheath not only l)y the rocjt-

fibres of the spinal nerves that j)ass

between the cord and the outer cnveloije,

but also by two lateral fibrous bands, the

liiyatnc?ita detiticulata, that arc continu-

ous with the pia aloni;- the cord, one on

each side. Mesially they are attached

between the anterior and posterior root-

fibres and externally to the inner surface

of the dura by the tij)s t)f pointed pro-

cesses, about twenty-one in all, that

stretch across the subarachnoid space,

which they imperfectly divide into a

general anterior and a posterior com-
partment. The ligaments, covered by
prolongations of the arachnoid, extend

the entire length of the cord, the first pro-

cess being attached to the margin of the

foramen magnum, immediately above

the vertebral artery as it pierces the dura.

The succeeding ones meet the dura

between the pairs of spinal nerv^es, the

lowest process lying between the last

thoracic and the first lumbar nerve.

In the cervical and thoracic region, a

median fibrous band, the septum posticum, connects the posterior surface of the cord

F'iG. 879.

Anterior
roots of

spinal nerves

%
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Fig. 8So.

Skull
Vertebral artery

/ en

Spinal
accessory iier\'e

Pedicles, cut

Medulla

/ en

Spinal accessory
,, , , ner\ e
hdge of
cut dural sheath

I T-
/ tn-

-Spinal cord

- ^' en

-I T
-/ In

Pedicles

:

lidge of cut
dural sheath

Spinal cord

End of con us
niedullaris

Filum terminale

Descending
ner\es

End of dural
sheath

Filum externum

Cn

End of filum

Coccvx

Posterior wall of vertebral canal has been removed and
dural sheath opened to expose spinal cord and dorsal roots

of attached nerves ; / c«, I C, fir?t cervical ner\-e and vertebra

respectively; Cn, coccygeal nerves.

which may transmit blood-vessels, is

imperfect or altogether absent.' As
they cross the subarachnoid space the

bundles of root-fibres of the spinal

nerves are enclosed by prolongations

of the pia and arachnoid. These
sheaths are retained by the nerves for

only a short distance after the latter

receive an additional investment from
the dura as they leave the vertebral

canal. The dural sheath becomes
continuous with the epineurium of the

spinal nerves.

The Cord - Segments.

—

Although no suggestion of such sub-

division is to be seen as constrictions

on its surface, in principle the spinal

cord consists of a series of segments,

each of which gives origin to the

anterior f motor) and recei\'es i\\e pos-

terior (sensory) root-Jibres of one
pair of spinal nerves. These nen-es,

usually thirty-one pairs in number,
are classified as eight cei'vical, tweh'e

thoracic, fi\e lumbar, fi\e sacral, and
one coccygeal. Corresponding to the

attachment of the nerves the cord is

conventionally divided into cervical,

tho7acic, lumbar, and sacral regions.

Of the entire length of a cord measur-
ing 43 cm., approximately lo cm., or

about 23.5 per cent., belonged to the

cer\'ical region; 24 cm., or 55.5 per

cent., to the thoracic; 6 cm., or 14

per cent., to the lumbar; and 3 cm.,

or 7 per cent., to the sacral region.

The spinal ner\es are attached

to the lateral surfaces of the cord by
fan-shaped groups of anterior and pos-

terior root-fibres that are gathered into

compact strands as they converge to

form a common trunk (Fig. 884).

The portion of the spinal cord with

which the root-fibres of a spinal nerve

are connected constitutes its cord-

segment, the limits of which lie in the

inter\al separating the extreme fibres

of the nerve and those of the adjacent

nerves. In the thoracic cord these

intervals are very evident, since the

segments are relatively long ; in the

cer\ical and lumbar regions, on the

contrary, the groups of root-fibres

are so crowded that they form almost

unbroken rows.

The length of the individual cord-

segments varies ; thus, according to the

measurements of Liideritz, those of the

cervical region, are from 11-13.5 mm. ;
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those of the thoracic re- Fig. 881.

gion from 12-26 mm., the

longest iK-loiiniiij; to the

V - \M I tl)t>racic lu-rvcs ;

those of the himl)ar region

rapiilly decrease from 15.5

-5.5 mm., followed by a

more grailual dimiiuition

to less than 4 mm. in the

sacral region.

In conseiiuence of the

disproportion between the

lenglii of llu- sjiinal conl

and that of the vertebral

canal, tiie discrepancy be-

tween the level at wiiich

the nerves are attached

to the cord and that of

the intervertebral foramina

through which lliey leave

the canal becomes more
marked towards the lower

end of the series. The
growth of the cord, how-

ever, is not uniform since, as shown by Pfitzner, during tlie later years of childhood elongation

Huiullcs
ncrvc-fiD

Uiiral stieatli

Extradural
areolar tissue

Veins

'r...:>i^

Transverse section ot veile.-ial can
vertebra; spinal cord (conus niedullaris)
witliin dural sheath.

1, al level of middle of first lumbar
surrounded by nerve-bundles, is seen

Fig. 882.

Conus
meduUaris

Descending
spinal nerves

Front wall of
dural sheath

Filum internum

Coccygeal

Coccvx

End of spinal cord with roots of lower nerves descend-
ing in Cauda equina to gain their respective foramina ;

T-s ht, 7-5 sn, en, lumbar, sacral and coccygeal neri-es.

of the thoracic region occurs to such an extent

that this part of the cord once more equals,

if indeed not e.xceeds, the corresponding

portion of the spine. While the cervical cord

keeps fairly abreast the cervical portion of

the vertebral column, the lumbar and sacral

segments are left far behind. The results of

these changes are seen in the course of the

root-fibres, which in the neck, below the third

nerve, run somewhat downward to their points

of emergence, and in the thoracic region pass

more horizontally, while those of the lumbar

and sacral nerves descend almost vertically

for a considerable distance—in the case of the

last sacral nerve 28 cm. (Testut)—before

reaching their appropriate levels.

The large and conspicuous leash of

descending root-fibres, seen upon open-

ing the dural sheath, constitutes the

Cauda equina, in the midst of which

the glistening silvery filum terminale

is distinguishable. It is evident, there-

fore, that in most cases the level of the

cord-segment and that of the vertebra

bearing the same designation do not

correspond. Likewise, it must be re-

membered that, although in general the

spinal nerves are named in accordance

with the vertebrae immediately below

which they escape, in the neck there

are eight cervical spinal nerves and

onlv seven vertebrae, the first or sub-

occipital nerve emerging between the

atlas and the skull, and the eighth

between the last cer\'ical and first thoracic

vertebra : hence, except the last one, they

correspond with the \ertebra below.

6s
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Form of the

Fig. S83.

Medulla V*

Cenicai

Thoracic

Sacral

Coccygeal

Filuni

V

Cord.—After remo\al of its membranes and the root-fibres, the

spinal cord is seen to differ from a simple cylinder in

the following respects. It is somewhat flattened in the

antero-posterior direction, so that the sagittal diameter is

always less than the trans\erse diameter, and its outline

in cross-sections, therefore, is not circular but more or

less oval ; its width is not uniform on account of two
conspicuous swellings that are associated with the origin

and reception of the large nerves supplying the limbs.

The upper or cervical enlargement ( intumescentia

cenicalis) begins just below the ujjper end of the cord

and ends opposite the second thoracic \ertebra, ha\ing

its greatest expansion at the level of the fifth and sixth

cer\ical vertebrae, where the sagittal diameter is about

9 mm. and the transverse from 13-14 mm. The lower

or lumbar enlargement (intumescentia lumbalis j begins

opposite the tenth thoracic vertebra, slightly above the

origin of the first lumbar nerve, and fades away in the

conus medullaris below. It appears very gradually

and reaches its maximum opposite the twelfth thoracic

vertebra, where the cord has a sagittal diameter of 8. 5 mm.
and a transverse diameter of from 11-13 mm. ( Ravenel).

The lumbar enlargement is associated with the great

ner\-e-trunks supplying the lower limbs. The inter-

vening part of the thoracic region is the smallest and most
uniform portion of the cord and is almost circular in out-

line. Where least expanded, opposite the middle of the

thoracic spine, the cord measures 8 mm. in its sagittal

and 10 mm. in its transverse diameter. These enlarge-

ments appear coincidently with the formation of the limbs,

are relatively small during foetal life, and acquire their

full dimensions only after the limbs have attained their

definite growth. In a general way, a similar relation

between the size of the enlargements and the degree of

development of the limbs is observed in the lower animals.

At the tip of the conus medullaris the spinal cord

is prolonged into a delicate tapering strand, the filum

terminale, that consists chiefly of fibrous tissue con-

tinued from the pia mater and invested by arachnoid.

It extends to the bottom of the pointed and closed end

of the dural sac, which it pierces at the level of the second

sacral vertebra and, ensheathed by a prolongation of dura

{vagina terminalis), as the filum terminale extermon,

proceeds downward through the lower end of the sacral

canal for a distance of about 8 cm. (2,}i in.), finally to

be attached to the periosteum covering the posterior

surface of the coccyx. The part within the dural sac,

the filu/n terminale intermmi, is about 16 cm. (6^ in.)

in length and surrounded by the nerve-bundles of the

Cauda equina (Fig. 882), from which it is readily dis-

tinguished by its glistening silvery appearance.

Spinal cord denuded of mem-
branes and nerves, showing pro-

portions of its length contributed
by different regions and position

and relative size of enlargements, as
viewed from before; semidiagram-
niatic, based on measurements

;

one-third actual size.

coccygeal nerves, homologous

The upper half or less of the internal filum contains the

terminal part of the central canal of the spinal cord wailed by

a thin and variable layer of nervous substance in which small

nerve-cells are usually present. The minute bundles of nerve-

fibres often found adhering to the filum. which sometimes may be

followed to and even through the dural sheath, are regarded by

Rauber as representing one or two additional ( second and third)

with the caudal nerves of the lower animals.
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The Columns of the Cord. Inspection of the surface and particularly of

cross-sections ()f the spinal cord ( V'l^. .SH5 ) shows the latter to he partially divided
into a symmetrical rij^hl and left half l)y a median (left in front anil a partition in the
mill-line behind. The cleft, tin- anterior median fissure ( lissiira mcdiaiia anterior;
extends the entire lenq^th of the cord, and is continued on the uppei j>art of the
filiim terminale. It is narrow, from 2-3.5 '"'"• >'i tl<-"pth, penetrating.^ for less than
one-third of the ventro-dorsal diameter of the cord, and occupied hy a process of

pia mater. AIoiiilJ its floor, which lies immediately in front of the white commissure,
it is fre(iuently deflected to one side of the mid-line and presents a slight exjjansion.

The separation into halves is completed by the posterior median septum
(septum mcdlaiiuin postcriiis), the "^o-coWcd poslirior nia^iuti Jissurr. With the ( x-

ce[)ti(in of a shallow j^roove in the upper cervical cord, the lumbar cnlarj.^emenl and
the conus medullaris, no fissure exists, but in its |)lace a dense partition extends from
the posterior surface to the mitldle of the interior cjf the cord, endinj^ inclose relation

to the gray commissure.

The character of the sejitmn is a subject of dispute, accordinj^ to some anatomists con-
sisting exchisively of condensed neurojjlia, wliile others regard it as compo.sed of pial tissue

blended with tlie neuroglia and, therefore, of belli niesoblastic and ectoblastic origin. The
latter view is substantiated by the mode of development of the posterior septum, the immature
pial covering of the developing blood-vessels being imprisoned within and fused with the neu-
rogliar partition derived from the expanding dorsal halves of the developing cord (page 1050).
The application of differential stains also demonstrates the composite nature of the septum.

Each half of the spinal cord is further subdivided by the lines along- which the
root-fibres of the spinal nerves are attached. The root-line of the dorsal (.sensory)

fibres is relatively straiy^ht and narrow, and marked by a slight furrow, the postero-
lateral sulcus (sulcus lateralis posterior) that lies from 2.5-3.5 rn'ii- lateral to the
posterior septum and is evident even on the intersegmental intervals where the root-
fibres are practically absent. The ventral root-line, marking the emergence of the
anterior (motor) fibres, is much less certain, since the bundles of fibres of the indi-

vidual nerves do not emerge in the same vertical plane, but overlie one another to

some extent, so that each group occupies a crescentic area, whose greatest width cor-

responds in a general way with that of the subjacent ventral horn of gray matter.
The anterior root-line, which lies from 2-4 mm. lateral to the median fissure, is

neither indicated by a

^— Medulla

distinct furrow nor con- Fig. 884.

tinuous.

In this manner two
longitudinal tracts, the

posterior columns
(funiculi posteriores) are

marked off between
the posterior median
septum and the sulci

of the posterior root-

lines. These columns
include something less

than one-third of the

semi-circumference of

the cord, and are at)out

6 mm. in width in the

thoracic cordand 8mm.
and 7 mm. in the cervi-

cal and lumbar enlarge- sheath ; cord-segments are indicated by groups of converging tiundles of posterior
. ^ root-fibres; spinal ganglia are seen lying within the intervertebral foramina;

mentS respectl\'ely. spinal accessory nerve is seen ascending on each side.

The tracts included

between the dorsal and ventral root-lines constitute the lateral columns (funiculi

laterales) and those between the ventral root-lines and anterior median fissure are the

anterior columns (funiculi anteriores). Such subdivision into anterior and lateral

Ganglion
on 4 nerve

Dorsal roots of 5 cerv. nerv-e

tapper end of spinal cord, viewed from behind after partial removal of dural
"jundles of posterior
ertebral foramina

;
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columns is, however, largely artificial, since neither superficially nor internally is there

a definite demarcation between these tracts. They may be, therefore, conveniently
regarded as forming a common autero-lateral colum?i, that on each side embraces
something more than two-thirds of the sem {circumference of the cord. In the lower
cervical and upper thoracic cord, each posterior column is subdivided by a shallow
furrow that lies from 1.5-2 mm. lateral to the posterior medium septum. This, the
paramedian sulcus (sulcus intcrmedius posteriory, corresponds in position with the

peripheral attachment of a radial septum of neuroglia that penetrates the white matter
for a variable distance, sometimes almost as far as the gray matter, and subdivides the
posterior column into two unequal tracts, of which the inner and smaller is the pos-
tero-median column ^fasciculus gracilis), or column of Goll, and the outer and
larger is the postero-lateral column (fasciculus cuneatus 1, or column of Burdach.

The Gray Matter.—Inspection of the transversely sectioned spinal cord, even
with the unaided eye, shows it to be composed of an irregular core of gray substance

enclosed by a mantle of white matter. Within each half of the cord the gray

^'

Posterior median septum

Poslerior column
'Posterior root-furrow

\X'
Substantia
gelatinosa .i

Rolandi ^
Caput con. ',

Cervix con

:^ .Posterior
rool-fibres

Lateral cor-

Basis cornu

-r^ i

Lateral column

Central canal
in gray
commissure

Caput cornu

Anterior median fissure .Anterior column -Anterior white commissure

Transverse section of thoracic cord, showing disposition of RTay and white matter and division of latter into

anterior, lateral and posterior columns. X 13.

matter forms a comma-shaped area, the broader end of which lies in front and the

narrower behind, with the concavity directed laterally. The convex surfaces of the

tracts of the two sides, which look towards each other and the mid-line, are connected

by a transverse band of gray matter, the gray commissure ( commissura grisea) that

extends across the mid-line, usually somewhat in advance of the middle of the sagittal

diameter, and encloses the minute central canal of the cord. By this canal the

connecting band, or central gray matter, is divided into a dorsal and a ventral part,

Xhe posterior ^nd the anterior gray eom7)iissure, which lie behind and in front of the

tube respectively.

While the posterior median septum reaches the dorsal surface of the gray com-

missure, the ventral margin of the latter is separated from the anterior median fissure

by an intervening bridge of white matter, the anterior white commissure (com-

missura anterior alba) which connects the anterior columns of the cord and provides

an important pathway for fibres passing from one side to the other. A zone of mod-
ified neuroglia immediately surrounding the central canal is known as the substantia
gelatinosa centralis ('substantia grisea centralis).
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I c- rr^

Each crescent of j^ray matter is (livisil)le into three parts—tlie ventral and the

dorsal extremity, that project l)eyond the transverse ^niy commissure and constitute

the antcrioy and posterior horns ox cornua of the ^ray matter (columnac yriseae), and
the intermediate portion (pars intermedia) that connects the cornua and receives the
commissure. The two horns dilTer markedly from each other and, althouj^h varying
in details in different levels, retain their distinctive features throui^hout the C(;rd.

The anterior cornu (cdlinniia urisea anteiior) is short, thick and rounded, and
separated by a consitlerable layer of white matter from the surface of the cord, throuj^h

which the ventral root-fibres proceed to their points of emerj^^ence in the root-areas.

The blunt tip of the anterior horn is known as the eaput eornu, and the dorsal por-

tion by which it joins the commissure and the pars intermedia as the basis coryiu.

The posterior cornu (cohnniia jjrisea i)osteri()r) presents a marked contrast in

bein^ usuallv relatively lonj^, narrow and pointed, and
in e.xtendini; peripherally almost to the postero-lateral Fig. 886.

sulcus. The tip or apex of the dorsal horn is formed £gs?gg2§g8
of a A-shaped stratum of peculiar character, the sub-
stantia gelatinosa Rolandi, that appears lig^hter in

tint ( I' ii;'. J~'S5) and st)nK-\\ hat less o])aque than the

subjacent and broader portion of the horn, caput cornu,

which it covers as a cap. More ventrally the posterior

horn is usually somewhat contracted, to which portion

the term, cervix cornn (cervix columnac posteriorls) is

applied. In the lower thoracic cord, however, this

constriction is replaced by a slight bulging- located on '
^

the mesial side of the junction of the posterior cornu
with the gray commissure. Tliis enlargement corres-

ponds to the location of a longitudinal group of nerve-

cells constituting the column of Clarke.

The fairly sharp demarcation between the gray
and white matter is interrupted along the lateral border

of the crescent by delicate prolongations of gray matter

into the surrounding lateral column (Fig. 888). The
subdivisions of these processes unite to form a reticulum

of gray matter, the meshes of which are occupied by
longitudinally coursing nerve-fibres, the whole giving

rise to an interlacement known as the processus or for-

inatio reticularis. Although to some extent present

in the greater part of the cord, this structure is most
marked in the upper cervical region, where it exists as

a conspicuous net-work filling the recess that indents

the lateral border of the pars intermedia and the neck
of the posterior horn of the gray crescent. In the '

^"

thoracic and upper parts of the cervical cord, therefore

in regions in which the enlargements are wanting, the

formatio reticularis is condensed into a compact process

of gray matter that is directed outward (Fig. 885 J and i s-

known as the lateral cornu (columna lateralis).

Taken as a whole, the gray matter, which in cross-sections

appears as the H-shaped area formed by the two crescents
and the commissure, constitutes a continuous cohimn. whose
irregular contour depends not only upon the peculiar disposi-

tion of the gray matter, but also upon the variations in its

amount at different levels of the cord. Thus, at the level of
the third cervical ner\'e the gray matter constitutes somewhat
more than one-fourth of the entire area of the cord ; at that of
the seventh nerve about one-third, while in the thoracic region,
between the second and eleventh nerv'es, it is reduced to about one-sixth. At the last thoracic
nerve it again forms one-fourth, and at the third and fifth lumbar two-fifths and three-fifths
respectively. In the sacral cord the relative amount of gray matter increases until, at the level

Diagram showing amount of gray
and white matter in relation to entire
area of cord, and relative lengths of
cord-segments; the latter are indicated
by divisions on left margin of figure

—

I C. I T. I L. I S, first segment of cervi-
cal, thoracic, lumbar ana sacral regions
respectively ; dark zone next left bor-
der represents the gray matter, light
zone the white matter, outer dark zone
the entire area of cord. (Donaldson.)
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of tlie last sacral nerve, it reaches three-fourths. The absolute amount of j^ray matter is greatest
within the cervical and lumbar enlargements of the cord, where it is directly related to the large

nerves supplying the limbs. On comparing the tracts of white matter and the gray column it

follows tliat while in the lower third ot the lumbar cord these are of approximately equal area,

below this level the gray matter e.xceeds the white. In the remaining regions, on the other
hand, the white matter predominates, in the greater part of the thoracic cord exceeding the gray
from four to five fold and in the cervical cord being from two to three times greater.

The Central Canal.—Where well represented, the central canal (canalis cen-

tralis), the remains of the once conspicuous neural tube, appears as a minute
opening in the gray commissure, about .2 mm. in diameter and barely visible with

the unaided eye. In the child it extends the entire length of the cord and, below,

ends blindly in the upper half of the filum terminale. Above, it opens into the lower
end of the fourth ventricle, from which it is prolonged downward through the lower
half of the medulla oblongata into the spinal cord. In not over one-fifth of adult

subjects, however, is the canal retained as a pervious tube throughout the cord, its

lumen usually being partially or completely obliterated for longer or shorter stretches,

the lumen last disappearing in the lower part of the cord. Within the conus
meduUaris, the central canal regularly exhibits an expansion, the sinus terminalis,

that begins below the origin of the coccygeal nerve and extends caudally for from
8-10 mm., with a maximum, frontal diameter of i mm. or over.

The obliteration of the central canal, complete in about 50 per cent, of subjects beyond
middle life (Schulz), is to be regarded as a physiological accompaniment of advancing age. It

is effected by displacement and proliferation of the ependyma-cells lining the canal, in conjunc-

tion with ingrowth of the surrounding neurogliar fibres (Weigert). The form of the canal, as

seen in cross-sections, is very variable and uncertain owing to the changes incident to the use

of hardening fluids. In a general way when well preserved the lumen is round or oval and
smallest in the thoracic region ; in some places, as in the upper cervical cord and in the lumbar
enlargement, it is larger and often appears pentagonal in outline, whilst in others the calibre

may be reduced to a sagittal slit. The position of the central canal varies at different levels in

relation to the ventral and dorsal surfaces of the cord. In the middle of the lumbar region it

occupies approximately the centre of the cord, but above, in the thoracic and cervical segments,

it lies much nearer the ventral than the dorsal surface, while below it gradually approaches the

dorsal surface, but always remains closed.

Mention may be made of a remarkable structure named Reissner' s fibre, after its discov-

erer, that as a longitudinal thread of great delicacy lies free within the central canal of the cord

and the lower ventricle of the brain, extending from the cavity of the mesencephalon above to

the lowest part of the cord-canal below. The interpretation of this structure as an artefact,

which considering its extraordinary position is most natural, seems untenable in view of the

positive testimony, confirming its existence as a preformed and true structure in many
vertebrates, given by several subsequent observers and especially by Sargent. According to

Dendy and to Nicholls,' the fibre is concerned in automatically regulating flexion of the body,

by transmitting to the brain stimuli due to changes in tension.

MICROSCOPICAL STRUCTURE OF THE SPINAL CORD.

The three chief components of the spinal cord—the nerve-cells, the ner\'e-fibres

and the neuroglia—vary in proportion and disposition in the white and gray matter.

It is, therefore, desirable to consider the general structure of the cord before describ-

ing its detailed characteristics at different levels.

The Gray Matter.—The most distinctive elements of the gray matter are the

midtipolarnerve-cclls which lie embedded within a complex sponge-like matrix formed

by the various processes—dendrites, axones and collaterals—from other neurones, the

supporting neuroglia and the blood-vessels. In two localities—immediately around the

central canal and capping the dorsal cornu—the gray matter varies in its appearance

and constitution and exhibits the modifications peculiar to the central and Rolandic

substantia gelatinosa, the details of which call for later description (page 1034).

The nerve-cells of the anterior horn are multipolar, in cross-sections the

cell-bodies appearing irregularly polygonal and in longitudinal sections fusiform in out-

1 Anatomischer Anzeiger, Bfl. xl., 1912.
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line. They may vary from .065-. 135 in cliamctcr, uiilcss unusually small, when they

measure from .o3f)-.().So mm. ( K(')lliker). In a ty|)i(al example, as represented by

one of the \entral radicular cells ^ivin^ orijLjin to anterior root-libres, from three

to ten dendritic processes rachale in various planes, divide dichotomously with

decreasing width and linaliy end in terminal arhorizaticjns. In contrast to the robust

dendrites beset with spines, the a.\one is smooth, slender and directly continuous

with the a.xis-cylinder of a root-fibre of a spinal nerve and unbranched, with the

exceptions of delicate lat(;ral processes that are ^iven ofT almcwt at ri^ht angles. These
processes, the collaterals, arise at a variable distance from the cell-lxxiy, but usually

close to the latter and always before leaving the .tjray matter. They rej)eatedly

divide and follow a recurrent course within the anterior horn. After a[)propriate

stainins^ tlie cytoplasm of the nerve-cells exhibits cons])icuous accumulations of the

deeply staining; tiyroiil su!)stance that lie within the meshes of the reticulum formed by
delicate neurotibrilhe.

Fig. S87.
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which not only occupy

the cell-body but also

extend into the \arious

processes. The fibrilke,

however, do not pass

beyond the limits of the

neurone to which they

belonu:(Retzius). Each
nerve-cell possesses a

spherical or ellipsoidal

nucleus, from .010 to

.020 mm. in its greatest

diameter, which is en-

closed by a distinct

nuclear membrane and
usuallv contains a single

nucleolus, exceptionally

two or three. Within
the cytoplasm an accu-

mulation of brownish-

yellow pigment granules

is usually present near

one pole, often in the

vicinity of the implanta-

tion cone from which
the axone springs.

In addition to the con-

spicuous ventral radicular

cells above described, the

anterior horn contains

other nervous elements,

some of which, the com-
missural cells, send their

axones through the anterior commissure to the opposite half of the cord, while the axones of

others, the strand-cells, pass into the columns of white matter of the same, less frequently

opposite, side.

The commissural cells, which with few exceptions occupy the median portion of the

anterior horn, resemble in size and contour the radicular cells, but diflfer from the latter in pos-

sessing smaller nuclei. The majority of the dendrites are directed towards the inner part of

the ventral cornu, but some pass into the gray commissure and a few end within the adjacent

white matter. The axones traverse the anterior white commissure to gain the ventral column
of the opposite side, in which they either divide T-like into ascending and descending fibres, or

undivided turn brainward.

The strand cells, variable in form and generally smaller than the root-cells, are only

sparingly represented in the anterior horn. They are distinguished by the course of their

axones, which usually pass to the anterior column of the same side. In some cases, however.

Nerve-fibres of white matter Anterior root-fibres

Portion of anterior cornu of grray matter, showing multipolar
nerve-cells. X 120.
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the axone divides into two, rarely three, fibres, one of which crosses by way of the anterior

white commissure to the opposite ventral column, while the other passes to the ventral

column of the same side.

. As well seen in cross-sections, although the nerve-cells of the anterior horn are widely
scattered they are not uniformly distributed through the gray matter, but are collected into

more or less definite groups that recur in consecutive sections. It is evident, therefore, that the

cell-groups are not limited to a single plane, but are continuous as longitudinal tracts or
columns for longer or shorter stretches within the core of gray matter of the cord.

The grouping of the nerve-cells of the anterior horn includes two general
collections, a ynesial group, containing many commissural cells, and a lateral group
composed chiefly of ventral radicular cells. These collections, however, varv in

extent and definition in different parts of the cord and, where well marked, are often

Fig. 888.

'^^

4 \
Cells of substantia
gelatinosa Rolandi

Posterior horn cells

-Accessoo' dorso-
lateral groups

_ Dorso-lateral group

Ventro-lateral group

Mesial group

Transverse section of lower cer\ical cord, showing grouping of nerve-cells ; Nissl staining. X 20.

made up of more than a single aggregation of cells. This feature is particularly evi-

dent in the lateral collection, in which an anterior and a posterior subdivision are

recognized as the veyitro-lateral and the dorso-lateral group that occupy the corre-

sponding angles of the anterior horn. The mesial collection, situated within the

ventral angle, is likewise, but much less clearly, divisible into a lejitro-mesiaJ and a

dorso-mesial group, of which the latter is variable and at many levels wanting. In a

general way the pronounced presence of these cell-groups influences the outline of

the anterior horn, so that corresponding projections of the gray matter mark their

position. This relation is conspicuouslv exemplified in the cervical and lumbo-sacral

enlargements, in which the presence of large lateral cell-groups is directly associated

with a marked increase in the transverse diameter of the anterior horn. Con\'ersely,

when these cell-columns become smaller or disappear, the corresponding elevations

on the surface of the anterior horn diminish or are absent. Owing to such variations

the contours of the gray core are subject to constant and sometimes abrupt change.
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The ventro-medi.in cell-column is tlie most constant, since, as enipliasized by the pains-

taking stiuliis of itnice,' it is interrupted only between tiie levels of the fifth lumbar and first

sacral nerve in its otherwise unbroken course throuf^h the lenj^th of the cord, as far as the level

of the fifth sacral nerve. An augmentation ui this tract in the fourth and fifth cervical segments

is probably associated with the s|)inal origin of the phrenic nerve (Mruce).

The dorso-mesial cell-column is much less constant, bein^ represented only in the thoracic

region, in a few cervical se}.;ments and at the level of the first lumbar nerve. In aj;reement

with van (iehuchten and others, Hruce rejjards the continuity of the mesial j;roup as presumj)-

tive e\ idence of its close relation to the dorsal extensor muscles of the trunk.

The ventro-lateral cell-column ajipears first at the level of the fourth cervical nerve,

increases rapidly in the succeed injj: se}j:ments and fades away at the lower part of the eij^hth

cervical segment. It reappears in the lumbar enlarj^ement, reaching its ma.ximum at the level

of the first sacral nerve and, diminishing rapidly through the upper part of the second,

disappears before the third sacral segment is reached.

The dorso-lateral cell-column, in places the most conspicuous collection of the anterior

horn, begins above at tiie lower part of the fourth cervical segment and, increasing rapidly,

attains its greatest development in the neck in the fifth and sixth segments. It suffers a marked
reduction at the level of the seventh cervical nerve, which is followed by a sudden increase in

the next segment in which the column presents an additional collection of nerve-cells known as

the a/ci'ssorv dorso- lateral or post-f>ostcro- lateral frroup. HeUjw the level of the second th(jracic

ner\'e the dorso-lateral cell-column is unrepre.sented as far as the second sacral segment where
it reappears, somewhat abruptly, and attains its maximum size in the fourth and fifth lumbar
segments. The column then diminishes and ceases at the lower part of the third sacral .seg-

ment. Within the sacral cord, between the levels of the first and third nerve inclusive, the

dorso-lateral cell-group is augmented by an accessory group. From the third lumbar to the

sacral nerve-levels, an additional compact collection of nerve-cells occupies a more median
position in the anterior horn and constitutes the central group.

From the position of the greatest expansions of the lateral cell-columns—within the cer\ical

and lumbo-sacral enlargements—it is evident that they are associated with the large nerves sup-

plying the muscles of the limbs. Further, according to Bruce, in a general way the size of the

radicular cells bears a relation to that of the muscles supplied, the smaller dimensions of the

cervical cells, as compared with those of the lumbo-sacral region, corresponding with the smaller

size of the upper limb in comparison witli that of the lower one.

In addition to the nerve-cells assembled within the foregoing more or less well defined

groups, some scattered cells are irregularly distributed through the anterior horn and do not

strictly belong to any of the groups.

Below the level of the first coccygeal ner\'e, the cells of the anterior horn become so

diminished in number, that they are no longer grouped with regularity, but, reduced in size, lie

uncertainly distributed within the gray matter as far as the lower limits of the conus medullaris.

The nerve-cells of the posterior horn are neither as large nor as regularly

disposed as the anterior horn cells. Only in one locality, along the median border

of the base of the posterior horn, are they collected into a distinct tract, the column of

Clarke ; otherwise they are scattered without order throughout the gray matter of the

posterior cornu. Since, however, the latter comprises certain areas, the cells of

the posterior horn may be divided into (i) the cells of Clarke s column, (2) the

cells of the siibstayitia gelatmosa Rolajidi, and (3) the inyier cells of the caput cornu.

The cells of Clarke's column form a very conspicuous collection which extends from the level

of the seventh cervical nerve to that of the second lumbar nerve and is best developed in the

lower thoracic region cf the cord. Although confined chiefly to the dorsal portion of the cord,

and hence sometimes designated as the "dorsal nucleus," Clarke's column is represented to a

slight degree in the sacral and upper cervical regions {sacral and cervical tmclei of Stilling) . In

cross-sections the cell-column appears as a group of multipolar cells that occupy the mesial

border of the base of the posterior horn and, where the column is best developed (opposite the

origin of the twelfth thoracic nerve), correspond to an elevation on the surface of the .gray

matter. The cells usually are about .050 mm. in diameter, polygonal in outline and possess a

relatively large number of richly branched dendrites that radiate chiefly within the limits of the

group (Cajal). The axones commonly spring from the anterior or lateral margin of the cells

and course ventrally for a considerable distance before bending outward toward the lateral

column of white matter within which, as constituent fibres of the direct cerebellar tract

(page 1044) , they turn brainward.

'Topographical Atlas of the Spinal Cord, 1901.
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The nerve-cells of the substantia gelatinosa Rolandi, also known as Gierke's cells, include

innumerable small stellate, less frequently fusiform or pear-shaped elements that measure only

from .006-.020 mm., althous^h exceptionally of larger size. Their numerous short dendrites are

irrejjularly disposed and branched. The axones, which always arise from the dorsal pole of the

cell, are continued partly to the white matter of the posterior column, within which they divide

into ascending and descending limbs, and partly to the gray matter itself, within which they run

as longitudinal fibres. Under the name of the marginal cells are described the much larger

(.035-055 mm. ) nerve-cells which occupy the border of the substantia gelatinosa. They are

spindle-shaped or pyramidal in form, their long a.\es lying parallel or the apices directed tf)wards

the Rolandic substance respectively, and constitute a one-celled layer enclosing the substantia

gelatinosa, into whicli many of their tangentially coursing dendrites penetrate. Their axones

pass through the substantia gelatinosa and probably continue for the most part within the lateral

column, although some enter the posterior column (Cajal, Kolliker).

The inner cells of the ptjsterior horn are intermingled with numerous nervous elements of

small size irregularly distributed within the head of the dorsal cornu. The inner cells proper

are triangular or spindle-shaped in form and, on an average, measure about .050 mm.; they

are, therefore, larger than the ordinary cells of the Rolandic substance. The dendrites arise

Fig. 8S9.

White matter of
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Cells of Clarke's column

Substantia gelatinosa centralis

Central canal

Part of cross-section of cord, showing: cells of Clarke's column in base of posterior horn. X no.

from the angles or ends of the cells and diverge in all directions. The axones pass, either

directly or in curves, mostly into the lateral column of the same side ;
some, howe\er, have

been followed into the posterior or anterior columns of the same side (Kolliker), and, rarely, mto

the opposite anterior column (Cajal). Exceptionally type II cells—those in which the axone is

not prolonged as the axis-cylinder of a nerve-fibre, but soon breaks up into an elaborate end-

arborization confined to the gray matter—are found within the gray matter of the posterior horn.

Their number is, however, much less than often assumed (Ziehen).

The nervous character of most of the cells seen within the substantia gelatinosa Rolandi has

been established only since the introduction of the Golgi methods of silver-impregnation.

Previously, these elements were regarded as glia cells, an exceptionally large amount of

neuroglia in general being attributed to the Rolandic substance. It is now admitted that

instead of such being the case, this region of the gray matter is relatively poor in neurogliar

elements and numerically rich in nerve-cells.

The nerve-cells of the pars intermedia of the oray matter, which connects

the dorsal and ventral horns and lies opposite the gray commissure, may be broadly

divided into two classes, the lateral and the middle cells, that occupy respectively the

outer border and the more central area of this part of the gray matter of the cord.
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Those t)f the first class, or intcrmcdio-latcral cells, are assoc iated with the formatio reticu-

laris and its ci)iKlensation, tlie lateral iiorii, and lu-nce are often spoken of as the j^roup or
column of the Uilcnil horn. These cells form a slender tract of small closely packed elements
that is representetl throiij;'! alnnjst the entire lenj^th of the cord, althouj;h best marketl in the
upjK-r third of the thoracic region and |)artia!ly inlerriipted in the cervical and lumbo-sacral
seRments. Where the ft)rmati() reticularis is condensed with a tlistinct lateral horn, as in the
thoracic region, the cells occupy the projection, hut elsewhere lie within the base of the jjray net-

work. As a continuous cell-column the tract extends from the lower |)art ui the eij^hth cervical

segment to the ujiper part of tiie third luml)ar,l)eing most c<jnspicuous at the level (jf the tliird and
fourth thoracic nerves (Hruce). I'ractically suppressed in the cervical region between tlie eighth
and third segments, alH)ve the latter the column rea|)])ears along with the formatio reticularis.

Helow, it is again seen within the third and fourth sacral segments. The nerve-cells are multi-

polar or fusiform in outline, from .015-.045 mm. in their longest diameter, contain little i)igment,

and are provided witii a variable numlier of dendrites, of which two are usually larger than the
others. These arise from opposite poles of the cell and send branches, for the most part, into the
adjacent white matter. The axones pass directly into the lateral columns and become ascending
or descending fibres ; a few axones, Iiowever, enter tlie anterior column of the same side (Ziehen).

The cells of the second class, or intermediate cells, are irregularly disposed and only in the
upper part of the cord present a fairly distinct middle group (W'aldeyer). They are polygonal
or fusiform in outline, small in size (seldom exceeding .025 mm.) and provided with irregular

dendrites. The axones are continued chiefly within the lateral column of the .same side, although
some pass to the anterior column and a few probably cross to the ojiposite side.

A small number of isolated nerve-cells are usually to be found within the white matter, out-
side but in the neighborhood of the gray core. These, the outlying cells of .Sherrington,' by
whom they have been studied, occur most frecjuently in the vicinity of the more superficially

placed cell-columns. Within the anterior columns they lie in the paths of the fibres proceeding
to the anterior white commissure ; in the lateral columns they are in proximity to the intermedio-
lateral group of the lateral hom and formatio reticularis and to the cells of the substantia

Rolandi ; and in the posterior columns, where they are relatively numerous, they are as.sociated

with the fabre-tracts leading to the column of Clarke. The outlying cells are regarded as
elements displaced from their usual position during the course of the differentiation and growth
of the white and gray matter. Similar displacement sometimes af?ects the cells of the spinal

ganglia, which then may be encountered within the cord.

The Neuroglia of the Gray Matter.—As in other parts of the cord, so in

the gray matter the neuroglia is everywhere present as the supporting framework of

the nervous elements, the

cells and fibres. The gen- ^'*^- ^9o-

eral structureof neuroglia

having been described

(page 1004), it only re-

mains to note here the

special features of its

arrangement within the

gray matter. In general,

the felt-work of the neu-

rogliar fibrils is more
compact than that per-

meating the white matter,

being somewhat denser

at the periphery than in

the deeper parts of the

gray matter. There is,

however, no hard boun-
dary between the sup-

porting tissue of the two,

since numerous glia fibrils

extend outward from the

frame-work of the gray matter to be lost between the nerv^e fibres of the adjoining
columns. This feature is marked in the anterior horn, where the glia fibrils form
septa of considerable thickness that diverge into the surrounding columns ; further

^ Proceedings Royal Society, vol. 30, 18&0.

Posterior median
septum

Paramedian septum
subdividing
posterior column

^ Lateral
column

Anterior median fissure Anterior column

Transverse section of cord slightly magnified, showing general arrangement
of neuroglia. X 10.
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Fig. 891.

the conspicuous processes of the formatio reticularis and the projecting lateral horn

consist largely of neuroglia. The larger nerve-cells and their robust processes are

ensheathed by interlacements of neuroglia fibrillse.

In the several parts of the posterior horn the amount of neuroglia varies.

Thus, the apex consists almost exclusively of glia tissue, while within the Rolandic
substance the number of glia fibres and cells is unusually small. Within the

caput and remaining parts of the posterior horn the neurogUar elements are similar

in quantity and disposition to those in the anterior horn.

The ependyma cells lining the central canal of the cord are the direct descendents of the

radially arranged embryonal supporting elements (page 1004) ; they may, therefore, be regarded

as specialized neuroglia cells. Alihough most advantageously studied in the foetus and the

child, in favorable preparations from adult cords they are seen as a single row of pyramidal

cells, from .030-.050 mm. long and from one-fourth to one-third as broad, whose bases are

directed towards the lumen of the canal and beset with cilia. Their pointed distal ends, or

apices, are prolonged into a long delicate ependymal fibre, that in the adult is soon lost in the

surrbunding neuroglia, but in the foetus extends through the entire thickness of the cord. The
ependyma cells are not all of equal size, those occupying the ventral mid-line, especially in the

cervical region, being about twice as long as those on the opposite wall of the canal. The epen-

dymal fibres proceeding from these cells are of special length and thickness, the ventral ones con-

verging to form a wedge-shaped mass that in the young subject continues as far forward as the

bottom of the anterior median fissure. The dorsal ependymal fibres are prolonged through the

gray commissure into the posterior median septum, some diverging into the columns of Goll.

Substantia gelatinosa centralis is the name given to a zone of peculiar trans-

lucency that immediately surrounds the central canal. This annular area consists of

modified neuroglia in which radial ependymal fibers are

interwoven with circularly disposed neurogliar fibrillce,

the whole giving rise to a compact stratum, interspersed

with an unusual number of glia cells, upon which arrange-

ment, in conjunction with the absence of ner\-e-fibres,

the characteristic appearance of the gelatinous substance

depends. In addition to the branched glia elements, a

number of radially directed spindle cells are present in

this zone ; they send delicate processes between the

ependyma cells, of which they are probably outwardly

displaced members. In marked contrast with the Ro-

landic substance, which caps the posterior horn, the

substantia gelatinosa centralis contains only a few small

nervous elements, in recognition of which the term, sicb-

stayitia gliosa centralis, has been proposed by Ziehen.

The Nerve-Fibres of the Gray Matter.

—

Within all portions of the gray core a considerable part

of the intricate ground-work in which the nerve-cells lie

embedded is contributed by the processes of neurones

situated at the same, difterent or even remote levels.

These processes, which constitute the ner\e-fibres,

medullated and nonmedullated, that are seen traversing

the gray matter in all directions, include:(i) the collate-

rals and the terminal branches of the dorsal root-fibres that enter the gray matter
;

(2) ner\-e-fibres of the descending tracts that terminate in relation with the ventral

(motor) horn cells ; (3) the axones and collaterals given oft by the numerous pos-

terior horn cells, that traverse the gray matter to and from the respective columns into

which they pass. The dendritic processes, as well as the axones of the type II cells,

also contribute to the sum of nervous fibrillze encountered within the gray matter of

the cord.

WHITE MATTER OF THE SPINAL CORD.

The predominating components of the white substance being the longitudinal

nerve-fibres which pass for a longer or shorter distance up and down in the columns of

the cord, in cross-sections the outer field, between the gray core and the periphery

H- ^M^^

%'#,«

Central canal and surrounding
substantia pelatinosa centralis, from
child's cord ; canal is lined with
ependyma cells, outside of which
lies neuroglia with glia cells. '/ 135.
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of the cord, appears to be composed of iniuiinerable, cltjsely set, small cells, held

together by delicate supportinj^ tissue. These apparent cells are the medullated

nerve-fibres cut transversely, in which the sectioned axis-cylinders show as deej^ly

staini'd dots, that commonly lie somewhat eccentrically and are surrounded by deli-

cate irregularly annular strialions representinj^' the framework of the medullary c(jat.

The nerve-tibres of the cerebro-spinal axis are without neurilemma, the lack (jf this

sheath bein.U' compensated by a slij^dit condensation of the neuroi^lia around the

fibres. Seen in transverse sections this investment appears as the rinij that t,Mves

a definite outline to the fibre.

Tlie iiKlividual iRTV(.--fil)rc-s vary j^rcally in si/c-, cvl-ii within the same tract larj^u and small

fibres often lyinj^ side- by side. The smallest may he less than .005 mm. and the larj^est over

.025 mm. In a j^eneral way, the tliameter of the fibre bears a direct relation to its lenj^th, those

Fig. S92.

Trabccula of neuroglia

Neuroglia cell

Pia mater

Ner.ve-fibre

Blood-vessel in pia

Subpial layer
of neuroglia

Peripheral part of transverse section of spinal cord, shovi'ing nerve-fibres subdivided into groups by ingrowth of
subpial layer of neuroglia. >, 230.

having an extended course being larger than shorter ones ; it follows that the fibres occupying
the peripheral parts of the white matter, particularly in the lateral columns, are more frequently

of large diameter than tho.se near the gray matter.

The immediate surface of the white substance beneath the pia mater is formed by a con-

densed tract of neuroglia, the subpial layer, from .020-.040 mm. in thickness, that is devoid of

nervous elements and forms the definite outer boundary of the cord. This zone consists of a

dense interlacement of circular, longitudinal and radial neuroglia fibrils among which numer-
ous glia cells are embedded. From the deeper surface of this ensheathing layer numerous
bundles of fibrillce penetrate between the subjacent nerve-fibres to become lost in the general

supporting ground-work. At certain places the bundles are replaced by robust septa by which
the nerve-fibres are imperfectly divided into groups or tracts, as conspicuously seen in the pos-

terior column where the paramedian septum effects an imperfect subdivision into the tract of

Goll and of Burdach. The blood-vessels that enter the nervous substance from the pia, accom-
panied by connective tissue, are surrounded by tubular sheaths of neuroglia, and the same is
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true of tlie bundles of root-fibres of the spinal ner\-es. But apart from the connective tissue that
enters with the blood-vessels, the amount of mesoblastic tissue concerned in the supporting
framework of the cord is inconsiderable, according to some histologists, indeed, being
practically nothing.

Fibre-Tracts of the White Matter.—Although microscopical examination
of ordinary sections of the cord aflords slight indication of a subdivision of the
columns of white matter into areas corresponding with definite fibre-tracts, yet the
combined evidence of anatomical, pathological, embr\-ological and experimental
investigation establishes the existence of a number of such paths of conduction.
With few exceptions, they are, however, without sharp boundaries and illv defined,

adjoining tracts often overlapping, and depend for their presence upon the fact that

nerve-fibres having the same function and destination proceed in company from the
same group of nerve-cells (nucleus) along a similar course. In addition to being pro-
vided with paths of conduction necessan,- for the performance of its function as a centre

for independent (reflex) impulses in response to external stimuli, the cord contains
tracts that connect it with the brain, as well as those that bring the various levels of

the cord itself into association. The white matter, therefore, contains three classes of

fibres : (i) those entering the cord from the periphery and other parts of the body ;

(2) those entering it from the brain ; and (3; those arising from the nerve-cells situated

within the cord itself. The first two constitute the exogenous, the last the endogeywus
tracts. It is evident that some of these fibres constitute pathways for the transmission

of impulses from lower to higher levels and hence form ascendijig tracts, while others,

which conduct impulses in the opposite direction, form descending tracts.

Since it is impossible to distinguish between these fibres by mere insp>ection of sections of

the adult normal cord, and, moreover, extremely difficult and practically impossible to follow

in such preparations the longer fibres throughout their course, advantage is taken of other

means by which differentiation of individual tracts is feasible. Such means include chiefly

the experimental and embryological methods.

The experimental method depends upon the law discovered by Waller, more than half a

century- ago, that when the continuit\- of a ner\-e-fibre is destroyed, either by a pathological

lesion or by the experimenter's knife, the portion of the ner\-e-fibre (the axone of a neurone)

beyond the break, and therefore isolated from the presiding ner\e-cell. undergoes secondar>-

degeneration, while the portion remaining connected with the cell usually undergoes little or

no change. It should be pointed out, however, that occasionally the connected portion of the

fibre, and even the ner\'e-cell itself, undoubtedly exhibits changes known as retrograde degen-

eration, which, dependent upon the location of the lesion, may at times prove a source of

error in deducing conclusions. If a lateral section of one-half of the cord of a living animal be
made, and, after the expiration of from three to four weeks, transverse sections be cut and
appropriately prepared i^by the methods of Marschi or of Weigert), certain groups of ner\e-

fibres will present degenerative changes. It will be seen, however, that the degenerated tracts

in sections taken from above the lesion are not the same as those in sections from below the

division, showing that certain fibres have been involved in opposite directions, those arising

from ner\e-cells lying below the lesion being affected with ascending degeneration, and those

from cells situated above with descending degeneration. In this manner, by careful study of

consecutive sections, much valuable information has been gained as to the origin, course, ter-

mination and function of many fibre-tracts within the central nervous system.

The embryological method, also productive of important advances in our knowledge of

the ner\ous pathways, is based on the fact, first demonstrated by Meckel, that the ner\e-fibres

of the central ner\ous system do not all acquire their medullar}- sheath at the same time.

Taking advantage of such variation, as suggested by Meynert and later extensively carried out

by Flechsig and others, upon staining sections of embryonal tissue with reagents that color

especially the medullary- substance, it is possible to differentiate and follow certain fibre-tracts

in the fcetal cord with great clearness, since only those tracts are stained in which the myelin is

already formed. It is of interest to note that, in a general way, the order in which the different

strands of the cord acquire their medullar^- coat accords with the sequence in which ner\ous

function is assumed by the fretus and child. Thus, the paths required for spinal reflexes (the

posterior and anterior root-fibres) are first to become medullated (fourth and fifth fcetal

months); those bringing into association the different segments of the cord next (from the

fifth to the seventh month 1 acquire myelin ; those connecting the cord with the cerebellum

follow somewhat later, while those establishing relations with the cerebral cortex are last and

do not begin to medullate until shortly before birth.
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Based on llie collective evidence contributed \)y these methods—anatomical,

physiolotj^ical, and developmental—it is possible to locate and trace with fair accuracy

a iiuinbir of fibre-tracts in the cerebro-spinal axis. Since they are underj^oinj^

continual au_i,'^nicntalion or decrease, their actual area and position are subject to

variation, so that the detailed relations in one re,i,non of the cord difler from those

at other lc\i'ls. The accoin|)anyini^ schematic fij^urc, therefore, must be regarded

as showing only the general relations of the most important paths of the cord,

and not as accurately representing the actual form and size of the fil^re-tracts.

It must also be appreciated that the definite limits of these tracts in such diagrammatic

Fig. 89;,.

.Association tracts

Cerebro-spinal trad

Spino-thalamic
tract

Spino-olivary
tract (Helweg)

\'estibulo spinal tract

Sulco-marginal fibres

Diagram of spinal cord, showing position of chief tracts and relations of their component fibres to ner\-e-cells

;

1-5. posterior root-fibres entering root-zone (R.Z.) and Lissauer's tract (L.), open circles (o) indicate that fibres pass

up and down ; c, c, collaterals from long ascending tracts (i, 2) to anterior root-cells; 3, fibres ending around cells

of Clarke's column ; 6, fibres forming direct cerebellar tract ; 7, 8, fibres forming Gowers' tract ; 9, 10, fibres from
lateral and direct pyramidal tracts; 11, 11, anterior root-fibres ; V.F., ventral field; O.F., oval field; C.B., comma
bundle.

representations seldom e.xist in reality, since the fibres of the adjacent paths in

most cases overlap, or, indeed, extensively intermingle, so that the fields seen in

cross-sections mav be shared bv strands belonging to different fibre-systems.

The Fibre-Tracts of the Posterior Column.—The subdivision of the

posterior column of white matter by the paramedian septum into two general

parts has been noted (page 1028). Of these the inner one is the postero-median
fasciculus, or tract of GoU (fasciculus gracilis), and the outer one is the postero-

lateral fasciculus or tract of Burdach (fasciculus cuneatus). These tracts are

so intimately associated with the fibres entering by the posterior roots of the spinal

nerves, that the general relations and behavior of these fibres must be considered

in order to understand the composition of the posterior columns, as well as that

of certain secondary paths.

All sensory impulses that enter the spinal cord do so by way of the posterior

root-fibres. The latter are the centrally directed processes (axones) of the neurones

whose cell-bodies lie within the spinal ganglia situated on the dorsal roots of the

spinal nerves. They convey to the cord the various impulses collected by the

peripherally directed processes (the sensor)'- nerves) from the integument, mucous
membranes, muscles, tendons and joints from all parts of the body, with the

exception of those served by the cranial nerves. The impulses thus conducted are

transformed into the impressions of touch, muscle-sense, heat, cold and pain.

The last being probably the result of excessive stimulation that by its intensity

causes discomfort in various degrees, the existence of special paths for the conduc-

tion of painful impressions is unlikely. It is evident that the larger part of the



1040 HUMAN ANATOMY.

Fig. S94.

sensory neurones lies outside the spinal cord ; it is, however, with the intramedullary

portion of these neurones, as constituents of paths within the cord, that we are here

concerned.

On entering the spinal cord along the postero-lateral groove, the dorsal root-

fibres for the most part penetrate the tract of Burdach, close to the inner side of the

posterior horn. Some of the more external root-fibres, however, do not enter Bur-

dach' s tract, but form a small adjoining field, the tract of Lissauer, that lies im-

mediately dorsal to the ape.x of the posterior horn. Soon after gaining the posterior

column, with few exceptions, each dorsal root-fibre undergoes a >- or ^— like divi-

sion into an ascending and a descending limb, which assume a longitudinal course

and pass upward and downward in the cord for a variable distance, the descending

limb being usually the shorter. During their course from both, but particularly from

the descending limb and from the proximal part of the ascending fibre, collateral

branches are given off which bend sharply

inward and pass horizontally into the gray

matter to end chiefly in relation with the

neurones of the posterior horn, from which
cells secondary paths arise. Not only the

collaterals, but also the main stem-fibres of

the descending and shorter ascending limbs

end in the manner just described. In addi-

tion to the short collaterals destined for the

cells of the dorsal horn, others, the ventral
reflex collaterals, pursue a sigmoid course,

traversing the substantia gelatinosa Rolandi

and the remaining parts of the posterior

horn and the intermediate gray matter, to

end in arborizations around the radicular

cells of the anterior horn, and thus complete

important reflex arcs, by which impulses

transmitted through the dorsal roots directly

impress the motor neurones. The latter are

usually of the same side, but some collaterals

cross by way of the anterior commissure to

terminate in relation with the anterior horn

cells of the opposite side. It is probable

that a considerable number of such anterior

horn reflex collaterals are given oft from the

fibres that ascend in the long tracts of the posterior column to the medulla oblongata.

With possibly the exception of certain fibres which pass directly to the cerebellum

(Hoche), all the sensory- root-fibres ( axones of neurones of the I order) end around

the neurones situated either within the gray matter of the spinal cord or within the

nuclei of the medulla ; thence the impressions are conveyed by the axones of these

neurones of the II order to higher centers, to be taken up, in turn, by neurones of

the III or even higher order, in the sequence of the chain required to complete the

path for the conduction and distribution of the impulse.

The most important groups of the collaterals and stem-fibres of the posterior

roots are:

1. The long ascending tracts passing chiefly to the nuclei of the medulla.

2. The fibres passing to the cells of the column of Clarke.

3. The collaterals passing to the anterior horn cells.

4. The fibres entering the posterior horn from the tract of Burdach and of

Lissauer to end about the neurones of the II order situated within the gray matter

of the posterior horn and the intermediate gray matter.

The direct ascending posterior tract includes the dorsal root-fibres that

pass uninterruptedlv upward within the posterior column as far as the nuclei of the

medulla. On entering the cord they lie at first within the tract of Burdach, but in

their ascent are graduallv displaced medianly and dorsally by the continued addition

of other root-fibres from the succeeding higher nerves. In consequence, in cross

Diagram showing: division of posterior root-fibres

into ascending and descending branches: long fibre

sends collaterals to anterior root cells; other fibres

end at different levels around cells in gray matter of
posterior horn ; S. G., spinal ganglion.
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sections of the cord in the ciT\ical ii-^ion the lim^ ril)r(-s entering; hy the lower nerve-
roots oecnpy tile iiiiur part of (ioll's cohiniii. In the liinil)ar cord, thev are exchuied
from the median septum hy a narrow hcinielli])tical area, which with that of the
opposite side forms the oval field of I'lechsij^. The fibres entering by the lower
thoracic nerves lie more laterally, while those eiiterinj^ by the upper thoracic and
cervical nerves appropriate the adjoining part of Hurdach's tract, the lateral area of

which, next the postc-rioi' horn, is occupied chielly hv the posterior root-l'ibres.

It must l)e mulerstoiHl liial wiiik- in a };e'ierai way tlie fibres of the lunjj asceiidinj; tracts

have the disposition just intlicaled, they are ho intertwined and miii|;led with the strands passing
to and from the }jray matter that the defmite outlines of their conventional area, as represented

in diagrams, are wanting. Collectively the

fibres coniposing this tract are of medium or

small size, but acciuire their medullary coat

very early, myelination beginning about the

fourth fdtal montli, althougii not completed
until the ninth (Bl-cIiUtl-w).

Fk;

A

\.

Section of spinal cord at level of second cervical seg-
ment ; forniatio reticularis fills bay between posterior and
anterior cornua ; substantia gelatinosa caps apex of pos-
terior cortiu. Drawn from Weigert-Pal preparation made
by Professor Spiller. ,-; 6.

The termination of tlie long ascend-

ing; hl)res is chiefly in relation with the

neurones within the lower part of the

medulla—the fibres of Goll's tract end-
inof about the cells of the nucleus s^racilis

and those of Burdach's tract about the

cells of the nucleus cuneatus. From
these stations paths of the II order

convev the im])ulses to the cerebel-

lum, by way of the inferior cerebellar

peduncle, and to the higher sensory

centres by way of the mesial fillet, as

later described (page 1115). Whether
certain of the component fibres of these

ascending tracts are directly continued

to the cerebellum, and perhaps to the

mesial fillet, without undergoing inter-

ruption in the nuclei of the medulla is still uncertain, although supported by the

statements of Hoche, Kolliker, Scolder and others.

The root-fibres passing to Clarke's column occupy the middle and median
part of Burdach's tract, mingled with those of the long ascending paths. After cours-

ing longitudinally, usually for some distance, within the posterior column, they bend
outward, and, sweeping in graceful curves, enter the gray matter to end about
Clarke's cells. It is noteworthy that the level at which they end is often considerably

higher than that at which the root-fibres enter the cord, an arrangement which
explains the fact that lesions of the lowermost of these strands may be followed as

ascending degenerations into the thoracic region (Mayer). On entering the gray
matter the terminal arborization of a single root-fibre usually ends in relation with

several neurones of Clarke's column (Lenhossek). The important sensory path of

the II order, known as the direct cerebellar tract (page 1044), arises as the axones
of these neurones.

The anterior reflex fibres to the ventral horn are all collaterals, not continu-

ations of the stem-fibres, far the greater part of which come from the fibres of the

long ascending posterior tract. These collaterals penetrate the gray matter princi-

pally at the median border of the head of the posterior horn, behind Clarke's

column, but partly also through the substantia Rolandi, and thence pass ventrally or

ventro-laterally, with a slightly curved or sigmoid course, towards the anterior horn.

As they enter the latter, the collaterals diverge more and more and are distributed

to the various groups of the anterior horn cells, chiefly in relation with the lateral

groups of radicular cells from which the ventral root-fibres arise ; they thus establish

direct reflex paths by which sensory impulses conveyed by the posterior root-fibres

impress the motor neurones, while, at the same time, these impulses are transmitted

66
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Fig. S96.

Section of spinal cord at level of sixth cervical segment; anterior
cornua are very broad ; obliquely cut bundles of posterior root-fibres lie in
postero-lateral sulcus. Preparation by Professor Spiller. X 6.

to hitrher levels by the ascendino^ stem-fihres. Althnu<;h the anterior reflex collat-

erals are, for the most part, in relation with the cells of the same side, it is probable
that some cross by way of the posterior commissure, and possibly also by the anterior
bridge, to_ the opposite ventral horn cells. It is doubtful, on the Other hand,
whether either stem-fibres or collaterals of the posterior roots pass directly to the
anterior column either of the same or opposite sides ( Ziehen).

The root-fibres passing to the posterior horn include those which pene-
trate the substantia Rolandi, either as collaterals or stem-fibres of Burdach's or

of Lissauer's tracts, to end
about the neurones within

the Rolandic substance or

within the head of the pos-

terior horn. Their longitudi-

nal course within Burdach's
tract is ordinarily short

;

they then bend horizontally

and enter the gray matter

of the posterior horn, within

which thev soon terminate

in end-arborizations around
the neurones of the 1 1 order.

Some fibres, however, do
not undergo T-division until

after entering the posterior

horn, where, within the Ro-
landic substance or caput

cornu, they then bifurcate,

in some cases the ascending
limbs pursuing a vertical course within the gray matter, particularly of the caput
cornu, for some distance before ending about the head-cells of the posterior horn.

The tract of Lissauer, or marginal zone, situated immediately behind the

apex of the dorsal horn, receives the lateral group of the posterior root-fibres. These
are all of unusually small size and, after a short longitudinal course in which the

descending limbs predominate, they turn horizontally and, both as collaterals and
stem-fibres, penetrate the substantia Rolandi, about whose cells and those of the

caput cornu they end.

From the foregoing description, it is evident that the dorsal root-fibres destined

for the posterior horn terminate in relation with neurones of the II order represented

chiefiy by the cells of the substantia gelatinosa Rolandi, including the marginal cells,

and the inner cells of the caput cornu.

The secondan,- or endogenous tracts of the posterior column arise as axones from the

neurones of the II order (the marginal cells, the cells of the substantia Rolandi and the head-

cells) situated within the posterior horn and include ascending and descending paths.

The ascending secondary tract is composed of the axones derived from the posterior horn

cells of the same and, by way of the posterior commissure, opposite side, which pass into the

posterior column. In a general way, they occupy the ventral field, although sharing it with

scattered strands of root-fibres and of descending endogenous fibres. The destination of the

fibres of this ventral tract is uncertain, some fibres pursuing a short and others a longer course

within the posterior column before entering the gray matter at higher levels to end in relation

with the posterior horn-cells, or, perhaps, in some cases, with the neurones within the nuclei of

the medulla (Rothmann).
The descending secondary tracts, as shown by degenerations following lesions involving

the posterior column, occupy varying but fairly well differentiated areas. In the cervical and
upper thoracic cord the descending limbs of the long posterior fibres are collected into the

comma bundle of Schultze, which extends along the median margin of Burdach's tract. In

the lower thoracic and lumbar cord is formed an elongated half-ellipse along the posterior

median septum which, with the corresponding bundle of the opposite side, produces the oval

field of Flechsig. Still lower, in the sacral cord, fibres lie at the junction of the median septum
and the posterior surface of the cord as the medio-dorsal triangular bundle of Gombault and
Philippe. Additional descending endogenous fibres are scattered in the ventral field. It is
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Section of spinal cord at level of seventh cervical segment ; anterior
cornua are less robust ; root-zone is seen just behind Lissauer's tract. X 6.

Preparation by Professor Spiller.

likely that these areas re|>reseiit llu- i)rin( ii)al aj^i^reKalioiis of llie dounuard coursiiiK limbs uf

the axoiies, derivecl from the posterior horii-cells of tlie same and opjiosile sides. In the

cervical rejijioii the desceiul-

iiiK Iiml)S of tile posterior ^ l<^- ^97-

root lil>riS appear as the

comma trad; in tiie lower

thoraiic cord these are re-

placed by, witlioiit beiiiK iH-

rectly contimions with, those

formiii}^: the oval field, and

tiu'se in turn by the a.xones of

tlie triangular iinmile. No one

ol these fields is exclusively

devoted to the desceiuliii}?

limbs of endoj;enous fibres,

since in all the presence of

e.\»\<j;enoiis posterior root-

libres lias l)ern tlcmoiislrated.

The Fibre - Tracts
of the Lateral Column.
—These inchulc : ( i ) the

lateral pyramidal, (2) the

direct cerebellar, (3) the

ascendiiii^ antero-lateral,

and
( 4 ) the lateral ground-

bundle.

The lateral or crossed pyramidal tract (fasciculus ccrcbrospinalis lateralis)

forms the chief path by which motor impulses ori^inatinj.^ in the cerebral cortex are

conveyed to the spinal cord. It stands in close relation with tlie direct pyramidal

tract of the anterior column. Both are continuations of the conspicuous pyramidal

paths of the medulla oblongata and may be followed upward through the ventral

part of the inedulla, the pons and the cerebral peduncles into the white matter of the

cerebral hemispheres and on to the cortical gray matter where, in the motor areas

bordering chiefly the Rolandic fissure, lie the nerve-cells from which the pyramidal

fibres arise. These fibres, therefore, are the axones of cortical motor neurones and

extend without interruption from the superficial gray matter of the cerebral hemi-

spheres to various levels in the cord, constituting long descending (corticifugal)

motor tracts. On reaching the lower part of the medulla, from 80-90 per cent, of

the component fibres of each pyramid cross to the opposite side by way of the

decussation of the pyramids (page 1065) and, entering the cord, descend as the

lateral pyrainidal tract; the remaining fibres (on an average, about 15 per cent.)

pass downward into the ventral column of the cord as the direct pyramidal tract.

After decussating, the crossed pyramidal tract passes outward to enter the lateral

column of the cord, thereby exchanging its former median and superficial position

for a deeper and more lateral one. Since its fibres are continually entering the gray

matter to end about the radicular cells from which the anterior root-fibres of the

spinal nerves arise, the tract progressively loses in size as it descends, until, at about

the level of the fourth sacral nerve, it ceases to exist as a distinct strand, although

continued by small scattered bundles of fibres as far as the origin of the coccygeal

nerve. This diminution is not regular, since in the sacral and lumbar enlargements

the loss is more marked than elsewhere, on account of the relations of the tract-fibres

to the large motor liinb- nerves.

The relations, as well as size, of the lateral pyramidal tract vary at different levels. As
seen in cross-sections of the upper thoracic region of the cord, the tract occupies an area of

considerable size, that mesially lies against the posterior horn and laterally is in contact with

the direct cerebellar tract, by which it is excluded from the periphery. In front, where its limits

are less definite, the tract extends ventrally for a variable distance into the lateral column, but

seldom overreaches the plane of the gray commissure. With the diminution and disappear-

ance of the direct cerebellar tract within the lower portions of the cord, the pyramidal field

approaches and finally reaches the surface, which relation it retains as it grows smaller, the
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reduction affectinj^ the more deeply placed fibres. In consequence of these variations, the form

of the pyramidal tract in cross-section changes from wedge-shape to triangular, with the base

lying at the periphery and the ape.x directed

f'iG. 89S. inward. During their descent the fibres of the

pyramidal tract give of? at different levels col-

laterals, which bend horizontally inward and
'• forward, enter the gray matter, and end in rela-

tion with the anterior horn cells. A similar

course is followed by the [xirent fibres on reach-

ing the segment for which they are destined, the

terminal part of the individual filires sweeping

in short curves through the intervening ground-

bundle of the lateral column to gain the radicular

^» ^^^f""^'" "^ ,'^« '? cells around which they end. By means of its

collaterals, each pyramidal fibre establishes rela-

tion wilh several cord-segments. The fibres of

this tract are relatively tardy in accjuiring their

medullary coat, which process does not begin

uniil the last month of fcttal life and is not com-
pleted until after the second year.

Section of spinal cord at level of sixth thoracic

segment ; slender posterior coriiua covered with sub- ^, Hir*»rf rprehpllar frarf Ctrto
stantia gelatinosa; postero-lateral angle marks greatest i "c Ull CV-l ccicuciidi LlciUL l^lldt-

width of anterior cornu. X 6. Preparation by Pro- ^yg SpinO-CerebcliariS dOfSalis), is an as-
fessor Spiller. .^ 1 r 1 11 1

cending path of the second order that

establishes comniunication between the reception sensory cord-nucleus formed by
Clarke's cells and the cerebellum. In cross-sections of the thoracic region, the tract

forms a superficial flattened comet-shaped field that occupies the dorsal half of the lateral

column, extending from the apex of the posterior horn forward along the periphery

of the cord, to the outer side of the lateral pyramidal tract, to about the anterior

plane of the gray commissure. Its ventral end, particularly in the lower cervical

region, is broadest and projects somewhat into the lateral column in advance of the

lateral pyramidal field. Although as a compact strand the direct cerebellar tract

begins at the tenth thoracic segment, it is represented by isolated fibres in the lumbo-

sacral region. The fibres collectively are large and become medullated about the sixth

fcetal month (Bechterew). In a general way the fibres having the longest course

occupy the dorsal part of the tract and those having the shortest the ventral (Flatau).

Arising as the axones of the cells of Clarke's column, the components of the

tract pass in curves almost horizontally outward through the gray matter and lateral

column to the peripheral field, on gaining which they bend sharply brainward and

ascend without interruption to the medulla. Their further course includes the pas-

sage through the dorso-lateral field of the medulla as far as the inferior cerebellar

peduncle, by which the fibres reach the cerebellum to end in relation with the superior

worm, on, probably, both the same and the opposite sides.

The tract of Gowers (tractus spino-cerebellaris ventralis) constitutes another

pathway of the II order, which connects the cord with the cerebellum and probably

also establishes relations with the cerebrum. In cross-sections the tract appears

somewhat uncertainly defined owing to the intermingling of its fibres with those of

adjoining strands, but in the main it includes a superficial crescentic field that touches

the direct cerebellar and lateral pyramidal tracts behind, extends along the margin

of the cord for a variable distance, and usually ends in front in the vicinity of the

ventral nerve-roots. The inner boundary, separating the tract in question from the

lateral ground-bundle, lacks in sharpness and is overlaid by the adjoining strands.

Below, the tract appears about the middle of the lumbar region and continues

throughout the remainder of the cord. As Gowers' tract ascends, it fails to show
the considerable increase in size that might be expected in view of the continual

additions that it receives. In explanation of this, the probable mingling of some of

its fibres with those of the direct cerebellar tract, rather than their ending in the

cord, seems the most plausible (Ziehen).

The exact origin of the constituents of Gowers' tract is still imcertain, but it is

very likely that its fibres are chiefly the axones of the neurones (marginal and inner

cells) situated within the posterior horn, partly from the same and partly from the
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ill amount ; anterior cornua bulky
Professor Spiller. X 6.

at level of lower part of
lay matter relatively large

Preparation by

oj^posite sides, with contributions, possil)!)', from the cells of the intermediate ^m/
matter. After traversinj; the cortl, the lateral field of the medulla, and the t«-j4mental

portion of the pons, the tract ascends the

l)rain stem to the vicinity of the inferior cor-

pora ([uadrij.,a'mina. Here the major part of

the tibres turn backward antl, by way of the

superior cerebellar peiluncle and the superior

medullary velum, reach the cerebellum to

eiul mostly in the superior worm, partly on

the same side and partly crossed (Hoche).

l\)ssibly a part of the cerebellar contingent

may share the path of the direct cerebellar

tract and in this way reach the cerebellum

by its inferior peduncle (Ziehen). It is

jx^ssible that all fibres from Gowers' tract do
not pass ^) the cerebellum, but that some
continue upward to terminate in relation with

the neurones of the superior corpora (juadri-

i^emina and of the optic thalamus. The
fibres of the tract acquire the medullary

coat about the bej^innin^- of the eighth month of fcetal life (Bechterew).
The lateral ground-bundle rfascicidiis lateralis proprius) of Flechsig includes

the remainder of tlie lateral column. Much uncertainty prevails as to its detailed

paths, but beyond question the composition of the ground-bundle is very com{)lex

anil comprises a number of long exogenous paths that descend from the brain, as well

as one long ascending and many shorter endogenous strands, both ascending and
descending. These s/iorf tracts occupy chiefly the central parts of the lateral column
and, in a general way, lie close to the gray matter, within an area between the ante-

rior and posterior horns, known as the boundary zone. They are, however, not

limited to this field, as not a few of their fibres lie scattered among the longer
exogenous tracts occupying the more lateral portions of the ground-bundle.

One long endogenous path, the spino-thalamic tract, is of unusual importance since it estab-

lishes a direct sensory link between the cord and higher centres. This tract arises from the

cells of the posterior horn of the opposite side, the axones crossing in the anterior commissure
to pursue a course brainward within the antero-lateral ground-bundle. Although the fibres of

this tract are scattered and not collected into a compact strand, their chief location is just medial
to Gowers' tract. Associated with ihe fibres destined for the optic thalamus are others {tracius

spino-tectalis) that end in the region of the corpora quadrigemina.
The short endogenous tracts include both ascending and descending fibres which arise as

the axones chiefly of the marginal and inner cells of the posterior horn, some coming from the

opposite side by way of the posterior intracentral commissure.
Entering the lateral column the axones undergo T-like division

with ascending and descending limbs. The former pass upward
for a distance that usually includes only from one to three

se.gments, then bend inward and enter the gray matter to end
probably in relation with other posterior horn cells. The down-
wardly directed limbs form the descending endogenous fibres,

which, in addition to occupying the boundary zone are also

scattered among the longer tracts of the ground-bundle. After

a relatively long course, they enter the gray matter to end
probably in relation with the anterior horn cells. They are,

therefore, regarded as establishing reflex-paths. Since these

endogenous strands link together various levels of the cord, they

are often collectively termed intersegmental association fibres.

The exogenous tracts of the lateral ground-bundle are closely

related with those found in the ground-bundle of the anterior

column and what may be said of the former largely applies to

the latter. Notwithstanding the study that these tracts have
received, much uncertainty exists as to their exact origin and termination ; it may be stated in

a general way, however, that they bring the higher sensory and coordinating centres into

relation with the spinal cord and constitute, therefore, descending paths other than the

Secitoii of spinal cord at level

of third sacral segment
;
posterior

cornua with substantia gelatinosn
are relatively bulky. Preparation
by Professor Spiller. X 8.
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pyramidal tracts. Among those whose existence within tlic- anterolateral gronnd-hniuile may
be considered as established, are the following :

1. Rubrospinalfibres from the cells of the red nucleus within the cerebral peduncles.

2. Tectospinalfibres from the cells of the anterior corpora quadrigemina.

3. Veslibulospitialfibres from the cells of the lateral vestibular (Deiters') nucleus.

4. Olivospinalfibres from the cells of the inferior olivary nucleus.

Of these strands, those from tlie red nucleus and corj^ora quadrigemina (tecto-spinal fibres),

descend within the lateral ground-bundle, whilst the vestibulo-spinal fibres are particularly

within the anterior ground-bundle. Although the latter includes

the greater part of the vestibulo-spinal fibres, which occupy
the ventral margin of the ground-bundle, perhaps similar fibres

{tractus vestibtilo-spinalis lateralis) descend within the lateral

column mesial to the tract of Gowers. Associated with the

spino-thalamic tract are fibres, which probably arise within the

thalamus ; hence, thalamo-spinal fibres are recognized. Vox
the most part, the exogenous strands are so intermingled and
scattered, that they are without definite boundaries. An ex-

ception is presented by the olivary fibres, which constitute a
fairly distinct triangular bundle, known as Helweg's tract,

situated at the periphery of the cord and just behind the ante-

rior root-fibres. Concerning the exact relations of these fibres

much uncertainty exists, since by some they are regarded as a

descending (olivo-spinal)path and by others as an ascending (spino-olivary) one. It is probable

that fibres course in both directions. Collectively, these scattered descending paths are of import-

ance, since they bring the ventral horn cells under the coordinating influence of the higher centres.

Section of spinal cord at level of

fifth sacral segment ; anterior cornua
small and inconspicuous. Prepara-
tion by Professor Spiller. X 8.

Fig. 902.

The Fibre-Tracts of the Anterior Column.—According to the simplest

classification the anterior column includes two subdi\'isions : (i) the anterior pyra-

midal tract and (2) the anterior ground-bundle.

The anterior pyramidal tract (fasciculus cercbrospinalis anterior), also called

the 7cncross(d or direct pyramidal trad, stands in complemental relation with the lat-

eral pyramidal fasciculus, being composed of the pyramidal fibres that do not undergo
decussation in the medulla oblongata. It usually contains about 15 per cent, of the

pyramidal fibres, but may include a much larger proportion ; on the other hand, it

may be entirely suppressed when, as rarely happens, total crossing occurs.

The direct pyramidal tract occupies the inner part of the anterior column,

forming a narrow area along the median fissure that extends from the white commis-

sure behind to near the ventral margin of the cord. Ordinarily the tract ends below

about the middle of the thoracic cord, but in exceptional cases, when a larger pro-

portion of the pyramidal fibres than usual is included in the tract, it may extend as

far as the middle of the lumbar enlargement, with corres-

ponding increase in its cross area. If, on the other hand,

the number of uncrossed fibres is unusually small, the tract

may reach only as far as the cervical enlargement, with a

reduction of its sagittal dimension. Although often spoken

of as the '

' uncrossed
'

' pyramidal tract, this characteristic

applies only to the relation of the fibres at the decussation

in the medulla, since in their downward journey in the cord

the great majority of the fibres traverse the anterior white

commissure at appropriate levels to end in arborizations

about the ventral root-cells of the anterior horn of the

opposite side. It is highly probable, however, that some fibres do not undergo

decussation, but terminate about the radicular cells of the same side.

The anterior ground-bundle (fasciculus anterior proprius), following the divi-

sion of Flcchsig, includes the remainder of the ventral column. In front, where its

lateral limits are uncertain, it is continuous with the ground-bundle of the lateral col-

umn, the two together being often with advantage regarded as constituting a single

antero-latcral trad. What has been said concerning the constitution of the lateral

ground-bundle applies in the main to that of the anterior column, since, here as there,

the region bordering the gray matter contains chiefly the short endogenous strands,

while the more peripheral parts of the ground-bundle are occupied by the long

exogenous paths, intermingled, however, with the longer intrinsic fibres.

Section of spinal cord at
level of lower part of coccygeai
segment; differentiation of cor-
nua is uncertain. Preparation
by Professor Spiller. X 8.
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The endogenous fibres arise as llie axones, cliielly ui the inner cells of the posterior horn,

as well as trum tiie cells of the intermediate gray matter (Ziehen), and in great measure cnjss

by way of the anterior white commissure to the opposite anterior column. After undergoing

T-division, their upwardly directed limbs constitute the ascending paths and those coursing

downward the descending ones. While both sets ui fibres for the most part pursue only a short

path, that of the descending limbs is usually the longer, the fibres entering the gray matter to

end in relation with the anterior horn cells of lower levels. They are, therefore, regarded as

secondary rellex paths. The termination of the ascending limbs is uncertain, but probably is

within the gray matter of the postericjr horn.

The exogenous tracts of the anterior ground-bundle, have been mentioned in connection
with those of the lateral column. Certain endogenous fibres claim attention, which ascend
partly intermingled with the fibres of the vestibulo-spinal tract and partly within the ventral

portion of the anterior ground-bundle, although not grouped as a consolidated tract. These
fibres belong to the important spino-thalamic system and take origin from the posterior horn-
cells of the opposite side of the cord. After crossing by way of the white commissure, instead

of cutting through the adjacent anterior horn and ascending amongst the constituents of

Gowers' tract, the fil^res in question arch ventrally and pass brainward intermingled with the
vestibulo-spinal fibres. This part of the path connecting the sjiinal cord with the thalamus is

sometimes noted as the anterior spino-thalamic tract and, according to some authorities, is

concerned particularly in carrying impulses of pressure and touch. The anterior column also

probably contains fibres that descend from the roof nucleus of the cerebellum and from the
quadrigeminal bodies. Since most of such fibres occupy a ventro-median position, they have
been designated the sulco-marginal tract.

In recapitulation the chief fibre-tracts of the spinal cord may be grouped as follows:

1. Within the Posterior Column

—

^scefic/h/o' Paths :

Direct ascending posterior root-fibres.

Ascending endogenous fibres.

Descetiding Paths :

Descending posterior root-fibres (comma tract).

Descending endogenous fibres.

II. Within the Lateral Column

—

Ascending Paths :

Direct cerebellar tract.

Gowers' tract. ^

Spino-thalamic tract.

Spino-tectal tract.

Short endogenous fibres.

Descending Paths :

Lateral pyramidal tract.

Indefinite exogenous tracts (including the rubro-spinal, quadri-

gemino-spinal and olivo-spinal).

Descending endogenous fibres.

III. Within the Anterior Column

—

Ascending deaths :

Ascending endogenous fibres from posterior horn cells.

Ascending endogenous fibres from anterior horn cells.

Descending Paths

:

Direct pyramidal tract.

Vestibulo-spinal tract.

Sulco-marginal tract

Blood-Vessels of the Spinal Cord.—The arteries supplying the cord are

from many sources—the vertebral, deep cervical, intercostal, lumbar, ilio-lumbar and
lateral sacral of the two sides—since the vascular net-work within the pia accompanies
the nervous cylinder throughout its length. Above and within the skull, the verte-

bral arteries give oft the two anterior and the two posterior spitial arteries, of which
the latter retain their independence and descend upon the dorso-lateral surface of the

cord, one on each side, in front of the posterior ner\'e-roots. The two anterior

spinal arteries, on the other hand, soon unite fsomewhere above the level of the

third cervical ner\'e ) into a single trunk, which descends along the ventral surface of

the cord, just in front of the anterior median fissure.
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As these stems pass downward, they are joined and reinforced by the segmental

spinal branches given off by the vertebral, intercostal, lumbar and lateral sacral

arteries, which enter the spinal canal through the intervertebral foramina and, after

piercing the dura and giving off small radiculay- branches to the nerve-roots them-

selves, divide into ventral and dorsal branches that follow the respective nerve-roots

to the cord, where they join with the longitudinal trunks which they thus assist in

maintaining. By the junction of horizontal branches arising from these arteries, a

series of complete annular anastomoses is formed around the cord, which is still

further enclosed by additional \ertical stems resulting from the union of upward and

downward coursing twigs. In this manner, in addition to the large single anterior

spinal trunk {tractus arteriosus spinalis anterior^ in the mid-line in front and the

paired postero-lateral trunk {tractus arteriosus postero-latcralis spinalis) just in

advance of the dorsal nerve-roots, smaller longitudinal arteries are formed at the

side and in the vicinity of the nerve-roots.

From the arterial net-work within the pia, the nervous tissue is supplied hy pene-

trating t'iL-igs that enter the surface of the cord at various points.

The gray matter receives its principal blood-supply from the series of anterior

fissural arteries, o\-er two hundred in number, which pass from the anterior spinal

trunk backward within the median fissure to its bottom and there divide into right

and left branches, which traverse the

anterior white commissure to gain the

gray matter on either side of the central

canal. These vessels, the snleo-mar-

ginal arteries, divide into ascending

and descending branches that provide

for the entire gray matter with the

exception of the most peripheral zone.

The latter, together with the white
matter, receives its supply from

the penetrating branches that come
from the surrounding intrapial trunks

and enter the surface of the cord.

Unpaired horizontal twigs, the pos-

terior sulcal arteries, follow the

posterior median septum at different

levels for some distance, but before

reaching the posterior commissure
usually break up into terminal ramifi-

cations, some of which pass to the

gray matter of the posterior horns.

Communications exist between the

penetrating twigs of the radicular

arteries and the lateral branches of the

anterior fissural. After entering the nervous tissue, however, each artery provides

the sole supply for some definite part of the cord ; they are therefore "end-arteries,"

a fact which explains the extensi\'e and elaborate system of \-essels necessary to

maintain the nutrition of the cord.

The plexiform veins within the spinal pia are formed by the union of the small

radicles that collect the blood from the intraspinal capillaries and, after an independ-

ent course similar to that of the arteries but not accompanying them, emerge at the

surface of the cord. From the venous net-work within the pia six main longitudinal

trunks are differentiated. These are :—the unpaired anterior median vein, in front of

the corresponding fissure ; the paired antero-lateral veins, just behind the ventral

ner\'e-roots—these two sets recei\-ing the tributaries emerging from the median fissure

and in the vicinitv of the anterior root-fibres ; the unpaired posterior median vein,

behind in the mid-line ; and the paired postero-lateral veins, just behind the dorsal

roots. The blood is conveyed from these intrapial channels chiefly by the radicular

veins, following the nerve-roots, which communicate with or terminate in the anterior

and posterior longitudinal spinal veins within the \ertebral canal, from which the

Penetrating;
arterj'

Anterior
fissural .Anterior Ascending branch

spinal artery

Part of transverse section of injected spinal cord showing
vascular supply of white and gray matter. X 10.
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intervertebral ctfLrciits carry the blooil into the verti.l»ral, intercostal, lumbar and

lateral sacral veins. A ])art of the blood from the intrapial plexus is conducted

upward by the anterior and posterior median veins into the xenons net-work covering

the pons and thence into the lower dural sinust-s.

Detinile lymphatic vessels within the spinal cord are unknown.

Development of the Spinal Cord.—A sketch of the general histoj^enetic processes leading

to tlie (.lilTerentiati(in of the neiiroiu-s and the neuroglia lias l)eeii given (page 1009) ; it remains,

therefore, to consider here the changes in the neural tul)e by wiiich liie dednite spinal cord is

evolved. From tlie time of its closure, j>rol)al)ly about the end of the sec(jnd week of fcetal

life, the neural tube i)resents three regions :—the relatively thick lateral ica/ls and the thin ven-

tral and dorsal iiUervening bridges, iW- Jloor- and rooj-plales, that in front and behind C(jmplele

the boundaries of the canal in the mid-line. By the hftli week the lateral walls exhibit a distinct

dilTerentiatiou into three /ones—the inner cpcnilyinal layer, the middle nuclear layer and the

outer inanritial laver, surrounded by the external li)iiili)ii^ inonliranc. bi contrast to the other

two, the marginal zone is almost devoid of nuclei and, beyond affording supjiort and perhaps

assisting in providing a medullary coat, plays a passive role in the production of the nervous

elemeiUs.

]5y this time the former general oval contour of the developing cord, as seen in cross-sec-

tions, has become modified by the c(jnspicuous tliickening of the antero-lateral area of the nuclear

layer into a prominent mass on each side, whereby the reticular marginal layer is pushed out-

FiG. 904.
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ward with corresponding increase in the width of the entire ventral part of the cord, which is

now broadest in front. Within diis thickened ventro-lateral part of the nuclear lajer, later the

anterior horn of gray matter, as early as the fourth week young neurones are seen from which
axones grow outward through the marginal zone and pierce the external limiting membrane as

the representatives of the anterior root-fibres of the spinal nerves. Postero-laterally the thin

nuclear layer is covered by a somewhat projecting thickened area within the marginal layer,

known as the oval bundle, whose presence is due to the ingrowth of the developing dorsal root-

fibres from the sensory neurones of the spinal ganglion, which process begins as early as the

end of the fourth week (His).

Associated with these changes, the lumen of the cord becomes heart-shaped in consequence
of a conspicuous local increase in its transverse diameter, with corresponding bulging of the

lateral wall, bi this manner a longitudinal furrow appears by which the side walls of the tube

are differentiated into two tracts, the dorsal ^ndi. the ventral zones (the alar and basal laminte of

His). This subdivision is of much importance, since in the cord- segment, and also with less

certainty in the brain-segment of the neural tube, these tracts are definitely connected with the

root-fibres of the spinal nerves, the dorsal zone with the sensory and the ventral zone with the

motor roots. In advance of the floor-plate the ventrally protruding halves of the cord include a

broad and shallow furrow which marks the position of the anterior median fissure. During the

sixth week the form of the tube-lumen becomes further modified by the elongation and narrow-
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ing of the dorsal part of the canal in consecjuence of the approximation of its walls, which in the

course of the seventh week is closer and, by the end of the second month is completed by the

meeting and fusion of the adjacent inner layers, with obliteration of the intervening cleft

and the production of the posterior median septum in its place. .Since tiie partition is formed
by the union of the inner (ependymal) layers, it is probable that the septum is to be regarded

as essentially neurogliar in origin and character. It must be remembered, however, that a

certain amount of mesoblastic tissue may be later introduced in company with the blood-vessels

which subsequently invade the septum. The remaining and unclosecl part of the lumen for

a time resembles in outline the conventional spade of the playing card, with the stem directed

ventrally ; but later gradually diminishes in size and accjuires the contour of the definite central

canal.

During these alterations in the extent and form of its lumen, the gray matter of the develop-

ing cord markedlv increases, especially behind where the posterior horn appears as a projection

beneatli tlie broadening mass of the ingrowing dorsal root-fibres. As the posterior horn becomes

better defined, the root-bundle becomes meso-laterally displaced, lying behind the horn, and

then constitutes the tract of Biirdach. GoU's tract is formed somewhat later and at about the

'bird month appears as a narrow v\'edge-shaped area that is introduced between the mid-line and

Burdach's tract. Towards the end of the second month, the anterior white coinmissiire is

Indicated by the oblique transver.se ingrowth of axones into the most ventral part of the floor-

plate as they make their way to the opposite side. Meanwhile the anterior median fissure has
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become deeper and narrower in consequence of the increased bulk of medio-ventral parts of the

cord. As the fissure is thus differentiated the process of mesoblastic tissue, which from the

earliest suggestion of the groove occupies the depression, is correspondingly elongated and

affords a passage for the blood-vessels destined for the nutrition of the interior of the cord.

UiUil the third month the gray matter, derived from the nuclear layer, is much more voluminous

than the surrounding marginal layer, which, so far as the contribution of nervous elements is

concerned, is passive, since its conversion into the white matter depends upon the ingrowth

of axones from the neurones situated either within or outside the cord.

The development of the individual fibre-tracts includes two stages, between the comple-

tion of which a considerable, and sometimes a long, period interxenes. The first marks the

invasion of the supporting tissue of the marginal zone by the ingrowing axones as naked axis-

cylinders ; the second witnesses the clothing of these fibres with myelin. The period between

the appearance of the tract and the development of the medullary coat is variable. In some

cases, as in the great cerebro-spinal motor paths, although the fibres grow into the cord during

the fifth month of fcetal life, myelination does not begin until shortly before birth and is not

completed until after the second year. In other cases, as in the direct cerebellar, a period of

three months, from the third to the sixth, elapses. It is probable that the acquisition of the

medullary coat commences before the functional activity of the fibres begins, although such

stimulation undoubtedly assists ; further myelination proceeds gradually along the course of

the fibies and in the direction of conduction.
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Based on tlie i)l)Sfrvalions of I'lcchsiji, His, IJcLlUcrew, and ollicrs, the* time ot the

appearance and of tlie development of tlie medullary coat of some of the fibres within the

spinal cord may !)<.• Ki^'*-""-

Fibres of Appear Myelinate

Anterior root about 4th week durin>( 5th month
Burdach's tract during 4th week end <jf 6th mcjiith

Cioll's tract about ytli week bcKinninj^ of jlh month
Pyramidal tracts end of 5lh month 9th month to 2nd year

Direct cerebellar tract bfjiinuin^^ of 3rd month ab<jut 6th nKjnth

Gowers' tract durinj; 4lh month durinjj 6th nKjnth

The presence of the si/iits icnnina/is (l)aj(e 1030) in the cord at birth depends partly upon
the persistence of the lumen of the central canal at the lower end (jf the coinis meduUaris and
partly upon a proliferation of the wall-colls of the sul)jacent segment, f(jllowetl by secondary

dilatation shortly before birth.

Durini^ the early weeks of development, the neural tube extends to the lowermost limits of

the series of somites ; but after differentiali(Mi of the root-fibres begins, the segment of the cord

below the level of origin of the first coccygeal nerves is marked by feeble pnjiiferation, the

effects of which are soon manifest in the rudimentary condition of the caudal end of the cord.

With the subsecjuent development of the other regions, this histological contrast beccjmes more
evident, to whicli is .soon added the consjiicuous attenuation caused by the attachment of the

lower end of the cord to the caudal pole of the spine, which elongates with greater rapidity

than the contained nervous cylinder. In this manner the lowest segment of the C(jrd, with its

mesoblastic en\elope, is converted into the delicate thread-like filum fer»ii?iale, within who.se

upper half are found the remains of the rudimentary nervous tissue.

PRACTICAL CONSIDERATIONS : SPINAL CORD.
Congenital Errors in Development.—The spinal cord may be aljsent (amyelia)

,

or it may be defective in a certain portion {atelomyelia). In such conditions, however,

the patient cannot live. The cord maybe double from bifurcation (diplomyelia).

A spina bifida is a cong-enital condition due to a deficiency in the vertebrae,

almost always of the laminae and spinous processes. There is usually a protrusion

of the contents of the spinal canal, although in some cases there is no protrusion, and
in others the vertebral canal, or even the central canal of the cord may be open to

the surface. Three varieties of tumors are described according to their contents. If

the meninges only protrude from the canal in the form of a sac containing cerebro-

spinal fluid, it is called a meniiigocele ; if the sac contains a portion of the cord also

it is called a meningo- myelocele. In the third variety, syringo-myelocele , the cax'ity

of the tumor is found to consist either of the dilated canal of the cord, so that the

thinned-out substance of the cord is in the wall of the sac, or of a cavity in the cord
tissue itself. This is the least common of the three forms.

In the nieningo-myelocele, which is the most common form, the cord becomes
flattened out and attached to the posterior wall of the sac, but still has its central

canal intact. The spinal nerves cross the sac to their corresponding intervertebral

foramina. In this and in the syringo-myelocele there is frequently some degree of

paralysis in the parts below from disturbance of the cord at the seat of the tumor.
The most common seat of the defect is in the lumbo-sacral region. It is rare in

other parts of the spine. Therefore, the bowels, bladder, and lower extremities are

the parts most frequently affected. If the lesion is confined to the lower part of the

sacral region, the extremities usually escape. Paralytic talipes is comparatively
common.

There is no sharp line of demarcation between the medulla oblongata and the

cord. The beginning of the latter is variously given as at the origin of the first

cer\'ical nerve, the lower margin of the foramen magnum, or the decussation of the

pyramids, the last being the more generally accepted.

Since in the adult, the spinal cord ends below usually at the level of the disc

between the first and second lumbar vertebrae, injuries of the spine below the second
lumbar vertebra do not in\'olve the cord. The membranes of the cord, however,
containing cerebro-spinal fluid extend as far as the second or third sacral vertebra,

so that at this level injuries with infection may cause fatal meningitis.
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The bony canal is lined with periosteum, unlike the cranium, in which the

external layer of the dura mater serves that purpose. The spinal dura is separated

from the posterior common ligament, the ligamenta subflava, and the periosteum by a

fatty areolar tissue containing- a plexus of veins. Extensive extradural hemorrhage

n:ay, therefore, occur without serious pressure on the cord. The blood tends to sink

by gravity, and later may produce symptoms of compression. The dura is thick

and" strong and offers considerable resistance to the invasion of disease from with-

out, even to tuberculosis with caries of the \'ertebrie, or to malignant tumors arising

within the vertebrcE. Infections outside the spinal column, as in abscess of the back,

or bed sores, may extend along the communicating \cins, giving rise to extradural

abscess and perhaps to extensive meningitis.

The spinal cord, surrounded by cerebro-spinal fluid, hangs loosely within the

dura, being attached to it only by tlie roots of the spinal nerves which recei\'e invest-

ments from the dura as they pass outward, by the ligamenta denticulata, and by the

delicate fibres of arachnoid tissue extending from the pia to the dura. The cord is,

therefore, not frequently injured from external violence. The numerous articulations

of the \^ertebrai and the elasticity of the ligaments and of the intervertebral discs permit

the distribution of much of the force applied to the spine before it reaches the cord.

The greater part of the cerebro-spinal fluid is contained in the subarachnoid

space, which communicates freely with the same space in the cranium, and is con-

tinuous with the ventricular fluid through the foramen of Majendie.

The cord is exposed to the danger of penetration by sharp instruments only from

behind, but even here the overlapping of the laminae and spinous processes offers

an excellent protection. This protection is largely lacking above and below the atlas,

and the risk there from such wounds is correspondingly greater. At lower levels in

order that the canal may be reached, the \ulnerating instrument must be directed in

the line of the obliqultv of the laminae, which will vary in the different portions of

the spine, being greatest in the dorsal region.

Concussion—shaking with molecular disturbance and \\ithout ob^•ious gross

lesion—of the cord, although more frequent than has been supposed, is rare because

of (a) the arrangement of the different constituents of the vertebral column, which by

means of its curves, the elastic intervertebral discs, its numerous joints, and the

large amount of cancellous tissue in the vertebral bodies, is able to take up and

distribute harmlessly forces of some degree of violence
;
{b) the situation of the cord

in the centre of the column, where, as the most frequent serious injuries to the spine

are caused by extreme forward flexion, it is somewhat removed from danger in

accordance with a law of mechanics that " when a beam, as of timber, is exposed to

breakage and the force does not exceed the limits of the strength of the material,

one division resists compression, another laceration of the particles, while the third,

between the two, is in a negative condition" (Jacobson)
;

(r) the suspension of the

cord in the surrounding cerebro-spinal fluid (
'

' like a caterpillar hung by a thread

in a phial of water"—Treves) by its thecal attachments and nerve-roots ;
(a?) its

connection above with the cerebellum, itself resting on an elastic "water-bed"

which minimizes the transmission downward of \'iolence applied to the cranium.

Many of the cases reported as concussion are undoubtedly due to hemorrhage or

other gross lesions of the cord.

Contusion of the cord may occur from sprains, as in forced flexion of the spine.

The most frequent and most serious cases are those due to fracture-dislocations of the

spine, the cord being more or less crushed between the upper and lower fragments.

It is so delicate a structure that it may be thoroughly disorganized without evident

injury to the membranes or alteration of its internal form. The paralysis of the parts

below will be complete or partial according to whether the whole or only a part of

the transverse section of the cord at the seat of injury is destroyed. Since when

the lesion is complete everything supplied by the cord below the seat of the lesion

is paralyzed, the higher the injury to the cord the greater the gravity of the case.

When the adas or axis is fractured and displaced the vital centres in the medulla are

in danger and death may result immediately. The phrenic nerves which arise chiefly

from the fourth cervical segment, but pardy from the third and fifth segments,

are also paralyzed and respiration ceases.
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In fracturf-disliHutions of the s|)iiU' it is llu,- body of the vertebra which is most

frequently fractured, ihi- ligaments yieUhni,'- posteriorly and perniiltin)^ the dislocation.

The fractured etl^es of bone are, therefore, in front f)f the cord ; and, as the uj^per

fraj^inent passes forward, the anli-rior (jr motor ])orlion of the cord is pressed

and crushed against the sharj) up|)er etl^e of the lower fra.i,mient. In jjartial

transverse K-sions of the cord tlic paralysis below the lesions affects, theref(Hc-, the

motor columns of the cold moic than tin- sensory columns which an- in ]),irt

posterior.

The most freciuent seat of fracture-dislocation of the spine is in the thoraco-

lumbar rej^ion (^p-V!^^' '45 >• Fortunately, it is this variety which offers the ber.t

prognosis, since the cord ends usually just below the lower border of the first

lumbar vertebra, and the cauda equina beini,^ more movable and toU|L,dier than the

cord itself, it can better evade the encroachment on the canal, althouv^di in spite f)f

tliL'se facts, it is not infre(iuently injured in such lesions. The bodies of the lumbar

vertebne are the lari^est and most cancellous, the intervertebral discs the thickest

and most elastic, so that crushing- of them occurs with less tendency to invade the

canal and injure the cord than in any other jiortion of the spine.

In caries of the spine (Pott's disease) the lesion is situated in the bodies of the

vertebr.e, and therefore, in front of the cord. As the inflammatory exudate extends

it will invade the spinal canal anteriorly, often producing- an external pachymeningitis.

The irritation and pressure resultint,^ will a.ijain affect the motor jjortion of the cord,

first producini^ a paralysis of motion in the i)arts below, varyin_i^ in dej^ree according-

to the amount of pressure on the cord. If sensation is impaired it is a later

phenomenon and is due to greater pressure upon the cord, and in some cases to

myelitis. The loss of motion is often the only effect produced. If the lower cervical

region is involved by the lesion the phrenic nerves will escape paralysis, but the

arms, trunk, bladder, rectum, and lower extremities will be affected. Since the

intercostal and abdominal muscles are involved in the paralysis, breathing will be

diiiticult and will depend upon the action of the diaphragm only. Thus as the lesion

occurs at successively lower levels, the highest limits of the paralyzed area descend,

and the expectation of life increases.

In the cervical and thoraco-lumbar regions where the injuries to the spine and

the cord are most frequent, are situated the two enlargements of the cord. The

cervical begins at the fourth cervical vertebra, gradually reaches its largest diameter

opposite the fifth and sixth vertebne, and then gradually decreases to the first

thoracic, where it merges into the thoracic portion of the cord. Only in the thoracic

re J-ion does the circumference of the cord remain the same throughout. The lumbar

enlargement is shorter than the cervical and begins opposite the tenth thoracic

vertebra, gradually increases to the twelfth thoracic, after which it gradually decreases

to the conus medullaris.

The localization of lesions of the cord, producing s>-mptoms of paralysis, will depend

upon the height and extent of the paralyzed areas. It must be borne in mind that the

nerve-roots arise from the cord usually at a level higher than the foramina through

which they escape from the spinal canal. The first and second cervical nerve-roots

pass out of the canal almost horizontally. The intraspinal course of the succeeding

nerve-roots increases gradually in obliquity so that the spinous processes of the second,

third and fourth vertebrae correspond approximately to the level of the third, fourth

and fifth cervical nerve-roots. The seventh cervical spine corresponds to the first

thoracic nerve-root. The spinous process of the fifth thoracic vertebra is on a

level with the seventh thoracic nerve, and the spine of the tenth thoracic vertebra

with the origin of the second lumbar nerve. The first lumbar nerve arises just below

the ninth thoracic spine, the second lumbar nerve opposite the tenth thoracic

spine, the third and fourth lumbar nerves opposite the eleventh spine, and the

fifth lumbar and the first sacral nerves between the eleventh and twelfth thoracic

spines.

Only the spinous processes can be our surface guides, and it must be borne in

mind that they are not always on the level of their corresponding vertebrae. Briefly,

it may be said that the eight cervical nen-es arise from the cord between the lower

margin of the foramen magnum and the sixth cervical spine, the first six thoracic
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Fig. 908.
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nerves between the latter spine and the fourth thoracic, the lower six thoracic nerves
between the fourth and ninth dorsal spines, the five lumbar nerves opposite the

ninth, tenth and eleventh spines,

and the five sacral nerves opposite

the twelfth thoracic and the first

lumbar spine,

A convenient rule to locate the

levels of origin of the ner\e-roots,

applicable to the prelumbar nerves,

is gi\en by Ziehen as follows :

—

For the cervical nerves, subtract one
from the number of the nerve, the

remainder indicating the correspond-
ing spinous process ; for the upper
( l-\') thoracic nerves subtract one

;

for the lower (\'I-XII) thoracic

nerves subtract two. All the cer-

vical ner\es pass out through the

intervertebral foramina above the

vertebrse after which they are named,
except the eighth cervical, which
emerges between the se\'enth cer-

\ical and the first dorsal vertebrae.

All the other spinal ner\'es escape

below the vertebrae from which they

are named. Since the nerve-roots

pass a considerable distance down-
ward within the spinal canal before

leaving it, it follows that a lesion of

the cord at a given le\el, as from

a fracture-dislocation of the spine,

may be associated with a paralysis

of the ner\-e-roots passing out at

or btlow that level, and arising

from the cord at a higher point.

This must be taken into account in

determining the seat of the lesion,

since when the nerve-roots are not

involved the lesion will be as much
higher than its corresponding inter-

vertebral foramina (as indicated by
the upper limits of the paralyzed

area) as the length of the intraspinal

course of the corresponding nerve-

roots.

Each root-cell in the anterior

horn of gray matter is connected

with a motor fibre, which passes

out in the anterior root of a spinal

nerve to its muscle. Motor impulses

originating in the cortex of the brain,

pass downward along the antero-

lateral columns of the cord, chiefly

in the lateral pyramidal tract. They
first traverse the ganglion cells of

the anterior horns before passing

out in the anterior or motor roots

to their destination. These ganglion cells constitute, at least functionally, the trophic

centres for the muscles. Lesions of the anterior horns, therefore, besides causing

First lumbar
vertebra

-First lumbar spine

III

First sacral veriebr

Diagram, based on frozen section, showing relations of

tx)dies and spines of vertebrae to levels at which spii.al nerves

escape Irom vertebral canal.
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paralysis {polio-mytlitis), will k-a<l to aiiopli)- of the corresponding,' nuiscles. The
vasomotor centres are also in the anterior horns, probably in tlu- interniedio-lateral

tract.

Stnsorv inipn/.us pass to the pcjsterior horns throui;h tin; ]>osterior rocjts, and

some of them soon cross to the op[)osite side of the cord, others ascending in the

posterior column. The lemniscus is probably the chief sensory tract in the medulla

oblonjrata, pons, and cerebral peduncles.

Kvery segment of the spinal cord contains centres for certain groujjs of muscles,

and for refle.x movements associated with them. A refle.v begins in the stimulation

of a sensory nerve. The impulse thus created jtasses to a centre in the cord and

thence is transmitted to a motor nerve, thus producinjj^ a contraction of the muscle

suj>plied bv that ner\e. The complete jiath of this imj^ulse is called a rrjiex arc.

The sensor\- impulse maybe transmitted to different segments fjf the cord and thence

out through the corresponding motor roots. Tims a complicated refle.x arc is

produced, h is to be assumed, however, that the impulse will take the shortest

route, so lliat simple reflexes will have their reHex arc chieHy in those segments of

the cord in which the posterior root enters.

Each segment of the cord is connected with libres from tlic brain to which must

be ascribetl the hmction of reflex inhibition. If the inhibitory libres are irritated, the

reflexes are impaired from stimulation of inhibition. If the conductivity of these

fibres is destroyed, the reflexes are increased ; but if the reflex arc is broken at any

point, the reflexes are lost. Among the most important of these are the skin and

tendon reflexes.

The centres for the bladder, rectum, and sexual apparatus, are located in the

sacral segment of the spinal cord at and below the third sacral segment. They
regulate the functions of these organs and are associated in some unknown way with

the brain. (See mechanics of urination, page 1914).
Hinuato-rhachis, or hemorrhage into the membranes of the cord fextramedullary

hemorrhage), may result from an injurvto the spinal column, as a fracture or a severe

sprain. The bleeding may be from the ple.xus of veins between the dura and fjony

wall of the canal (most frequent), or from the vessels between the dura and the cord.

In either case the symptoms will be much the same. There will be a sudden and
severe pain in the region of the spine, diffused some distance from the seat of the in-

jury, due to irritation of the meninges, and pain transferred along the distribution of

the sensory nerves coming from the affected segments of the cord, accompanied by
abnormal sensations, as tingling and hyperccsthesia. In the motor distribution there

will be muscular spasm, or sometimes a persistent contraction of the muscles. Gen-
eral convulsive movements, retention of urine, and, later, symptoms of paralysis may
appear, but as a rule the latter is not complete.

HcEmato-myelia, or hemorrhage into the substance of the cord (intramedullary

hemorrhage) from traumatism, usually occurs between the fourth cervical segment
of the cord and the first dorsal (Thorburn), and is commonly due to forced flexion

of the spine, which is most marked in this region, as in falls on the head and neck.

The cord has been crushed in such accidents without fracture of the spine and with

only temporary dislocation. The hemorrhage is usually chiefly in the gray matter

and may be only punctate in size, or may be large enough to extend far into the

white matter, or even outside the cord into the subarachnoid space. The symptoms
usually appear immediately after the injury and are bilateral, suggesting a total

transverse lesion. There will be much pain in the back, occasionally extending along

the arms or around the thorax. Spasms, rigidity, and paralysis rapidly ensue, with

loss of the reflexes in the segment of the cord involved. There may be the same
dissociation of sensation as in syringomyelia when the hemorrhage is confined to the

centre of the cord.

THE BRAIN.
The brain, or the encephalon, is the part of the cerebro-spinal axis that lies within

the skull. It is produced by the differentiation of the cephalic segment of the neural

tube. Although the brain is often of great relative bulk and high complexity, as in

man and some other mammals, it must not be forgotten that the spinal cord is the
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fundamental and essential part of the nenous axis and that the de^^ree to which the

brain is developed is, in a sense, accidental and dependent upon the necessities of the

animal in relation to the exercise of the higher nervous functions. In the lowest

vertebrates, the fishes, in which association of the impressions received from the

outer world is only feebly exercised, those parts of the brain rendering such functions

possible, as the cerebral hemispheres, are very imperfectly represented. On the

other hand, in man, in whom the capacity for the exercise of the higher nervous

functions involvmg association is conspicuous, the antero-superior parts of the brain,

the pallium, as the regions particularly concerned are called, are so enormously

develoi)ed that the human brain is thereby di^stinguished from all others. Whether of

low or high development, all brains are evolved from certain fundamental parts, the

brain-vesicles, differentiated in the head-end of the embryonic neural canal
;

the

underlying conception of the brain, therefore, is that of a tube, bent and modified to a

variable clegree by the thickening, unequal growth and expansion of its walls. Even

when most'complex. as in man, \he adult organ exhibits unmistakable evidences of

subdivision corresponding more or less closely with the primary brain-vesicles, and

contains spaces, the ventricles, that represent the modified lumen of these segments.

Fig. 909.

Orbital surface of

froiual lobe
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Optic tract

Cerebral peduncle

Interpeduncular space

Medulla

Cerebellum

01faclor>- tract

Stalk of pituitarj- body

Tuber cinereum

Mammillary bodies

Cerebral peduncle

Temporal lobe

Pons

Cerebellum

Occipital lobe

Spinal cord

Simplified drawing of brain as seen from below, showing relations of brain-stem to spinal cord and cerebrum.

Preparatory to entering upon a description of the fully formed brain, it is desirable

to consider briefly the broad plan according to which the organ is laid down and

the general lines klong which its evolution proceeds. Before doing so, however, it

will be necessary to take a general survey of the relations of the several divisions

composing the brain. . ,

Denuded of its investing membranes and the attached cranial nerves, and viewed

from below (Fig. 909"). the encephalon is seen to consist of a median brain-stem, that

inferiorly is directlv continuous with the spinal cord through the foramen magnum

and above divides into two diverging arms that disappear within the large overhang-

ing mass of the cerebrum. The brain-stem includes three divisions, the interior o

which, the medulla oblongata, is the uninterrupted upward prolongation of the spinal

cord and above is limited by the projecting lower border ot the quadrilateral mass
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of the next division, the pons Varolii. Hey<jnd the upper margin of the pons the
brain-stem is represented l)y a third division that ventrally is separated by a deep
recess into two chvenjinj^ hnibs, the ctrcbral pidiinclt s, or crura cerebri, to corre-

spond with the halves or luniisplures of the cerebrum, each of which receives one
of the crura and in this maiuier is connecteil with the hnver hnels of the cerebro-
spinal axis. Tile j^reater part of the medulla and jjons is covered dorsally by the
cerebellum, whose larj^e lateral expansions, or hemispheres, project on either side

as conspicuous masses, distin^^uished by the closely set plications and intervening

fissures that mark their surface. Of the five comijonent parts of the brain—medulla,
pons, cerebral peduncles, cerebrum, and cerebellum—the last two are coated with

the cortical gray matter, in which, broadly sjjcaking, are situated the neunjiies

that constitute the end-stations for the sensory imj)ulses conveyed by the various

corticipetal paths and the centres controlling the lower-lying nuclei of the motor
nerves. The brain-stem, on the other hand, whilst containing numerous stations

for the reception and distribution of sensory impulses, is j^rimarily the great pathway
by which the cerebrum and the cerebellum are connected with each other and with
the spinal cord.

Viewed in a mesial sagittal section (Fig. 910), each of these divisions is seen to

be related to some part of the system of communicating spaces that, as the lateral

and third ventricles, the aqueduct of Sylvius and the fourth vc?itricle, extend from
the cerebral hemispheres above, through the brain-stem and beneath the cerebellum,
to the central canal of the spinal cord below. Since the lateral ventricles are two in

number, in correspondence with the cerebral hemispheres in which they lie, their

position is lateral to the mid-plane and hence only one of the openings, Xho.foramina
of Monro, by which they communicate with the unpaired and mesially placed third

ventricle, is seen in sagittal sections.

Both the roof and the floor of the irregular third ventricle are thin, whilst its

lateral walls are formed by two robust masses, the optic thalami, the mesial surface

Corpus callosum

Septum lucidum

Fig. 910.

Frontal lobe, mesial surface.

Anterior commissure
Foramen of Monro

lamina cinerea

Optic commissure'

Pituitarj-

Floor of third ventricle

Mammillary body

Aqueduct of Syhius

Pons

Fourth ventricle

Optic thalamus, dorsal surface

Lateral wall of third
ventricle (optic thalamus)

Cerebral peduncle

Roof of Syhian aqueduct

Occipital lobe

Superior medullary velum

White core of cerebellum

Inferior medullary velum

Simplified drawing of brain as seen in mesial section, showing relation of brain-stem, cerebrum and cerebellum,
and ventricular spaces.

of one of which forms the background of the space when viewed in sagittal section.

The roofoi the ventricle is very thin and consists of the delicate layer of epcjidyma,
as the immediate lining of the ventricular spaces is designated, supported by the
closely adherent fold of pia mater which in this situation pushes before it the neural
wall and contains within its lateral border a thickened fringe of blood-vessels, the

67
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choroid plexus. The two structures, the ependyma and the pia mater together,

constitute the membranous vtiian intcrpositum that forms the roof of the ventricle

and hes beneath the triangularyi?r7zz,t", whose vaulted form is suggested by the arching
ridge that descends in front of the thalamus and marks the position of the anterior

pillar of the fornix. Behind, just over the upper end of- the Sylvian aqueduct, lies

the cone-shaped pineal body that belongs to the third ventricle, from which it is an
outgrowth. '\\\{t Jioor of the ventricle is also, for the most part, relatively thin and
irregular in contcjur. It corresponds to the median part of the lozenge-shaped area,

the iyiieypcdiinciilar space, which, seen on the inferior surface of the brain, is bounded
behind by the anteriorly diverging cerebral peduncles and in front by the optic chiasm
and the posteriorly dixcrging optic tracts. The posterior half of this area includes

the deep triangular recess at the bottom of which are seen the numerous minute open-

ings of the posterior perforated space through which small branches of the posterior

cerebral arteries pass to the optic thalamus and the crura. Passing forward, the

paired corpora mammillaria, tlie tuber citiereiiin, the stalk of the piticitary body

occupy successively the interpeduncular space. Anteriorly, between the trans-

\ersely cut optic chiasm below and the recurved portion of the great arching com-
missure, the corpus callosutn, above, the third ventricle is closed by a thin sheet of

nervous substance known as the lamina cinerea.

Through the foramina of Monro the lateral ventricles open into the third, and
the latter communicates with the fourth ventricle by way of the Sylvian aqueduct.

This narrow canal is surrounded below and laterally by the dorsal part or teginetitum

of the cerebral peduncles ; above it lies a plate of some thickness the dorsal surface

of which is modelled into two pairs of rounded elevations, the superior and inferior

corpora qtiadrigemina.

In sagittal section, the fourth ventricle appears as a triangular space, the

anterior or basal wall being formed bv the dorsal surface of the pons and medulla and
the posteriorly directed apex lying beneath the cerebellum. The upper half of the

thin tent-like roof of the ventricle is formed by the superior medullary vehan, a thin

layer of white matter that stretches from beneath the inferior corpora quadrigemina

to the cerebellum. A similar lamina, the inferior medullary velum extends from the

cerebellum downward, but before reaching the dorsal surface of the medulla becomes
so attenuated that this part of the ventricular roof, known as the tela chorioidea,

consists practically of the pia mater, although the ependyma excludes the vascular

membrane from actual entrance into the ventricle. The pia, however, pushes in the

ependymal layer and in this manner produces the vascular fringes known as the

choroid plexus of the fourth ventricle. When \'iewed from behind, the ventricle

exhibits a rhomboidal outline, the lateral boundaries above being formed by two
arms, the superior cerebellar ped^mcles, that di\-ergingly descend from the sides of the

corpora quadrigemina to the cerebellum. Similar bands, the inferior cerebellar

peduyicles, convergingly descend from the cerebellar hemispheres to the posterior

columns of the medulla and form the lower lateral boundaries of the fourth ventricle.

Seen from directly above (Fig. 984), the cerebrum, divided into its hemi-

spheres by the deep sagittalfissure, is the only part of the brain visible, the other four

divisions being masked by the enormously developed overhanging cerebral mantle.

The effects of this expansion in displacing base-ward parts which, temporarily in man
and permanently in the lower vertebrates, occupy a superior position, are conspicuous

when the sagittal section of the developing fFig. 913) and that of the fully formed

human brain (Fig. 910) are compared. It should be noted, that although in the

latter the brain-stem and the cerebellum are completely overhung by the cerebral

hemispheres, they still are in relation with the free surface of the brain, and by
passing beneath the posterior part of the cerebrum the dorsal surface of the cerebellum

and of the brain-stem may be reached without mutilation of the nervous tissue.

THE GENERAL DEVELOPMENT OF THE BRAIN.

Even before complete closure of the anterior end of the neural tube, which

takes place probably shortly after the end of the second week of fcetal life, the

cephalic region of this tube, slighdy flattened from side to side, exhibits the results
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of uiUHiual growth in Iwd slijulu coiisliit limis scpar.iliii;^ thrrc dilalalicjiis known as
tin- primary brain-vesicles. The posterior ol ilicsr, ilic hind-brain,' is imich
the lonj;\i", cMcidin^ the c (iinl)inc-{l lcni;lh of the (Jlhcr two ( Mj;. 911;; altera short
time when viewed Ironi tuliiiul it presents an eh)nj4atetl lozenj^a'-shapeci form and,
hence, is also called ilie rhombencephalon. The middle vesicle, the mid-brain,
or mesencephalon, is conspicnoiis on account of its roundeil form and prominent
position, lyinj.;, as it does, over the maikid primary llexnre wliich tlie head-end of

the lu-nral tube very early ixhihits.

Tlu- antc-rior vesicle, known as the fore-brain, or prosencephalon, at lirst is

small and roniuled, but soon becomes moililicd 1)\' the appeaiance, on either side,

of a hollow protuberance, the of)tic vesicle, that i)ushes (Mit from the lower lateral

wall. Vox a time the o])lic xi-sicle communicates willi the main cavity of the fore-

brain by a wiile opening. This iL^radually becomes reduced and constricted until the

Vw,. 911.

Fore-brain I'alliiiin

Mid-brain

Optic vesicle

Fore-brain
(thalamic rejjion

)

Pallium

Mid-brain

Hind-brain

Reconstruction of brain of human embryo of about two weeks (3.2 mm.); A, outer surface; B, inner surface;
np, neural pore, where fore-brain is still open ; cs, anlage of corpus striatum ; o^, optic recess leading into optic
vesicle; A/, hypothalamic region. {His.)

evagination is attached bv a hollow stem, the optic stalk, which later takes part in

the formation of the optic ner\e that connects the eye with the brain, the vesicle

itself giving rise (page 1482) to the nervous coat of the eye, the retina. By the

time the optic evagination is formed, the front part of the fore-brain shows a slight

bulging, narrow below and broader and rounded above, and separated from the

optic outgrowth by a slight furrow. This is the first suggestion of the anlage of the

hemisphere or pallium (His). The latter soon gives rise to two rounded hollow

protrusions, one on either side of the fore-brain, that rapidly expand into the

conspicuous primary cerebral hemispheres. The lower part of the fore-brain includes

the region that later, after differentiation and outgrowth from the hemisphere,

receives the nerves of smell and is known as the rhinencephalon.

A slight ridge (Fig. 911, 7?), projecting inward from theroof of the fore-brain,

suggests a subdivision of the general space into a posterior and an anterior region,

^This use of the term hind-hrain is at variance with its older sjofnificance, still retained by
some German writers, as indicating: the upper division (metencephalon) of the posterior
primary vesicle. In view, however, of tlie now ijeneral application oi fore-brain and mid-brain
to the other primary vesicles, it seems more consistent to include hind-l)rain in the series, as has
been done by Cunninsjham, with a distinct gain not only in convenience, but in avoiding terms
which in their Anglicised form are at best awkward and unnecessary.



io6o HUMAN ANATOMY.

The latter, the outwardly bulging pallium or hemisphere-anlage, is limited below by
the optic recess, the entrance into the optic vesicle, and, farther front, by a flattened

triangular elevation that marks the earliest rudiment of the corpus striatum. The
posterior or tlialamic region extends backward to the mid-brain, from which it is

separated by the slight external constriction and corresponding internal ridge.

During the fourth week the demarcations just noted become more dchnite, so that

the primary anterior \csicle is imperfectly subdivided into two secondary compart-
ments, the telencephalon, conveniently called the end-brain, and the dienceph-
alon. Considered with regard to the details presented by the interior of the fore-

brain, the four areas recognized by His are evident. These are (Fig. 912) the

region of the pallijim and of the corpjis striatum, respectively above and below in

che telencephalon, and the region of the thala7nus and of the hypothalamus respec-

tively above and below in the diencephalon. Between the protruding hemisj)heres,

the telencephalon is closed in front and below by a thin and narrow wall, the lamina
teryninalis, which defines the anterior limit of the brain-tube.

While the more detailed account of the further development of these regions

will be given in connection with the description of the several divisions of the brain,

Fig. 912.

Mid-brain

Mid-brain Diencephalon Thalamus

Telencephalon

Spinal cord Spinal cord

Reconstruction of brain of human embryo of about four weeks (6.g mm.); A, outer surface; B, inner surface;

/, isthmus ; os, aperture of optic stalk ; f/>, cerebral peduncle; cf, cervical flexure ; bf, cephalic flexure. Drawn from
His model.

it may be pointed out here, in a general way, that the pallium gi\x*s rise to the con-

spicuous cerebral hemispheres, which, joined below by a common lamina, expand out-

ward, upward and backward and rapidly dwarf the other parts of the brain-tube which

are thus gradually covered over. The striate area thickens into the corpus striatum,

which appears as a striking prominence on the outer and lower wall of each lateral

ventricle. The latter represents a secondary extension of the original cavity of the

fore-brain enclosed by the developing cerebral hemisphere, and at first is large and

thin-walled and communicates by a wide opening with the remainder of the brain-

vesicle. The unequal growth and thickening, which subsequently modify the

surrounding walls, reduce this large aperture until it persists as the small foramen

of Monro, by which the lateral ventricle communicates with the third ventricle. The
latter represents what is left of the cavity of the fore-brain and, therefore, the com-
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bined ci)ntril)iiti(>ii of tin- tclfiiccphalon and (lic-iKc])hai()M. During the fifth week

the dicnccphaloii expands into a relatively laij^e ine^nilar space (I'i^. 913;. vvhose

roof and floor are thin and whose latc-ral walls are thickened by the masses of the

de\'elopin<j thalanii. Ihe hypothalamic rej^ion becomes the most dependent

])ait ot the fore-brain and j^nves rise to the structures that later occupy the inter-

peduiuular space on the base of the Imiin. The roof of the diencei)halon remains

thin, ch)es not produce nervous tissue and, in conjunction with the injj^rowth of the

vascular pia mater, forms the \elum interim )silum and its choroid plexuses. The
pineal body and the posterior lobe of the pituitary body arise as outj^mjwths from the

roof and floor of tin- dit-ntHpiialon rcspeclivcl)'.

The mid-brain, or mesencephalon, at first lar^- and conspicuous on account

of its elonijation and prominent j)osition at the summit of the brain-tube, does not

*kee[) pace with the adjoininij vesicles, and in the fully formed brain is rei)rescnted by

the parts surroundinij: the aciueduct of Sylvius. Neither does it subdivide, but, while

its entire wall is converted into nervous tissue, retains its primary simplicity to a

greater de^-ree than" any of the other brain-seti^ments. The lateral and ventral walls

of the mid-brain contribute the cerebral peduncles ; its roof ^Wcs rise to the corpora

quadrij;emina ; and its cavity persists as the narrow canal, the aqueduct of SyKius,

that connects the thirtl and fourth \-entricles.

The posterior vesicle, the hind-brain, or rhombencephalon, the lart,^est of

the primary brain-seg-ments, is the seat of striking changes. These include thicken-

ing and sharp forward flexion of the ventro-lateral walls, in consequence of which the

floor of the space becomes broadened out opposite the bend and assumes a lozenge-

shaped oudine. The hind-brain is conventionally subdivided (Fig. 913) into a

superior part, the metencephalon, and an inferior part, the myelencephalon.
Its cavity, common to both subdivisions, persists as the fourth ventricle.

The extreme upper part of the metencephalon, where it joins the mid-brain,

earlv exhibits a constriction, which by His has been termed the isthmus rhom-
bencephali and regarded as a distinct division of the brain-tube. In the fully formed

brain, the isthmus corresponds to the uppermost part of the fourth ventricle, just below

the Sylvian aqueduct, roofed in by the superior medullary velum that stretches

between the superior cerebellar peduncles. The thickened and markedly bent ventro-

lateral wall of the metencephalon gives rise to the pons Varolii, whilst in the roof of

the ventricle appears a new mass of nervous tissue, the cerebellum.

The myelencephalon, soon limited below by the cervical flexure, shares in the

ventral thickening seen in the preceding division. Its floor and particularly its sides,

the latter at the same time spreading apart, form the medulla oblongata, which

below gradually tapers into the spinal cord. Its roof, in which thinness is always

a prominent feature, becomes more attenuated as development proceeds and is

converted into the inferior medullary velum and the tela chorioidea that close in this

part of the fourth ventricle. The subsequent invagination of this membranous

portion of the ventricular roof by the pia mater brings about the production of a

choroid plexus similar to that seen in the roof of the third ventricle.

From the foregoing sketch of the changes affecting the embryonic brain-tube, it

is evident that the anterior and posterior primary vesicles underg^o subdi\-ision, while

the mid-brain remains undi\'ided. five secondary brain-vesicles—the telencepha-

lon, the diencephalon, the mesencephalon, the metencephalon and the myelencepha-

lon—replacing the three primary ones.

In consequence of the unequal growth of various parts of the cephalic segment

of the neural tube, the latter becomes bent in the sagittal plane at certain points,

so that, when viewed from the side, the axis of the developing human brain

describes an S-like curve (Fig. 912). These flexures, to which incidental reference

has been made, bring about a disturbance, for the most part temporary, in the

relations of the brain-segments, which in the lower vertebrates follow in regular order

along an axis practically straight. In the developing human brain, in which they

are most conspicuous, there are three flexures—the cephalic, cervical, and pontile.

The first of these, the cephalic flexure which appears towards the end of

the second week and before the neural tube has completely closed, is primary and

involves the entire head. It takes place in the region of the mid-brain and lies
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Pelencephalon

Corpus striatum

Optic recess

Mesencephalon

Isthmus

Metencephalou

Myelenceplialoii

above the anterior end of the j^rimary gut-tube and of the notochord. At first the

axis of the fore-brain Hes about at rioht angles with that of the rhombencephalon,
(Fig. 911) but, with the in-

^''^"- 913- creasing size of the middle
Diencephalon

^^^^j .j^tefior VCsiclcS, the

angle of the flexure becomes
more acute until the long
axis of the fore-brain and
of the rhombencephalon are

almost parallel (Fig. 912).
During the fourth week

a second \entral bend, the

cervical flexure, appears'

at the lower end of the hind-

brain and marks the separa-

tion of the encephalic from
the spinal portion of the

neural tube. The cervical

flexure, which also involves

the head, is most evident

at the close of the fourth

week, when it is almost a

right angle ( Fig. 912); after

this it becomes less pronounced in consequence of the ele\'ation of the head which
succeeds the period when the embryonic axis is most bent.

The third flexure appears about the fifth week in the part of the metencephalon
in which the pons is later developed and, hence, is termed the pontile flexure.

It concerns chiefly the ventral wall, which is in consequence for a time ventrally

doubled on itself ; subsequently this flexure almost entirely disappears. In contrast

to the preceding bends, this flexure is only partial and involves chiefly the ventral

and only slightly the dorsal wall of the neural tube ; on the exterior of the embryo its

presence is not detectable.

The developmental relations of the chief parts of the fully formed brain to the

embryonic brain-vesicles are shown in the accompanying table.

Table Showing Relations of Brain-Vesicles and Their Derivatives.

Ventral Dorsal
zone of brain-wall

Diagram showing five cerebral vesicles and dorsal and ventral zones of

their wall ; based on brain of embryo of four and one-half weeks. ( His.

)

Primary Segment



GENERAL DEVELOPMENT UE THE BRALN. 1063

Kpithalamus
Thalamus / Mctathalamus

I'ars mammillaris hypothalami
leseticephalon

I'edunculi cerebri

Isthmus

erebcUum

Pons

Medulla

corpus c;ill(jsuiii, ihc fuiulaiiKiUal rchititnislups indicated by cnihryolrjo^y arc of such

value that, even in the ilcscription of the aduU orj^^an, j^roupinj^ of tlie various jxirts

of the brain upon a develop-

mental basis is found acKan- F'tJ- 9'4-

tai^eous. Althoutjh strict

aclherence to such a plan

would be at times inconven-

ient, and, therefore, will not

be followeil, constant refer-

ence to |)rimarv relations is

imperative. It will be con-

venient, therefore, at this

place, to call attention to

the accompanying outline

diaijrams which illustrate

the principles established by
His in his epoch-makinjr

studies of the human brain.

In adtlition to showing the

five cerebral vesicles, Fig.

913 indicates the relati\e

position and extent of the

two fundamental subdivisions of the lateral walls of the neural tube, the dorsal

or alar and the ventral or basal lamin^E, which play such important roles in the

differentiation of the various parts of the brain-stem. Fig. 914 shows a later

stage, in which the genetic relations of all the more important parts of the brain may
be recognized. The greatest complexity is presented in the development of the

deri\-ations of the fore-brain, particularly of those which are differentiated from the

diencephalon and later are found connected with the third \entricle. In order to

set forth the developmental relations of the fore-brain, the following table from His,

slightly modified, will be of service :

(Pallium
CHemisphserium ' Corpus striatum

(Telencephalons ( Rhinencephalon
Fore-Brain I

(^ Pars optica hypothalami

Rhinencephalon Pars optica
hypothalami

^ Oorsal zone

Ventral zone

Diagram showing chief derivatives from cerebral visicles ; based on
brain of embryo of third month. (His.)

Prosencephalon
[die.nCEPHALON

Pars mammillaris hypothalami
f Thalamus
Epithalamus

I
Hahenula

Thalamencephaloii •! Corpus pineale
Commissura post.

.Mctathalamus
Corpora geniculata

Parts of the Brain derived from the Rhombenxephalox.

THE MEDULLA OBLONGATA.

The medulla oblongata, sometimes called the bidb and usually designated by the

convenient but indefinite name "medulla," is the direct upward prolongation of the

spinal cord. It begins at the decussation of the pyramids below, about on a level

with the lower border of the foramen magnum, and ends at the lower margin of the

pons above and is approximately 2.5 cm. (i in) in. length. Its general form is

tapering, increasing in breadth from the transverse diameter of the cord ( 10 mm.

)

below, to almost twice as much (18 mm.) above, and in the antero-posterior dimen-
sion from 8-15 mm. Its long axis corresponds very closely with that of the cord and
is, therefore, approximately vertical. The medulla, surrounded by the pia and arach-

noid, lies behind the concave surface of the basilar portion of the occipital bone, with

its dorsal surface within the \allecula between the hemispheres of the cerebellum.

Superficially, in many respects the medulla appears to be the direct continuation

of the spinal cord. Thus, it is divided into lateral halves bv the prolongation of the

anterior and posterior median fissures ; each half is subdi\ided bv a ventro-lateral

and a dorso-lateral line of ner\e-roots into tracts that seeminglv are continuations of



1064 HUMAN ANATOMY.

the anterior, lateral and posterior columns of the cord. This correspondence, how-
ever, is incomplete and only superficial, since, as will be evident after studying the
internal structure of the medulla, the components of the cord, both gray and white
matter, are rearranged or modified to such an extent that few occupy the same posi-
tion in the medulla as they do in the cr^rd.

The anterior median fissure is interrupted at the lower limit of the medulla,
for a distance of from 6-7 mm. , by from five to seven robust strands of nerve-fibres
that pass obliquely across the furrow, interlacing as they proceed from the two sides.

These strands constitute the decussation of the pyramids Tdecussatio pyramidum),
whereby the greater number of the fibres of the important motor paths pass to the
opposite sides to gain the lateral columns of the cord, in which they descend as the
lateral pyramidal tracts. The fibres that remain uncrossed occupy the lateral por-
tions of the pyramids and. converging towards the median fissure, descend on either
side of the latter within the anterior columns as the direct pyramidal tracts. The

Optic tract

Mammillary body

Pons (basilar groove)

Middle cerebellar peduncl

Anterior median fis>

Cerebellum

Root-bundles of ninth
and tenth nerves

Inhindibulum

Cerebral peduncle

Interpeduncular space

Tiigeminal nerve

Middle cerebellar peduncle

Inferior cerebellar peduncle
(Restiform body)

Olivary eminence

.Arcuate fibres

Pyramidal decussation

Root-bundles of twelfth nerve
-Anterior roots of first spinal nerve

Brain-stem viewed from in front, showing ventral aspect < f medulla, pons and mid-brain.

decussation varies in distinctness, sometimes the component strands being so buried
within the fissure that they are scarcely evident, or even not at all apparent, on the

surface and can be satisfactorily seen only when the lips of the groove are separated.

Above the decussation the anterior median fissure increases in depth in conse-

quence of the greater projection of the bounding pyramidal tracts. Its upper end,

just below the inferior border of the pons, is marked by a slightly expanded triangxilar

depression, \\\& foramen ccecum.

The posterior median fissure, the direct continuation of the corresponding
groove on the cord, extends along only the lower half of the medulla, since above
that limit it disappears in consequence of (a) the separation and di\ergence of the

dorsal tracts of the bulb, which below enclose the fissure, to form the Ir^wer lateral

boundaries of the lozenge-shaped fourth ventricle ffossa rhomboidalis), and {b)

the gradual backward displacement of the central canal within the closed part of the

medulla until, at the lower angle of the ventricle, it opens out into that space.

Each half of the medulla is superficially subdivided into three longitudinal tracts

or areas by two grooves situated at some distance to the side of the ventral and dorsal

median fissures respectively. One of these, the antero-lateral furrcw, marks the

line of emergence of the root-fibres of the hypoglossal nerve, which, being entirely
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motor, correspond to the ventral roots of the spinal nerves with which they are

in series. Tiie other j^roove, the postero-lateral furrow, continues upward in a

general way the line of the dorsal spinal root-til>res and marks the attachment of the

fibres of the ninth, tenth and bulbar part of the elevinth cranial nerves. Unlike the

posterior root-til)res of the cord, which are exclusively sensory, those attached along

this groove of the metiulla are partly efferent and partly afferent, the fibres belong-

ing to the spinal accessory being entirely motor, while those of the glosso-pharyngeal

and the pneuniogastric include both and, therefore, are mixed.

The Anterior Area.—This subdivision of the medulla, also known as the/jva-
mid, includes the region lying between the anterior median fissure and the antero-

lateral furrow. .Superficially it appears as a slightly convex longitudinal tract, from
6-7 mm. in width, that continues upward
the anterior column of the cord. I'Lach Vw,. 916.

pyramid constitutes a robust strand, which cerebral cortex

belowbeginsat thedecussationand, increas-

ing slightly as it ascends, above disappears

within the substance of the pons. Just

before its disappearance, or, strictly speak-

ing, after its emergence, the pyramid
is slightly contracted on account of the

increased width of the bounding furrows.

Its chief components being the descending

motor paths formed by the cortico-s])inal

fibres, of which approximately four-fifths

pass to the opposite side by way of the

decussation to gain the lateral pyramidal

tract, it is evident that only to the extent

of the direct pyramidal fasciculus and, for a

short distance, the anterior ground-bundle,

are its constituents represented in the

anterior column of the spinal cord.

The fibres destined for the direct

pyramidal tract, which above the decussa-

tion occupy the lateral part of the pyramid,

gradually converge toward the mid-line

as the decussating fibres disappear, until, at

the lower limit of the crossing, they lie

next the median fissure, which position

they retain in their further descent within

the cord. The space thus afforded at the

lower end of the medulla, to the outer side

of the uncrossed fibres, is occupied by
the prolongation of the anterior ground-
bundle, which, however, soon suffers

displacement as it encounters the pyramid.

The ground-bundle lies at first to the outer side of the strands of decussating fibres

and then behind the pyramid; higher, it is pushed backward towards the mid-line

by the appearance of the inferior olive and the mesial fillet until, finally, it is

continued as the posterior longitudinal fasciculus at the side of the median raphe
beneath the gray matter covering the floor of the fourth ventricle.

Th2 proportion of the pyramidal fibres taking part in the motor decussation is

not always the same, from 80-90 per cent, being the usual number. Vary rarely all

the fibres cross, with suppression of the direct pyramidal tracts—an arrangement
found normally in many lower animals. On the other hand, the direct pyramidal
tracts may appropriate an unusually large number of the fibres, even to 90 per cent,

of the entire pyramid, the crossed tract, however, never being entirely unrepresented.
Ordinarily the tracts of the two sides are approximately of equal extent, but occasion-

ally they may be asymmetrical, in which case the excess of the one is offset by a

corresponding diminution in the fasciculus of the opposite side (Flechsig).

decussation

Lateral
ramidal tract

pyramidal tract

Spinal nerve

Diagram showing course and decussation of cortico-

spinal
(
pyramidal) tract ; M, medulla; P, pons; CP.

cerebral peduncle; T, thalamus; C, L, caudate and
lenticular nuclei ; CC, corpus callosum.
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The Lateral Area.—This region is (Jofined on the surface by the antero-lateral
and postero-laleral furrows in front and behind respecti\ely, and includes a narrow
strip on the hiteral aspect of the medulla. Below, the tract is continuous with the
lateral column of the cord, a resemblance which is, however, only superficial since
within the medulla the large crossed pyramidal tract no longer lies laterally but
within the anterior area of the opposite side. The upper part of the lateral area is

conspicuously modified by the presence of an elongated oval prominence, the olivary
eminence (oliva ), i)roduced by the underlying corrugated lamina of gray matter
composing the inferior olivary nucleus. The olive measures about 13 mm. in length
and about half as much in its greatest width. Its uj>per end, more prominent and
slightly broader than the lower, is separated from the inferior border of the pons by
a deep groove, which medially joins the furrow occupied by the hypoglossal root-

fibres and laterally is continuous with a broad depressed area, \.\\e paraolivary fossa,
that separates the olive from the restiform body and lodges the fibres of the glosso-

pharyngeal and pneumogastric nerves. The demarcation of the lower tapering end
of the olive is somewhat masked by the aiiterior supej-ficial arcuatefibres, which cover
for a variable distance the inferior part of the olive in their course backward to gain

Thalamus

Median geniculate body

Inferior brachium

Superior coUiculus

Cerebral peduncle
Inferior colliculus

Superior cerebellar peduncle
•

Superior medullary velum

Middle cerebellar peduncle

Line of attachment of
roof of IV ventricle

Inferior cerebellar peduncle
(restiform body)

Clava
Tuberculum cuneatum
Tuberculum Roland

i

Fig. 917.

Lateral geniculate body Superior brachium

Mesial root of optic tract

Anterior perforated space

Optic tract

— Lateral olfactory root

Optic nerve
Optic commissure

Tuber cinereum

Mammillary body

—Olivary eminence

-Arcuate fibres

Lateral area of medulla

Brain-stem viewed de, showing lateral aspect of medulla, pons, and midbrain.

the restiform body. The components of the lateral column of the cord traceable into

the medulla—the direct cerebellar and Gowers' tract and the long paths of the lateral

ground-bundle—for the most part, with the exception of the direct cerebellar tract,

pass beneath or to the outer side of the olive. The superficially placed direct cere-

bellar tract gradually leaves the lateral area and passes outward and backward to join

the inferior cerebellar peduncle by which it reaches the cerebellum.

The Posterior Area.—The posterior region of the medulla is bounded laterally

by the fibres of the ninth and tenth nerves ; and mesially, in the lower half of the

bulb, by the posterior median fissure and, in the upper half, by the diverging sides

of the fourth ventricle. Below, the posterior area receives the prolongations of the

tracts of Goll and of Burdach, which within the medulla are known as the funic-

ulus gracilis and funiculus cuneatus respectively, and are separated from each

other by the paramedian sulcus. Beginning with a width of about 2 mm. , the gra-

cile funiculus increases in breadth as it ascends until, just before reaching the lower

end of the fourth ventricle, it expands into a well-marked swelling, the clava, about

4 mm. wide, which is caused by a subjacent accumulation of gray matter. Then,

diverging from its fellow of the opposite side to bound the ventricle, after a short

course it loses its identity as a distinct strand and becomes continuous with the
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inferior cerebellar peduncle or restiform body. The expansion within the
U|)|)ii part i)t thf tiMiiciilMs urac iHs, thi- ela\a, contains tlic nucleus gracilis ( nucleus

funiculi iLjrucilis), the reception station in uhiih the lon^ sens(jry fibres of Gull's tract

are interrupted. The trianj.;nlar interval included Ix-twc-en the ^racile funiculi, where
these henin to diverge, corresponds to the level at which the central canal of the cord
ends bv openinjj^ out into the fourth ventricle. A thin lamina, thi- obex, closes this

interval and is continuous with the ventricular roof.

Alonji^ the outer side of the j^racik- fasciculus and separated from it by the jjara-

median furrow, extends a second longitudinal tract, the funiculus cuneatus, which
at the lower end of the medulla recei\es the column of linrdach. .Slij^htly above the

Icjwer level of the clava, the cuneate strand alstj exhibits an e.xj)ansi<jn, the cuneate
tubercle (^tiil)ciculuMi cuncaium;, that is less circumscribed, but extends farther upward
than the meilian ele\ation. Beneath this prominence lies an ehjngated ma.ss of g^ray

matter, the nucleus cuneatus( nucleus funiculi cuneatij, around whose cells the long
sensorv fibres of Burdach's tract end.

Still more laterally, between the roots of the ninth and tenth nerves and the

cuneate strand, the posttM'ior area of the medulla presents a third lon^ntudinal eleva-

tion, the funiculus of Rolando. The latter is caused by the increased bulk of the

Fic. QiS
Inferior colliculus

Cerebral peduncle

Median fossa

Median sulcus

Middle cerebellar peduncle j!

(

Acoustic strije

Acoustic trigone

Restiform body

Attachment of ventricular roof

Obex

Funiculus cuneatus

Frenulum

Superior medullary velum

Cerebellar peduncle

Floor of fourth ventricle

Fovea superior

I'.ininenlia teres

Trigonum hypoglossi

Trigonum vagi (fovea inferioj)

Funiculus separans

Area postrema

Funiculus gracilis

Lateral area

Medulla and floor of fourth ventricle seen from behind, after removal of cerebellum and ventricular roof. X 1%.

underlying substantia gelatinosa that caps the remains of the posterior horn of gray
matter, and is overlaid by a superficial sheet of white matter composed of the longi-

tudinal fibres of the descending root of the trigeminal nerve. While, therefore, the

tubercle of Rolando is produced by the exaggeration of gray matter represented

within the spinal cord, the gracile and cuneate nuclei are new stations in which the

posterior root-fibres not interrupted at lower levels end, and from which the sensory
impulses collected by the cord are distributed to the cerebellum and the higher

centres by neurones of the second order.

The upper half of the posterior area of the medulla is modified by the presence

of the fourth ventricle, the lower lateral boundary of which it largely forms, into a

robust rope-like strand that diverges as it ascends. Above, it abuts against and fuses

with the lateral continuation of the pons and then, bending backward, enters the

overhanging cerebellum as the inferior cerebellar peduncle. This strand, also

known as the restiform body (corpus rcstiforrae), is seeminglv the direct prolongation

of the gracile and cuneate funiculi. Such, however, is not the case, since the fibres

passing from these tracts to the cerebellum by way of the restiform body are the axones

of the gracile and cuneate nuclei and, therefore, new links in the chain of conduction.
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The inferior cerebellar peduncle is the most direct path by which the cerebellum

is connected with the medulla and the spinal cord. In addition to the tracts

orig-inating- in the cord and destined for the cerebelluni (the direct cerebellar and

possibly part of Gowers' tract), it comprises probably fibres passing in both direc-

tions; that is, from the cells within the medulla to the cerebellum, and from the

cerebellar cells to the medulla. A more detailed account of these components will

be given in connection with the structure of the medulla (page 1072). Upon close

inspection of the surface of the medulla, the direct cerebellar tract is seen as an

obliquely coursing band that at the lower level of the olive leaves the lateral area and

gradually passes backward, over the upper and outer end of the Rolandic tubercle,

to join the restiform body, within which it continues its journey to the cerebellum.

The anterior superficial arcuate fibres also enter the restiform body, after sweeping

around the inferior pole of the olive, or crossing its surface, and the upper part of the

funiculus of Rolando. Additional contributions, the posterior superficial arcuate

fibres, proceed to the restiform body from the gracile and cuneate nuclei of the

same side. Just before bending backward to enter the cerebellum, the restiform

body is crossed by a variable number of superficial strands, the striae acusticae,

that may be traced from the floor of the fourth ventricle and around the inferior

peduncle to the cochlear nucleus.

INTERNAL STRUCTURE OF THE MEDULLA OBLONGATA.

As already pointed out, the correspondence between the spinal cord and the

medulla is only superficial, sections across the medulla revealing the presence of con-

siderable masses of gray matter and important tracts of nerve-fibres not represented

Fig. 919.

Fig. 93Gr

Fig. 92s-

Fig. 927
Fig. 924'

Fig. 922

Fig. 921

Fig. 920-

Ventral {A) and dorsal {B) aspects of brain stem, showing levels of sections which follow.

in the cord, as well as the rearrangement, modification or disappearance of spinal

tracts which are prolonged into the bulb. In consequence, the medulla, even at

its lower end, presents new features, and towards its upper limit varies so gready

from the cord that but slight resemblance to the latter is retained. The character-

istic features displayed by transverse sections of the medulla at different levels

depend upon the changes induced by four chief factors :— ( i ) the decussation of

the pyramids, (2) the appearance of the dorsal nuclei, (3) the production of the

formatio reticularis, and (4) the opening out of the fourth ventricle.
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KiG. 920.
Funiculus i;iacilis

_ Decussating
fibres

Transverse section of medulla at level A, Fijj. 919; beginninj; of pvramioai
decussation. Weigert-Pal staining. X 5^. Preparation made by Professor
Spiller.

The effects of the decussation of the pyramidal tracts, assuminj^ for convenience

that the latter pass from below upward, are conspicu(JUs when followed in consecutive

transverse sections from

the spino-hiilbar junction

cerebralward. The hist

sugj^estioii of the decussa-

titin appears ( Fii*-. 920) as

strands of nerve-hbres, that

pass from the field of the

lateral pyramidal tract in

the lateral column ol)liquely

throui^h the adjacent ante-

rior liornof j^ray matter ami
across the bottom oi the an-

terior median fissure to gain

the opposite anterior col-

umn. At a slightly higher

level, where the decussation

is fully established (Fig.

921), the large strands of

obliquely sectioned fibres

are seen cutting through the gray matter, partlv filling the median fissure, and collecting

on either side of the latter as the large ventral bundles which thence upward constitute

the prominent pyramidal fields. In consequence of the greater space required by
the pyramids, the isolated anterior horns of the gray matter, cut off by the crossing

strands, and the adjacent anterior ground-bundle are displaced laterally and at first

lie to the outer side of the decussated fibres. Later, the ground-bundle assumes a

position behind the pyramid and eventually becomes continuous with the posterior

longitudinal fasciculus (page 11 16). The detached anterior cornu of the gray

matter is pushed outward and backward and gradually becomes broken up by and
interspersed among the fibres of the formatio reticularis.

The Posterior Nuclei and the Arcuate Fibres.—The robust tracts of

white matter ( nerve-hbres
)
prolonged into the gracile and cuneate funiculi from the

tracts of GoU and of Burdach become inxaded by new masses of gray matter, the

nucleus gracilis and cuneatus. The gracile nucleus, the first encountered, begins

as a narrow area of gray
Fig. 921. matter within the correspond-

ing strand, on a level with

the pyramidal decussation

(Fig. 921). It rapidly in-

creases in bulk, until it

not only invades the entire

funiculus gracilis, but also

joins the gray matter sur-

rounding the central canal.

The superficial stratum of

spinal fibres gradually dimin-

ishes as more and more of its

components end around the

cells of the gracile nucleus,

until, finally, all are inter-

rupted. Meanwhile the
cuneate nucleus appears

within the funiculus cuneatus

as a dorsally directed club-

shaped mass of gray mat-

ter (Fig. 922) which soon

becomes a prominent mottled area, sharply defined by the overlying stratum of

Burdach fibres. The cuneate nucleus extends to a higher level than the nucleus

Nucleus gracilis

Central /^^^^
gra>

matter

Isolated
anterior
cornu

Pvramidai decussation

Transverse section of medulla at level B, Fig. 919; pyramidal decus-
sation well established; posterior cornua are displaced laterally by
posterior columns. X 5H. Preparation by Professor Spiller.
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gracilis and, even after the disapiK-arance of the latter, continues as a striking collec-
tion of gray matter beneath the dorsal surface of the medulla, from which it is

sei)arated by the posterior suj^erticial arcuate fibres. Within the upper part of the
fasciculus cuneatus the gray matter becomes subdivided into two masses (Fig. 924),
the more superficial and continuous of which is called the 7incleus cuneahis cxternus,
and the deeper and more broken one, the micleiis ciineahis internus.

Owing to the increased bulk of the fasciculi (jf the posterior area occasioned by the
appearance and expansion of the contained nuclei, the dorsal horns of the gray matter
are displaced laterally and forward, so that they come to lie on a le\ el with the central
canal. Meanwhile the i)OSterior cornua themselves, especially the cajjping substantia
gclatinosa, materially gain in bulk and ncnv ajjpear as two club-shaped masses of gray
matter that cause the dorso-lateral projections of the Rolandic tubercles seen on the

Fig. 922.

Funiculus gracilis

Funiculus cuneatus _ /

Spinal root of V nerve -~.,^

Substantia gelatinosa-j >-

Nucleus gracilis

Nucleus cuneatus

#</'

'•J-

f

Deep arcuate fibres

Accessory olivary nucleusJ-—

-

Antero-lateral ground-bundle'^

^^

Anterior superficial arcuate fibres'

Fibres of XII nerve

btnsory decussation

Pyramidal tracts

Transverse section of medulla at level C, Fig. 919, showing sensory decussation, posterior nuclei and
pyramidal tracts. / 5^. Preparation by Professor Spiller.

surface. Beneath the latter and closely overlying the outer border of the extensive area
of the substantia gelatinosa, a crescentic tract of the longitudinally coursing nerve-
fibres marks the position of the descending root of the trigeminal nerve (Pig. 922).

The chief purpose of the gracile and cuneate nuclei being the reception of the
long sensory tracts continued from the cord and the distribution of impulses so

received to the cerebellum and to the higher centres, it is evident that new paths of

the second order must arise within these nuclei. About on a level with the upper limit

of the pyramidal or motor decussation, fibres emerge from the gracile and cuneate
nuclei, sweep forward and inward in bold curves and cross the median raphe to the

opposite side of the medulla, immediately behind the pyramids (Fig. 922). They
then turn shar])ly upward and form the l)eginning of the important sensory pathway
known as the median fillet (lemniscus medialis) that connects the medullary nuclei

with the higher centres, as the suj^erior corpora quadrigemina and the optic thalamus.

The first fibres that emerge in this manner from the gracile and cuneate nuclei

constitute a fairly well defined strand to which the name sensory decussation or

decussation of the fillet is given. It must not be supposed, however, that with

this decussation the crossing ceases, for, quite the contrary, it is only the beginning
of an extended series of sensory fibres that pass across the raphe at various levels

throughout the brain-stem. As many longitudinally coursing fibres are encountered
by those sweeping from side to side, an interweaving of \'ertical and horizontal fibres

occurs, which results in the production of the characteristic formatio reticularis that

constitutes a large part of the medulla, as well as of the dorsal or tegmental portions
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1

Nucleus (.'uiic:itus

l-'ibrcs from
(ioll's tract Fibres from Burdach's tract

J'ost. superficial arcuate

ot the pons and cerebral crura. A feel)le expression of a somewhat similar structure

is seen ill the reticular formation within the lateral column of the spinal cord.

The Arcuate Fibres.—'i'hese orii^inate as tlu- axones dI tin- < <lls of thej^racile

and cuiuati- luu Ki and include three sets. The first, the deep arcuate fibres, turn

sharply brainward after

crossinjj; the ra|)he and '"" ^^•3-

constitute the chief con-

stituents of the mesial

fillet. The second set, the

anterior superficial

arcuate fibres, also

cross the mid-line, but

these, insteail of turniiii^-

upward, pass forward,

enter throutjh the pyra-

mid or alontj its median
aspect, and, gaining the

surface, sweep over the

pyramid and olivary emi-

nenceand thence proceed
backward to the restiform

body and on to the cere-

bellum. An oval collection of small fusiform nerve-cells, the arcuate nucleus
(nucleus arcuatus) lies in the path of these fibres, at first on the ventral surface of the

pyramid and then along the median fissure. Whilst some additional arcuate fibres

arise from the cells of the nucleus, the majority sweep by without interruption.

The third set, the posterior superficial arcuate fibres, proceed from the cells of

the gracile and cuneate nuclei of the same side and pass beneath the ventricular

floor to the adjacent restiform body and thence to the cerebellum.

Deep arcuate

Anterior superficial arcuate

Arcuate nucleus

Diagram illustrating source and path of arcuate fibres; RB, restiform body;
1', pyramidal tract ; O, inferior olivary nucleus.

Fig. 924.
Nucleus gracilis

Funiculus cuneatus

Fasciculus solitarius

Nucleus lateralis

Nucleus ambiguu;

Decussation of
fillet fibres

Median fillet

Nucleus cuneatus internus

Nuc. cuneatus
externus

_ Substantia

'-fSf^''^ ,
i^gclatinosa

, Spinal root of
\' nerve

P arcuate fibres
'. formatio
ii ularis

rsal access.
olivary nucleus

.Inferior olivary
nucleus

. Mesial access.
olivar>' nucleus

Pyramidal tract

"

Root-fibres of
hypoglossal

Anterior superficial arcuate fibres' Arcuate nucleus

Transverse section of medulla at level D, Fig. giq. showing posterior nuclei, inferior olivarv nuclei, formatio
reticularis and dorsal displacement of central canal. X 5^. Preparation by Professor Spiller.

The Olivary Nuclei.—These include, in each half of the medulla, three masses

of grav matter—the inferior oli\ary nucleus and the two accessory olivarv nuclei.

Beneath the prominent olivary eminence lies a corrugated sack-like lamina of gray
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Ventral

Dorso-lateral aspect of inferior olivary

nucleus as reconstructed by Dr. Florence
R. Sabin. X 5-

matter, the inferior olivary nucleus ( nucleus olivaiis inferior), which in favorable

transverse sections appears as a conspicuous sinuous C-hkc tigure. The nucleus

resembles a greatly crumpled bag, of which the closed end lies beneath the

corresponding superficial protuberance and the mouth, or hiliim, looks mesially

and somewhat dorsally. When reconstructed and
viewed from the side (Fig. 925), the plications of

the lateral and dorso-lateral surfaces display a

general antero-lateral disposition. On the ventral

surface the grooves radiate from the ventral border

of the hilum (Sabin). The greatest length of the

inferior olivary nucleus is from 12-15 rnr^i-
>

its

transverse diameter is about 6 mm., and its vertical

one about one millimeter lesL. The somewhat
compressed hilum measures sagittally from 8-9 mm.
The plicated lamina of gray matter composing the

wall of the sac is from .2-3 mm. in thickness

and contains numerous small irregularly spherical

nerve-cells, each provided with a variable number
of dendrites and an a.xone, embedded within a

compact feltwork of neuroglia fibres. The interior of the gray sac is filled with

white matter consisting of nerve-fibres that, for the most part, stream through the

hilum and thus constitute the olivary peduncle. These strands, known as the

cerebello-olivary fibres, connect the cerebellar cortex with the inferior olivary

nucleus and probably pass in both directions. Many fibres, the axones of the olivary

neurones, issue from the hilum on the one side, cross the mid-line and, sweeping

through the opposite oli\ary nucleus either by way of the hilum or directly traversing

the gray lamina, continue their course to the restiform body and thence to the

cerebellum. Other fibres originate in the cells of the cerebellar cortex and proceed

in the opposite direction along the same pathway to end in relation with the cells

of the inferior olivary nucleus. The further links

uncertain ; according

to Kolliker it is prob-
^^'

able that from some of

the olivary cells, fibres

pass downward into the

antero-lateral ground-

bundle of the cord.

The accessory
olivary nuclei are

two irregular plate-like

masses of gray matter

that lie respectively

mesially and dorsally

to the chief olive. The
first of these, the niesial

accessory olivary nu-

cleus (nucleus olivaris

accessorius mesialis)
is a sagittally placed

the chain of conduction are

Cerebello-olivary strands

Gray
matter

'^^-^•'V?
.*;

Core of
white
matter

M
•i^

#.

lamina, from I o-i i mm.
in length, which lies

between the tract of the

fillet and the root-fibres

of the hypoglossal
ner\'e. It extends be-

low the inferior olive

and, therefore, is encountered in transverse sections at a lower le\el—immediately

above the pyramidal decussation—than the main nucleus. According to the recon-

structions of Sabin, the nucleus comprises three dorso-ventral columns of cells, of

Section of inferior olivarv nucleus, showing plicated sheet of gray substance

traversed by strands of cerebello-olivary fibres. X loo-
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which the lower and mitldlc arc coiithiuous aiul the upper is unconnected, and four

small isolated masses of ,uray matter alont; the dorsal border of the nucleus. The

inferior or si)inal L-m\ of the nucleus is thickened and bent outward, so that its plane

is oblique anil parallel with the ventral surface of the chief olive. Hi^dier, when the

latter is well established, the mesial accessory nucleus is represented by a narrow

broken tract, that corresponds more closely with the saj,dttal plane. In this situa-

tion the nucleus lies between the fillet and the iimer end oi the chief olive and across

Dorsal nucleus of vakils

Fig. 927.
Vc-iitricular roof

Funiculus cuiu-a-

tus, overlaid by-

rest 1 lor 111 body

Fasciculus^/;//
solitarius"^"^'

^ N

X-

Substantia gela-

tinosa overlaid
by root of \'

Nucleus ambiguus

Nucleus lateralis

Nucleus cuneatus

.««>' -I

fife; . '''i'^^Tf^^ ^ - '

- .^sf^S^t^^

:.- im-mv Li

I lypoglossai
ncleus

Post, longitudinal
fasciculus

Root-fibres of XII

Inferior olivar>-

nucleus

Tract of mesial fillet

Pyramidal tract Anterior superficial arcuate fibres

Transverse section of medulla at level E, Fig. giq ; central canal has opened into fourth ventricle ;
restiform

body appearing. X 5- Preparation by Professor Spiller.

its hilum. The dorsad accessory olivary nucleus (nucleus olivaris accessorius dorsalis)

is less extensive than the median, measuring- about 9 mm. in length, and lies close to

and behind the posterior lip of the hilum of the inferior olive.

The Central Gray Matter.—As pointed out, within the closed part of the

medulla the central canal and the surrounding gray matter are gradually displaced

dorsally in consequence of the increasing space required by the pyramid, the fillet

tract and the posterior longitudinal fasciculus, three paired tracts of longitudinally

coursing fibres that lie close to the median raphe and enlarge as they are followed

upward. When the central canal opens out into the fourth ventricle, the sur-

rounding gray matter is correspondingly spread out and forms the lining of the

ventricular floor. Within this gray sheet and near the mid-line, on each side, is seen

the group of cells constituting the hypoglossal nucleus from which the -fibres of the

twelfth cranial nerve arise. These strands take a direct ventro-lateral course through

the medulla and emerge on the surface in the groove between the pyramid and

olivary eminence. Slightly more lateral, and to the outer side of the hypoglossal

nucleus, another group of cells marks the position of the elongated vago-glosso-

pharyyigeal 7iucleus, partly sensory and pardy motor, belonging to the tenth and

ninth cranial nerves. The fibres of the vagus traverse the medulla laterally, and

meet the surface at the junction of the lateral and posterior areas. In this way

the diverging fibres of the tenth and twelfth nerves subdivide each half of the medulla

into three triangular areas—a mesial, a lateral and a posterior (Flechsig).

\'iewed in transverse sections through the upper third of the medulla, the poste-

rior area—the space between the vagus fibres and the dorsal surface of the medulla

—

is seen to contain a number of important fibre-tracts. ( i ) The restiform body appears

68
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as a large irregularly crescentic tract of transversely cut fibres that occupies the
greater part of the periphery. (2) The descending root of the vestibidar tierve is seen
to the inner side of the dorso-mesial border of the restiform body as a field of loosely
grouped bundles of cross-sectioned nerve-fibres. (3; The fascicnlus solitarins, or

Fig. 928.
Ventricular roof

Fasciculus solitarius Dorsal nucleus of X
Nucleus of XII

I Post. long.

Restiform

Root-fibres v

of X nerve

Nucleus ambiguus

Root-fibres of XII -^*^

'Restiform body

Descending
vestibular root

Gray column
of vestibular root

Form.retic.grisea

Form, retic. alba

Interolivary stratum
(median fillet)

Inferior olivary nucleus

O-

Nerve-cell

Pyramidal tiacts

Transverse section of medulla at level F, Fig. 919 ; ventricular floor is wide ; restiform body well established
;

descending root of vestibular nerve is seen. X 5. Preparation by Professor Spiller.

descending root of the vagus and glosso-pharyngeal nerves, shows as a conspicuous
transversely cut bundle which lies ventro-mesially to the vestibular root. (4) The
descendbig root of the trigeminal 7ierve is easily identified as a superficial crescentic

field that on its mesial aspect encloses the remains of the substantia gelatinosa Rolandi.
The lateral area, between the diverging vagus and hypoglossal root-fibres, is

chiefly occupied, in addition to (i) the inferior olivary and (2) dorsal accessojy
olivary nncleus, by the feltwork of fibres producing the reticular formation. In con-

trast to that within the
hiG. 929. anterior area, the retic-

ulum within the lateral

area contains a con-

siderable amount of

diffuse gray matter be-

tween its fibres, and,

hence, is known as (3)
\.\\efor7natio reticularis

grisea. Accessions to

the irregularly distrib-

uted nerve-cells occur

as two moredefinitecol-

lections ; one of these,

(4) the nucleus am-
bigtais. consists of an

inconspicuous group of

large cells lying about

the middle of the gray
reticular substance and is of importance as the nucleus of origin of at least part of

the motor fibres of the vagus ner\'e. The other (5), the nucleiis lateralis, includes

an uncertain aggregation of medium sized cells, situated near the periphery and ventral

-*^f^-
- f

J.

Portion of formatio reticularis grisea, showing nerve-cells and
transverse and longitudinal fibres. X 130-

interlacing
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fiDin the trij^cminal rcjot. A scijaratc- ^\ini\> of somcwli.it larger cells, nearer the

ventral bonier of the trifacial root, has been desij^nated the nucleus lateralis dot sails,

and 1)V K()lliker regarded as belon^in.n to the oritL^in of the spinal accessory nerve.

Cothlrar fibre* croulog
mlifuriii body

Descenilini; root at
vestibular nerve

\ -\-

V\c.. 930.

Strlx
BcuMicae

Mc.ll.in

Nucleus vestibular

of IX nucleus
Delten'
nucleus

Krstiforin hotly
>sl. lont;.

fasciculus

Koot of IX nerve

Substantia cdatinosa
Honnatio reticularis all >.i

Tract of mesial fillet —

:

Inferior olivary botly V\%.

\ Fibres of IX nerve
^ Spinal root of V neive
Substantia t^cUtinosa

rormatio reticularis grisca

V

\.
\-

\'raniidal tracts

Transverse section of medulla at level G, Fig. 919; ventral part is narrower, whilst dorsal part is expanded owing
to increased size of restifoim Dodies. X 4. Preparation by Professor Spiller.

In a general way the cells of these nuclei (ambiguus and lateralis) of the substantia

grisea may be regarded as the analogues of the lateral horn-cells of the cord, just as

those of the hypoglossal nucleus resemble the anterior root-cells of the spinal nerves.

The anterior area, between the mid-line and the hypoglossal root-fibres, is

occupied ventrally by (i) the pyramidal trad, which appropriates the entire width

of the field with the exception of a very narrow peripheral zone that intervenes

Fig. 931..

Nerve- Longitudinal Transverse
cell fibres fibres

Median raphe

Portion of transverse section of medulla, showing median raphe and adjacent formatio reticularis alba. < 130.

between the pyramidal fibres and the surface along the median fissure and the ventral

aspect of the medulla. This zone is traversed by (2) the anterior superficial arcuate

fibres, among which is lodged an irregular column of nerve-cells that constitute (3)
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the arcuate 7mcleus. The latter Hes at first chiefly on the ventral and, hij^her, on the

mesial aspect of the pyramidal tract. The cells of this nucleus, small and fusiform,

are the origin of not a few of the superficial arcuate fibres, although those from the

dorsal nuclei continue their course over the nucleus without interruption. At the

upper end of the medulla, the cells of the arcuate nucleus increase in number and
mingle with those of the nucleus of the raphe and the pontile nucleus.

Dorsal to the pyramid and immediately next the mid-line lies (4) the compact
t?-ad of the median fillet, composed of longitudinal fibres that are the upward continu-

ation of the deep arcuate hbrcs, which, from the sensory decussation to the upper
limit of the cuneate nucleus, bend sharply brainward after crossing the mid-line. The
hlk't-tracts are also known as the interolivary stratum, as they constitute a compact
and laterally compressed field between the inferior olivary nuclei. Lateral to the

fillet, between the latter and the hypoglossal fibres, lies (5) the mesial accessory

olivary nucleus. (6) 'Y\\q. posterior longitudi^ial fasciculus appears in cross-section

as a compact oval or laterally flattened stranci, which lies next the raphe and
immediately beneath the gray matter covering the floor of the fourth ventricle.

This important path will be later described (page 11 16). The remaining space

of the anterior compartment, between the pyramid and the ventricular gray matter,

is occupied by the formatio reticularis alba, so designated in distinction to the

formatio grisea on account of its meagre number of nerve-cells, since, with the excep-

tion of those scattered in the immediate vicinity of the mid-line (nucleus raphe), few

cells are present.

The Formatio Reticularis,—Repeated mention has been made of the reticu-

lar formation produced by the interweaving of the horizontal and vertical fibres.

Whilst particularly conspicuous within the medulla at the levels occupied by the

gracile, cuneate and inferior olivary nuclei, on account of the prominence of the

arcuate and cerebello-oli\'ary fibres, the formatio reticularis does not end with the

disappearance of these nuclei and fibres, but is prolonged upward, although less

marked, by transversely coursing fibres derived from the reception-nuclei of various

cranial nerves— the vagus, glosso-pharyngeal, auditory, facial, and trigeminal—from
whose neurones axones of the second order arise that sweep across the mid-line

to join chiefly the fillet tract or to end, perhaps, about nerve-cells of other nuclei.

In this manner the formatio reticularis finds representation within the dorsal or

tegmental areas of the pons and the cerebral crura. The longitudinal fibres within

the formatio reticularis grisea are derived from many sources. Some are the

continuation of Gowers' tract ; some belong to the long strands concerned in

establishing reflex paths connecting the corpora quadrigemina, nucleus rubrum,
vestibular and olivary nuclei with the spinal cord ; some are the axones of tegmental

neurones and pursue shorter courses, both descending and ascending, as association

fibres linking together different levels of the brain-stem ; while still others are the

prolongations of the spino-thalamic and other long tracts of the antero-lateral ground-
bundle of the cord. The longitudinal fibres of the formatio alba are chiefly the

components of the mesial fillet and of the posterior longitudinal fasciculus with,

possibly, the addition of short association fibres proceeding from the ner\'e-cells that

are found within the anterior area.

The details of a transverse section passin,^ just beneath the lower border of the pons (Fig.

932) vary considerably from those of the level shown in Fig. 930. The ventral half of the

medulla has lost in width in consequence of the disappearance of the superficial olivary emi-

nence, the inferior olive being at this level represented Ijy only a few irregular plications. The
pyramids, likewise, are narrower, and separated by the broadened anterior median fissure. The
mesial fillet and the posterior longitudinal fasciculus are now widely separated by the inter-

vening nucleus centralis inferior that appears between them along the raphe. The nuclei of the

hypoglossal and glosso-pharyngeal nerves are no longer seen, but instead, along the floor of the

ventricle underlying the area acustica, appears a large triangular mass of gray matter, the

mesial vestibular 7!ucleus. External to the latter the lateral or Deiters" tmclcus and the

descending or spinal vestibular root lie close to the restiform body, which in transverse section

presents a bean-shaped outline. Between the restiform body and the descending trigeminal root,

the fibres of the mesial or vestibularpart oi the auditory nerve pass backward to gain the vestib-

ular nuclei. The outer surface of the restiform body is closely related to a considerable
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tract of K^ay niattt-r that collectively (oiislilutes the receptioii-iuicleiis of the cochlear division of

the aiulitorv nerve. This j^aiiKlion is siiixlivided into a superior and an inferior portion, these

beinK the iioisa/ lochhar nmUus and the ventral loihliar uiuhus res|K,'ctively. They both

receive the libres of the cochlear or lateral division of the auditory nerve. The ventral cochlear

nucleus is the starting pt)int of a tract of transverse fibres, that pass horiz(jnlally inward, many

traversing the fillet and crossinj,' the raphe, and inlerniinKle with those from the opposite

side. They thus form a broad strand, the corpus tnipfzuidis, that within the pons occupies

the lower limit of the tegmental region, which it separates from the ventral. In Fig. 932

Tu;. 932.

ntscinil
Sul'st.inli.i liii; root

Kclutinosa ofVMI

(ir.-iy sutislaiicc

uf lloor
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nuclcui

Vestibular nerve

Detters' nucleus

kcstif.rin l«ly

Cochlear nerve

Dorso-lateral
~ cochlear
nucleus

_ Ventral cochlear nucleus

Wyr.,
"'

Cochlear nerve

and ventral cochlear nucleus
Spinal root of V
Trapezoidal fibres'

Inferior olivary nucleus
Median fillet

Pjraniidal tract

Transverse section of medulla at level H, Fig. 919; pyramids are small and inferior olivary nuclei are disappearing;

roots of auditory nerve are entering in relation to restiforni bodies. X 4. Preparation by Professor Spiller.

only the beginning of this tract is visible, but slightly higher, in the pons (Fig. 933), the

trapezoidal fibres are shown in force. Strands of fibres from the cochlear nuclei arch over the

restiforni body and proceed beneath the ventricular floor to the mid-groove ; these mark the

course of the strice acusticce seen crossing the ventricle. \'entro-mesiaI to the spinal root

of the trigeminus and the associated Rolandic substance the nucleus 0/ the facial nerve appears

as an irregularly oval and somewhat broken group of large stellate cells, from which the

strands of root-fibres pass dorso-medially.

THE PONS VAROLII.

Viewed from in front, the pons appears as a quadrilateral prominence on the

ventral aspect of the brain, interposed between the medulla oblongata below, the

cerebral peduncles above, and the cerebellar hemispheres at the sides. Its lower

and upper limits are well defined by grooves that separate the corresponding borders

from the adjacent divisions of the brain -stem, and between these boundaries the pons
measures from 25-28 mm. in the mid-line. Laterally, however, its limits are

unmarked, as here the mass of the pons narrows and is directly continued on each

side as a robust arm which sweeps dow^nward and backward into the cerebellum as

the middle cerebellar peduncle. The fibres of the trigeminal nerves, which are

attached near its upper and lateral margins, are taken as the conventional lateral

limits of the pons, the transverse diameter measured between these points being

about 30 mm.
The ventral surface of the pons, strongly convex tran.sversely and less so in

the opposite direction, lies behind the basilar process of the occipital bone and the

dorsum sellae. It is marked by a shallow^ median groove (sulcus basilaris), which

broadens as it ascends and lodges the basilar artery and is bounded on each side by a

slight longitudinal elevation. Where the latter meets the medulla, the pyramid is seen

to plunge into the pons beneath its transversely striated surface.. The longitudinal
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ridges are produced by the underlying pyramidal tracts in their journey through
the pons frf)m the cerebral peduncles to the medulla. The transverse striation

indicates the general ctjiirse of the superficial fibres towards the cerebellum.

The lateral surface, continued from the ventral without interruption, above
is rounded and sloping and separated from the cerebral peduncles by a distinct

furrow. Below, it passes insensibly into the middle cerebellar peduncle, into which
the lower and lateral part of the pons is prolonged. Whilst the superficial striation

in a general way follows the contour of the pons, a broad band f fasciculus obiiquus

pontisj frfjm the upper part of the ventral surface sweeps obliquely backward and
downward and overlies the more horizontally directed middle and lower fibres.

The free portion of the dorsal surface of the pons contributes the upper half

of the floor of the fourth ventricle and is, therefore, not visible until the roof of that

cavity is removed. Above the midrlle jjc-duncle, the sides of the pons are blended
with the overlying superior cerebellar peduncles, which, in conjunction with the

intervening superior viedidlary velum, complete dorsally the ring of tissue sur-

rounding the narrowed superior end of the fourth ventricle.

INTERNAL STRUCTLR?: OF THE PONS VAROLII.

Viewed in transverse sections the pons is seen to include two clearly defined

areas, the ventral and the dorsal fFig. 933;. The ventral part Tpars basilaris;

presents a characteristic picture in which the large pyramidal tracts are covered in
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and excluded from the surface by a conspicuous layer of superficial transverse fibres

Cstratum superficiale pontis;, that laterally sweep backward into the cerebellar peduncle

and are traversed by the root-fibres of the seventh and eighth nerves. The pyra-

mids no longer appear as compact fields, but are broken up into smaller bundles by

the transverse strands of ponto-cerebellar fibres. This subdivision becomes more
marked at higher levels of the pons ("Fig. 936), in which the interweaving of the

longitudinal and transverse bundles produces a coarse feltwork ^stratum complexum).

At the upper border of the pons, the scattered pyramidal bundles become once more
collected into two compact strands, which are continued into the central part of the

crusta of the cerebral peduncle. The dorsal limit of the ventral field is occupied

by a well marked deeper layer of transverse fibres Tstratum profundum pontis). A
considerable amount of gray matter, collectively known as the pontile nucleus
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^>^iy'

m

Portion of cross-section of pons, showing cells of pontine
nucleus. X 300.

(nucleus poiilis) i.s clislrilnUucl vvithiii the iiitcrsliccs Ijclwccn the bundles of ncrve-

fihics. The cells of this nucleus, small in size and stellate in form, arc closely

relateil to the ponto-cerehellar fibres (jf the same and of the oppcjsite side, many
constitutiniL; stations of intc-rruption in the cortico-cerebellar paths.

riu' dorsal or tegmental part of the pons (pars dorsaiis pontisj resembles

to a considiTabli- exli-iU in its miu lal structure thi; formatio reticularis ^risea of

the medulla, consisting' for the most part of a reticulum 'of transverse and longitudinal

fibres, interspersed with nerve-cells, on each side of the median raphe. The appear-

ance of certain new masses

of jT^ray matter and of nerve- ^'"'' '''^^•

fibres, together with chantjes
._ ^__.,.«^ -

in the position of the fillet, _-l__'^ "
' '~--- -"'~'

produce di-lails that vary Z..

with the level of the section. ;;
;

When this passes above the

lower margin of the pons

(Fik^- 933). t\\" diverging

and oblicjuely cut strands of

fibres, coursing from the

ventricular tioor towards the

ventral aspect, mark the root-

fibres of the si-xth and seventh

cranial nerves and divide the

dorsal region, on each side,

into three areas. The middle
area, between the abducent

fibres mesially and the facial

fibres laterally, contains three

important collections of nerve-

cells. One of these, the nu-
cleus of the sixth nerve, lies close to the floor of the ventricle and beneath the

i^Dunded prominence of the eminentia teres, which it helps to j)roduce, and gives

origin to the root-fibres of the abducent nerve. These fibres take an obliquely

ventral path, slightly bowed towards the raphe, and cut through not only the dorsal

but also the ventral part of the pons to gain its lower border, along which they

emerge a few millimeters from the mid-line. In favorable sections the nucleus of the

si.xth is seen separated from the floor of the fourth ventricle by the arching fibres of

the facial nerve.

Another conspicuous nucleus of the middle area, the superior olive ("nucleus

olivaris superior), lies near the ventral limit of the tegmental area, parti}' lodged within

an indentation on the dorsal surface of the conspicuous tract of transx'erse fibres,

known as the corpus trapezoideum, that extends from the ventral cochlear

nucleus medially and materially aids in defining the ventral boundary of the dorsal

area. The superior olive (Fig. 933J is an irregularly spherical collection of nerve-cells,

interposed in the path connecting the auditory nuclei with the cerebral cortex, and

closely related with the tract of the lateral fillet (page 1082), In addition to contrib-

uting numerous fibres to the latter, the superior olive sends others to the abducent

nucleus which are seen as delicate strands, the peduncle of the superior olive, that

pass towards the nucleus of the sixth nerve and bring this centre into relation with

auditory impulses. A small collection of nerve-cells between the fibres of the trape-

zoidal tract, ventro-medial to the superior olive, constitutes the nucleus trapezoideum.

Close to the medial border of the superior oli\'e a small o\'al bundle of longitudinal

fibres, the central tegmentalfascicuhis, is sometimes seen. These fibres are probably

derived from the olivary nucleus (Obersteiner).

The facial nucleus, a conspicuous but broken oval mass of gray matter

(Fig. 933), includes several groups of large stellate cells that lie dorso-lateral to

the superior olive and to the inner side of the emerging facial fibres. From the

cells of this nucleus the loosely collected root-fibres of the facial nerve pass back-

ward and inward to reach the lioor of the fourth ventricle. Here they converge into
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a compact strand that, as the ascending portion of tlie nerve, courses beneath the
eminentia teres seen on the ventricular floor, close to the mid-line, until it bends
outward and, arching around the abducent nucleus, continues ventrally as the
emerging root-fibres.

The ventral part of the inner area and the adjoining part of the middle one are
occupied by the field of the mesial fillet which, at the level under consideration, no
longer has its longest a.xis directed dorso-ventrally, but approximately horizontal.

The tract now appears as a modified oval, somewhat compressed from before back-
ward, the thicker inner end of which reaches the rajjhe while the tapering outer end
lies near the superior oli\e. The posterior longitudinal fasciculus is seen as a com-
pact strand, immediately beneath the gray matter of the ventricular floor and at the
side of the raphe. To the outer side of the emerging facial fibres, and therefore in

Fig. o^^.
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Transverse section of pons at ievel J, Fig. 919, showing root of trigeminal nerve with its nuclei. X 3-

Preparation by Professor Spiller.

the lateral pontine area, appear the substantia gclatijiosa and the associated spinal

root of the trigeminal nerve. Just behind the latter the descending vestibular root

lies close to the inner side of the restiform body. The collection of nerve-cells

marking Deiters' nucleiis is seen beneath the ventricular floor in close relation with

the descending vestibular root.

Sections passing at the level of Fig. 935, and, therefore, about three millimeters above

that of Fig. 933, show interesting details connected w ith the nuclei and roots of the trigeminal

verve. At this level the nuclei and roots of the sixth and seventh ner\-es are no longer seen.

The median fillet appears on each side as a compressed oval, the long axis of which is hori-

zontal and whose inner end almost touches the raphe. Just above the outer end of the fillet,

the cerebral extremity of the superior olive is still visible, to which a few strands of transverse

fibres—the last of the trapezoid body—pass. The lateral boundary of the ventral part of the

pons is defined by a hugh tract of obliquely cut fibres that marks the entering sensory root of the

trigeminal nerve. On following this tract dorsally it is seen to enter a large mass of gray

matter, the sensory nucleus of the trigeminal nerve. This ganglion, composed of closely

packed small multipolar cells, corresponds to an accumulation of the substantia getatinosa,

which, it will be remembered, is to be seen in all the preceding lower levels intimately related
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to tlif dt-sttndini^^ or spina/ root of tlitr fiftli iit-rve. A slcoikI and more compact fjanKlion, the

motor nm/fiis of llu- lriK<--mimis, lies to tlie inner side and sli^litly farther batk. It contains large

multipolar cells, extends to a somewhat hi^^her level than the sensory nucleus, and is se|)arated

from the latter by a strand <jf fibres which arch (jver the motor nucleus and then pass mesially

beneath the ventricular floor to the raphe, where they cross to the motor nucleus of the oppo-

site siile. rinse fibres are jjartof the crossed constituents of the motor triKeminal root. Additional

components of the latter, the (/fS(fH(/i//,ir or uusiinephalic root, are seen in the interval between

the su|)erior cerebellar peduncle and the lateral anjjile of the ventricle. The motor root itself is

represented by several inconspicuous and broken strands of fibres that emerge from the nKJtor

nucleus and lie close to the inner side of the lar^e sensory root.

Lateral to the sensory nucleus ami root of the fifth, and therefore beyond the conventional

limits ")f the i^ons, the section includes the three large fibre-tracts of the three cerebellar

peduncles. The most anterior of these is the middle pcdiitnlc into which the c(;rresp(jnding

ventral part of the pons is continued. The next and middle tract, joining the tegmentum to the

Fourth ventricle

Fk;. 936.
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Transverse section of pons at level K, Fig. 919. showing fourth ventricle closed by superior cerebellar penduncles

and superior medullary velum. X 3. Preparation by Professor Spiller.

outer side of the sensory trifacial nucleus, is the now obliquely cut inferior peduncle or resti-

fonn body. The third and dorsal tract is pjirt of the superior peduncle, which being crescentic

in cross-section, is here represented by its ventral edge. The three peduncles are thus

intimately related as they pass into the central core of white matter of the cerebellum.

In sections passing at levels above the middle cerebellar peduncle (Fig. 936), the ventro-

lateral surface of the pons is free and unattached and passes over the rounded dorso-lateral

border onto the free posterior surface of the projecting part of the pons. Behind, the latter is

blended with the robust arms, the superior cerebellar peduncles, that form the lateral walls of

the upper part of the narrowing fourth ventricle. This latter space is roofed in by the superior

medullary velum which stretches across the ventricle between the superior peduncles and on its

upper surface supports the thin lamina of cerebellar cortical gray matter belonging to the lingula

of the superior worm.
The floor of the ventricle is grooved in the mid-line by a furrow bounded on each side by

an elevation—the upward prolongation of the eminentia teres. The depression at the lateral

angle of the ventricular floor is the upper part of the/orra superior.

Beneath the latter are grouped the deeply pigmented nerve-cells of the substantiaferrugitiea

that, seen through the intervening layer of tissue, confer the characteristic bluish tint of the
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locus ccrrulcits to this part of the ventricle (page 109s). Mesial to these ceils {.he posh-rior h?igi-

iudinal fasciculus shows, in transverse section, as a triangular field close to and on each side

of the rai^Iie.

The most conspicuous feature of the dorsal part of the section is the comma-shaped fibre-

tract of the superior cerebellar peduncle (brachiuin conjunciivum ). The thicker part of tiie tract

lies dorsally and its thinner edge cuts into the lateral part of the posterior area of the pons

about half way between its dorsal and ventral boundaries. Between the cerebellar tract and the

lateral angle of the ventricle, a slender crescentic strand of transversely cut fibres marks the

desceuditii^ motor or mesfnctphalic root of the trigeminal nerve. The tract of the median fillet

no longer touches the raphe, but lies as a compressed and horizontally elongated oval along the

ventral border of the dorsal field. The three-cornered area included between the outer end of

the mesial fillet, the cerebellar arm and the surface, contains a curved triangular tract that

sweeps backward and insinuates its pointed dorsal extremity along the outer side of the cere-

bellar strand. This tract is the lateral fillet (lemniscus lateralis), an important part of the

pathway by which auditory impulses are carried from the reception-nuclei of the eighth nerv'e

to the inferior corpora quadrigemina, the internal geniculate body and the cerebral corte.x. A
collection of small nerve-cells, embedded within the outer angle of this tract, gives rise to a

number of its component fibres and is, therefore, known as the nucleus of the lateral fillet

(nucleus lemniscus lateralis). An additional group, between the lateral fillet and the cerebellar

tract, constitutes the 7iucleus tegmenti lateralis (Kolliker). The remainder of the tegmental

area is occupied by the formatio reticularis.

THE CEREBELLUM.

The cerebellum—the "little brain," in contrast to the cerebrum or "great

brain"—is placed in the posterior fossa of the skull and beneath the tent-like shelf

of dura, the tentorium, which separates it from the overlying posterior part of the

Fig. 937.
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pons and medulla occupy greater part of vallecula and mask worm.

cerebral hemispheres. It lies behind the pons and medulla and the fourth ventricle,

with the roof of which space it is intimately related. By means of its three peduncles

inferior, middle and superior—the cerebellum is connected with the medulla, the

pons and the mid-brain respectively.

The general form of the cerebellum is that of an ellipsofd, compressed from

above downward and constricted, sa\e on the dorsal aspect, by a median groove of

varying proportions. Its greatest dimension is the transverse diameter, about 10 cm.

(4 in. ) ; its least is the vertical (3 cm. ), while in the sagittal direction the cerebellum

measures about 4 cm. in the mid-line and about 5 cm. at the side. The cerebellum

weighs about 140 gm. (5 oz. ) and constitutes appro.ximately one-tenth of the entire

brain-weight.
.

The conventional division into a narrow median part, the worm, and the two

lateral expansions, the hemispheres, while convenient for the description of the

cerebellum of man, is not warranted by recent comparative and developmental
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studies (Stroiui, Elliott Siniih, Hradky, iiolk aiul others), since some de'tails ^iven
prominence in human anatomy are of secondary im|)()rtance, and others of greater
morphological siijnihcance are only slightly emphasi/i-d.

The surface of the cerebellum is divided hy the deeper fissures into more or less

well defmed areas, the hdiiUs, each of which is subdivided by shallower clefts into

narrow tracts, the /o/i'a, from 2-4 mm. in width, that usually pursue a curved course
within a ^iven lobule and, in a general way, run parallel to one another and to the
sulci bounding the tract. On separating the plate-like folia, or (^n making a section
across the plications ( I'ig. 943), it will be seen that the pattern of the f(jlia is gready
e.xtended by the presence of numerous additional furrows on the deeper and hidden
aspects of the leaflets, which are, therefore, ordinarily inxisible from the surface.

Whether free or sunken, the exterior of the cerebellum is everywhere formed by a
cortical layer (A gray matter, from 1-1.5 mm. thick, that (:nc\()sc^ a tncdullary layer
of white matter of variable thickness. Owing to this arrangement, sagittal sections
of the cerebellum expose an elaborate system of branching tracts of white and gray
matter, designated as the arbor vita ( Pig. 938).

The general ellipsoidal mass of the cerebellum, comprising the narrow centra]

vermis and the expanded lateral hemispheres, presents a superior and an inferior sur-

face and rounded anterior and posterior borders. Of these the anterior border is

indented by a wide groove, the anterior notch (incisura cercbelli anterior), which is

much larger than the posterior and bounded laterally by the cerebellar hemisjiheres
and behind by the anterior part of the worm. It is occupied by the inferior corpora
quadrigemina and the superior

Fig. 938.
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The upper surface of

the cerebellum is modelled by
the overlving tentorium and
presents a slight median trans-

versely furrowed ridge that cor-

responds to the upper surface

of the middle division, orworm,
and is known as the vermis superior. The most elevated part of this surface lies

a short distance behind the anterior notch. From this point, designated the mon-
ticidus, the upper surface slopes gradually downward on each side to the lateral

margins of the hemispheres, whilst it falls off more rapidly towards the posterior

notch.

The lower surface of the cerebellum is much less regular, owing to the pres-

ence of a wide median groove, the vallecula, that is bordered laterally by the

rounded hemispheres and is continuous in front and behind with the anterior and
posterior notches. The bottom of the vallecula is occupied bv the irregular ridge-like

surface of the middle lobe which is here known as the vermis inferior. The front

of the valley receives the dorsal surface of the medulla.

The cerebellum is incompletelv divided into an upper and a lower part bv a deep
cleft, the great horizontal fissure (sulcus horizontalis cercbelli). The sulcus

beg'ins in front, at the side of the middle cerebellar peduncle, by the junction of two
diverging limbs that embrace the three cerebellar peduncles. It passes usually con-

tinuously around the circumference of the cerebellum, but sornetimes is interrupted

Mesial sagittal section of brain-stem and cerebellum, showing fourth
ventricle. Sylvian aqueduct, and cerebellar worm.
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on the worm, and cuts deeply into the hxteral and ])osterior portions of the hemispheres
and the worm behind. It is, however, visil)le on the upper aspect of the cerel^eUum
only for a short distance as it approaches the i)osterior notch, the remainder of its

course beins^ masked by the overhant^inj^- border of the hemisjihere. Although
of cardinal importance in the usual description of the human cerebellum, the great
horizontal sulcus is of secondary morphological significance, being a secondary
fissure that is developed relatively late in man and feebly or not at all in many
other animals.

Both the vermis and the hemispheres are subdivided into tracts, or lobules, by
the deeper fissures ; these are grouped into lobes, in the conventional division of

the human cerebellum, by regarding each median division of the worm as associated
with a pair of lateral lobules, one for each hemisphere.

Lobes axu Fissures of the Upper Surface.—The subdivisions of the
superior worm are, from before backward :

—

(i) the lingula, (2) the lobiihis centralis,

(3) the CHh)ie7i, (4) the clivus, and (5) the folium caciuninis. With the exception
of the lingula, which usually is unprovided with lateral expansions, these median
tracts are connected respectfully with f2) the al<z lobidi centralis, (3) the anterior
crescentic lobule, (4) \\\ft posterior crescentic lobzde, (5) ihe. postero-supe?'ior lobule.

Lobus Lingulse.—Tlie lingula, the extreme anterior end of the superior worm, is not free,

but Hes attached to the uj^per surface of the superior medullary velum, ctn-ered by the over-
hanging adjacent part, lobulus centraUs, of the worm, which must be displaced to expose the

Fig. 939.
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Structure in question. The lingula consists of a tongue of gray matter, composed of five or six

rudimentary transverse folia, that overlies the median and lower part of the superior medullary

velum and, therefore, is behind the upper part of the fourth ventricle (Fig. 938). Occasionally

the lingula is prolonged laterally by rudimentary folia onto the superior cerebellar peduncles, in

which case these extensions, known as the alae lingulae (vincula lingulae) are reckoned as the

lateral divisions of the lobus lingulre.

Lobus Centralis.—The median part of the subdivision includes the second segment of the

upper worm, the central lobule (lol)uliis centralis), that lies chiefly at the bottom of the anterior

notch and is visible to only a very limited extent on the upper surface of the cerebellum. The
central lobule consists of from 15-1S folia, but not infrequently is divided into two sets of leaflets,

which then are collectively somewhat more numerous. It is separated from the lingula by the

precentral fissure and from the culmen by the postcentral fissure. On each side the central

folia are prolonged into a triangular tract that curves along the side of the anterior notch, form-

ing a lateral wing-like lobule, the ala (ala lolmli centralis). The two alee, in conjunction with

the median worm-segment, constitute the lobus centralis.

Lobus Culminis.—The third division of the upper worm includes the most prominent part

of the upper surface of the hemisphere and, being the crest or sumtnit of the general elevation.
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the monticulus, is rallecl the culmen (ciihneii moiiiiciili). It is formed by a half dozen or more
lunger aiul sliorter foha that laterally are coiitimioiis u itli a hiuate area of the hemisphere known
as the anterior cresccntic lobule (pars aruerinr lolmli (|iiarlraiii;iilarij4). The latter is the most
anterior di\isii)n ol the upper siirlaie of the heinisplure and is a broad crescentic tract limited

behind by the preclival fissure (sulcus superior anterior). The two anterior erescentic lobules and
the eiilmen constitiile the lobiis ( iilniinis.

Lobus Clivi.—The lointh se^^iuent of the superior vv(<rm slopes rapidly downward from the

culmen and receives the name clivus ( deelive moiiticiili). It is separated from the |)recetlinj^ part

of the w»)rm by a deep cleft, the central part of the preclival sulcus, wliiih on account of its mor-
pholojj;ical importance has been called the Jissiira priuiCi (IClliot Smith). Laterally the clivus is

connected on each side with the posterior crescentic lobule (pars posleri(»r lohuli (|iia(lrain{iilaris)

which resembles tin- lobuU- in front and is sei)arated from the one behind by the postclival

fissure (sulcus superior posterior). The clivus and the two posterior crescentic lobules constitute

the lobus I li\ i.

The two crescentic lobules, the anterior and posterior, are regarded by (ierman anatomists
as constitutiui^ one tract, the lohidits quadraiii^nlaris, of which the crescentic lobes then become
the pars aii/trior and f>ars posterior resi)ectivel\'.

Lobus Cacuminis.—The liftii and last set^menl of the superior worm, the folium cacuminis
(folium vermis), varies ijreatly in its details. It consists of a narrow plate that lies between
the clivus above and the tuber below and includes usually only one or two, exceptionally

as many as live or six, small folia. .Sometimes it reaches the level of the adjoining parts of

the worm, of which it forms the pt)sterior end ; at other times it is so sunken and buried that

its presence can be demonstrated only after separatin.y: the clivus and tuber, with either of

which it is occasionally joined. At best it is insignificant in comparison with the large

crescentic tracts, the postero-superior lobules, that it connects. The postero-superior lobule

(lobulus semilunaris posterior) inclutles the remainder of the upper cerebellar hemis])here of

which it forms the most expanded and lateral tract. In front it is separated from the jiosterior

crescentic lobule by the postclival fissure and behind is limited by the great horizontal

sulcus, which it overhangs at the side. The folium cacuminis and tiie two postero-superior

lobules constitute the lobus cacuminis.

Lobes AxND Fissures of the Lower Surface.—The inferior surface of

the cerebellum is modified by a wide depression, the vallecula, in the broader
upper half of which the posterior surface of the taperinsi^ medulla oblon<j^ata is

received. The bottom of the valley is occupied by the irreg^ular projection of

the inferior worm, which, when the brain-stem is in place, is covered and not
seen, except at its posterior third (Fig. 940). After removal of the pons and
medulla by cutting through the cerebellar peduncles and the medullary vela, not
only the entire inferior worm is exposed, but also the lobulus centralis and its

alae are seen to good advantage. The inferior worm is separated on each side
from the adjacent surfaces of the cerebellar hemispheres by a groove, the sulcus
valleculae, that is deepened in its anterior third by the close apposition of its lateral

boundary (the tonsil) with the worm.
The connections between the divisions of the inferior worm—from before back-

ward (i) the nodule, (2) the uvula, (3) the pyramid and (4) the tuber—and the
related parts of the hemisphere are less evident and direct than on the upper surface
of the cerebellum. The inferior surface includes four lobules which, from before
backward, are: (i) Xh^i flocculus, (2) the tojisil, (3) the biventral lobule and i\) the
postero-hiferior lobule.

Lobus Noduli.—The nodule (noduln.s), the most anterior segment of the inferior worm,
varies much in size and form, hut frequently appears as a rounded triangular prominence, made
up of about a dozen folia, that are limited at the sides by the sulcus vallecula? and behind bv the
postnodular fissure. The relation of the nodule to the inferior medullan- velum is somewhat
analogous, but less intimate, to that of the lingula to the superior velum. The two structures are
more or less extensively united, and the nodule thus excluded from the fourth ventricle by the
inferior \elum that passes beneath the inferior wonn to the apex of the posterior recess of
the ventricle (Fig. 938).

The division of the hemisphere associated with the nodule, the flocculus, lies at some
distance from- the worm and appears, on either side of the cerebellum, as a wedge-shaped
group of short irregular folia that project between the middle cerebellar peduncle and the
anterior border of the hemisphere. When well developed it may touch the adjacent margin
of the anterior crescentic lobule of the upper surface. In addition" to the chief floccules,
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composed of from ten to twelve leaflets, a second and smaller set, known as the paraflocculus

ox accessory Jloci'ulus, lies behind and lateral to the main jj;ri)iip, often completely buried beneath

the overhanging margin of the biventral lobule. In the embryo and in many mammals, the

paraflocculus is of considerable size and then shares the relatively much greater devehjpment

of the flocculus than seen in the adult human brain. The connection between the flocculus

and the nodule is established by the lateral part of the inferior medullary velum, which

constitutes the peduncle of white matter for the floccular folia. In this manner the nodule

and the two flocculi, with the intermediate part of the medullary velum, constitute the

lobus noduli.

Lobus Uvulae.—The uvula, the next |)art of the inferior worm, is laterally compressed

between the deeper parts of the two tonsils. It varies in form and often appears as a narrow

ridge-like structure, triangular on section, of which the median crest alone is seen when the

tonsils are in place. The uvula is limited in front by the postnodular fissure, and behind by

the prepyramidal, which laterally, as the post-tonsillar fissure, curves outward along the postero-

lateral border of tiie tonsil. The free median surface of the uvula is usually cleft into two or

three major subdivisions, which in turn are scored by shallower incisions, so that from si.x to ten

leaflets are present. Some two dozen additional folia mark the hidden lateral surfaces, the

entire number being thus usually raised to thirty or more.
The tonsil or amygdala (^lonsilla ), the segment of the hemisphere a.ssociated with the uvula,

is a pyramidal mass 1\ ing between the worm and the biventral lobule and forming the central

zone of the general ciuadrant embracing the lower surface of the entire hemisphere. The free

conve.\ inferior surface of the tonsil is irregularly triangular in outline and bounded by a rela-

tivelv straight median margin (along the sulcus vallecuke), an outwardly arched postero-lateral

Fig. 940.
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border (along the curved posttonsillar fissure) and a notched anterior edge. This, the chief

surface, is marked bv a straight furrow that extends from the indentation on the anterior border

backward and inward and marks a line along which the curved folia, from nine to fourteen m
number, abut. Of the other surfaces bearing folia—the median, posterior and lateral—that

directed towards the uvula (median) alone is entirely unattached, the others, with the sujienor,

receiving the stalk of white matter. The deeper part of the tonsil is subdivided, so that on

removing the larger and more superficial portion of the amygdala a buried and accessory

segment of its mass often remains. Beneath (really above) the tonsil, a narrow tongue,

marked with short transverse folia, stretches froin the posterior part of the uvula across the roof

of the space occupied bv the tonsil to the upper and lateral part of the amygdala. This tract,

known as the furrowed band ralae uvulae) connects the worm with the hemisphere and thus

joins the uvula and the two tonsils into the lobus uvulse. The posterior border of the

furrowed band is free, whilst its anterior one is continuous with the inferior medullary velum.

After removal of the tonsil bv cutting through its supero-lateral stalk, a deep recess is left,

which is bounded mediallv bv the uvula and laterally by the biventral lobule and roofed

in by the furrowed band and the inferior velum. To this space the older anatomists gave the

name, "bird's nest" [nidus avis).

Lobus Pyramidis.—The pyramid (pvramis) the segment of the inferior worm lying behind

the uvula and in front of the tuber, is partly covered by the tonsils. Posterior to the latter
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it is seen at the bottom of the vallecula between tlie median areas of the biventral lobules,

where it forms the most prominent division of the worm. It is an elongated club-shaj^d

m:iss, attached by a narrow stalk and separated from the adjacent parts of the worm by the

prepyramidal aiul postpyramidal fissures antl from the hemispheres by the sulci vallecuUe.

Tiu- toiuix iMlirioi siiri.ui- usually prt^t-iiLs from 5-.S superlicial folia, those towards the

uvula beinji loUKtr tlian llu)sc directed towards the tuber. Alter removal of the tonsil, a

narrow band, the connecting ridge, is seen passing;, on each sitle, iunn the anterior part of the

pyramitl to the adjacent mesial eiul t)f the biventral IoIm.-, which, in this manner, is brouj^ht into

relation with the worm.
The biventral lobule (lobiiliis bivenitr) ordinarily consists, as its name implies, of two sub-

divisions, whiih toi^ether appear on the surface as a curved zone, the e.xtremities of which are

more contracteil than the intermeiliate tract that attains a breadth of 15 mm. and mcjre. The

details of form and foliation are <juile variable, the lobule Ixring not only sometimes much
broader than usual, but farther subdivided, so that three, instead of two, tracts are included.

The broader outer end of the lobule reaches the anterior margin of the hemisphere, and the

narrowed inner end the vallecula, in conse(|Uence of which the component superficial concentric

leaflets, .some twelve to si.vteen in numlx^r, are compressed and thinner as they approach the

sulcus vallecuUe. The biventral lobule is separated from the tonsil, around which it curves, by

the lateral extension of the prepyramidal or post-tonsillar fissure and is limited lx:hind by the

arched postpyramidal fissure.

Lobus tuberis.—The tuber (tuber vermis) forms the most posterior division of the

inferior worm and lies beneath the great horizontal fissure when that sulcus is continuous

across the mid-line. When the folium c.acuminis is small and buried, the tulxrr comes

into close relation with the lower end of the clivus, the three divisions of the worm just

mentioned all springing from a common stalk of white matter. The tuber is of a general

Fig. 941.
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conical form, with the base directed towards the pyramid, from which it is separated by the

postpyramidal fissure, and its ape.x projecting into the posterior cerebellar notch. It presents

a few. from 2-4. superficial folia, which model the posterior pole of the worm, as viewed from

behind and above.

The tuber is directly connected on each side with a considerable crescentic tract, the

postero-inferior lobule (lobulus semilunaris inferiorV that is limited in front by the lateral

e.xtension of the postpyramidal fissure (sulcus inferior anterior"! and behind by the great hon-

zontal fissure. After emerging from the sulcus vallecula, the folia rapidly expand into

a lunate tract, from 15-25 mm. in its widest part, that forms the immediate posterior border

of the hemisphere. The postero-inferior lobule is usually described as di\-ided into two

parts, an anterior and a posterior, by the postgracile fissure (" sulcus inferior posterior), but

quite frequently further subdivision of the superficial folia, from 12-18 in number, results

in defining three sublobules. The anterior of the two conventional subdivisions is a narrow

tract of fairly uniform width to which the name lobulus f^raciHs is applied. The lunate

posterior area, much less regular in contour and foliation, is known as the inferior crescentic

lobule (lobulus semilunaris inferior) and sometimes presents evidence of subdivision into

two secondary crescentic areas. The postero-inferior lobules and the tuber constitute the

lobus tuberis.
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In recapitulation, the foregoing cerebellar lobes, with their component worm-segments and
associated hemisphere-tracts, and the intervening fissures may be followed in order, from the
anterior and superior end of the worm to its front and lower pole. Although not agreeing
with a morphological division, such grouping ^ is convenient as applied to the adult human
cerebellum.

WORM
Lingula

The Loi3es ok the Cerebellum,

hemisphere

(Vinculum lingulae)

Su/cus precentralis

Lobulus centralis Ala lobuli centralis

Sulcus postcentralis

Culmen monticuli Lobulus lunatus anterior

Sulcus prcclivalis

Clivus monticuli Lobulus lunatus posterior

Sulcus postclivalis

Folium cacuminis Lobulus postero-superior

Sulcus horizontalis

Tuber vermis Lobulus postero-inferior

Sulcus postpyraniidalis

Pyramis Lobulus biventer

Sulcus prepyrainidalis

Uvula Tonsilla

Sulcus postnodularis

Nodulus Flocculus

LOBE

Lobus lingulae

Lobus centralis

Lobus culminis

Lobus clivi

Lobus cacuminis

Lobus tuberis

Lobus pyramidis

Lobus uvulae

Lobus noduli

Architecture of the Cerebellum.—With the exception of where the robust
peduncular collections of nerve-fibres enter the hemispheres and immediately above
the dorsal recess of the fourth ventricle, the cerebellum is everywhere covered by a

continuous superficial sheet of cortical gray matter which follows and encloses the sub-
divisions of the white core. The latter, as exposed in sagittal sections of the hemi-
sphere, is seen to be a compact central mass of white matter, from which stout stems
radiate into the various lobules. From these, the primary stems, secondary branches
penetrate the subdivisions of the lobules, and from the sides of these, in turn, smaller
tracts of white matter, the tertiary branches, enter the indi\'idual folia. Over these
ramifications of the white core, the cortical gray matter stretches as a fairly uniform
layer, about 1.5 mm. thick, that follows the complexity of the folia and fissures.

The resulting arborization and the contrast between the white and gray matter are

particularly well shown in sections passing at right angles to the general direction of

the folia. This disposition is especially evident in median sagittal sections (Fig. 938),
where the less bulky medullary substance of the worm, also known- as the corpus

trapezoideum, and its radiating branches produce a striking picture, to which the

name, arbor vitcB cerebclli, is applied.

The Internal Nuclei.—In addition to and unconnected with the cortical

layer, four paired masses of gray matter, the internal nuclei—one of considerable

size and three small—lie embedded within the white matter.

The dentate nucleus ^nucleus dentatus), or corpus dentation, the largest and

most important of the internal nuclei, consists of a plicated sac of gray matter

TFig. 951) and resembles in many respects the inferior olix-ary nucleus. Like the

latter, it is a crumpled thin lamina of gray matter which is folded on itself into a

pouch, enclosing white matter, through whose medially directed mouth, termed the

hihim, emerge many fibre-constituents of the superior cerebellar peduncle. The
dentate nucleus never encroaches upon the core of the worm, but lies embedded
within the anterior part of the median half of the hemisphere, with its long axis

^Modified from Schafer and Thane in Quain's Anatomy, Tenth Edition.
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directed forward and somewhat inward and, therefore, slij;htly ohUquc to the saj^ittal

phuie. Anteriorly the nucleus reaches the level of a frontal |)lane passinj^ through

the precentral fissure ; laterally it extends to about the middle of the hemisjjhere

(Ziehen); whilst medially its postero-inferior end comes int<j such close relation with

the fourth ventricle that a slii^ht elevation, cviinentia miclci dcntati, is produced on

the lateral ventricular wall. In its lonj^est (antero-posterior) dimension the nucleus

measures from 15-20 mm., and in breadth about half as much.

Of the other paired internal collections (jf jii^ray mailer— llu- niu lens fasti^di, the

nucleus emboliformis and the nucleus j.;lobosus—ihe nucleus fastigii, or the roof

nucleus, is the best defined. It lies within the core of the worm, in the lower part

of liie corj)US trape/.oideum, \'ery close to the mid-line and to its fellow of the oppo-

site side. In its j.,^eneral form the nucleus is ct,^.i;-shaped, with the posterior jjole

somewhat i)rolonged, and in its sagittal diameter measures about 10 mm. and in the

transverse dimension about half as much. The nucleus extends from the base of the

Fig. 942.
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lingula to the stem of the pyramid, and in frontal sections (Fig. 942) appears circu-

lar in outline and closely related with fibre-tracts that in part end in the nucleus of

the opposite side.

The nucleus emboliformis, or embolus, is an irregular wedge-shaped plate

of gray matter that partly closes the hilum of the dentate nucleus, in much the same
manner that the median accessory olivary nucleus obstructs the mouth of the chief

olivary nucleus. In its sagittal diameter it measures about 15 mm. , and in the vertical

one gipproximately one-fourth as much ; it decreases in thickness from about 3 mm.
in front to a slender wedge behind. The embolus rests upon the superior cerebellar

])eduncle, its front end extending to within a few millimeters of the precentral

fissure and its posterior pole reaching almost as far back as the dentate nucleus,

with which it is united by a limited connection.

The nucleus globosus lies close to the medial side of the embolus, between
the latter and the roof nuclei. In its general form the nucleus is comparable to a

sphere attached to a sagittally directed stalk (Ziehen). The globular head, about

5 mm. in diameter and somewhat transversely compressed, lies above the tonsil and
is continuous with the stalk that extends backward for a distance of about 8 mm.

By means of uncertain and limited attachments the nucleus globosus is loosely

connected with the roof nucleus and the embolus, and also joins the postero-inferior

6q
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Fig. 943.
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part of the dentate nucleus. Since the latter and the embolus are likewise slightly

connected, it is e\ident that all four internal nuclei are more or less continuous

masses of gray matter.

In structure the internal nuclei differ markedly from the cerebellar cortex,

since in the main they are composed of irregularly disposed nerve-cells of one kind
interspersed with numerous nerve-fibres. The dentate nucleus contains cells from
.020-. 030 mm. in diameter whose bodies are angular or stellate in outline and pig-

menf^d in varying degrees. Their processes are usually so disposed that the axones
pass into the medullary substance enclosed by the plicated lamina and the dendrites

into the surrounding white matter of the hemisphere. Numerous fibres enter the

dentate body from without, many being the axones of the Purkinje cells, and break

up into a rich plexus within the folded sheet of gray substance. Since the nucleus
emboliformis and the nucleus globosus are only incompletely isolated jxuts of

the dentate nucleus, their structure corresponds closely with that of the chief mass.

The roof-nuclei, on the

contrary, possess cells of

much larger size (.040 to

.080 mm.), more rounded
form and greater uniform-

ity in tint, although their

general yellowish brown
color miplies less intense

pigmentation. Numerous
strands of nerve-fibres sub-

divide the nucleus into

secondary areas, while

some large transversely

coursing bundles establish

a decussation with the roof-

nucleus of the opposite

side.

The Cerebellar
Cortex.—When the folia

are sectioned at right

angles to their course, each

leaflet composing the
characteristic arborization

is seen to consist of a cen-

tral tract of white medul-
lary substance, covered in

by the continuous super-

ficial sheet of cortical gray
matter. The latter, usually somewhat less than one millimeter in thickness, includes

two very evident strata—the outer and lighter molecula}- iayc?' and the inner and
darker granule lave?:

The molecular layer is of uniform thickness, about. 4 mm., and contains three

varieties of ner\'e-cells—the Purkinje cells, the basket cells and the small cortical

cells. The Purkinje cells, the most distinctive nervous elements of the cerebellum,

occupy the deepest part of the molecular layer, where they are disposed in a single

row along the outer boundary' of the subjacent granular layer. The cells are most
numerous and more closelv placed upon the summit of the folium and fewer and
more scattered along the fissures, in which situation they are also often of less typical

pyriform shape. They possess a large flask-like body, about .060 mm. in diameter,

from the pointed and outwardly directed end of which usually one, sometimes more,

robust dendritic process arises. The chief process, relatively thick and very short,

soon divides into two branches, which at first diverge and run more or less horizontally

and then turn sharply outward to assume a course vertical to the surface and undergo
repeated subdivision. The arrangement of the larger dendrites is very striking and
recalls the branching of the antlers of a deer. The smaller processes arise at varying

^

Central limb
of white matter

Transverse section of cerebellar folium, showing relations of cortex to
underlying white matter. X lo.
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diameter, from

is the

Fig. 944

and often acute anj^les, the completed division ^eslJltinJ^^ as displayed by silver

impregnations ( I'i^. 944), in an arborization of astonishinj^ richness and extent that

often reaches almost to the outer boundary of the molecular layer. The dendritic

ramification of each cell is limited, however, to a narrow zone e.xtendinj^ across the

folium and, hence, when examined in sections cut parallel with the plane of the folium,

these expansions are found to be confined to tracts separated by zones of the molecular

layer that are unin\aded by the dendrites of the Purkinje cells. The axones oi

the latter arise from the rounded basal or deeper entl of the ])yriform body and at

once enter the j^ranular layer, which they traverse to ^ain the white medullary core

of the folium. In their course the axones jjji\e ofT a few recurrent collaterals that

end within the molecular la\er in the vicinity of the bodies of the cells of i\irkinje.

The stellate or basket cells lie at different planes, but chiefly within the

deeper half of the molecular layer. They possess an irregular stellate body, from

.010-.020 mm. in diameter, from which several dendrites radiate. Their chief

feature of interest

remarkable relation of

the axone, which extends

across the folium in an
approximately horizontal

plane along; and to the

outer side of the row of

the Purkinje cells. During
this course the axone gives

of? from tiiree to six

collaterals that descend

to the cells of Purkinje,

whose bodies they sur-

round and enclose with a

basket - like arborization,

the terminal ramification

of the main process itself

ending in like manner.
By means of this arrange-

ment each basket cell is

brought into close relation

with several of the larger

elements.

The small cortical

cells occur at all depths, but are most numerous in the more superficial planes,

in which they appear as diminutive multipolar elements with radiating dendrites and
axones of uncertain destination.

The granule layer, of a rust-brown tint when fresh and deeply colored in

stained preparations, is thickest on the summit of the folia and thinnest opposite the

bottom of the sulci. While sharply defined from the overlying molecular layer, it is

less clearly distinguished from the medullary substance. The granular layer con-

tains two varieties of nerve-cells—the granule cells and the large stellate cells.

The granule cells are very small (.007-. 010 mm.) and numerous and so closely

packed that they confer upon the stratum its distinctive density. They are provided

with from three to six short radiating dendritic processes that end in peculiar claw-

like arborizations in relation with other granule cells. The a.xones, directed towards

the surface, enter the molecular layer, within which, at \-arious levels corresponding

to the depth of the cells, they undergo T-like division. The two resulting branches

run horizontally and lengthwise and in the folium—that is, parallel to the surface and
at right angles to the plane of expansion of the dendrites of the Purkinje cells, through
the arborizations of which they find their way and with which they probably come
into close relation.

The large stellate cells are present in varying number, but are never numer-

ous. They lie close to the outer limit of the granule layer and possess a cell-body of

uncertain and irregular form, from .030-. 040 mm. in diameter, from which usually

Purkinje cell from silver preparation of cerebellar cortex; .4 , axone. X 120.
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several richly branched dendrites pass in various directions, but largely into the

molecular layer. The axone is most tlistinctive, as Aery soon after leaxing the cell it

splits up into an arborization of unusual extent and complexity, which, however, is

confined to the granular layer. These cells, therefore, belong to those of type II

(page 998). Since by their processes they are brought into intimate relation with

a number of other neurones, the elements under consideration are probably of the

nature of association cells.

The nerve-fibres encountered within the cerebellar cortex (Fig. 945) comprise

three chief varieties, (i) The first of these includes the axones of the cells of Purkinje

which contribute an inconsiderable portion of the fibres passing from the cerebellar

cortex to other parts, either of the cerebellum itself or of the cerebrum and brain-stem.

(2) The moss-fibres destined especially for the granular layer, which upon enter-

KiG. 945.
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addition to a short and uncertain centrally directed process, the irrej^uhir cell gives

off a brush-like group of fibrilUe which penetrate the mf>lecular layer, seldom branch-
ing, as tar as the free surface of the folium, when they end beneath the j)ia in exj)an-

sions that become conilenscd and unite into a tlelicate limiting membrane. The
radial disposition of the neuroglia fibres, as well as tA the I'urkinjean dendrites,

climbing fibres and the larger blood-\essels, confer upon the molecular layer a
vertical striation that is often marked.

The Medullary Substance.—The white matter composing the core of the cerebellar

hemispheres exhibits sever.il l.iirly definite subdivisions, ainonjj which may be distinguished :

1. The subioriiiit/ layer, from .2-. 5 mm. in thickness, that extends fjeneath the granule
layer, parallel to the surface, and sweeps around the bottom of the deeper fissures. Within the

series of festoons thus formed lie the association tracts that connect the folia and lobules of the

same hemisphere.

2. The lotntnissural tracts, of which the larger lies in front of the dentate nucelus and the

smaller behind this nucleus, are continued across the mid-line and into the ojiposite hemisphere
as the anterior (superior) and the posterior ( inferior; cerebellar decussations.

3. The peridentate stratum that comprises a fibre-comple.x that surrounds the nucleus
dentatum.

Within the medullar)' substance of the worm, lie :

1. The superior cerebellar commissure, a robust tract of transversely coursing fibres that

passes in front of the roof-nucleus and, beyond the worm, expands on each side into the main
limbs of the medullary tree. It is chiefly by the decussating fibres witiiin this commissure that

the cortex of the two hemispheres is connected.

2. The inferior cerebellar commissure passes behind the roof-nucleus and consists of a
number of small transversely coursing bundles.

3. The decussation of the roofnuclei constitutes a commissural and decussating tract distinct

from that of the cerebellar commissures just described. The rounded bundles traverse the
roof-nucleus, particularly its superior (anterior) part, more distally skirting iLs dorsal margin
and, still farther backward, invading the beginning of the horizontal medullar)- limb.

4. The median sagittal bundle extends from the superior medullary velum beneath the roof-

nucleus into the medulla of the worm ; above, these fibres are continued upward through the
velar frenum and into the inferior quadrigeminal colliculus.

In addition to the foregoing tracts, the central parts of the branches of the medullary tree,

not only of the hemispheres but also of the worm, are occupied by longitudinally coursing fibres

that pass directly into the white core, and thence are continued into the cerebellar peduncles as

the afferent and efferent paths by which the cerebellar cortex is brought into relation with other
parts of the brain and spinal cord.

Fibre-Tr.\cts of the Cerebellar Peduncles.

Repeated mention has been made of the three robust arms of white matter,
the peduncles, that enter the medullary substance of the cerebellum and ser\'e

to transmit the fibre-tracts that connect the cerebellum with the cerebrum, the
brain-stem and the spinal cord. The general features of the inferior, middle and
superior cerebellar peduncles are described in connection with the medulla, the pons
and the mid-brain respectively. It will be convenient in this place, in connection
with the cerebellum, to consider more in detail the constituents of these important
pathways.

The Inferior Cerebellar Peduncle.—This robust stalk (corpus restiforme),

also known as the restiform body, includes not only the tracts connecting the cere-

bellum with the spinal cord, but also those that link the cerebellum and the medulla.
Two divisions, the spinal and the bulbar, are therefore often recognized.

The chief constituents of the inferior peduncle are :

1. The direct cerebellar tract, the fibres of which arise from the cells of Clarke's column,
course through the lateral part of the inferior peduncle and end in the cortex of the anterior part

of the superior worm on the same side, some fibres reaching the opposite side of the worm by
way of the superior commissure.

2. The arcuate fibres (anterior and posterior superficial), from the gracile andcuneate nuclei

of the opposite and the same side. Additionally, perhaps, some fibres are continued.without inter-

ruption in the medullar)- nuclei, from the posterior fasciculi of the cord. All of these, direct and
indirect, end chiefly witliin the cortex of the superior worm of the same and the opp>osite side.
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3. The olivo-cerebellar fibres, chiefly from the opposite inferior olivary nucleus but to a
limited extent also from the nucleus of the same side. They contribute in large measure to the
tormation of the lateral part of the restiform body and, on reaching the cerebellum, end within
the cortex of the hemisphere and worm, as well as within the fibre-complex enveloping the
nucleus dentatus. Whilst for the most part afferent, it is probable that some of the fibres within
the tract are efferent and hence conduct impulses in the contrary direction.

4. Fibres from the nucleus lateralis of the medulla, which pass to the cortex of the cere-
bellar hemisphere.

5. Fibres from the arcuate nucleus, which pass to the cerebellar cortex.
6. The nucleo-cerebellar tract, comprising fibres from the cells within the reception-nuclei

of the trigeminal, facial, vestibular, glosso-pharyngeal and vagus nerves. The tract occupies
the median part of the peduncle and ends chiefly in the roof-nucleus of the same and of the
opposite side.

7. (3ther fibres pass in reversed direction from the roof-nucleus to the dorso-lateral
(Deiters') vestibular nucleus of the auditory nerve and thence, as the vestibulo-spinal tract,
descend through the medulla into the antero-lateral column of the cord.

8. Additional vestibular (and, possibly, other sensorv) fibres pass without interruption by
way of the restiform body to the roof-nuclei and constitute the direct sensory cerebellar tract
of Edinger.

The Middle Cerebellar Peduncle.—The middle peduncle (brachium pontis),
\yhicl-i continues the pons laterally into the medulla of the cerebellum, transmits the
fibres whereby the impulses arising within the cerebral cortex are con\eyed to the
cerebellum. It does not establish direct connections between the cerebellar hemi-
spheres, as it might be supposed to do from its transverse position and intimate
relation with the cerebellar hemisphere, such bonds from side to side passing
exclusi\'ely by way of the commissures within the worm.

The ciiief constituents of the middle peduncle are :

1. The continuations of the fronto-cerebellar and temporo-occipito-cerebellar tracts, the
fibres of which arise from the cortical cells within the frontal, temporal and occipital lobes
respectively, descend through the internal capsule and the cerebral crus, and end around the
cells of the pontile nucleus. From the latter cells arise the ponto-cerebellar fibres, the imme-
diate constituents of the middle peduncle, that for the most part cross the mid-line and traverse
the peduncle to be distributed to all parts of the cortex of the hemispheres and of the worm and,
possibly, also to the nucleus dentatus. A small number of these fibres do not decussate, but
pass from the pontile cells to the cerebellar cortex of the same side. It should be remembered
that the pontile nuclei are also influenced by cortical impulses that descend by way of the pyram-
idal tracts, since numerous collaterals from the component fibres of these motor paths end
around the pontile cells.

2. Efferent cerebello-pontile fibres, distinguished from the afferent fibres by their larger
diameter, originate as axones of the Purkinje cells and pass from the cerebellar cortex through
the middle peduncle into the dorsal part of the pons, where, alter crossing the mid-line, they
are believed ( Bechterew) to end within the tegmentum in relation with the cells of the nucleus
reticularis tegmenti close to the raphe. The assumption, often made, that many of the efferent
cerebello-pontile fibres end around the cells of the nucleus pontis, lacks the support of the more
recent observations.

The Superior Cerebellar Peduncle.—The superior peduncle (brachium con-

junctivum) forms, with its fellow of the opposite side, the important pathw'ay by which
the cerebellar impulses are transmitted to the higher centres and, eventually, to

the cerebral cortex, as well as indirectly to the spinal cord.

Its chief constituents are (i) the cerebello-rubral and (2) the cerebello-thalamic fibres

collectively known as the cerebello-tegmental tract. The principal components of the latter are

the fibres arising from the cells of the dentate nucleus, which, emerging from the hilum of the

corpus dentatum and receiving augmentations from the roof-nucleus and, probably, to a limited

extent from the cortex of the worm, become consolidated into the rounded arm that skirts the
supero-lateral boundary of the fourth ventricle. Converging with the tract of the opposite side

towards the mid-line, the peduncle sinks ventrally and disappears beneath the corpora quadri-

gemina, many of its fibres continuing their course through the tegmentum of the cerebral peduncle
into the subthalamic region and the thalamus. On reaching a level corresponding to that of
the upper third of the inferior colliculi of the quadrigeminal bodies, the tracts of the two sides

meet and begin to intermingle, the decussation of the superior peduncle (Fig. 960) thus estab-
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lislud hfiii}^ lust marked ojiposite the siipcrior colliciili. Above this decussation, which, how-

cvtr, dofs not iiivolvr all of its fibres, since some asniid on the same side, the rerebello-tegmcntal

tract is in lar^e measure iiilerrui)le(l in tiie red nucleus (nucleus itKinenti ruber), that lies within

the upper part of the tejjuiental area of the cerebral crus (|jaj;e 11 14). The fibres not ending

around the cells of this nucleus are continued throuj^h the subthalamic region into the thalamus,

in relation to the cells of which they terminate.

Of those ending within the red nucleus, the majority transfer their impulses to fibres that

arise from the rubral neurones and thence proceed to the thalamus in company with the imi'i-

terrupted libres. I'rom the

thalamus the impulses are p-^; ^^5
carried by the thalamo-cortical

paths (page 11 22) to the cere-

bral cortex, the cells of which

are thus influenced by the

coiirdinating reflexes oi the

cerebellum.

A considerable part of

the impulses conveyed to the

red nucleus is diverted by the

axones of some of its neurones

into an entirely different path,

namely, the rubro-spinal tract,

which decussates antl carries

impulses from the cerebellum

til rough the brain-stem and
antero-lateral column of the

cord to the anterior root-cells

of the spinal nerves.

From the foregoing
descriptions it is evident that

by means of its peduncles the

cerebellum receives no small

part of the sensory impulses

collected by the spinal and
cranial nerves and, in turn,

issues the impulses necessary

to maintain coordination and
equilibrium. Such impulses

may be entirely reflex, as in

the case of movements per-

formed automatically, in which
instance the circuit is {a)

from the spinal cord and the

medulla, directly or indirectly,

to the cerebellum chiefly by
way of the tracts within the

inferior cerebellar peduncles

;

{d) from the cerebellum to the

motor root-cells within the

brain-stem and* the cord by
way of the cerebello-vestibulo-

spinal tract and the cerebello-

rubro-spinal tract.

When the necessity
arises for voluntary efforts

in maintaining equilibrium,

the circuit includes impulses
from the cerebral cortex, in

which case the cerebello-
rubro- thalamo-cortical tract

and the cortico-spinal tract form the most direct path. As accessory to this an indirect path,

impulses by way of the cortico-ponto-cerebellar and the cerebello-rubro-spinal tracts, mav be
assumed as probably taking part in securing the necessary motor balance.

/estibular
rom n. lateralis

Ant. superf. arcuate
Post, superf. arcuate

Direct cerebellar

Nucleo-cerebellar

Olivo-cerebellar

Posterior nuclei

Rubro-spinal tract

Posterioi tracts

Diagram illustrating chief components of cerebellar peduncles ; fibre?

passing by inferior peduncle (IP) are red ; those by superior peduncle (SP)
are blue; those by middle peduncle (MP) are black; C, cerebrum; T.
thalamus; IC, internal capsule; R, red nucleus; Cb, cerebellum; d. dentate
nucleus; p, pontine nucleus; v, l,o, vestibular, lateral, and inferior olivary
nuclei; s, reception nuclei of sensory nerves; Sg .spinal ganglion; i, 2,

cerebello-rubral fibres, one of which (4) is continued downward as rubro-
spinal tract; 3, cerebello-thalamic

; 5, rubro-thalamic ; 6, thalamo-cortical;
7, fronto-pontine; 8, teinporo-occipito-pontine

; 9, 10, ponto-cerebellar fibres.
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THE FOURTH VENTRICLE.

The fourth ventricle (ventriciilus quaitus), the persistent and modified hind-brain
segment of the primary neural canal, is an irregular triangular space between the
pons and the medulla in front, and the inferior cerebellar worm and the superior and
inferior medullary vela behind. The lateral boundaries are contributed by the supe-
rior and inferior cerebellar peduncles. Its long axis is approximately vertical and
about 3 cm. in length, measured from the lower extremity, wliere the ventricle is

directly continuous with the central canal enclosed within the medulla and spinal

cord, to the upper end, where it passes into the aqueduct of Sylvius. Its width is

greatest (about 2.75 cm.) somewhat below the middle, where this dimension is

increased by two lateral recesses, one on each side, that continue the cavity of the
ventricle over the restiform body.

The Floor of the Fourth Ventricle.—The floor of the ventricle, really its

anterior wall, when viewed from behind after removal of the cerebellum aiid the
medullary vela, appears as a lozenge-shaped area (fossa rhomboidea). The upper half

of the floor is formed by the dorsal or ventricular surface of the pons and is bounded

Fig. 947.
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Lateral recess

Superior posterior recesses
Lower end of ventricle contaniing foramen of Magendie

"

g

Cast of cavity of fourth ventricle ; A, from the side ; B, from above. X t- (Rt-lzius.)

laterally by the upwardly converging superior cerebellar peduncles. The lower half

is formed by the ventricular surface of the open part of the medulla and is bounded
by the downwardly converging inferior cerebellar peduncles and the clavae. The
narrow lower angle of the rhombic area, long known as the calamus scriptorins,

corresponds to the interval between the clavae, where the central canal of the cord
communicates with the fourth ventricle. The upper angle, situated beneath the

superior medullary velum and, therefore, described by some anatomists as belonging
to the isthmus of the hind-brain (rhombencephalon), marks the lower end of the

Sylvian aqueduct. The length of the rhombic fossa is about 3 cm. , and its breadth,

greatest at the level of the auditory nerve, is about 2 cm.

In consequence of the elevation of its lateral boundaries, the floor appears sunkeni

and corresponds approximately with the frontal plane, being almost vertical. It is-

divided into symmetrical lateral portions by a median groove (sulcus medianus longi-

tudinalis sinus rhomboidalis), and into an upper and a lower half by transverse mark-
ings, the acoustic striae (striae acusticae), which on each side arise from the nuclei of

the cochlear nerve, wind over the restiform body and cross the floor of the ventricle

to disappear within the median furrow. At its lower end, where it sinks into the

central canal of the cord, the median groove becomes somewhat wider, the resulting

depression being sometimes designated the veyitricuhis AraJitii. Roofing in the

ventricle at this point and bridging the cleft separating the posterior columns, lies a
thin triangular sheet of loose vascular tissue, the obex, which laterally is continuous
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witli tile ileliratf loof-mcinhraiir, known as the tela chorioidea. Toward ils upijcr

fiid the longitudinal furrow jjriscnts a second expansion, the fossa incdiana. Ihc
acoustic stria- \ary greatly in distinctness and arranj^enient, sometimes appearinj^ as

well-marked bands that cross the ventricular floor with little divergence, or they may
constitute a fan-shaped group in which the strands may be irregularly disposed or

even overlap ; in other cases they may be much less distinct on one side, or so feebly

marked on both as to be unrecognizable. (Juite frecjuently one band diverges from
the others and crosses the floor oblicjuely u|)W'ard and outward. This strand, spe-

cially designated as the conductor sonorus, is seldom cvjually distinct on the two
sitles, being usually better seen on the left.

The inferior division of the ventricular floor, that lying below the acoustic

striae, presents three general fields of triangular outline. The one next the median
groove, with its base above and its apex directed towards the lower angle of the

ventricle, which it almost reaches, is the trigonum hypoglossi, so called from the

fact that it i)artly overlies the nucleus of the twelfth nerve. Lateral from the last

KiG. 94S.

Fovea superior

Acoustic striie_

Corpora quadrigeniitia

S\ Iviau aqueduct

Superior cerebellar peduncles

- Emiiieritia teres

Trigonum
hypoglossi

Trigonum vagi

White core of
cerebellum

Trigonum acustici

' Funiculus gracilis

Floor of fourth ventricle exposed after removal of its roof by frontal section.

named area is a somewhat depressed triangular field of darker color, the apex of w hich

is placed above, near the acoustic striae, and the base below ; this held is known as the

ala cinerea, from the dark tint imparted to it by the pigmented cells lying beneath,

and as the trigonum vagi, in recognition of the subjacent glosso-pharyngeo-xagus

nucleus. The remainder of the inferior division of the ventricular floor includes an
elevated triangular field, the trigonum acustici, that is part of the larger tract, the

area acustica, which occupies not only the lateral angle of the rhomboidal fossa,

where it is crossed by the acoustic striae, but also the adjacent portion of the superior

division of the ventricular floor. Laterally, the acoustic area presents a distinct

elevation, the tuberculum acusticum, which, together with the adjacent part of

the trigonum acustici, is related to the nuclei of the cochlear nerve ; the more median
portion of the acoustic area, on the other hand, belongs to the vestibular division.

The superior division of the ventricular floor, above the acoustic striae, is

nvarked on each side of the median groove by a prominent elevation, the eminentia
teres, which below is continuous with the trigonum hypoglossi and above narrows and
fades away towards the floor of the Sylvian aqueduct. Laterally the eminence is

bounded by a depressed area, the fovea superior, which is the expanded upper part

of a second longitudinal furrow, the sulcus lateralis, that defines the outer limit ol

the eminentia teres and below is continued into the depressed trigonum vagi, to which
the name, fovea inferior, is sometimes applied. Above and to the outer side of the
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superior fovea, the ventricular floor presents a slightly sunken field, the locus
coeruleus, which extends upward to the Sylvian aqueduct and in fresh i)reparations
possesses a bluish gray tint in consequence of the deeply pigmented cells of the
underlying substantia ferruginca (page 1081) showing through the ependymal layer.

The accurate description of tlie surface markings of the ventricular floor given by Retzius,'
has been supplemented by Streeter's'- careful study of the relation of these details to the under-
lying structures. The most important results of these observations, which have materially

advanced our understanding of this important part of the brain-stem, may here find mention.
The trigonum hypoglossi is seen, especially when examined under fluid with a hand-lens,

to include two subdivisions, a narrow median and a broader lateral. The first of these is con-

vex, about 5 mm. long by i mm. wide, and corresponds to the rounded upper end of the nucleus
of the twelfth nerve ; it is, therefore, appropriately called the eminentia hypoglossi (Streeter).

The entire hypoglossal nucleus, however, is of much larger size (about 12 mm. long by 2 mm.
wide) and extends some 5 mm. below the tip of the calamus scriptorius, ventral (anterior) to the

Fig. 949.
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vagus nucleus and nucleus gracilis. Lying immediately above the hypoglossal eminence is a
second and somewhat less pronounced elevation, formed by the nucleus funiculi teretis and meas-
uring nearly 6 mm. in length by i mm. in breadth. Lateral to these two median elevations and
limited externally by the ala cinerea, lies a wedge-shaped field that is insinuated between the

hypoglossal eminence and the vagal trigone. It stretches from the acoustic striae above to the

nib of the calamus scriptorius below. This field, named the area plmnifonnis by Retzius on

account of its feather-like markings, is regarded by Streeter as corresponding to a group of cells,

the nucleus intercalatus, that occupies a superficial position in the ventricular floor and partly

overlies the hypoglossal nucleus.

The fovea vagi fala cinerea), which lies lateral to the nucleus intercalatus, corresponds to

the middle and superficial third of the vago-glosso-phar^-ngeal nucleus, the entire extent of the

latter including a tract measuring about 13 mm. in length by 2 mm. in breadth, that stretches

from beneath the vestibular nucleus above to over 2 mm. beyond the inferior angle of the

ventricle. The lower third of the area of the vagus nucleus is partly within the ventricle

;

immediately above the obex this intraventricular portion is covered by a layer of loose vascular

tissue and appears as an upwardly diverging pointed field, area postrema of Retzius. This is

separated from the ala cinerea by a translucent ridge, the funiculus separans, composed of

thickened ependymal neuroglia (Streeter).

• Das Menschenhirn, 1896.
' Amer. Journal of Anat. Vol. II, 1903.
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The |)n)ininfiRf ol the LiiiiiR-ntia teres is clue to the uiulerlyiii^j nii< lens of llie sixth nerve,
enclosed by the knee d the facial ; for it, therefore, Streeler pro|>oses the name eminentia abdu-
centis. The K)nKitnciinal ricl^e tiiat continues upward and houiuis the median f<jvea, the last

cited author inler|)rets as due to a held of gray matter, tiiin in the vicinity of the abducent
eminence and thicker above, to which the name nucleus incertus is applied. Lateral t<j the
nucleus incertus and the facio-abduceiit eminence, lies the fovea anterior, which el(jn;iated and
depressed area (nearly 6 mm. lunj; by i mm. wide) is due to the exit of the root of the fifth

nerve; it may, therefore, be called the fovea trigemini. The median p(jrti(jn of the elevatec!

acoustic area includes the elonj^ated and irre^'ularly lozenge-shaped vestibular area, that
measures about i6 mm. in length by 4 mm. in breadth and extends from the fovea anterior
(trigemini) to the nucleus gracilis. The lateral part of the area acustica is occui)ied by the
cochlear area, which stretches into the recessus lateralis and overlies the nucleus cochlearis.

Corpora quadrigcm

Superior
cerebellar peduncle

Tela chorioidea
and choroid plexus

The Roof of the Fourth Ventricle.—Viewed in median sag:ittal section (Fi^.
93S), the roof of the fourth ventricle appears as a tcnt-likc structure, whose walls,

where they come together, bound a space, the recessus tecti, that penetrates the
cerebellar medulla
between the superior Fig. 950.

and inferior worm.
The upj)er wall of

the tent is formed hy
the superior med-
ullary velum, the

triangular sheet of

white matter stretch-

ing from beneath
the quadrigeminal

bodies above to the

medullary substance

of the cerebellum
below, and is oxer-

laid by the rudimen-

tary cerebellar folia

of the lingula. It

must be understood

that the ventricular

surface of the velum
is clothed by the

ependyma—as are all other parts not only of the fourth ventricle but of all the
ventricular cavities. Laterally the superior medullary velum is attached to the
superior cerebellar peduncles, which to a limited extent share in closing in this

part of the ventricle (Fig. 936).
The lower half of the roof comprises two parts, an upper and thicker crescentic

plate of white matter, the inferior medullary velinu, and a lower and extremely thin

membrane, the tela ehorioidea. Medially the inferior medullary velum is attached
for some distance to the front and lower surface of the nodule, which it excludes,
strictly regarded, from the ventricle, whilst laterally the velum is prolonged to the
flocculus, its fibres becoming continuous with the white core of this subdivision of

the cePebellum. The nervous constituents of the velum extend only as far as its

crescentic lower border, beyond which the roof of the ventricle, in a morphological
sense, is formed by the ependymal layer alone. This, however, is supported by a

backing of pial tissue, which, in conjunction with the ependyma, .forms the tela
chorioidea. On nearing the lower angle of the ventricle, the roof presents a trian-

gular thickening, the obex, that closes the cleft between the clavae and lies behind
(above ) the nib of the calamus scriptorius.

On each side the obex, which consists of a layer of white matter fused with the
underlying ependyma. is coiitinuous with the slightly thickened margin of the roof,

the taenia ventriculi, whose line of attachment passes from the clava upward and
outward over the cuneate tubercle of the medulla and the restjform body and, farther

upward, runs obliquely across the dorsal surface of this peduncle to close in the lateral

Inferior worm

Dorsal portion of preparation shown in Fig. 94s; roof oi fourth ventricle is seen
from below.
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recess—one of the pair of diverticula that overhe the inferior cerebellar peduncles
and add materially to the transverse dimension of the ventricle. After enclosing the

lateral recess the taenia leads to the stalk of the flocculus and the inferior velum.
Within the triangular field of the taenia chorioidea. the pia mater takes advan-

tage of the attenuation of the ventricular wall to effect invaginations by which its blood-

vessels apparently gain entrance into the ventricle. Such invaginations, known as

the choroid plexus of the fourth ventricle, occur in the ventricular roof

on each side and in the immediate vicinity of the mid-line, where they appear as

parallel villous or fringe-like stripes, the median plexus, which extends upward
from near the obex to the inferior medullary velum. Opposite the nodulus they

Nucleus ^lohosus--

Nucleus
emboliformis

\^V
Inferior \^orni

D ntate nucleus

Nucleus dentat

- "^-
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of v. ner\ e ^f( ^ .^ // ;
' 'X^ <'§^

f.

Lateral recess

, ,
, , ^''Ij'i.'y'^ I r> ^ X ^ Choroid 1 lexu

Inferior oluar\ nucleus ^t*- -<v<^ V ' \^ \

— Cerel^elluni

rtocculus)

' Poster or longitudinal fasciculus

Pyramidal Iracts

Section across lower third of fourth ventricle, showing internal cerebellar nuclei, choroid plexus, lateral recesses and
medulla ; new-born child. X 3/^. Preparation by Professor Spiller.

diverge and, as the lateral plexuses, invaginate the wall of the lateral recesses.

The vascular complex lies within the fold of pial tissue, the space between the pial

layers being occupied by prolongations of the arachnoid.

Notwithstanding its conspicuous thinness during the first half of foetal life, the tela

chorioidea suffices to completelv close the ventricle. From about the fifth month,

however, the delicate membrane is perforated by an aperture that remains throughout

life. This opening, the foramen of Magendie fapertura medialis ventriculi qiiarti)

lies immediately above the obex and between the strands of the choroid plexus.

Two additional clefts, the foramina of Luschka (aperturae laterales), usually exist,

one on each side, in the wall of the lateral recesses in the neighborhood of the vago-

glosso-pharyngeal nerves. By means of these three openings, and probably by these

alone, the system of ventricular cavities and the central canal of the spinal cord are

brought into communication with the subarachnoid lymph-space. A path is thus

provided by which the cerebro-spinal fluid, secreted within the lateral, third and fourth

ventricles by the various choroid plexuses, constantly escapes and thereby prevents

undue accumulation and distension within the cavities of the brain and spinal cord.

THE DEVELOPMENT OF THE HIXD-BRAIN DERIVATIVES.

In the g:eneral sketch of the development of the brain previously ^iven (paere io6r), it was
pointed out that the hind-brain, or rhombencephalon, includes two subdivisions, the myelenceph-

alon and the metencephalon. the extreme upper part of the latter being desigjiated the isthmus.

It has been further noticed that the junction of the cord and brain-segments of the neural tube

ccresponds with the conspicuous cervical flexure, whose early appearance is followed by an
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outward ht-iuliiij; of iIil- lateral walls of the brain-vesicle ami the stretcliiii}^ and (lattenini^ oi the
roof-plate. In conseiiiieiue of these chaiij^es the roof of the rhonibcncephaloii becomes reduced
to an attenuated sheet which, when viewed from

Flv 952.
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Reconstruction of brain of human embryo of 22.8
mm., showing hind-brain and part of mid-brain viewed
from behind. X 12. Drawn from model made by
Dr. Ewing Taylor.

above, appears as a lozenge-shaped membrane
that (loses in the subjacent cavity, the subse-

(jiient fourth ventricle. It has also been pointed

out (i^i^e 1049) t'l'i'^ I'l^' relatively thick lateral

walls of tin- neural tube e.xhibit, even widiin the

cord-sejjment, a difTerenliation into a tforsa/

and a -'cntral zone (the alar and basal lamiiue

of His), which subdivisions are associated with

the sensory and motor root-fibres of the nerves

respectively. Similar relations, in a more pro-

nounced dejjree, are evident within the brain-

stem and are of much interest as indicatinsj; the

mor|)holoi::ical correspondence of tlie purely

niotor nerves (the third, fourth, si.xth and
twelfth) on the one hand, and of the mi.xed

nerves (the fifth, seventh, ninth and tenth) on
the other.

The Medulla.—The jj;reat preponderance
of the nervous matter alonj; the Hoor of the

fourth ventricle, as represented by the medulla,

is due primarily to the outward bending of the

lateral walls of the myelencephalon, supple-

mented by the accession of large tracts of

nerye-fibres that later grow in from other parts

,of the cerebro-spinal a.xis. In consequence of

the former change, the dorsal zones of the side-walls are gradually displaced laterally ; at

the same time they become partly folded on themselves to produce along their outer margin
the rhombic Up (His), which is directly continuous with the e.xpanded and thin roof-plate.

Later, the dorsal zones come to lie almost horizontally, their ventricular surface corresponding
with that of the ventral lamina?, in conjunction with which the floor of the definitive fourth

Fig. 953. ventricle is later formed. Coin-

superior colliculus cidently with the outward mi-
gration of the dorsal laminae,

the ventral zones also thicken
and assume a much more hori-

zontal position, with their inner

ends separated superficially by
a median furrow and, deeper,
by,the compressed remains of

the floor-plate. \'ery early and
before the flattening out of the

myelencephalon has advanced
to any marked e.xtent, the de-

marcation between the dorsal

and ventral zones is evident as
a lateral longitudinal groove
on the ventricular surface of

the myelencephalon. Indica-

tions of this division persist

and in the adult medulla are

represented by the fovea in-

ferior and the sulcus lateralis

seen on the floor of the fourth

ventricle. As in the cord-seg-

ment, so in the 'myelencepha-

lon the lateral walls are the

only regions of the neural tiibe

in which neuroblasts are devel-
opei*, the roof- plate and the floor-plate containing spongioblasts alone.

', tK^'^% ^^^^y ^"d before the flattening out of the myelencephalon has advanced to any marked
extent^ within the ventral zones and close to the mid-line, appear groups of neuroblasts, from
which, agones grow ventrally to form the root-fibres of the motor (hypoglossal) nerves. Sensory
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Reconstruction of hind-brain of human embr>-o of about three months
(50 mm.), viewed from side and behind. Drawn from His model.
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fibres are also early represented by bundles which grow centrally from the ganglion of the vagus

towards the developing medulla, upon whose surface, opposite the junction of the dorsal and

ventral zones, they appear as a llattened oval bundle (fasciculus solitarius). For a time super-

ficial and loosely applied, this l)undle gradually becomes more deeply placed in consequence of

the extension, ventral folding, and final fusion of the rhombic lip with the remainder of the dorsal

zone. Subsequently the fasciculus solitarius becomes still farther removed from the surface by

the ingrowth of tracts of nerve-libres from the neuroblasts of the rhombic lip and from other

sources until, finally, the bundle comes to lie

beneath the ventricular floor w here its position

permanently indicates the junction between the

original dorsal and ventral zones of the medul-
lary wall. In a similar manner the sensory fibres

of the trigeminal nerve are applied to the sur-

face of the developing pons; since, however,
the bundle is attached after consolidation of the

dorsal zone of the medulla has begun, the

descending trifacial fibres retain the relatively

superficial position characterizing the spinal root,

while the descending root (fasciculus solitarius)

of the glosso-pharyngeo-vagus lies more deeply

placed. Subsequent to the invasion of the medulla

by the sensory parts of this nerve, the outgrowth

of the axones from the neuroblasts constitut-

ing the nucleus of origin provides its motor root-

fibres.

The rhombic lip is a region of much impor-

tance, since from the neuroblasts which appear

within it are derived the cells of the reception

nuclei (substantia gelatinosa) of the sensory

cranial nerves, of the nuclei of the posterior col-

umns, of the inferior and accessory olivary nuclei

and of the arcuate nucleus. From the neuro-

blasts many axones grow medio-ventrally, pierce

the median spongioblastic septum derived from

the primary floor-plate, which later becomes the

median raphe, and gain the opposite side and

thus establish the systems of arcuate fibres. Other

axones grow dorsally and take part in even-

tually producing the fibre-tracts connecting the

olivary, dorsal and arcuate nuclei with the cere-

bellum. It is evident that the development of the

myelencephalon primarily contributes the nerv-

ous substance that becomes the dorsal part of the

medulla and underlies the fourth ventricle. Later

the closed part of the medulla, which at first

is wanting, as well as the conspicuous pyramidal

tracts, are added as the strands of ascending

and descending fibres grow into the medulla

from the spinal cord and from other parts of the

brain. In this manner the important tracts of

the posterior columns and the spinal constitu-

ents of the restiform body and of the brain-stem

are added and, still later, the bulky pyramids

take form when the cerebro-spinal paths are

established.

In accord with the falling apart and thick-

ening that affect the lateral walls of the mye-

lencephalon and lead to the production of the

medulla, the roof-plate of the brain-vesicle

becomes flattened and laterally expanded to keep pace with the increasing width of the ventricular

floor. In consequence, the roof-plate is converted into a rhomboidal sheet of great delicacy, the

primary velum, which histologically consists of little more than the layer of ependymal cells.

The.se, however, soon come into close relation with the overlying mesoblastic tissue from which

the pia is differentiated. During the third month a transverse fold, the plica chorioidea,a.\y;>e?irs^

in the roof-sheet, near the posterior limit of the developing cerebellum (Fig. 955. ^)-

rp
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Transverse sections of hind-brain of human embryos,
showing three stages in development of medulla; A,
about four and a half weeks; i?, about six weeks; C,

about eight weeks; rp. roof-plate; »-, raphe; d, v.

dorsal (alar) and ventral (basal) laminae ; rl, rhombic
lip; /r, lateral recess; fs, fasciculus solitarius ;

<"»•.

restiform body ; xii, hypoglossal ners'e ; .??', spinal

root of trigeminus ; ?'o, inferior olivary nucleus. (His.)

Into this
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(hiplicature, directed towards the brain cavity, the inesoblast f^rows and later develops blood-

vessels, and is converted into a vascniar complex that eventually forms the choroid plexus of the

fourth ventricle, l-rom the manner of its development, it is evident that the plexus is excluded

by the ependymal layer from the ventricular sjiace, outside of which the |)ial blood-vessels,

therefore, really lie. The conversion of the upper part of the primary velum into the thicker

definite inf'trior midiillary vi/uiit follows the addition of nervous sub.stance during the develoj)-

ment t)f tlie cerebellum. Similar thiikeninjj of the roof-sheet at the lower angle of the ventricle

results in the production of the obex and the tani:e.

The Pons. -The |)ons arises asa thickeniu;; of that part of the nietencephalon which forms

the anterior wall of the pontine flexure. In its essential phases the development of the pons

probably closely resembles that of the medulla, since the early metencxphalon presents the same

general features as does the myelencephalon. Thus, the ventral zones of its lateral walls play

an active role in the production of the tegmental portion of the pons and the nuclei of origin of

the nK)tor root-fibres of the fifth, sixth and seventh nerves, whilst the lloor-plate becomes the

raphe. In addition to providing the reception-nuclei of the sensory cranial nerves, and, per-

haps, the pontine nuclei, the dorsal

I'"h;. 955.zones contribute the neuroblasts which

become the nervous elements of the

cerebellum. As in the medulla, so in

the pons the great ventral tracts are

secondary and relatively late additions

to the tegmentum, which must be re-

garded as the primary and oldest part

of this segment of tlie brain-stem, the

bulky ventral nervous masses taking

form only after the appearance of the

cerebro-spinal and cerebro-cerebellar

paths. In a manner analagous to that

by which the sensory part of the vagus

is at first loosely applied and later in-

corporated with the medulla, the sen-

sory fibres of the trigeminus are for a

time attached to the surface of the

dorsal zone of the pons, subsequently

becoming covered in and more deeply

placed by the addition of peripheral

tracts. Likewise the fibres of the audi-

tory nerve come into relation with the

superficially situated reception-nuclei

of the cochlear and vestibular nerves.

The Cerebellum.—The develop-

ment of the human cerebellum pro-
j f ^, .- 1 4. J ] i Median sagittal sections showing four early stages of develop-

ceeds from the root-plate and adjacent „,^„t of human cerebellum, from fetuses from 5 fo 9 cm. long;

parts of the dorsal zones of the lateral '«*. mid-brain ; c, cerebellum ; sv, iv, superior and inferior medul-
,, r ., ^ 1 1 , larv velum ; vc, ventricular cavitv ; d, cavitv of diencephalon ; p.

walls Ot the metencephaion. In an po^g. ,„_ medulla; j, spinal cord; ?/, incis'ura fastigii; /, sulcus

embryo 22.8 mm. long, the cerebellar primarius
; j, sulcus postnodularis. {Dra'cvnfrovi figures 0/ Bolk.)

anlage consists of two lateral plates

connected by a narrow thin intervening lamina representing the roof-plate (Fig. 952). After

the apposition of the lateral plates, which soon occurs, this bridge disappears, the developing

cerebellum for a time appearing as an arched lamina enclosing the upper part of the cavity of

the hind-brain (Kuithan').

The .subsequent development of the human cerebellum has been recently carefully studied

by Bolk '^ in a series of about forty fcetuses, hardened in formalin and ranging from 5 to 30 cm. in

their entire (crown-sole) length. The following account is based largely on these investigations.

In a foetus of 5 cm. , about nine weeks old, the cerebellar anlage is represented by a horseshoe-

shaped thickening of tlie metencephalic roof, the cerebellar lamina, whose upper margin is con-

nected by a conspicuous fold with tlie mid-brain and whose lower border has attached to it the

piimary velum—the thin rhomboidal roof-plate of the myelencephalon. Median sagittal section

of the cerebellar lamina at this stage ( Fig. 955, A) shows its form to be asymmetrically biconvex,

the more convex surface encroaching upon the brain-cavity. In a slightly older foetus (Fig.

955, B) the cerebellar lamina has become triangular, in section presenting a superior, an

anterior, and an inferior surface. From its attachment along the superior margin of the lamina

the inferior velum dips forward toward the pontine flexure and, forming a transversely cresentic

' Miinchner med. Abhand., 1895.

*Petrus Camper, 36 Deel, 1905.
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fold, the plica chorioidea, bounds a narrow recess tliat extends along the inferior surface of the

cerebellar lamina. This recess is only temporary and is soon obliterated by the subsequent at-

tachment of the roof-membrane to the inferior surface of the cerebellar lamina. The succeeding

stage (Kig. 955, C) emphasizes the alteration in the planes of the cerebellar surfaces, the former
superior now becoming the anterior, the anterior the inferior, and the inferior the jMisterior.

From the posterior margin of the dorsal surface the choroid fold dips into the brain-cavity.

Between the mid-brain and the cerebellum now stretches the first definite indication of tiie later

superior medullary velum. In agreement with His, Bolk recognizes that the former intraven-

tricular (inferior) surface has now become an extraventricular one and that the permanent attaclv

ment of the plica chorioidea corresponds to a secondary and not to the jjrimary line of union.

The stage represented in Fig. 955, D is important, since it marks the beginning of the first

fissures. One of these, ihc su/cus pninarius {thti Jissiera prima of Elliot Smith), appears as a

transverse groove on the upper part of the anterior surface and thus early establishes the funda-

mental division of the cerebellum into an anterior and a posterior lobe. The other fissure

appears in the median area near the posterior margin of the cerebellum and is the sulcus posi-

nodularis. On each side (Fig. 956, .1 ) an additional fissure cuts off a narrow tract that embraces
the postero-lateral area of the cerebellum. This fissure, \.\\e sulcus Jioccu/aris, for a time remains

ununited with the postnodular sulcus ; but later, with its fellow, it l)ecomes continuous with

the postnodular sulcus and thus defines a narrow band-like tract, the median part of which

Fig. 956.

W>^

Six stages in development of human cerebellum, from foetuses of 9 (A), 13 (/J), 15 (C), 22 (£»), 25 (£),and 32 cm.
{F) length; /, sulcus primarius (preclival) ; .', s. floccularis ; 3, s. postnodularis ; 7, s. infrapyraniidahs

; 5, s.

superior posterior (postclival) ; h. great horizontal fissure; mb, mid-brain; r, roof-membrane; /r, lateral recess:

w, nodulus ; «, uvula
; p, pyramis ; t, tuber ;/, lolum. [^Drawnfrom figures of Bolk.)

eventually becomes the nodule, the lateral portions the flocculi, whilst the intervening strips

become the floccular peduncles and part of the inferior medullary velum. The diverticulum

bounded on each side by the floccular area is the beginning of the lateral recess of the fourth

ventricle and is early filled by .the rapidly growing choroid i)lexus. A shallow transverse

groove, the incisura fastigii, just suggested in Fig. 955><^ ^nit distinct in the succeeding sketch,

marks the beginning of the tent-like recess that later conspicuously models the roof of the

fourth ventricle. Coincidently with and about midway between the fissures just described, a

third furrow appears on the posterior cerebellar lobe. This is \\-\ii fissura sccuuda (Elliot Smith)

or the infrapyramidal sulcus. Very shortly a fourth groove appears behind the sulcus primarius

and marks the beginning of the prepyrainidal fissure. In this manner the median tract of the

posterior lobe is early subdivided by three fissures into four areas, which, from behind toward

the sulcus primarius, give rise to the nodule, the uvula, the pyramid and a still undifferentiated

zone. By the subsequent appearance of additional hirrows, this narrow zone gives origin to the

tuber, the folium cacuminis and the clivus. Meanwhile on the anterior lobe of the cerebellum

three short transverse fissures appear, by which the anterior end of the worm-tract is broken

up into areas that, while establishing subdivisions of morphological value (Bolk), are later lest

in the uncertain foliation of the lingula and lobulus centralis of the mature cerebellum.

After the fundamental subdivision of the median area (worm) has been accomplished, the

lateral masses (hemispheres) of the cerebellum become subdivided into definite tracts (lobules)

by fissures that appear during the fourth and fifth months of foetal life. The lateral extensions
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of tlie sulcus |)riinarius—itself tlic- hiittr pin/izuil ftssun'—separate the anterior and posterior

cresceiilic l()l)uU-s. Duriuj;; tlie fourtli month the />os//una/e Jissure Hpiysixni, in each hemisphere,

on the upper surface of the i)oslerior lobe. Hy the extension and medial union of these sulci, for

a time separate, are eslal)lished the posterior limit oi the clivus {pusli/ival fissure) i\iu\ the

demarcation l)L-t\veen the posterior crescentic and the ])ostero-sui)erior lobule. The pust-tonsillar

fissure bounds the conspicuous elevation of tlie tonsil behind and medially joins the infrapyram-

idal (later prepyramidal ) sulcus. The parapyramidal fissure defines the ui)i)er (posterior)

limit of the biventral lobule and imites with tin; suprapyramidal (later postpyramidal) fissure.

The irft-at horizontal fissure, so conspicuous in the mature cerebellum, appears relatively late,

about the end of the fifth month, and is at first rei^resented by a shallow transverse median fur-

row that lies immediately in front of the suprapyramidal fissure (I'.olk) , an origin at variance

with the jjenerally accej^ted formation of the horizontal fissure by the union ^)l tw(j lateral sulci,

that jjnnv medially from the hemispheres and meet in the worm. Thv early fissure having such

history, Bolk identifies as the postlunate (sulcus sui)erior posterior) and not as the horizontal.

This author also emphasizes the fact that at the sixth fcetal month the folium cacuminis is, as a

rule, not only defined, bvit forms a well-marked su|)erficial tract that connects the adjoining

lateral tracts (postero-superior lobules). This part of the worm, however, does not kreji pace

with the cortical expansion of the surroundinij parts and, hence, becomes over;.crown by these

and sinks into the relative insii^nificance that distinj^uishes this i)art of the worm in the fully

matured cerebellum. In consequence of the rapid growth and expansion of the peripheral

portions of the human cerebellum, some fissures of secondary morphological inii)ortance, as

the horizontal, become excessively deepened and more conspicuous in man than those of

fundamental significance, as the sulcus primarius (preclival) and the postnodular fissures. This

cortical expansion, especially within the superior region, likewise brings about prominent

changes in the position of the segments of the worm, so that eventually those which primarily

lay behind later come to lie below, the divisions of the conventional upper and lower worm of

the mature cerebellum following along the C-like curve seen in sagittal sections.

The histogenesis of the cerebellar cortex probably primarily proceeds from the invasion of

the cellular lamina by the cells of the dorsal zones of the lateral walls of the metencephalon, as

well as directly from these zones themselves. The earliest differentiation results in the production

of three strata : {a) the inner epeucfyma/ /ayer, and (
d) the middle maut/e layer, and (r) the outer

margina/ /ayer. Of these the mantle laj-er is the thickest and richest in cells, from which both

neuroblasts and spongioblasts arise, although their differentiation occurs relatively late. The
Purkinje ce//s, early distinguishable by their large clear nuclei, appear during the sixth foetal

month, but for some time lack their characteristic processes. Likewise from the mantle layer

are derived the earliest constituents of the granu/e /ayer. Meanwhile within the marginal layer,

immediately beneath the external surface of the cerebellum, an additional and temporarily con-

spicuous cell-stratum, the externa/ granu/e /ayer, becomes a prominent feature of the develop-

ing, cerebellar cortex. This layer soon exhibits a subdivision into two zones of which the outer

contains many dividing cells, while the inner is almost free from karyokinetic figures. During

the later months of foetal life the inner sublayer disappears and at birth the outer one is greatly

reduced ; finally, this also disappears, so that after the earliest years of childhood the external

granule layer is no longer seen. The chief factor in this reduction and eventual obliteration

of this stratum is, according to Cajal, the gradual transformation of its neuroblasts into nerve-

cells that recede from their peripheral position to assist in the completion of the granule layer,

as whose small and characteristically branched elements they persist. Other neurones of the

external granule layer are transformed into the basket ce//s and the large ste//ate ce//s. The
neurog/ia of the cerebellar cortex is derived chiefly from the spongioblastic elements of the inner

or ependymal layer, the conversion of the cells of the outer granule layer into the supporting

tissue, as sometimes assumed, being unlikely (Ziehen). Since the molecular layer is composed
to a considerable extent of the dendritic processes of the Purkinje cells, the development of the

outer division of the cerebellar cortex is complete only after the growth of such processes, as

well as of the climbing fibres from the white core, has taken place.

The production of the superior cerehe//ar peduuc/es and of the definite superior inedu//ary

ve/um is dependent upon the development of the fibres that pass from and to the dentate

nucleus and the cerebellar cortex—an invasion that occurs during late fcetal and early post-

natal life.

THE MESENCEPHALON.

Notwithstanding^ its considerable size and prominent position in the embryo, in

its mature condition the mesencephalon, or mid-brain, forms the smallest and least con-

spicuous division not only of the brain-stem but also of the entire brain. Neverthe-

less, the many fundamental tracts which it contains, as well as the new paths and
combinations which arise within its substance, confer on the mid-brain an importance

70
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not suggested by its size. Its upper limit corresponds with an oblique plane passing

through the base of the pineal body and the posterior border of the corpora inam-
millaria ; its lower one is indicated on the ventral surface by the upper border of the

pons and on the dorsal aspect by the upper margin of the superior medullary velum.

As seen in sagittal sections (Fig. 938,) the mid-brain is about 11 mm. in length,

although when measured on the ventral surface it is slightly shorter (9 mm.) and
on the dorsal aspect a little longer (13 mm.). Its greatest breadth is approximately

23 mm. The mid-brain is traversed longitudinally by a canal, the Sylviafi aqiiedicct,

which, however, lies much nearer the dorsal than the ventral surface of the brain-stem.

When the several parts of the brain are undisturbed, only a portion of the ventral

aspect of the mid-brain can be seen. Its dorsal and lateral surfaces are hidden by
the overhanging cerebral hemispheres, the splenium of the corpus callosum and the

puhinar of the thalamus being in close relation with these surfaces respectively.

Notwithstanding its ventral position and apparent removal from the exterior of the

brain behind, the dorsal surface of the mid-brain is, in fact, directly continuous with

Fig. 957.

Thalamus

Trigonum habenulae

Puhinar

Colliculus superior

Cerebral peduncle

Fourth nerve

Pons

Superior cerebellar peduncle

Taenia thalami

Commissura habenulae

Pineal body-

Median geniculate body
Brachiuni inferior

Colliculus inferior

Frenulum veli

Lingula

Cerebellum, cut surface

Mid-brain viewed from behind ; upper part of cerebellum has been removed to expose superior medullary
velum with lingula.

and a part of the free posterior surface of the brain. It is, therefore, covered with

the pia mater, as may be demonstrated by drawing aside the oxerhanging cerebral

hemispheres, hi situ the mid-brain occupies the opening bounded by the tento-

rium and thus connects the divisions of the brain which lie within the posterior cra-

nial fossa (cerebellum, pons and medulla) with those (cerebral hemispheres) that lie

above. Its cavity, the Sylvian aqueduct, establishes direct communication between

the third and fourth ventricles. The mid-brain includes two main subdivisions, a

smaller dorsal part, the qiiadrigeminal plate, which roofs in the Syhian aqueduct and

bears the corpora quadrigemina, and a much larger ventral part, made up by the

cerebral peduncles.

The quadrigeminal plate lies behind the plane of the roof of the Sylvian

aqueduct and extends from the base of the pineal body above to the upper margin

of the anterior medullary velum below. Its dorsal surface is subdivided into four white

rounded elevations, the corpora quadrigemina, by two grooves, one of which is

a median longitudinal furrow and the other a transverse furrow that crosses the first

one at right angles and slightly below its middle point. The upper part of the longi-

tudinal groove, between the upper pair of elevations, broadens into a shallow trian-

gular depression, the pineal fossa ('tri5onuni subpineale) in which rests the pineal

body. Below, the mid-furrow ends at the base of the frenum of the superior medul-

lary velum.
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Fig. 958.
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The elevations forniiiim tlu- upper ])air of (luadrij^eminal bodies, the colliculi
superiores, are the larj^er and iiiDie conspicuous, and measure from 7-.S nun. in

len^^lh, about 10 mm. in breadth, and 6 mm. in height. Laterally each superior col-

liculus is continued into an arm, the superior brachium (brachium (luadrineininuin

supi-'rlus) which is tletined by a j^roove above and below, and passis upward aiicl

oulw.ird, between the opUc thalamus and the median j^ciiiculatc bod)-, to be lost

within ail indistinctly circumscribed oval eminence, the lateral geniculate body
(corpus ^ciiiciilaliim latcralc), which lies beneath thepiiKinar. lii liki- manner, each
of till' smaller lower pair of quadri^eminal bodies, the colliculi inferiores, (about
6 mn. in Itii'^ih by S mm. in breadth and 5 mm. in heij,,ditj is jjrolonged laterally
into the inferior brachium ( l)rachiuin (|ua(lri<;cminum infcrius), which in turn ends
in the sharply detined median geniculate body (corpus yonicnlatum mcdialc;, an
oval elevation about 10 mm. in leiii^th. Ventrally the (iuadrij,(eminal plate becomes
directly continuous with tlu? adjacent part of the cerebral peduncles.

The cerebral peduncles ( pcdunciili cerebri), also called the cerebral crura,
constitute the bulky \'entral part of ilic mid-brain. Dorsally, the two peduncles are
fused into a continuous tract, the tegmentum, which contributes the side-walls and
floor of the .Sylvian a(|ueduct and blends on each side with the overlying quadri-
geniinal plate. Ventrally the peduncles are unfused and appear on the inferior sur-
face of the brain as two robust stalks (Fig. 993). These emerge from the upper
border of the pons and pass, diverging at an angle of from 70-85°, upward and out-
ward to enter, one on each
side, the cerebral hemi-
spheres just where the

peduncles are crossed by
the outwardly winding
optic tracts. At the pons
each peduncle possesses

a breadth of from 12-15
mm. , which increases to

from 18-20 mm. at the

upper end of the stalk ; the

borders of each peduncle
are, therefore, not quite

parallel, but slightly di-

verging. Neither are the

mesial margins of the pe-

duncles in contact as they

issue from the pons, but
separated by an interval

of about 3 mm. This
distance increases until at their upper ends the peduncles are about 13 mm. apart.

Superficially each peduncle is formed by strands of fibres which do not pursue a
strictly longitudinal course, but wind spirally from within outward ; in consequence
of this arrangement the surface of the peduncle presents a characteristic twisted or
rope-like striation. The regularity of this marking is sometimes disturbed by a
faintly defined strand of fibres (tractus peduncularis transversus), that winds over the
median border and ventral surface of the jjeduncle, passes upward and outward across

the lateral surface of the mid-brain, to be lost in the vicinity of the medial geniculate

body. The depressed triangular area included between the diverging peduncles is the
interpeduncular fossa, the floor of which is pierced by numerous minute openings
that transmit small blood-\essels, and hence is known as the posterior perforated
substance. The blunted inferior angle of the fossa, immediately above the pons,

corresponds with a depression, the recessus posterior; another, but less marked
depression, the recessus anterior, is bounded by the postero-median surfaces of

the mammillary bodies. A shallow lateral groove (sulcus mcsencephali lateralis)

extends along the outer surface of the peduncle, whilst along its inner aspect, and
therefore looking into the interpeduncular fossa, runs the median or oculomotor
groove (sulcus nervi oculomotoriij, that is more distinct than the lateral furrow and

Dorso-lateral aspect of mid-brain.
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marks the line alonq: which the root-tibres of the third cranial nerve emerge. On
transverse section ( Fii;. 963) these furrows are seen to correspond with the edges of a
crescentic held of deejjly pigmented gray matter, the substantia nigra, by which
each peduncle is subdivided into a dorsal portion, the tegmentum, and a ventral
part, the crusta (basis peduncxili). The latter lies ventral to the superficial lateral
and median furrows, and contributes largely to the bulk of the free part of the
peduncle. When traced upward it is found to enter the cerebral hemisphere and
become continuous with the internal capsule. It contains the great motor tracts and
is the chief pathway by which efferent cortical impulses are transmitted to the lower
lying- centres. The tegmentum, on the contrary, in a general way is associated
with the sensory tracts, and, above, enters the subthalamic region (page 1127).

The dorso-lateral surface of the mid-brain, just where it passes into that of
the superior cerebellar peduncle, shares with the latter a triangular area, the trigo-

FlG. 959.

Emerging fibres of fourth nerve

Fourth tiei\e cut

Later il fillet

Posterior longitudinal
fasciculus

Tegmental field

Mesial fillet

Decussation of fourth nerve
-Sylvian aqueduct

,-'C_ ^ ^ CentrU gri\ substance
Mesencephalic root of trigeminus

SuhslTiitii ftrruginea

Supc nor ceitbellar

/^AU "'
\

Ptdnncle

I'^i V _ Deciles ition of cerebellar
peduncle

Pyramidal tracts
rrans\ erse fibres

Transverse section of brain-stem at level L (Fig. 919), junction of pons and mid-brain ; superior cerebellar pedun-
cles are beginning to decussate

; trochlear decussation seen above Sylvian aqueduct. Weigert-Pal staining. X 3.
Preparation by Profe.ssor Spiller.

num lemnisci, which, as implied by its name, is related to the underlying and
here superficially placed tract of the fillet (lemniscus). Above, this area extends
as far as the inferior brachium and is limited in front by the sulcus mesencephali
lateralis, whilst behind it is defined from the superior cerebellar ])eduncle by a slight

furrow (sulcus limitans posterior). When closely examined the triangular field is seen
to be subdivided by a faint groove into an upper and a lower area, which correspond
with the underlying fibres of the lateral and of the mesial fillet respectively. A
superficial strand of fibres, the tractus peduncularis transversus, is sometimes seen
crossing the lateral surface of the mid-brain. It appears on the dorsal aspect of the
latter, between the inferior brachium and the median geniculate body, winds around
the latero-ventral surface of the peduncle and disappears in the vicinity of the
mammillary body. According to Marburg, the strand establishes a connection
between the cells of the retina and a nucleus in the floor of the third ventricle and
represents, in a rudimentary condition, the basic optic root found in many animals.

The Sylvian aqueduct (aquaeductus cerebri) rejjresents the ca\'ity of the middle
brain-vesicle and, therefore, is lined with an ependymal layer continuous above and
below with that clothing the interior of the third and fourth ventricles. As seen in
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cross-sections, (Fij^. 960) its outline in a j^iiural way is triangular, with the base

abcne and the apex directly below ;
but the contour of the canal varies at different

le\els, beinm triangular near its extremities and irregularly cordiforni or cUiptital in

the intervening part of its course.

iNii'.UNAi, siKiu ruui': oi" rill'. Mi;sKNci:riiAi.().\.

Disngarding ihc several small nuclei, the nuclei of the corpora quadrigemina

and the red nuclei, the grav matter within the mesencej)halon is disposed as three

tracts that extent! the entire length of the mid-brain, 'riiese arc the tubular mass

of the ctntral i^nry matter, which surrounds the a(iueduct, and the two crescentic

columns of the substautia nii^ra, which subdivide the j)eduncles int(; the tegmental

and basal portions.

The central gray matter ( stratum t;riseuin centrale) completely encloses

the cavity of the mid-brain and hence is often called the Sylvian gray viattcr. It

contains numerous irregularly scattered nerve-cells of uncertain f(jrm and size,

aiul, along its \entral border, the nuclei of origin of the oculomotor and trcjchlear

nerves ; within its lateral parts lie the nuclei from which proceed the fibres of the

mesencephalic roots of the trigeminal nerves.

Fig. 960.
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Transverse section of dorsal part of mid-brain through lower end of inferior colliculi, at level M (Fig. 9:9)
showing nucleus of trochlear nerve, and decussation of cerebellar peduncle. Weigert-Pal staining. X 3}^.

Preparation by Professor Spiller.

The substantia nigra is disposed as two irregular crescentic columns of dark

gray matter that separate the tegmentum from the crustae of the peduncles. The
substance begins below at the upper border of the pons and continues uninterruptedly

through the length of the mid-brain into the subthalamic region of the diencephalon,

where it gradually disappears. The deep color of this tract is due to the conspicuous

pigmentation of its numerous nerve-cells. These cells are of medium size and of

various form, spindle-shaped elements, interspersed with some of stellate and a few

of pyramidal form, predominating. They enclose considerable accumulations of dark

brown pigment that render the cells unusually conspicuous. During the earliest

years of childhood the pigmentation is absent or very slight, but after the sixth

year it is marked, and by the seventeenth has acquired its full intensity. Seen in

cross-sections (Fig. 961), the convexity of each column, directed forward and out-

ward, is not uniform, but broken into irregular scallops by processes of gray matter

that penetrate the subjacent crusta. The concave dorsal margin, on the contrary, is

unbroken and even. The horns of the crescentic areas, of which the median is

somewhat the thicker, approach the free surface along the bottom of the superficial
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lateral and median grooves of the mid-brain. Concerning the functions and connec-
tions of the neurones within the substantia nigra \'ery little is known.

The Quadrigeminal and Geniculate Bodies.

—

The inferior colliculus
consists chietly of a l)ict)nvex (in section o\al) mass of gray matter, the nucleus
colliculi inferioris, in which many nerve-cells of varying form and mostly of small
size lie embedded within a complex of nerve-fibres. The lower end of the nucleus
stands in intimate relation with the acoustic fibres composing the lateral fillet, many
of which enter the ventral aspect of the nucleus colliculi to end around its cells, whilst
a considerable number pass superficial to the nucleus and thus form an external fibre-

layer that intervenes between the gray nucleus and the surface. Although many of

these external fillet-fibres enter the colliculus at higher levels, not a few continue,
by way of the inferior brachium, to the median geniculate body, around whose neu-
rones they end. A much smaller and less well defined tract of fillet-fibres passes to
the mesial side of the nucleus, the ventral margin of which is thus embraced (Fig. 960)
by the diverging but unequally robust fillet-strands that in this manner partially

encapsulate the collicular nucleus. From the supero-lateral parts of the nucleus
fibres proceed which, in conjunction with those continued from the lateral fillet,

form the chief constituents of the inferior brachium. A part of this arm, how-
ever, is composed of strands of fibres that pass from the cerebral cortex (especially
the temporal) to the inferior colliculus. Towards the upper pole of the nucleus
some loose strands of fillet-fibres, probably along with commissural fibres uniting
the inferior colliculi, cross the mid-line and establish a decussation.

The internal or median geniculate body (corpus geniculatum mcdiale),
although genetically belonging to the diencephalon, is so closely related to the
inferior colliculus as to require description in this place. It consists of a suj^erficial

layer of white matter composed of fibres from the inferior brachium, which pass
outward as continuations of the lateral fillet, as axones of the cells of the inferior

colliculus, or as fibres forming the mesial root of the optic tract, also known as the
inferior commissure of Gudden. Within this fibre-capsule lies an oval mass of

gray matter, the nucleus corporis geniculati medialis, from whose cells axones
proceed chiefly towards the cerebral cortex in continuation of the auditory paths
of which the inferior colliculus and the median geniculate body are important
stations.

Connections of the Inferior Colliculus and Median Geniculate Body.—.Mention has been
made, when describing^ the reception-nuclei of the cochlear portion of the auditory nerve (page
1076) , that the tract of the lateral fillet takes origin to an important extent from the cells ot these
nuclei, and, further, (page 1082), that the fillet-fibres end around either the cells of the inferior

colliculus, or those of the median geniculate body. It is evident, therefore, that these parts of

the mid-brain stand in intimate relation with the parts concerned in conveying auditory impulses.
The more detailed account of the chaining together of the neurones forming such paths is

deferred until the auditory nerve is considered (page 1257). The connection of the fibres com-
posing the median root of the optic tract with the median geniculate body and the inferior collic-

ulus has been established beyond doubt ; further, that this part of the optic tract is not concerned
in conducting visual impulses, is shown by the fact that these fibres remain unafTected under
conditions (after removal of the eyes) that lead to degeneration of the fibres of retinal origin.

The destination and significance of the fibre-systems included within the median root of the

optic tract are only imperfectly understood, but it may be accepted as certain that they can no
longer be regarded as merely establishing a bond between the median geniculate and indirectly

the inferior quadrigeminal bodies of the two sides, as implied by the name commissure, since

many of these fibres are probably directed after decussation to the lenticular nucleus (globus
pallidus), while others possibly may end on the same side in the subthalamic nucleus (page 1128).

The gray matter of the inferior colliculus, like that of the superior, gives rise to fibres of the

tecto-bulbar and tecto-spinai tracts, presently to be described (page mi).

The superior colliculus is composed of a number of alternating layers of white
and gray matter. The latter, however, is not aggregated into a definite nucleus, as

in the case of the inferior colliculus, but is broken up into uncertain zones by the

tracts of nerve-fibres. Although as many as seven layers have been described,

some of these are so blended that only four well-defined strata can be readily

distinguished. From the surface inward these are

:
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1. Tlie stratum zonale, a tliin [KTiplKral librf-layer that occupies the surface of tlie collic-

ulus, whose coinpDiieiits are fibres derived, in j^real part at least, troin the optic tract.

2. Tlie stratum cinereum, wliich is not uniform, l)Ut thickest and most marked over the

convexity of tlie collicuhis, and appears, tlierefore, crescentic in transvers*.- sections. The nerve-

cells contained in this cap-like sheet are small and relatively few, their axones passing for the

most i)art towards the deeper layers, whilst their deiulriles are directed peripherally. The

stratum is by no means composed entirely of ^jray matter, but is invaded by many medullated

ner\'e-fibres.

3. The stratum opticum, which consists of a complex of j;ray matter and nerve-fibres,

the latter inchidinjj strands derived from the optic tra<:t, which j^ain the side of the rolliculus

by way of the superior brachium (page 1107) as direct continuations of the optic fibres, or after

interruption in the lateral Kt'ii^i'l^H*-' 'wdy. That this stratum includes other fibres, is shown

by the incomplete involvement of the layer in conditions producing degeneration of the

Fig. 961.
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Transverse section of mid-brain at level N (Fig. 9T9) ; decussation of cerebellar peduncles is just ending.

Weigert-Pal staining. X 3. Preparation by Professor Spiller.

Optic paths, as well as by the prominence of parts of the stratum in animals possessing only

rudimentary visual paths (Edinger). The stratum opticum, however, consists by no means

exclusively of fibres, but contains, especially in its deeper part, numerous nerve-cells of large

size, around which the end-arborizations of the optic fibres terminate.

4. The stratum lemnisci, which likewise includes masses of gray matter interspersed

between the strands of nerve-fibres. The latter are chiefly from that part of the median fillet

which terminates within the superior colliculus ; a certain number of the fibres, however, are

probably derived from the lateral fillet, which, while having its principal quadrigeminal relation

with the inferior colliculus, also sends a small contingent to the upper body. The deeper part

of the fillet-layer contains a considerable amount of gray matter, in which numerous nerve-cells,

usually of small size, are irregularly distributed.

In addition to receiving optic and fillet-fibres, the gray matter of the colliculus gives origin

tc an important system of descending fibres which establishes connections between the mid-brain

and the lower levels of the brain-stem and the spinal cord. These fibres emerge from the ven-

tral border of the colliculus as radially disposed strands which, on nearing the gray matter

surrounding the aqueduct, turn \entrally. The more laterally situated fibres, reinforced by

those from the opposite side, descend within the tegmental field to end partly in relation with

the nuclei within the brain-stem (tractus tecto-bulbaris lateralis) and partly within the spinal cord

(tractus tecto-spinalis lateralis). The medially situated fibres sweep around the Sylvian gray

matter and. for the most part, cross the raphe immediately ventral to the posterior longitudinal

fasciculus, thus establishing the fountain decussation of Meynert (Fig. 960). The further course



1 1 12 HUMAN ANATOMY.

of these fibres is downward through the brain-stem and into the anterior column of the cord
(tracius tecto-spinalis medialis). Whether these fibres are interrupted in small secondary nuclei

within the te.«;inentum, or pass unbrokenly from the coUicular cells to the cord is undetermined.
It is probable tiiat, as constituents of a spino-tectal path, fibres also ascend from the spinal cord
to the (juadrigeminal bodies. According to K(')llik:er, some of the radial fibres are traceable

through the tegmentum, passing to the outer side of the red nucleus and piercing the tract of

the median fillet, and into the substantia nigra, whose cells they probably join as axones. The
commissure of the superior coUiculi is formed by fibres that cross the mid-line to the opposite
(luadrigeminal body and probably includes, in addition to the axones of cells within the colliculi

themselves, fibres from the fillet and ojjtic tracts.

The most important connections of the superior colliculus, as may be anticipated from the

foregoing description of its structure, are :

I. With the optic tract, without interruption in the lateral geniculate body, by way of the
superior brachium. Such fibres serve a special purpose, namely, to carry stimuli which excite

pupillary reflexes, by transference to the oculomotor nucleus. 2. With the posterior sensory
columns of the spinal cord, indirectly by way of the median fillet. 3. With the cochlear nuclei

by way of the lateral fillet, thus establishing a path for audito-visual reflexes. 4. With nuclei

of the third, fourth and sixth cranial nerves, controlling the eye-muscles, especially the oculo-
motor, by way of the posterior longitudinal fasciculus. 5. With the lower levels of the brain-

stem and the spinal cord by way of the tecto-bulbar and tecto-spinal tracts.

The lateral geniculate body belongs to the diencephalon and may be regarded as a special-

ized part of the optic thalamus ; the consideration of its structure therefore, properly falls with

that of the metathalamus (page 11 26).

The Tegmentum.—The tegmental region of the mid-brain includes, as seen in

transverse sections (Fig. 961), the U-shaped area extending from the quadri-

geminal bodies behind to the crescents of the substantia nigra in front. In the vicin-

ity of the central gray matter that surrounds the Syh'ian aqueduct, the tegmentum
consists chiefly of a foundation resembling the formatio reticularis seen at lower
levels. This substance is produced by the intermingling of transverse or arcuate and
longitudinal fibres and a meagre amount of gray matter with irregularly distributed

nerve-cells, that fills the interstices between the strands of nerve-libres. The more
lateral and ventral parts of the tegmentum are to a large extent occupied by the

prominent fibre-tracts belonging to the fillets and to the superior cerebellar peduncles,

or by collections of gray matter, as the red nuclei. Special groups of nerve-cells

and of nerve-tibres mark the origin and course of the oculomotor and trochlear

nerves.

The details of the tegmentum vary with the level of the plane of section. Thus, at the lower
end of the mid-brain the tracts of the cerebellar peduncles approach the mid-line as they ascend
and those of the fillets assume a more lateral position ; whilst at higher levels these tracts,'which

lower in the mid-brain are so conspicuous, either terminate to a large extent, or become so

broken up as to no longer form impressive bundles.

In sections passing through the lower pole of the inferior quadrigeminal bodies (Fig. 960),

the zone overlying the substantia nigra is occupied to a great extent by the median fillet, which
here appears as a broad but thin crescentic or comma-shaped field, whose outer and thicker

end lies at the periphery and abuts against the base of the dorsally arching tract of the lateral

fillet. At the inner end of the median fillet, near the mid-line, an isolated group of obliquely

cut fibres sometimes indicates the position of the lenmisco-crustal bundle that appears ventrally

among the robust strands of the crusta. Taken together, the two fillets form a compact tract,

the outer contour of which, at the level now considered, resembles a horizontally placed Gothic

arch, the summit of the curve lying at the surface and the lower and upper limits of the arch

being the median and lateral fillets respectively. The lateral fillet continues the sweep of the

fillet-stratum along the periphery of the tegmentum until it embraces the lower pole of the

inferior colliculus in the manner previously described (page mo).
Dorsal to the tract of the median fillet, and separated from the latter by a thin layer of com-

pact foundation-substance, the ventral tegmental field, lies the broad curved band formed by
the blending of the two superior cerebellar peduncles. At lower levels (Fig. 936) these stalks

are separate and appear as laterally placed and conspicuous crescentic areas of transversely cut

fibres ; but opposite the lower limit of the inferior quadrigeminal bodies the ventral ends of these

crescents meet at the mid-line and interlace to form the decussation of the cerebellar peduncles.

At a .slightly higher level, after their decussation has been almost completed (Fig. 961), the

cerebellar peduncles appear as prominent rectangular fields, with rounded corners, on each

5jde of and close tP the mid-line. These fields of transversely cut fibres represent the peduncles
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as they pass upward to the red luulL-i, in which a JarKc iuiml)er of their component fibres end.

On eacli side of the- nu-dian raplu- of the te>;nK-nlal field and aljove (heiiinil) the peduncular

tract, is seen the posterior luii^jitutiinal fasciculus, which liere, hroader tlian in the pons, i)asses

close to the ventral side of tin- nucleus of tile trochlear nerve. The attenuated crescentic tract

of transverely cnl fibres wliich lies alonj; the lateral inarj,Hn of the central j^ray substance, medial

to the nucleus of the inferior coiliculus, represents the mesence|)halic root <jf the tri^jeminal nerve.

In sections taken slii^htly below the level of the trochlear nucleus, irre^niar bundles <jf oblicjuely

cut fibres mark the dorsally directed course of the fourth-nerve to gain its decussation in the roof

of llu- aiiueduct at the lowest limit of the mesencephalon (V\^. 959).

I'k;. 962.
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by Professor Spiller.

Preparation

As seen in cross-sections passintj through the superior quadri.cjeminal bodies, the details of

the tegmentum differ considerably from those at the levels previously stated. The lateral fillet

is no longer present as a distinct field, since with the exception of a few strands that are con-

tinued into the superior coiliculus, its fibres end within the lower coiliculus or pass into the

inferior brachiimi. The median fillet now shows (Fig. 963) as a somewhat attenuated crescentic

field, Iving to the inner side of the obliquely cut inferior brachium, in consequence of many of

its fibres having ended within the lower part of the superior coiliculus, the more dorsally situated

of those remaining being seen within the upper coiliculus as the stratum lemnisci.
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The most conspicuous object within the tegmentum in the superior half of

the mid-brain is a large round reticulated field on each side of the median raphe,

which marks the position of the red nucleus (nucleus ruber). This body, also

called the nucleus tcgvienti, is of an irregular ovoid form (Fig. 963) and of a reddish

tint when seen in sections of the fresh brain. Its lower limit corresponds with the level

of the lower margin of the superior colliculus, whilst its upper pole extends into the

subthalamic region. Its diameter increases towards the upper end and its long a.xis

converges as it ascends, so that the upper enlarged portions of the two nuclei lie

close to the mid-line and nearer each other than do the lower poles. Each nucleus

consists of a complex of gray matter and nerve-fibres. The latter preponderate

below, where the red nucleus receives the fibres of the superior cerebellar peduncle,

and are much less numerous above, since many fibres come to an end around the

rubral cells. These elements are very variable in shape and size (.020.-060 mm.),

but are most often irregularly triangular or stellate. The red nuclei constitute not

Fig. 963.
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only important stations in the path connecting the cerebellum and spinal cord, but

also probablv contribute links in chains uniting the cerebral cortex and the internal

nuclei with the cord. Whilst some of the constituents of the superior cerebellar

peduncle pass around the red nucleus and continue as cerebello-ihalaimcfibres uninter-

ruptedly to the optic thalamus, the majority of the fibres of this arm end around the

cells of the nucleus. Of these many gi\e off axones that proceed brainward as rut»ro-

thalamic fibres ; others emerge from the ventro-medial surface of the nucleus, cross

the mid-line rdecussation of Forel) and bend downward as the rubro-spinal tract.

The latter descends within the tegmentum of the mid-brain and pons, traverses the

medulla and finally enters the lateral column of the cord as one of the important but

uncertainly defined descending tracts. Other fibres enter the red nucleus on its

lateral aspect and establish connections between the cerebral cortex (Dejenne), and

probably also the corpus striatum (Edinger). and the nucleus. From the cells of

the latter the path is continued by fibres which join the rubro-spinal tract, and in

this manner establish an indirect' motor path that supplements the cortico-spinal

tracts identified with the pyramidal.
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The Crusta.—The crusta, ov pes ptdiDuuli, a|)|>cajs in transverse sections

( Fi,H. 963) as ahold sickle-shaped tield that occii])ies tin- most \entral portion of the
niid-hrain. It consists chii-tl)' ol longitudinally coursinjij lihres which, havinj^ traversed
the internal capsule, are passinj^ from \arious parts of the ccrehral cortex to hjwer
levels in the hrain-steni and the spinal cord. The lonj^itudinal fibres are separated
into bundles by the invasion of nuniennis strands from the libre-complex, known as
the stratum intermedium, which lies alonj^ the ventral border of the substantia
nigra. The fibres of the crusta comprise three j^^-neral sets: the cortico-ponlilc, the
cortico-bullnir, and the corti(0-spi)ial.

The cortica-pontile fibres include those passin^^ from the cells of the cerebral

cortex to the cells of the pontile nucleus as links in tlu- cortico-cerebellar paths.

The)- are representee! by the fronto-pontilc and the tcniporo-occipilo-pontilc tracts^

which occupy a|)proxiniately the median and lateral fifths of the crusta respectively.

The cortico-bulbar-fibres im lude the efferent strands which pass from the motor
areas of the frontal lobe to the nuclei of the motor fibres oriti^inating in the bulbar portion

of the brain-stem (trij^eminal, abducent, facial, glosso-pharyntifeal, va^us and hypo-
glossal nerves). These tracts occupy something less tlian the fifth of the crusta

lying next the fronto-pontine tract. The cortico-spinal fibres include the great
motor strands which, as the pyramidal tracts, are so conspicuous at lower levels:

These tracts share with the fronto-bulbar paths the middle three-fifths of the crusta,

appropriating ai)pr().\iniately the lateral three-quarters of this area (Fig. loi2j.
The Median Fillet.—Repeated reference has been made to the median fillet

(lemniscus medialis) in the preceding descriptions of the brain-stem ; a general con-
sideration of this important sensory tract may here be given. It begins at the lower
part of the medulla, about on a level corresponding with the upper limit of the
pyramidal decussation, as axones of the cells within the nucleus gracilis. These
sweep ventro-medially as the deep arcuate fibres, for the most part cross the raphe,

and bend sharply brainward. Succeeding the condensation of the fillet-fibres into

the sensory decussation (P'ig. 922) which marks the lowest limit of the tract, the

fillet receives continuous additions of arcuate fibres from the gracile and cuneate
nuclei so long as these collections are present. On reaching the inferior olivary

nuclei in its journey brainward, the fillet forms a laterally compressed tract, the

interolivary stratum, lying immediately dorsal to the pyramids (Fig. 928).
Towards the upper end of the pons, the fillet gradually exchanges its sagittal plane
and median position for an obliquely horizontal disposition, with an increasing

tendency to migrate laterally. The fibres arising from the nucleus cuneatus, which
below occupied the ventral part of the fillet, now constitute the lateral part of the

tract, whilst those from the nucleus gracilis form its medial portion. Within the

mid-l)rain the median and the lateral fillets form a continuous crescentic tract which,

within the upper part of the tegmentum and after the disappearance of the acoustic

paths, is represented chiefly by the superficial and laterally placed tract which the

median fillet has now become. A considerable part of its fibres end around the cells

of the deeper gray stratum of the superior colliculus, some passing over the aque-

duct to the colliculus of the opposite side. The remaining fibres continue uj)ward

through the tegmentum, lateral and dorsal to the red nucleus, and the subthalamic
region, to terminate chiefly in relation with the cells within the ventral part of the

optic thalamus. After such interruption the impulses are carried by fibres arising

within the thalamus to various parts of the cerebral cortex. Whether fillet-fibres

gain the cortical gray matter without interruption within the thalamus is uncertain.

Other fibres, said to be derived from the cuneate nucleus, end in the corpus subtha-

lamicum, and the lenticular nucleus (globus pallidus), from whose cells a certain num-
ber of fibres proceed by way of a strand placed above the optic chiasm, the com-
7nissure of Meynert, to the globus pallidus of the opposite side. Still other fibres

are traceable into the posterior commissure of the brain and into the mammillary
body.

The constituents of the median fillet, however, are by no means restricted to

the fibres arising from the gracile and cuneate nuclei of the posterior columns, but
include numerous important accessions from the reception-nuclei of all the sensory

cranial nerves connected with the brain-stem. From the cells within the more
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extensive of such nuclei, as those within the cohimn of substantia p^elatinosa accom-
panying the spinal root of the trigeminus, numerous arcuate fibres sweep towards the

raphe and, with few exceptions, cross 'to join the median fillet of the opposite side.

In this manner provision is made for the transmission to the higher receptive centres

of sensory impulses collected not only by the strands of the posterior column of the

cord, but also by the sensory fibres of the cranial nerves attached to the brain-stem.

Although the principal components of the fillet-tract are the bulbo-tecto-
thalamic strands, some fibres running in the opj)osite direction are also present.

Some of these probably arise from cells within the optic thalamus and the corpora

quadrigemina. Others are efferent strands which establish connections between
the cortical gray matter and

Y^Q qg,
the nuclei of the motor cranial

nerves, especially the facial and
hypoglossal. These cortico-
bulbar tracts descend within

the crusta to the lower end of

the cerebral peduncle ; then,

leaving the latter, they traverse

the stratum intermedium and in

the upper part of the pons join

the median fillet and descend
within its ventro - median
part as far as the superior end
of the hypoglossal nucleus.

During their course, the fibres

of this crustal fillet, as it is

called, for the most part undergo
decussation on reaching the

levels of the motor nucleus for

which they are destined ; some
fibres, however, possibly end
around the cells of the nucleus of

the same side.

The Posterior Longi-
tudinal Fasciculus. — This

bundle (fasciculus longitudinalis

medialis) is an association path

of fundamental importance, be-

ing present in all vertebrates. As
a distinct strand it begins in the

superior part of the mid-brain

and thence is traceable as a con-

tinuous tract through the teg-

mental region of the pons, the dorsal and lateral ventral field of the medulla into the

anterior ground-bundle of the spinal cord. Throughout the greater part of its course

through the brain-stem, its position is constant, the fasciculi of the two sides lying

close to the median raphe and immediately beneath the gray matter flooring the Sylvian

aqueduct and the fourth ventricle (Figs. 959, 961). In the lower part of the medulla,

the bundle gradually leaves the ventricular floor and rests upon the dorsal border of

the median fillet, and, at the level of the pyramidal decussation, where the fillet no

longer intervenes, lies behind the pyramid and at some distance from the mid-line.

Lower, it assumes a more ventral position, to the medial side of the isolated anterior

cornu, and, finally, enters the anterior column of the cord to be lost within the upper

part of the ground bundle.

The fasciculus includes association fibres of varying lengths, some of which are

ascending and others descending paths. The constitution of the bundle is, there-

fore, continually changing, the loss of certain fibres being replaced by the addition

of others. Its fibres are among the very first in the brain to become medullated, and

begin to acquire this coat during the fourth foetal month (Hosel).

Superior colliculus

Spino-thalamic

Sensory decussation

Posterior nuclei

Posterior tracts

Spino-thalamic

Spinal ganglion

Diagram showing chief afferent constituents of median fillet.

V nerve
(sensory part)

VII, IX, X nerves
(sensory part)
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Notwithstaiidiny: the admitleci itnportaiict; of tlie tract and the prolonj^ed study that it has
receivetl, iinicli rfinaiiis t(j he dt-tfrmiiifd cuncerning tlie source and connections of the many
constituents which undoubteilly go to form the bundle. Among the more certain of these com-
pontnts tht* following may be mentioned :

1. At tin- upper end oi the fasciculus a considerable number of fibres arise from the cells

of the nucleus of the posterior commissure, or Darksihewitsch' s nucleus, which lies in advance
of the oculomotor nucleus, within the gray matter surrounding the superior end of the .Sylvian

aqueduct. .Xccording to Edinger an additional contingent takes origin from a nucleus (n. fas-

ciculi immitiulin.ilis im-di.ilis ) within the gray matter of the

floor of the ihirti ventricle in the vicinity of the corpus mam-
millare. The contrii)utions from both these .scjurces join

the fasciculus as crossed fibres from the nuclei of the

oppo.site side.

2. The fibres arising from the vestibular (Deiters')

nucleus constitute an important element of the posterior

longitudinal bundle, since they establish reflex paths for

equilibratit)!! impulses. These fibres, both crossed and
uncrossed, join the fasciculus and pass in both directions.

Those passing brainward have as their chief objective point

the oculomotor nucleus, although the nuclei of the sixth

and fourth nerves receive fibres or collaterals. In this

manner the filaments supplying the various ocular muscles

are brought under the infiuence of the vestibular impulses.

It is probable that the facial nucleus likewise receives

collaterals, if not main stems, of the vestibulo-nuclear fibres.

3. Upon clinical and experimental evidence, it may be
assumed that fibres pass by way of the longitudinal bundle

from the abducent nucleus to that part of the oculomotor
nucleus sending fibres to the internal rectus mu.scle of the

opposite side (perhaps also from the nucleus of the third

nerve to that of the abducens of the same side), by which
arrangement the harmonious action of the internal and
external recti muscles is insured. Basing their conclusions

upon similar evidence, many anatomists accept the

existence of fibres which pass by way of the posterior

longitudinal bundle from the oculomotor nucleus to the cells

of the facial nucleus (page 1251) from which proceed the

fibres supplying the orbicularis palpebrarum and the corrugator supercilii. In this manner
the coordinated action of these muscles and the levator palpebras superioris is explained. A
similar connection is probably established by the posterior longitudinal bundle between the

nucleus of the hypoglossal and that of the facial nerve, whereby the closely associated

movements of the lips and tongue are assured. That the function of the posterior fasciculus

is by no means limited to association of the nuclei of the ocular nerves is evident from the

fact that in animals or individuals in which such centres are wanting (due to absence or

imperfect development of the visual organs) the bundle is nevertheless well represented.

4. Fibres arise from the reception-nuclei of the remaining sensory nerves of the brain-stem

and pass to the posterior longitudinal fasciculus of the same and the opposite side. On enter-

ing the bundle, they course in both directions and by means of their collaterals and stem-fibres

send end-brushes to the nuclei of the motor nerves, in this manner establishing direct reflex

areas between the afferent and efferent paths.

Strictly considered, it is probable that the fibres establishing connections with the nuclei of the

sensory nerves constitute a small separate tract, lying within the central gray matter dorso-lateral

to the posterior longitudinal bundle. This path has been called Xhe fasciculus longitudinalis

dorsalis of Schiitz, while the main bundle is then termed the fasciculus longitudinalis medialis.

In order to avoid confusion, both sets of fibres are here regarded as parts of one path, the pos-

terior longitudinal bundle.

DEVELOPMENT OF THE MESENCEPHALON.

Diagram sliowinj^ chief constituents
of posterior longitudinal fasciculus. Ill,

IV, VI, \'II. XII, nuclei of respective
nerves ; D, vestibular ( Deiters'j nucleus

;

CN, common nucleus of posterior
commissure and posterior longitudinal
fasciculus.

Of the three primary cerebral vesicles, the mid-brain undergoes least change. Although
much smaller than either of the other segments of the brain-tube, its prominent position, lying

as it does at the summit of the cephalic fle.xure. makes it conspicuous in the early developing

brain. During the enormous expansion upward and backward incident to the development
of the cerebral hemispheres in man, the mid-brain becomes covered in and deposed to a

dependent position and a relatively small size. For a time possessing a spacious cavity, it fails

to keep pace with the growth of the adjoining parts ; its walls thickea and its lumen becomes
eventually reduced to the narrow Sylvian aqueduct.
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The dorsal zones of the lateral wall of the mid-brain give rise to the quadrigeniinal ]>late,

whose external surface is at first smooth but later marked by a temporary median longiuidinal

ridge. About the third fcetal month, with the exception of its lower end, which jx-rsists as the

frenulum veli, this ridge is succeeded by a longitudinal groove bounded on either side by an
elevation. The elevations of the two sides mark tiie appearance of the corpora bigemina, cor-

responding to the optic lobes of the lower vertebrates. During the fifth month, an obliquely

transverse furrow forms on each side, by which the paired elevations are subdivided into four

eminences, the corpora quadrigemina. About this time the corpora geniculata, which however
belong developmentally to the diencephalon, are also differentiated and for awhile are rela-

tively very large and prominent.
The ventral zones greatly thicken and give origin to the tegmentum, including the nuclei

of the oculomotor and of the trochlear nerves and, perhaps, the red nuclei, and the mantle layer

of the cerebral peduncles with the interpeduncular substance. The flcxM-plate becomes com-
pressed between the expanding ventral zones of the lateral walls and probably is represented

by the raphe. Since the fibre-systems of the crusta" are, for the most part, derived from sources

outside the brain-stem, their appearance within the peduncles follows a secondary ingrowth,

and only after such invasion cK) the cerebral crura present their characteristic ventral prom-
inence. The cortico-pontile tracts share with the pyramidial fibres the characteristic of tardy

myelination, since they do not acquire their medullary coat until some time after birth. Among
the earlie.st of the cortico-bulbar fibres to become medullated ( a few weeks after birth ) are those

destined for the motor cranial nerves by way of the crustal or pyramidal fillet of F^lechsig.

According to Kolliker, the stratum intermedium, which is closely related to the substantia

nigra, not only in position but also by the destination of many of its fibres, contains a consider-

able number of medullated fibres by the ninth f(etal month.

THE FORE-BRAIN.

It will be recalled that the fore-brain, the anterior primary cerebral vesicle, gives

rise to two subdivisions, the telencephalon and the diencephalon (page 1060). Since

the latter lies immediately in front of the mid-brain, in following the order in which
the brain-segments have been described, the diencephalon next claims attention.

THE DIENCEPHALON.

Strictly considered upon the basis of the classic subdivision suggested by His, the

diencephalon, or inlei'-brain, includes (i) a large dorsal portion, the thalamen-
cephalon and (2) a small ventral portion, the pars mammillaris hypothalami,
together with (3) the enclosed remains of the posterior part of the cavity of the

fore-brain, as represented by the greater part of the thifd ventricle. The thalamen-

cephalon, in turn, includes : {a) the thalamus, (/^ ) the epithalamus, comprising the

pineal bod}', the habenular region and the posterior commissure, and (r) the meta-
thalamus, including the corpora geniculata. Since, however, the description of the

third ventricle and its surrounding structures—the essential features of this segment
of the adult brain—requires the inclusion of parts belonging to the telencephalon

(pars optica hypothalami), it will be more convenient to disregard their strict

developmental relations and include the representatives of the pars optica in the

consideration of the diencephalon.

The Thalamus.—After removal of the o\erlying structures— the corpus callo-

sum, the forni.x and the velum interpositum—the thalami ( thalarai ), also called

the optic thalami, are seen as two conspicuous masses of gray matter separated by a

narrow cleft, the third ventricle. Each thalamus is an ovoid ganglionic mass, blunt

wedge-shaped, as seen in cross-sections (Fig. 967), whose long axis extends from

the narrow anterior pole backward and outward. Of its four surfaces, the lateral and
ventral are blended with the surrounding nervous tissue, and the mesial and dorsal

are to a large extent free. The large superior surface is irregularly triangular

in outline, slightly convex in the frontal plane and markedly so in the sagittal, and
covered with a thin layer of nerve-hbres, the stratum zonale, which imparts a

whitish color. This stratum is composed of fibres which are traceable on the one
hand to the optic tract, and on the other to the optic radiation in the hind part of

the internal capsule. Laterally, the superior surface is separated from the caudate

nucleus by a groove which obliquelv crosses the floor of the lateral \entricle and
lodges a narrow band of fibres, the taenia semicircularis (stria terminalis) and, in

its anterior part, the vein of the corpus striatum. In its front half, where it bounds the
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ventricle, the imur horcier is sharply defined from the mesial surface by a delicate but

well tlefincd ricinc, taenia thalami, produced by the thickenini; of the ependyma
of the thiril \ciuriclc, alons^ il> line of rttlcction onto the nicmbrancjus roof, and
the unckrhini,'^ strand of nervc-tibrcs. the- stria medullaris. Traced backward, the

tienia thalami becomes continuous with the stalk of the jjineal body. Between
this rid>i;e and the diveri,nn}^ mesial border of the upper surface (jf the thalamus, is

included a narrow depressed triangular area, known as the trigonum habenulae.
It lies on a distincdy lower level than the adjoining convex upper surface of the
thalamus. Since it contains a special nucleus and l)elongs to the epithalamus, its

description will be ileferred until that region is considered (^page 1123;. The upper
surface is not cjuite even, but subdivided by a shallow obli(jue furrow, which runs
from before backward and outward and marks the position of the overlving lateral

border of the forni.x. External to this furrow lies a free marginal zone that forms a
part of the floor of the lateral ventricle ; internal to it is an attached inner zone over
which the velum interpositum is united to the thalamus. By the attachment of this

Fig. 966.

Septum lucidum

Taenia semicirciilaris and
vena terniinalis

Taenia chorioidea

Furrow for fornix

Taenia thalami

Trigonum habenulae

Pulviaar

Corpora quadrigemina

Corpus callosum

Caudate nucleus

Anterior pillars of fornix

Foramen of Monro

.•interior commissure

Middle commissure in III
v-entricle

Thalamus

Posterior commissure

Pineal body

Liiigiila

Thalami, caudate nuclei and ventricles viewe.i uuiu nuuve after removal of corpus callosum. fornix an<J

velum interpositum ; third ventricle shows as narrow cleft between mesial surfaces of thalami.

sheet to the forni.x above and to the thalamus below, direct communication between

the third and lateral ventricles is shut off save through the foramen of Monro. In

front, the superior surface ends on the rounded elevation (tuberculum anterius thalami)

which marks the anterior pole of the ganglion, while behind it goes over onto

the prominent posterior projection, the pulvinar, which overhangs the superior

brachium and the corpora geniculata. The mesial surface forms the greater part

of the lateral wall of the third ventricle. It is covered by a layer of gray matter

prolonged from the central gray of the Sylvian aqueduct, over which stretches the

immediate lining of the ventricle, the ependyma. The upper boundar)- of the mesial

surface is sharply defined by the taenia thalami, which behind is continuous with the

stalk of the pineal body TFig. 966). Its lower limit is indicated by an oblique

furrow, the sulcus hypothalamicus, which separates the thalamic from the

hypothalamic regions. Somewhat in advance of their middle, the mesial surfaces

of the two thalami are connected by a bridge of gray matter, known as the

middle commissure (massa intermedia), usually about 7-8 mm. in diameter and

oval in section, but ven^' variable in thickness and form. From the meagre number
of meduUated nerve-tibres that it contains, its importance, at least in man, seems

to be small. The lateral surface of the thalamus is inseparably blended with the

adjacent thick and conspicuous stratum of white matter, the internal capsule,

which inter\'enes between the thalamus and the more laterally placed lenticular
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nucleus, and establishes the important pathway transmitting the fibre-tracts con-
necting the cerebral cortex with the thalamus and with the lower levels by way
of the crusta of the cerebral peduncle. Since the innumerable fibres which pass
to and from the thalamus along its ventro-lateral surface interlace, this surface is

covered by a distinct reticulated stratum, to which the name external medullary
lamina is applied. The ventral surface is also attached, but instead of being
united with the internal capsule, as is the lateral, it rests upon and is intimately
blended with the upward prolongation of the tegmental portion of the cerebral
peduncle, here known as the subthalamic tegmental region, presently to be
described (page 1127).

Fig. 967.

Corpus callosum

Choroid plexus

Fornix

Taenia thalami

Middle commissure

Third ventricle

MammillD-thalamic
tract
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Caudate nucleus

Thalamus,
mesial nucleus

Thalamus,
lateral nucleus

Lenticular nucleus

.Subthalamic
nucleus

Optic tract

Tail of
caudate nucletis

Inferior horn of
lateral ventricle

Hipf)Ocampus. cut obliquely

Crusta of cerebral peduncle

Frontal section of brain passing through thalami, middle commissure and mammillarj- bodies.

Structure of the Thalamus.—Although composed chiefly of gray matter,

the thalamus is partially surrounded and penetrated by tracts of white matter. In

addition to being invested on its superior and ventro-lateral surfaces by the stratum

zonale and the external medullarv lamina respectively, the general ganglionic mass
is subdivided by a vertical internal sheet of fibres, continuous with the stratum zonale

and known as the internal medullary lamina, into three fairly marked nuclei,

the anterior, the mesial and the lateral f Fig. 967). Of these the lateral nucleus is

much the largest and is included between the external and internal medullary laminae.

Whilst the lateral nucleus does not reach as far forward as the anterior pole of the

thalamus, its caudal extremity includes the entire pulvinar. The lateral nucleus

consists histologically of an intricate complex of nerve-fibres and cells. The latter

are in general of the multipolar type, although very variable as to details of form

and size. Two principal types are recognized by KoUiker, the one being elongated

or fusiform and possessed of relatively few branches, and the other being stellate and

provided with richly branched dendrites. Many of the fibres represent paths ending

within the thalamus and therefore terminate in arborizations around the thalamic

cells ; others are the axones of such cells and pass to various parts of the cortex or

other parts of the brain. The histological characteristics of the lateral nucleus, in the
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ni;uii hold noocl for tin- otlur niicKi, allhoii^h llu- lateral nucleus is particularly

rich in fibres, and therefore of a paler tint, on account of its close relations to the

internal capsule antl the tet^nientuin of the cerebral juduncle.

The mesial nucleus lies between the central ^riiy matter (A the ventricular

wall and the internal uKilullary lamina, and is separated by the latter fnjin the lateral

nucleus. Its caudal vn(.\ is bordered inti-rnally by the ^anj^lion habenuht, and, behind,

by the pulvinar. The anterior nucleus, the smallest of the three, is a wedj^e-shaped

mass, whose rounded base looks forward and corresponds to the anteritjr tubercle,

and whose apex is directetl backward and lies between the front ends of the mesial

and lateral nuclei, separateil from these by the internal medullary lamina, which

di\'ides into two di\erminii^ levels that embrace the anterior nucleus. In addition to

its contribution of radiatinij fibres which take part in the j)roduction of the thalamic

radiation, the anterior nucleus contains a compact bundle of fibres traceable into the

mammillary body on the base of the brain. These are the constituents of the mam-
millo-thalamic tract, ox bundle of Vicq d' Azyr, by which a large part of the fibres

Fig. 968.
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coursing within the anterior pillar of the forni.x are carried to the thalamus (page

1159). The entire ventral part of the thalamus is occupied by an illy-defined mass
of gray matter, known as the ventral nucleus, which lacks sharp definition from

the overlying nuclei and in fact is continuous with the lateral nucleus. The ventral

nucleus presents a differentiation into the nucleus centralis of Luvs, which occupies

a mesial position and appears round in section (Fig. 970), and receives fibres from

the red nucleus and the posterior commissure, and the nucleus arciformis, which
lies ventro-lateral to the preceding nucleus and is crescentic in outline. The ventral

nucleus is of importance, not only because it receives the great sensory paths, but also

on account of its phylogenetic rank, since, according to Edinger, it, together with the

ganglion habenulae, represents the oldest of the thalamic nuclei and is found through-

out the vertebrate series.

Connections of the Thalamus.—Broadly considered, the thalamus may be

regarded as a great ganglionic internode interposed in the corticipetal paths around

whose cells most of the constituents of the important secondary paths conveying

afferent impulses from the spinal cord, the brain-stem and the cerebellum end,

71
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and 'from whose cells corticipetal fibres pass to all jiarts of the cerebral cortex

and to the corpus striatum. Further, it must be understood that the thalamus

receives fibres from all parts of the cerebral cortex, and, lastly, that from it

proceed efferent fibres to the lower centres within the brain-stem and the cord.

It is evident, therefore, that the connections of the thalamus are very intricate

and far reaching.

I. The lower thalamocipetal tracts include : (a) those passinj; directly from the spinal cord,

as the spino-thalamic and possibly a part of Govvers' tract
;

{b) those passini,' from the

various nuclei by way of the median fillet ; {c) those passing from the cerebellum, either

directly, as the ccrebello-thalamic

Fig. 969. tract, or, after interruption in the

red nucleus, as the rnbro-thala-

niic; [d) probably other tracts

which arise within the tegmen-
tal area of the brain-stem. The
fibres from the various sources
enter the under surface of the

thalamus to end within the ven-

tral nucleus, or by means of the

internal medullary lamina to be
distributed to the other nuclei.

2. The thalamic radiation

comprises the fibres which stream
from the latero-ventral surface of

the thalamus to all parts of the

hemisphere ( thalaino-co7'tical)

,

some crossing by way of the

corpus callosum to the oppo-
site side, as well as those which
pass in the opposite direction

( cortico-thalaniic ) towards the

ganglion. Although as they

traverse the external medullary

lamina the fibres are not particu-

larly grouped, their various rela-

tions to the cortex or other parts

are established by different and
more or less definite paths.

These are designated as the

stalks of the thalamus, of which
a frontal, a parietal, an occipital

and a ventral are conventionally

distinguished. The anterior or

frontal stalk emerges from the

fore-part of the lateral surface of

the thalamus, traverses the an-

terior part of the internal capsule

between the caudate and lentic-

ular nuclei, to which it distributes

fibres, and finally gains the cortex of the frontal lobe. From the cells of this region, cortico-

thalamic fibres follow in reversed order the paths just mentioned, thus establishing a

double relation between the cortex and the basal ganglion. In addition to the preceding

cortico-thalamic fibres, the antero-ventral part of the thalamus receives a strand from the

cortex of the olfactory bulb. The parietal stalk leaves the lateral surface of the thalamus and

enters the internal capsule and often the lenticular nucleus, in its course to the parietal

cortex. Other corticipetal fibres, destined for the parietal and adjacent parts of the

frontal lobe, are the continuations of the path of the mesial fillet. To a large extent

these fibres pass from the ventral thalamic nucleifs outward to the under surface of

the lenticular nucleus, then bend upward and traverse the lenticular nucleus by way of

the medullar}' striae or the globus pallidus to gain the cortex. Other fibres continue the fillet-

path by entering the internal capsule and thus, perhaps, directly proceed to the cortex. The

occipital stalk includes the fibres that connect the thalamus with the visual cortical areas of the

occipital and parietal lobes. They issue from the lateral surface of the pulvinar, and as the

Median fillet

Spino-thalamic

Diagram showing chief connections of thalamus ; black fibres rep-

resent afferent tracts ending in thalamus and thalaino-cortical paths;
red fibres are the cortico-thalamic and strio-thalamic paths ; Th, thal-

amus ; C, L, caudate and lenticular nuclei; C C corpus callosum;
F, P, T, O. frontal, parietal, temporal and occipital lobes ; TTr, fornix;

A/, mammillary body ; Pd, cerebral peduncle; SC\ /C, superior and in-

ferior coUiculi ; P, red nucleus; Ps, pons ; j, frontal stalk ; 2, parietal

stalk
; J, 4^ lenticular and temporal parts of ventral stalk

; 5, occipital

stalk.
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optic radiations sweep outward ami Ikk kwanl aroiiiul llie ixistericjr horn of the lateral

ventricle to end in the cortex. The ventral stalk is ccjniplex in its relations, since its fibres

include two systems. KnHTj;in); from the fore-part of tiie ventral surface of the thalamus,

from the lateral and mesial nuclei, the stalk passes downward and «)Utward beneath the

lenticular nucleus. Its lower part, known as the atisa pcdunciitaris, continues laterally into

the cortex of the temporal and of the central lobe ; its upi)er part, the a>tsa Icnticnlaris,

closely skirts the adjacent border of the lenticular nucleus wiiich it enters to j^ain the putamen,

or, continuinj:: throu^^h the lenticular nucleus by way of the medullary lainin:e, to reach the

caudate nucleus. I luler the name traitus strio-t/ia/ainims, are included the fibres which pa.ss

from the caudate nucleus and the putamen to the tiialamus, subthalamic body and red nucleus,

a small number ui libres probably entering; the thalamus from the caudate nucleus by the more
direct route of the internal capsule.

1,. The stratum zonale, the thin layer of white matter which covers the superior aspect

of the thalanuis, consists in larj^e part of thalamocipetal fibres derived fnnn the optic tract or the

optic radiation. Those from the lateral root of the tract superficially cross the external genic-

ulate body and spread over the thalamus, while those from the occipital cortex by way of the

optic radiation invest the pulvinar. Other contributions to the stratum zonale include fibres

from the temporal ct^rtex by way of the ventral stalk.

The Epithalamus.— Under this subdkision of the thalamcncephalon are

inckided : (1; the Irii^onum habcnulcc, (2) the pineal bo'dy, and (3) the posterior

coniniissHrc—all structures closely associated witli the superior and posterior boun-

daries of the third ventricle.

Fig. 970.
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The trigonum habenulae is the narrow triangular area lying between the

sharply defined edge (teenia thalami) of the ventricular wall internally and the

diverging mesial border of the upper sui^ace of the thalamus externally (Fig. 966).

Its surface is depressed and at a lower level than that of the thalamus and behind is

continuous with a mesially curving strand, the pineal peduncle. Beneath the

ridge of thickened ependyma marking the taenia thalami, lies a distinct strand

of nerve-fibres, the stria medullaris, while at a still deeper level and covered by

the superficial fibres is situated an aggregation of small nerve-cells, known as the

ganglion habenulae. The source of the fibres composing the stria medullaris and

the connections of the ganglion habenulae are still uncertain. It is probable, how-

ever, that many components of the stria are associated with the olfactory centres

and include : (i) o/faeto-habetudar fibres, which arise from cells within the septum
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Fig. 971.

lucidum and the olfactory area, and (2) cortico-habenular fibres, which spring from

the cortical cells within the hippocampus or the adjacent region, and by way of

the fornix and its anterior pillar are carried to the fore-end of the thalamus, whence

they pass backward within the medullary stria. (3) Oihav thaiamo-habmularfibres
also probably join the stria medullaris frf)m the interior of the thalamus. Whilst many
of the fibres composing the stria end around the cells of the ganglion habenulae,

some continue backward, without interruption, within the strand known as the

peduncle of the pineal body, cross to the other side in the bundle bearing the

name, commissura habenulae, and end in relation with the cells of the opposite

habenular nucleus. The ganglion habenulae (P'ig. 970), in turn, gives origin to

an important bundle, the fasciculus retroflexus of Meynert, which arches down-
ward and backward, passing at first between the central gray matter of the third

ventricle and the thalamus proper, and later to the medial side of the red nucleus,

to reach the base of the brain, and for the most part to end around the cells of the

interpeduncular ganglion. This nucleus, which in many animals is a well-defined

collection of cells, in man is rc{)resented by a more scattered median cell-group

within the posterior perforated substance close t(j the anterior border of the pons.

The fasciculus, also termed the habenulo- peduncular tract, receives contribu-

tions from the ganglion habenulae of both sides, some fibres having crossed in the

habenular commissure ; although the majority of its fibres end, mostly crossed, in

the interpeduncular ganglion, not a few may be traced farther caudally within the

tegmentum of the brain-stem CObersteiner), as may also the fibres from the cells

of the ganglion interpedunculare.

The Pineal Body.—The pineal body fcorpus pincale), also often called the

epiphysis, is a cone-shaped organ, from 8-10 mm. in length, attached to the

posterior extremity of the roof of the third ventricle. It is slightly compressed from
above downward and
rests, -with its apex
pointing backward, on
the dorsal aspect of the

mid-brain in the trian-

gular pineal depression

between the superior

corpora quadrigemina
(P'ig. 966). Its base,

as its anterior end is

called, is attached
above to the commis-
sura habenulae, from

which on each side a

narrow but distinct

ridge, the pineal stalk,

cur\es forward to be-

come continuous with

the stria medullaris.

Below, ii.j base is united

with the posterior com-
missure of the brain

overlying the entrance

into the Sylvian aque-

duct. Between the

habenular and posterior commissures a small pointed diverticulum, \\\(t pineal recess,

extends from the third ventricle for a very short distance into the pineal body,

and thus recalls the early condition in which the organ is developed as a tubular

outgrowth in the roof-plate of the diencephalon. This relation to the thin ventricular

roof the body retains, its apex later becoming closely surrounded by and embedded
within the loose vascular tissue of the pia mater.

The structure of the pineal body, as seen in cross-section (Fig. 971), includes

a reticular framework of connective tissue trabeculae, whose meshes are filled with

tissue -.•"V.'-j^ . Y':/;.<:- *-.'.".-»>
'"' '•-;.'/••-.•;.'=

.-V.'v. "
'' '

"•';'.--'

concretion p^.'^ir ~~ZS^-y^ '
v''.

•"''*'•
v'^

•'"*' *.
•'»i'«\''''"*'''*'''^''* >T',1- »

"^

Section of pineal body showing calcareous concretions or brain-sand. X 130-
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roiiiulcd i>i" snmtliiius tl()ni;;iliil cpillitlial cells, uhi( li oficii contain Ijiouriish pi^-

uiL-iit. Willi llic exception of a few ner\e-lilanunts in tlur anterior part, probably
synipatlu-tic in orij^in and ilestincd for the blood-vessels, and a dense nit-work of

neuroj^lia fibres in the under part,
I'k;. 972.

I.ciiliciil.ir area \

Kctiiial area \
\ '^ ''''-

the pineal ln)dy contains no ele-

ments of a nervous character, nerve-

cells beinij;- absent. yuite com-
monly the ailult origan encloses a

variable number of concretions,

often c,\\W'(\l>rain-sand(airrvi(/us),

which consist of laminated jjarticles

comj)osetl of calcium carbonate

and phosphate minj2;^led willi or-

j^anic material. They may be of

microscopic dimensions, or reach

the size of a millet seed, and by
ajji^regation assume a mammillated
form.

4Ac T'M"-

lUood-vessel

DivcrlicuUmi
<liviciiiij; into

tubules

Sagittal section of pineal organ of lizard {Lacerta agilis)
embryo. X 175.

The si.a:nificance of the pineal

body lon.i; remained an unsolved

riddle and served as the theme for

unrestrained speculation. The em-
bryological and comparative studies of

Graaf, Spencer and others iiave shown that in many of the lower animals, especially in the reptiles

(lizards), the pineal body reaches a high degree of developnient and is a flattened cup-shaped

organ connected with the brain by a stalk containing nerve-fibres. The structural resemblances

to the invertebrate visual organ suggested a possible similarity of purpose in the higher types,

an assumption that was strengthened by tlie fact that in certain lizards tiie pineal body not only

is borne by a stalk but reaches an interparietal subcutaneous position on the head by passing

through or lying within a special foramen in the skull. The organ was, therefore, designated

the pineal eye, although probably in no e.xisting animal a functionating structure. While such a

superficial position in the adult is very e.xceptional, the embryonic relations in many reptiles

(Fig. 972) are very suggestive of the probable significance ot the pineal body, at least in such

form as a rudimentary .sense organ, although not necessarily an eye. These conclusions are

likewise suggestive in forming our conceptions concerning the pineal body in man, which is

now by many regarded as representing a very imperfectly

developed and greatly modified sensory structure.

Although strictly belonging to the telencephalon, men-
tion may here be made of a second evagination, know as the

paraphysis, which arises from the roof-plate of the fore-brain.

The pouch appears in advance of the pineal outgrowth and is

a temporary structure, seemingly being in nature comparable

to an outwardly directed choroid plexus. The paraphysis

has been described in the lower vertebrates, including reptiles

and birds, in some mammals and, indeed, according to

the observations of Francotte and of Kwing Taylor, it is not

improbable that a corresponding evagination is recognizable

in the early human embrvn.

Fig

Small portion of pineal body,
showing constituent cells more highly
magnified. X 600.

The posterior commissure (commissura poste-

rior cerebri) is a narrow but distinct cord-like band of

white matter which o\erlies the superior entrance into

the Sylvian aqueduct (Fig. 976) and is partially masked by the habenular commissure
and pineal peduncle abo\e. Behind and laterally it is continuous with the superior

colliculi. The commissure proxides the paths by which fibres from various sources

undergo median decussation, but the details and connections of its component fibres

are only imperfectly understood. Among its probable constituents are : (
i ) fibres

originating in the nucleus of the posterior commissure and also from the nucleus of

the posterior longitudinal fasciculus (nucleus fasciculi lonqitudinalis posterior), which

occupies the gray matter of the floor of the third ventricle near the mammillary

bodies (page 11 17); (2) fibres from the posterior "part of the thalamus of the
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opposite side which descend within the tegmentum, lateral and ventral to the
posterior longitudinal fasciculus

; (3; fibres which cross to join the fasciculus retro-

i\e\us
; (4) fibres from the median fillet and (5) from the superior cerebellar

peduncle which traverse the commissure to reach the opposite thalamus
; (6) per-

haps fibres from the deeper gray stratum of the corpora quadrigemina to the cerebral
cortex of the other side. Its presence in all vertebrates and the very early
acquisition of a medullary coat by its fibres indicate, as pointed out by PZdinger,
the funcl;uin-ntal character of the commissure.

The Metathalamus.—This subdivision of the thalamencephalon includes em-
bryologically both the median and lateral geniculate bodies. Since in the fully formed

Corpus callosuni

Fornix

Choroid plexus

Velum inter-,

positutn

Nucleus habeuulse

Subthalamic
nucleus

Red nucleus

Substantia nij^ra

Fig 974-

Oculomotor nerve Crusta of cerebral peduncle

Caudate nucleus

riialainus

Subthalamic region

Choroid plexus in inferior

horn of lateral ventricle

Caudate nucleus, tail

Hippocampus,
obliquely cut

Gj'rus dentatus

Gyrus hippocampi,
bounding inferior
fissure leading into
choroidal plexus

Frontal section of brain passing through thalami, subthalamic region and cerebral peduncles; inferior
horn of lateral ventricle with hippocampus in section also seen.

brain the former are closely associated with the inferior colliculi and their arms, the

inferior brachia, they may be conveniently described in connection with the mid-
brain, as has been done (page mo).

The lateral geniculate bodies, (corpora geniculata latcrales). one on each side,

are two fusiform elevations, about 10 mm. in length and half as much in width, which
project from the outer and under surface of the posterior part of the thalamus ( Fig.

958 ). They are so buried within the thalamus that they are much less distinct than the

median geniculate bodies. In front they receive the outer division of the optic tracts,

while behind they are connected by the superior brachia with the superior corpora
quadrigemina. In structure the lateral geniculate body consists of alternating layers

of white and gray matter. The former, somewhat thinner than the gray substance,

is, to a large measure, the optic fibres, many of which end around the celb within
the gray laminae. Other fibres of the optic tract continue without interruption into

the superior brachium and so to the upper colliculus, while a certain number end
within the thalamus, and in their course over the surface of the latter take part in the

production of the stratum zonale (page 11 18). From manv of the cells within the

geniculate body, fibres proceed by way of the optic radiations to the cerebral corte.x.
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Then, U)<>, many corticifuj^al fibres course in the opposite direction as the axones of

tlie cortical cells, and end in relation to the geniculate neurones, thus establishing a

(l)uble relation between the lateral geniculate body ai.d the (jccipital cortex.

The Hypothalamus.—Although, stricdy regarded according to its develop-

mental rclalioiir,, the dirnccphalon claims only the posterior or nianimillary jjart of

the hypothilanius, it is desirable to consider at this time the derivations of the entire

hypothalamic subdivision of the fore-brain. Under the above heading will be de-

scribetl, thL»refore, the structures lying within or forming the floor and the anterior

wall of the third ventricle, including the subthalamic region.

rhe subthalamic region in its developmental relations stands, as it were, as a

link connecting the dienccphalon and the mid-brain. The subthalamic region is the

upward prolongation .)f the tegmentum of the cerebral peduncles and occupies, on each

side of the mid-line, the triangular area between the thalamus above and the internal

capsule and its continuation, the crusta of the peduncle, below (>ig. 974;- It is insepa-

I'lo. 975-

Velum
intertJositum

Pineal body,
cut

Red nucleus

Choroid plexus

PuUinar

Lateral geniculate
lx)dy ( leader crosses
cut tail of caudate
nucleus)

Median geniculate
body

Hippocampus

Superior cerebellar
peduncle

Frontal section of brain passi.ig through posterior poles of thalami, pineal body and brain-stem.

rably blended with the ^-entral surface of the thalamus, which thus obliquelv merlies

the termination of the tegmental or sensory portion of the cerebral stalk. through

this area the important thalamocipetal paths of the fillet and of the superior cerebellar

peduncles reach the thalamus, and within it are seen the upper e.xtremities ot ttie

chief ganglia of the mid-brain, the substantia nigra and the red nucleus, and a new

mass o\ gmv matter, the eorpus subthalamicum. The substantia nigra presents the

same characteristics here as in the peduncle, being conspicuouslv dark and overlving

the crustal fibres. As it ascends, it decreases in bulk from within outward until at

the level of the mammillarv body, the substantia nigra is no longer recognizable.

The connections of the cells within the substantia nigra are imperfectly understooci,

but it is probable that they receive many fibres from the caudate nucleus and tne

putamen and, perhaps, also from the frontal cortical areas. From the cells on tne

other hand, fibres pass into the tegmentum and into the crusta and thence to

lower levels. According to Bechterew, some fibres join the fillet-tract and thus

reach the superior quadrigeminal bodies. At first the red nucleus is a ver>'

prominent feature in frontarsections of the subthalamic region (Pig. 970). appeann^
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as a circular area of gray matter enclosed by a zone of cerebello-thalamic fibres
;

farther forward it, too, gradually diminishes and disappears at a level somewhat
behind that of the corpora mammillaria. The connections of the red nucleus have
been considered in connection with the superior cerebellar peduncle (page 1095) ;

suffice it here to recall its twofold significance as an interruption station for many
of the cerebello-rubro-spinal and fcjr the cerebro-rubro-spinal tracts.

The corpus subthalamicum (nucleus hypothalauiicus), or nucleus of Luys^ is a

mass of deeply tinted gray matter peculiar to the subthalamic region and unrepresented

in the mid-brain. It appears in cross-section (Fig. 970; as a small biconvex area,

immediately dorsal to the tract of crustal fibres and lateral to the red nucleus and the

substantia nigra. As the latter diminishes, the subthalamic nucleus expands to take

its place and, where fully represented, measures from 3-4 mm. in thickness and from
10-12 mm. in its longest diameter, and extends superiorly considerably beyond the

level of the red nucleus. Histologically the subthalamic body is distinguished by a

dense net-work of fine meduUated ner\'e-fibres, enclosing pigmented multipolar nerve-

cells of medium size, and by an unusually close mesh-work of capillary blood-vessels.

The dorsal surface of the nucleus is defined by the overlying lateral part of the field

F^iG. 976.
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Choroid plexus
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Mammillarv bodv
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Right lateral wall of third ventricle : velum interpositum covers superior surface of thalamus.

of Forel, as the stream of fibres passing between the red nucleus and the thalamus
and the internal capsule is called. From the ventral surface of the nucleus, fibres

pierce the adjacent crusta and join the ansa lenticularis to gain, probably, the globus
pallidus ; other perforating fibres perhaps connect the subthalamic body with
Meynert's and Gudden's ' commissures (Obersteiner). The ventro-medial ends
of the bodies of the two sides are connected by a bridge, the commissura
hypothalamica, which traverses the floor of the third ventricle above the
mammillary bodies. In addition to connecting the two subthalamic nuclei, the
commissure contains decussating fibres from the anterior pillars of the fornix and,
according to Edinger, probably fibres from the fore-end of the posterior longitudinal

fasciculus.

The corpora mammillaria (corpora mamillaria), also called the corpora albi-

caiitia, are two hemispherical elevations, about 5 mm. in diameter, which lie close to the
mid-line within the interpeduncular space on the basal surface of the brain (Fig. 993).
They are almost but not quite in contact, being separated by a narrow inter\al which
immediately behind the little bodies deepens into the anterior recess marking the .

front end of the shallow median furrow that grooves the posterior perforated sub-
stance. The posterior surfaces of the mammillary bodies indicate the anterior limit

of the ventral surface of the mid-brain. When examined in section (Fig. 970),
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each body is srfii to he cDinposrd ot an outer la\ci' of while matter enclosing a core
of ^ray siilistaiux-, known colU-ctixfiy as liu- nucleus mammillaris. The latter is

siih([i\icK'(l into a nuchal and lateral part by fibres from the douiuvard arching ante-

rior pillar of the fornix, which penetrate the gray matter as well as invest to a large

extent its exterior. Only a jjart of (i) \.\\v. foniix Jibn's, however, end directly in

the mammillary nuclei, since some pass above and behind the ganglion to gain the

hypothalamic commissure (page 11 28) and, after decussation, to end in the mam-
millary body of the o|)posite side. l-roni tlic dorsal part (jf the medial nucleus,

distinguished from the lateral one by its larger nerve-cells, emerges a distinct and
compart I)undle of libers (Fig. 967), which on clearing the nucleus, separates into two
strands. One of these, known as (2) the matnmillo-thalamic trad, or the bundle

of Vicq iV Azyr, courses upward and forward, and ends within the anterifjr nucleus (if

the thalamus ; in this manner it completes the paths by which the cortical olfactcjry

centres within the hippcjcampus major are connected (by way of the fimbria, body
and anterior pillar of the fornix and the mammillo-thalamic strand j with the thalamus
(Fig. 1049). That fibres pass between the latter and the mammillary nucleus in

both directions, is shown by the fact that destruction of either of these centres is fol-

lowed in turn by ascending or descending degeneration of the fibres. (3) The
other part of the bundle issuing from the mammillary nucleus arches backward and
downward and, as the ma»imilIo-tegmental tract, is traceable into the tegmentum of

the niid-l)rain to the vicinity of the inferior coUiculus. (4) Under the name, pedun-
ciiliis corporis mammillaris, another mammillo-tegmental tract is described. This

strand springs from the lateral mammillary nucleus, and, coursing backward and
downward along the medial margin of the crusta, enters the tegmentum. Its des-

tination is uncertain, but according to KoUiker the tract probably ends in the central

gray matter surrounding the Sylvian aqueduct in proximity with the trochlear

nucleus. Other, but much less well established, strands have been described by
Lenhossek as proceeding forward from the peripheral layer of the mammillary body
over the tuber cinereum. Concerning their further course little is known with

certainty.

The tuber cinereum is the first of a series of median outpouchings which

model the thin sheet of gray matter constituting the floor and the anterior wall of

the third ventricle and belong to the pars optica of the hypothalamus. As seen from

the exterior (Fig. 993), the tuber cinereum is a median elevation placed between the

mammillary bodies behind and the optic chiasm in front, and the cerebral peduncles

and the optic tracts at the sides. Together with the infundibulum, it forms the most
dependent part of the third ventricle and consists of a thin layer of gray matter, less

than 1.5 mm. thick, that is continued forward as the attenuated extension of the im-

portant sheet found within the mid-brain and fourth ventricle. In addition to the fibre-

strands coming from the mammillary bodies noted by Lenhossek, this investigator

and KoUiker credit the tuber cinereum \\\\S\ possessing small paired composite gang-

lia, the nuclei tuberis and the yiuclei supraoptici of KoUiker. Concerning their con-

nections nothing is definitely known. The anterior part of the tuber, immediately

behind the optic chiasm, descends abruptly and somewhat forward to form a funnel-

shaped stalk, the infundibulum, to whose lower end or apex is attached the pos-

terior lobe of the pituitary body (Fig. 976). Although in the very young child the

infundibulum retains to some extent its original character as a hollow outgrowth

from the ventricle, in the mature subject this cavity, the recessus infundibuli,

has mostly disappeared and the stalk is solid, save for a slight diverticulum within its

upper and widest part.

The posterior part of the tuber cinereum, between the root of the infundibulum

and the mammillary bodies, exhibits occasionally in the adult brain, and almost con-

stantly in that of the foetus, a small rounded median projection, flanked on each side

by a slight elevation. To this modelling Retzius has applied the name, eminetitia

saccularis in recognition of its similarity to the evagination (saccus vasculosus ) found

in fishes. The eminence encloses a shallow pouch, rccess?is saccularis, which opens

into the third ventricle.

The pituitary body T hypophysis cerebri ) is attached to the dependent tip of the

infundibulum, and, closely invested by a loose sheath of connective tissue, hangs
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within the pituitary fossa on the base of the skull, just in advance of the dorsum seilae

(Fig. 996). Above, the fossa is closed by a special partition of dura, the diaphragma
sell(Z, through an opening in which the infundibulum passes to the mushroom-shaped
organ. The pituitar\' body consists of two principal parts, of which the so-called

anterior lobe is much the larger and of a darker grayish red color. The boundary
between the anterior and posterior lobes is occupied by a zone of modified glandular

tissue, the pars intermedia, which extends for a variable distance along the ventral

surface of the posterior lobe towards the infundibulum. The two lobes are not only dis-

tinct as to structure and probably function, but are developed from entirely different

regions. The anterior lobe is formed as an outgrowth from the oral diverticulum,

while the posterior lobe tirst appears as a ventral evagination from the diencephalon

(Fig. 1532). The anterior lobe, glandular in character, has been described in con-

nection with the Accessory Organs of Nutrition (page 1806 J and, therefore, calls

for no further consideration in this place.

Fig. 977.

Pars intermedia

Posterior or cerebral lobe

Connective-tissu
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Transverse section of pituitar>- body, sliowmg reialiou oi aiiicnor ».oraly and posterior (cerebral) lobes. X 7-

The posterior lobe of the pituitary body is lighter in color and softer in con-

sistence and directly attached to the floor of the third ventricle by means of its stalk,

the infundibulum. During the early stages of its development, this lobe is repre-

sented bv a tubular outgrowth whose walls partake of the general character of the

adjacent brain-vesicle. Later the lumen within the lower end of the diverticulum dis-

appears in consequence of thickening and approximation of its walls, a funnel-shaped

recess of variable depth within the infundibulum alone remaining. In the adult con-

dition, the posterior or cerebral lobe retains few histological features suggesting its

nervous origin. Of the demonstrable interlacing fibres, with fusiform enlargements

and elongated nuclei, none can be identified as nerve-fibres, while of the numerous

cells which the lobule contains, only a few of large size and pigmented cytoplasm

uncertainly resemble nerv'ous elements. With the exception of possibly neurogliar

cells, the existence of definite nervous tissue within the cerebral lobe of the mature

human hypophysis is doubtful.

The optic tracts and commissure are elsewhere described (page 1223),

sufHce it at this place to mention their relation to the interpeduncular structures.

The optic tracts di\erge backward and wind around the ventral surface of the cere-

bral peduncles (Fig. 993). Their medial ends are fused into a transversely flattened

white band, the optic commissure or chiasm. The latter is connected with the front

surface of the tuber cinereum, whilst above the chiasm the anterior wall of the ventricle

consists of a delicate sheet of gray matter, the lamina cinerea Hamina terminalis).

This structure lies in the mid-line, passes almost vertically upward, with a slight

forwardly directed curve, and becomes continuous with the rostrum of the corpus
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callosiiin. Just before meetinj^ the latter, the himina passes in front ot the anterior

coniniisr.ur»- of the brain ' Fij^. 976).
The Third Ventricle.—The third ventricle (vcntriculus t.rtius cerebri; is the

narrow cleft-like space that separates the nietlial surfaces of the thalaini ( V\^. 966).

It is somewhat broader behintl and much deeper in front, where it comes into close

relation with the exterior of the brain, the interpeduncular lamina alone interveninj^.

Seen from the side, as in mesial sagittal secti(jns (Fig. 996), the outline of the

ventricle is irregularly comet-shaped, with the broader end above and behind and the

blunted point directed downward and forward (Fig. 978). Behind, it communicates
with the .Sylvian aqueduct, and through this canal indirectly with the fourth ventricle;

anteriorly it connects with the twcj lateral ventricles by means of the foramina of

Monro. Its sagittal diameter, measured between the anterior commissure and the

base of the pineal lody, is approximately 2.5 cm. The lateral wall of the ventricle

(Fig. 976) is formed chiefly by that part of the thalamus which li<.s below the level

of the ta-nia thalami. On this surface, slightly in advance of the middle, is seen the

small oval held of the middle commissure, and in front of this the downward curving

elevation produced by the anterior pillar of the forni.x. Between the latter and the

prominent anterior tubercle of the thalamus lies the foramen of Monro (' foramen

interveiitriculare), v.hich establishes communication between the third and the cor-

FiG. 978.
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responding lateral ventricle, and transmits the trunk formed by the union of the

vein of the corpus striatum and the choroid vein. A shallow furrow on the ventric-

ular wall, the sulcus hypothalamicus leads from the foramen backward and some-

what downward ( Fig. 976). It is of importance as indicating, even in the adult

brain, the demarcation between the thalamencephalon and the hypothalamus—parts

derived respectively from the dorsal and \entral zones of the embryonic brain-vesicle.

The roof of the ventricle extends from the foramina of Monro, bounded above

and in front by the arching pillars of the fornix, to the pineal body behind, over

which it pouches out into the suprapineal recess, as the litde diverticulum overlying

the body is termed. The immediate and morphological roof consists of the delicate

^pendymal layer, which is attached to the taenia thalami on each side and, stretching

across the interthalamic cleft, closes in the ventricle. The ependymal layer, how-

ever, is backed by a vascular fold of pia mater, which, in conjunction with the

epithelial layer, constitutes the velum interpositum. This structure is more fully

described in connection with the lateral ventricles ('page 11 62): but its relation to

the third ventricle finds appropriate mention at this place. As in the roof of the

fourth ventricle and in the lateral ventricles, so in the third does the vascular tissue

of the pia mater invaginate the ependymal layer to form vascular fringes which

project into the ventricle ("Fig. 974). A double line of such invaginations hangs

from the roof of the third ventricle and constitutes the choroid plexus of that space.

Since the ependyma everywhere covers the.se pial processes, it is evident that the

fringes are, strictly regarded, outside the ventricle and excluded by the continuous

layer of the epithelium.



1 132 HUMAN ANATOMY.

The posterior wall of the third ventricle is very short and includes the base of

the pineal body, with the opening into the minute pineal recess, the posterior com-
missure and the orihce leading- into the Sylvian aqueduct. The floor sloj)es rapidly

downward and forward (Pig. 976) and comprises a small part of the tegmentum
of the cerebral peduncles, the posterior perforated substance, the mammillary bodies,

and the tuber cinereum with the infundibulum— structures already described and
included within the interpeduncular area on the base of the brain. Corresponding
with the position of the superficial elevation, the \entricle exhibits the diverticulum
of the infundibulum. The optic chiasm marks the anterior limit of the floor and the
beginning of the anterior wall. Immediately above the chiasm the anterior wall
exhibits a diverticulum, the optic recess, from which the lamina cinerea ascends to

join the rostrum of the corpus callosum, in its course passing close to and in front

of the anterior commissure. The latter structure shows on the front wall of the

Fig. 979.
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Portion of frontal section of brain passing through foramina of Monro, showing anterior wall of third ventricle
modelled by anterior commissure and pillars of fornix.

ventricle as a transverse ridge between the descending and slightly diverging anterior
pillars of the fornix (Fig. 979). Although distinctly modelling the ventricular
walls, all of these bands are excluded from the ventricle by its ependymal lining.

THE TELENCEPHALON.
The telencephalon, or end-hraiu, consists of two fundamental parts, the hemi-

sphaerium and the pars optica hypothalami. The latter includes: (i) the
lamina cinej'ea {terminalis), (2) the opiic commissure, (3) the tuber cinereum and
(4) ^(t pituitary body, all of which have been already considered, as a matter of con-
venience, in connection with the diencephalon and the third ventricle. The hemi-
sphere comprises: (i) \.\\q pallium, (2) the rhinencephalo7i, and (3) \\\q corpus
striatum. The first of these subdivisions undergoes such enormous development in

the anthropoid apes and in man, that the pallium becomes the dominating factor and,
expanding upward, laterally and backward as the great cerebral mantle, not only
forms the chief bulk of the cerebrum, but overlies the derivatives of the other brain-
segments to such an extent that these parts are to a large measure covered and
deposed from their primary position on the free dorsal surface of the brain. In conse-
quence in man, in whom the pallium reaches its highest development, the thalami,
corpora quadrigemina and the cerebellum are masked bv the hemispheres and occupy
topographically a dependent position. The rhinencephalon, on the contrary, is in

man only feebly developed and rudimentary in comparison with the conspicuous and
bulky corresponding structures possessed by animals in which the sense of smell is

highly developed. The corpus striatum^ consisting of two large masses of gray
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matter, the caiu/afr aiul tlu- li-iiticiilnr >iiu/ius, rcj)rcsciUs the iiitcnial nucleus (»l the

end-brain. Certain commissural structures, as the corpus callosum, the anterior com-
missure and XX^K^ fornix are to be rej^jarded as secondary and as serving to connect

the halves of the ji^reat brain. The immediate free or outer surface of the j)alliuni is

everywhere formed by a thin peripheral layer of cortical i^ray matter, which, as an

unbroken sheet, clothes the \ari()us ridges and inter\eninj^ furrows—the convolutions

and fissures— which model the e.xterior (jf the cerebrum and provide the necessary

extent of surface. HiMU-ath the cortical j^ray substance lies the 'a'hite matter, which
constitutes the bulk of the hemis])here and consists of the tracts of ner\e-fibres pass-

inij to and from the cortex, as well as of those connecting the \ari(jus regions of the

cortex with one another. Embedded within the core of white matter and lyinj^

much nearer the basal than the superior surface of the hemisphere (Fi^. 1009), the

corpus striatum is closely related to the ventricular cavity by means of the caudate

nucleus on the one hand, and to the cortical j^ray matter by the lenticular nucleus

on the other. In \iew of the rudimentary condition of the rhinencephaUm and
the over-shadowin_!Lj development of the j)allium in man, it is usual and con\enient

to retjard most of the parts derived from the telencejihalon as belont^in^- to the

hemispheres, the latter term bein^; used in a less restricted sense than warranted

by a precise interpretation of its developmental significance.

The Cererral Hi:Mispin:RES.

Viewed from abo\e, the human brain presents an ovoid form, the narrower end
being directed forward and the broader backward, the greatest width corresprjnding

with the parietal eminences (Fig. 984). The convex surface formed by the

hemispheres is divided by a deep median sagittal cleft, the longitudinal fissure

(Ossura loniiitudi nails ccrci)ri), that, for a distance less than one-third of its length

anteriorly and more than one-third posteriorly, completely separates the hemi-

spheres. In its middle third or more, the fissure is interrupted at a depth of about

3.5 cm. by the arched upper surface of the corpus callosum, the chief connection

between the liemispheres. The upper and back part of the longitudinal fissure,

throughout its length, is occupied by the sickle-shaped mesial fold of dura mater,

the falx cerebri, which incompletely subdivides the space occupied by the

cerebrum into two compartments. Under the name, transverse fissure ftissura

transversa cerebri), is sometimes described the deep ckft which sei^arates the

postero-inferior surface of the hemisphere from the cerebellum, the corpora quad-

rigemina and the pineal body. This cleft, so evident after the brain has been

removed from the skull, when the parts are in situ is filled behind by the tentoi'ium

cerebelli and in front by a fold of pia.

The hemispheres are advantageously studied after being separated from each

other by sagittal section, and from the brain-stem by cutting across the mid-brain.

When examined after such isolation, especially when hardened before remo\al from

the skull, each hemisphere presents a dorso-lateral, a mesial and an inferior surface.

The dorso-lateral surface (Fig. 980) is convex both from before backward and
from above downward and closely conforms to the opposed inner surface of the

cranial vault. The mesial surface (Fig. 987) is fiat and Aertical and bounds the

longitudinal fissure. It is ii; contact with the sagittal fold of dura, the falx cerebri,

except in front and below where the partition is narrow; here the mesial surfaces

of the hemispheres, covered of course by the pia and arachnoid, lie in apposition.

The inferior surface (Fig. 989) is irregular, its approximate anterior third

resting in the anterior cerebral fossa of the cranial floor, the middle third in the

lateral part of the middle fossa, whilst the posterior third is supported by the

upper aspect of the tentorium, which separates it from the subjacent cerebellum.

At the juncture of its anterior and middle thirds, the inferior surface of the

hemisphere is crossed transversely, from within outward, by the stem of the Sylvian

fissure and thus subdivided into an anterior and a posterior tract. The former

and smaller, known as the orbital area, rests upon the orbital plate of the frontal

bone and is modelled by this convex bony shelf into a corresponding slight con-

cavity from side to side. The tract behind the deep Sylvian cleft is at first convex
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and rounded, as it lies within tlie middle fossa, but traced backward it passes
insensibly into the tentorial area, supported by the tentorium cerebelli. This area

is conca\e from before backward and directed inward as well as downward, in

correspondence with the characteristic cur\ature of the tent-like dural septum.
The borders separating the surfaces of the hemisphere are the dorso-mesial,

the infero-lateral and the infero-mesial. The dorso-mesial border inter\enes

between the mesial and lateral surfaces and, therefore, follows the arched contour of

the hemisphere beneath the vaulted calvaria. The infero-lateral border, between
the lateral and inferior surfaces, is better defined in front, where it separates the orbi-

tal area from the external surface as the arched superciliary border (Cunningham),
than behind, where it is so rounded off as to scarcely be recognizable as a distinct

margin. The infero-mesial border intervenes between the mesial and the inferior

surface of the hemisphere. It is well marked in front, where it limits the orbital area
niesially, and again behind, where it corresponds to the line of juncture between

Fig. 980.

'.so-. '

Lateral aspect of left cerebral hemisphere; dorso-median surface is somewhat foreshortened ; red lines indicate
boundaries separating parietal, temporal and occipital lobes ; r. Rolandic fissure ; 5. g.. i. g., its superior and inferior
genu; 6"', S'-, S'\ S^ asc, vertical, horizontal, posterior and ascending limbs of Sylvian fissure; i. p. c. s. p. c,
inferior and superior precentral ; sf., if., superior and inferior frontal

; p. m.. paramedian ; ni.f.. mid-frontal ; rf.,

diagonal, here continuous with inferior precentral; />i, /-',;>',/', inferior, superior, horizontal and occipital limbs
of inter-parietal; p. o., parieto-occipital ; /', t^ asc. superior temporal and its upturned limb; t", t- asc, middle
temporal and its upturned limb; t. o., transverse occipital; /. o., lateral occipital; A., arm centre ; .6. T. (?., pars
basalis, triangularis and orbitalis ; Arc p.-o., arcus parieto-occipitalis.

the falx cerebri and the tentorium and marks the division between the mesial surface
and the tentorial area. This margin has been designated the i?iternal occipital border
by Cunningham.

The extreme anterior end of the cerebral hemisphere is known as the frontal
pole rpolus frontalis), and the most projecting part of the posterior end as the
occipital pole (polus occipitalis), while the tip of the subdivision of the hemisphere
which projects below^ the Sylvian fissure constitutes the temporal pole (polus tem-

poralis). A short distance behind the latter, the inferior surface exhibits a well

de^n^d petrosal depression (impressio petrosa); this is caused by the elevation cross-

ing the petrous portion of the temporal bone which corresponds to the position of

the superior semicircular canal. Under favorable conditions of hardening, the infero-

mesial aspect of the occipital pole sometimes displays a broad shallow groo\e which
marks the commencement of the lateral sinus. The groove is usually better marked
on the right side than on the left, in accordance with the larger size of the right

sinus as commonly found ; occasionally these relations are reversed, and frequently
no groove is recognizable "on the side of the smaller sinus. In brains hardened iti

situ, the gendy arching curve of the hind-half of the infero-lateral border of the hemi-
sphere is interrupted by a more or less evident indentation, the preoccipital
notch (incisura praeoccipiialis), at a point about 3.75 cm. (i^ in. ) in front of the
occipital pole (Fig. 980). This notch, prominent in the child but later variable in
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its distinctness, is productd l)y a fold of dura oxer the |)aricto-mastoi<l suture and
above the highest i)art of tlie lateral sinus ( Cunningham j. It is of imjMjrtance

in the topo^raphv of the brain, since it is oftc-n taken as the lower limit of the

pariito-occipital lint\ establishing^ the conventional division on the lateral surface of

the hemisphere between the parietal and occipital lobes ( paj^e i 143J.
The complex modelling of the surface of the cerebral hemispheres, the charac-

teristic feature of the human brain, is produced by the presence of irregular eleva-

tions, the convolutions or gyri, separated by the interveninji^ furrows, the fissures

or sulci. Although presenting many variations in the details (^f their arrangement,

notonlv in dirtrrciit in(li\iduals but even in the hemispheres of the same brain, the

convolutions and fissures of e\ery normal human brain are ^(rouped accordinj^ to a

general and dehnite plan to which the brain-patterns, whether elab(jrate or simjjle, in

the main conform. The fissures differ i^reatly not only as to their dcjnh as observed

in the fully formed brain, but also as to their relation with the developini^ hemi-

sphere, a very few, known as the complete fissures, involving the entire thickness

of the wall of the cerebral vesicle and in consecjuence producing corresponding eleva-

tions on the internal surface of the ventricular cavities. Of such total sulci the most
important permanent ones are : ( i ) the hippocampalfissicre, which produces the pro-

jection known as the hii)pocampus major within the lateral ventricle
; (.2) the ante-

rior part of the calcarine fissure, which gives rise to the calcar a\is ; and (3) the

fore-part of the collateral fissure, which is responsible for the \ariable collateral emi-

nence. The choroidal and the parieto-occipital fissure are also complete fissures of

fcEtal life, but give rise to invaginations which do not permanently model the ventric-

ular walls. The remaining furrows merely impress the surface of the hemispheres

and are termed incomplete fissures. Their depth varies, in some cases being only a

few millimetres and in others as much as 2.5 cm., with an average of about i cm.

The height of the convolutions usually exceeds their width, the latter, in turn, being

commonly somewhat greater at the surface than at the bases of the gyri. It is evi-

dent, therefore, that the convoluted condition of the hemispheres provides a greatly

increased area of cortical gray matter without unduly adding to the bulk of the

brain, the e.xtent of the sunken surface being estimated as twice that of the exposed.
The larger and longer adjacent convolutions are frequently connected by short

ridges, the annectant gyri, which have no place in the typical arrangement. They
may cross the bottom of the intervening fissure and ordinarily be entirely hidden
from view (gyri profundi); or they may be superficially placed (g}ri transitivi) and
materially add to the complexity of the surface confignrgtion.

The cause and origin of the cerebral convolutions are still subjects for discussion. The
fact, that at the time the fissures begin to appear, towards the end of the fifth foetal month, the

surface of the young brain is not in close contact with the cranial wall, disproves the assumption
that the latter is directly responsible for the production of the fissures and convolutions. It is

probable that the immediate cause of the surface modelling must be sought in the unequal
growth and conoequent localized tension which affect the hemispheres, excessive growth in the

longitudinal axis resulting in transverse furrows, and that in the opposite axis producing fissures

extending lengthwise. Whether the excessive expansion is caused by increase in the gray or
white matter is uncertain, although local augmentation of the cortical gray substance is prob-
ably the more important factor. After the beginning of the eighth month, when the growing
brain comes into contact with the cranial wall, the convolutions, which before were to a large

extent unrestrained and therefore relatively broad and rounded, suffer compression, the results

of which are seen in the flattening and closer packing of the g>-ri and the narrowing and deepen-
ing of the intervening fissures. By the end of foetal life the salient features of the plan of

arrangement have been established, although the final details of the brain-pattern are not
acquired until sometime after birth.

The Cerebral Lobes and Interlobar Fissures.—For the purposes of

description and topography, the cerebral hemispheres are subdivided into more or

less definite tracts, the lobes, by certain sulci, appropriately known as the inter-

lobar fissures. With few exceptions, however, the lobes so defined have little

fundamental importance, since their recognition is warranted by convenience and not

by morphological significance, in most cases the conspicuous limiting sulci being of
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secondary importance, while those of primary value are comparatively obscure in the

fully formed human brain. The interlobar fissures, six in number, are : (
i
) the

fissure of Sylvius, (2; the central fissure, (3) \\\it parieto-occipital fissure, (4) the

collateral fissure, (5) the calloso-inarginal fissicre and (6) the liiuifiui^ sulcus of
Reil.

The lobes marked ofl[ by these fissures with varying degrees of certainty are : (
i

)

\.\\G frontal, (2) \\\q parietal, (3) \.\\it temporal, {^)\\\q occipital, (5) the limdic, and

(6) the insula. An additional division, (7) the olfactory lobe, although of impor-

tance as representing the peripheral part of the rhinencephalon of osmatic animals (as

those possessing the sense of smell in a high degree are called), is not related to the

foregoing sulci and comprises the rudimentary olfactory bulb and tract and associated

parts (page 1151). It will be of advantage to describe the interlobar fissures as pre-

paratory to a detailed consideration of the lobes.

The fissure of Sylvius (fissura cerebri lateralis) is the most conspicuous fissure

of the hemisphere. It begins on the inferior surface of the brain in a depression, the

vallecula Sylvii, which opens out on the anterior perforated space. The first part of

the fissure, its stem, passes horizontally outward to the lateral surface of the hemi-

sphere, forming a deep cleft which separates the orbital area from the underlying tem-

FiG. 981.

Rolaudic fissure
Inferior preceutral sulcus

Inferior frontal sulcus

Ascendiuar limb

Posterior limb

Orbital surface

Horizontal limb

Portion of lateral surface of right hemisphere, showing ascending, horizontal and posterior limbs of -Sylvian

fissure radiating from Sylvian point. B, T, O, pars basalis, triangularis and orbitalis of inferior frontal gyrus:
ST, superior temporal gyrus.

poral pole. On reaching the surface at the Sylvia?! point, the fissure divides (Fig.

981) into (a) a short anterior horizontal branch, (d) a somewhat longer anterior

ascending branch, and (c) a long posterior branch.

The anterior horizontal branch (ramus anterior horizontalis), about 2 cm. in

length, extends forward into the inferior frontal gyrus parallel to and just above the

infero-lateral border, and forms the lower limit of the pars triangularis (page 1141).

The anterior ascending branch (ramus anterior ascendens) passes upvyard and

slightly forward into the hind-part of the inferior frontal convolution for a distance of

about 3 cm. The frequently observed variations in the relation and arrangement of

the antCx-ior branches of the Sylvian fissure—the ascending and horizontal limbs in

many cases arising from a common arm, sometimes being fused into a single sulcus,

or again being absent—are due to atypical growth of the opercula, particularly of

the frontal.

The posterior branch (ramus posterior), the main continuation of the fissure and

about 8 cm. in length, is directed horizontally backward, with a slight inclination

upward. It forms a very evident boundary between the anterior parts of the parietal

and temporal lobes which it separates by a deep cleft that usually ends behind in an

ascending limb surrounded by the angular gyrus (Fig. 980). Not infrequendy the

fissure ends by dividing into two short arms, one of which penetrates the parietal

lobe while the other arches downward into the temporal lobe.
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l)iiriii}( iIk- third fu.-tal

I'M;. ty.S2.

Tin- form .iiid relations of tin- lissurt.- of Sylvius arc so dipendt-nt upon tht- }frowth of the
surroimdiii^i parts, tliat a sketch t)f the development of tliis rej^ion of tlic hcmispliere is necessary
for an nnderstandiny; of the siKiiilicance of this conspicu<nis sulcus,

monlii tile lateral surface of the cerebral hemis|)lure

presents a crescentic depressed area, the fossa Sylvii,

whose floor corresponds to the insula or islami of h'ci/.

The latter is sei-n in the adult brain, on separating the

marjiins of the Sylvian fissure, as a sunken ana which is

(ompK ttiv liiddeii l)y the overhanj^injj l)arls, tin- opcrcula

insulte, of the surroundinj; lobes (V\\:,. 990). Diirinj^ the

fifth month the former shallow crescentic Sylvian fossa

jjives place to a more definitely walled trianj^iilar depres-

sion, which, diirinjj; the succeedinjj month, bej^ins to be

enclosed by the formation of the opercula. The details of

this jMocess have been carefully studied by Cunninj^ham'

aiul more recently by Ret/ius.- The opercula which
bound the trians^ular fossa, named from the regions

which contribute them and at first three in number, are

the upper or paricto-frontal, the lower or fniipora/, and
the anterior or orbital. The upper and K)wer walls first

c ime in contact and thereby form the posterior limb of the Sylvian fissure. Later the angle

between the upper and front walls of the fossa becomes modified and is finally obliterated by the

appearance of a wedge-siiaped projection, later \\\tt J'runtal operculum, which insinuates itself

between the adjacent end
Fig. 983.

Inferior preceiitral Kolaiulic fissure

Left lieniisiihcTc- of tirain of five months
f(i-iiis: three-fourths natural si/e.

Inferior

Interparietal

Orbital
operculum

Olfactory bulb

Sylvian fissure Superior tempwral sulcus

Lateral surface of left hemisphere of eight months foetus ; insula is partly covered
by opercula; three-fourths natural size. {Retzius.)

of the parieto-frontal and
the orbital opercula. The
orbital and particularly the

frontal operculum are late

in their differentiation and
growth, and not until

towards the second year

after birth do they come
into apposition with each

other and the remaining
opercula to complete the

curtain that overhangs the

insula. Along with the

closure of the front part of

the Sylvian fossa, the dif-

ferentiation of the anterior

limbs of the fissure pro
gresses, since upon the

adequate growth of the frontal operculum depends the production of a distinct pars triangularis

and of two sej^arate anterior branches. Faulty development of this intermediate part of the

opercular wall accounts for the Y or I form, as well as the occasional absence, of the anterior limbs.

The central fissure (sulcus centralis), or fissure of Rolando, extends

transversely across the upper half of the convex dorsal surface of the liemisjihere and
therefore, with the bordering precentral and postcentral convolutions, interrupts the

general longitudinal course of the gyri and sulci. Bearing this peculiarity in mind,
the fissure is readily identified even in brains exhibiting an elaborate and complex
modelling. It begins above on the supero-mesial margin of the hemisphere, a short

distance behind the middle of the border, and descends with a slight general forward

obliquity to the \'icinity of the posterior limit of the fissure of Sylvius, above whose
mid-point it usually ends. Its upper extremity usually extends over the supero-

mesial border of the hemisphere and, passing obliquely backward, cuts for a short

distance into the marginal gyrus of the mesial surface (Fig. 987). Its lower ex-

tremity usually ends short of the Sylvian fissure, but occasionally (rarely) opens
into this cleft. It constitutes a very definite boundary on the external surface of the

hemisphere between the frontal and parietal lobes. Although passing obliquely

downward and forward, the course of the central fissure is by no means straight

' Contribution to the Surface Anatomy of the Cerebral Hemispheres, Irish Academy, 1892.
^ Das Menschenhirn, 1896.
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owing to a marked angular backward projection of the substance of the precentral
convolution, situated about the junction of the upper and middle thirds of the fissure.

In consequence, the fissure presents in this part of its course a distinct curve, with
the concavity directed forward, the upper and lower limits of this bend consti-
tuting the superior and the inferior gemc respectively (Fig. 980). The cortical

tissue filling this recess is of importance, since it represents the part of the precentral
gyrus devoted to the motor centre for the arm. Below the inferior genu the fissure

descends almost vertically, its lower end often bending slightly backward. The
angle which the general direction of the central fissure makes with the mesial plane
in the adult brain is on an average 71.7° (Cunningham), the Rolatidic angle, as it

is called, of the two sides subtending therefore about 143° (Fig. 984).

Fig. 9S4.

Superior aspect of cerebral hemispheres; LF, longitudinal fissure; v., r, Rolandic fissure; sg, ig, its superior
and inferior genu ; i. ^t., superior precentral; j. /,/./, superior and inferior frontal ;/>/«, paramedian ;/>i,/>-', ;>^,/><,
inferior, superior, horizontal and occipital limbs of interparietal; p-o, parieto-occipital ; t.o., l.o., transverse and
lateral occipital; -SViw, ascending limb of Sylvian ; I'^asc , l-asc. ascending limbs of superior and middle temporal.

Since the central fissure is usually developed from two separate parts, a longer
lower and a short upper (Cunningham, Retzius) which later become continuous, a
deep annectant gyrus is generally found crossing the bottom of the sulcus at the
junction of its upper and middle thirds. In e.xceptional cases the original separation
is continued by the deep annectant gyrus maintaining its superficial relations, the
adult fissure then being interrupted by the bridge which ordinarily is limited to the
bottom of the cleft. As a variation of very great rarity, completed doubling of the
central fissure has been observed.

The parieto-occipital fissure (fissura parieto-occipitalis) is seen chiefly on the
mesial surface of the hemisphere (Fig. 987). where it appears as a deep cleft which
e.xtends from a point on the supero-mesial border of the hemisphere, about 4 cm. in

front of the occipital pole, downward and forward. This inner part of the fissure,
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the so-called inlcnial pariito-occipilal Jissiin\ separates the mesial surfaces of the
parietal and occipital lobes and ends below by joiiiin^^ the calcarine fissure, the

two sulci together formini; a > whose posteriorly directed diver^inj^ limbs in-

clude a wedi^ed -shaped portion of the occipital lobe known as the cunciis. The
parieto-occi|)ital fissure is continueil without interruption across the upper margin fif

the hemisijhere and onto the external surface for a short distance. This (juter exten-

sion, usually only from 12-15 nun. in len]L,4h, constitutes \.\\^ external pariiiu-occipital

fissure and terminates after its limited transverse course in a bowed conxolulic^n, the

arcus parieto-oecipHalis, which surrounds and scjiarates its end from the cjccipital pan
of the intcr|)arietal fissure. Althouj^h sometimes ending in two short and somewhat
open branches, the external limit of the parieto-occipital ti.ssure is usually relatively

inconspicuous; notwithstanding, the sulcus is of much importance as affording a
readily recognized upper limit of the conventional bf)undary line between the occipi-

tal and the parietal and temporal l(jbes. In the ftttal brain the parietfj-occipital sul-

cus produces a distinct invagination of the wall of the cerebrum and corresjjonds,

therefore, to a complete fissure. In the adult brain, however, all trace of this infold-

ing has disappeared in conseciuence of the growth and thickening of the ventricular

wall which sulisecjuently takes j)lace (Cunningham;.
The collateral fissure (tissura collateralis) is a well marked sulcus on the

inferior surface of the hemisphere. It begins behind a little to the outer side of the

occipital pole and extends forward, crossing the tentorial area parallel with, below

and lateral to, the calcarine fissure, until opposite the posterior end of the corpus callo-

sum, where it meets the hippocampal gyrus. It is then directed slightly outward,

forming the lateral boundary of the last-named convolution, over the temporal area

well toward the temporal pole, near which it either embraces or joins with a short

curved furrow, the incisura temporalis, which, in conjunction with the collateral

fissure, separates the lower or hippocampal part of the limbic lobe from the temporal

lobe. According to Cunningham, the collateral fissure is at first represented by
three distinct parts—a posterior or occipital, an intermediate and a temporal—which
later become one continuous furrow. Of these three primary divisions, the interme-

diate, and usually also the temporal, are complete fissures, producing respectively

the collateral protuberance and the collateral eminence seen "in the lateral ventricle

(page 1 164). The occipital portion of the fissure is never complete and, therefore,

does not give rise to any elevation.

The calloso-marginal fissure (sulcus cingulij is the most conspicuous sul-

cus on the mesial surface of the hemisphere, where it appears as a cur\'ed furrow

running above and concentric with the arched upper surface of the corpus callosum.

It begins in front below the fore-end of this bridge, just above the anterior perforated

space, sweeps around the genu of the corpus callosum and arches backward above
the latter structure almost as far as the splenium, where it turns upward (ramus mar-

ginalis ) and reaches the supero-mesial border of the hemisphere a short distance be-

hind the overturned end of the Rolandic fissure. By its course the calloso-marginal

sulcus marks of? on the anterior two-thirds of the mesial surface of the hemisphere

the marginal convolution of the frontal lobe from the callosal g)'rus of the limbic lobe,

the somewhat uncertain posterior boundary of the latter beyond the sulcus being

indicated by the inconspicuous postlimbic fissure, which arches downward concen-

trically with the splenium. The frequent variations in the details of the calloso-

marginal fissure depend upon irregularities in the arrangement and fusion of the

three separate furrows bv the union of which a continuous sulcus is formed.

The limiting sulcus of Reil ^sulcus circularis Keili) is a shallow furrow

that incompletely surrounds the insula and imperfectly separates this buried portion

of the cerebral corte.x from the deeper parts of the enclosing opercula. The sulcus

consists of three parts—a superior, separating the island from the parietal and fron-

tal lobes, an anterior, intervening in front between the insula and the frontal lobe, and
a posterior, imperfectly separating the hind part of the island from the limbic lobe.

THE LOBES OF THE HEMISPHERES.

The Frontal Lobe.—The frontal lobe (lobus frontalis) is the largest of the

subdivisions of the hemisphere and includes approximately one-third of the hemi-
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cerebrum. It appears on each of tlie three aspects of the hemisphere and has,
therefore, a dorso-lateral, a mesial antl an inferior surface. On the extcrjial surface
of the hemisphere it is bounded beliind by the central fissure, which separates it from
the parietal lobe, and below by the fore-part of the Sylvian fissure, which intervenes
bet\yeen it and the temporal lobe. On the mesial surface the frontal lobe includes
an irregular ->

, marked off by the calloso-marginal sulcus, the longer upper limb
ending behind the central fissure. On the inferior surface of the hemisphere, the
frontal lobe includes the concave orbital area, bounded behind by the transversely
directed stem of the Sylvian fissure, which sulcus thus separates it from the temporal
lobe.

The jn-incipal fissures on the dorso-lateral surface of thefrontal lobe are : ( i j the
inferior precentral, {2) the suj)c-rif>r prccentral, (3J the superior frontal and (4; the
inferior frontal. The inferior precentral sulcus consists of a longer vertical and
a short transverse limb and has a general ~| or T form. The vertical limb begins
above the fissure of Sylvius and in front of the central fissure and extends upward
parallel to the latter and separated from it by the lower part of the precentral

convolution. The horizontal limb
Fio. q8=5. passes oblicjuely forAvard and upward

and cuts for a variable distance into
the middle frontal con\olution. Fre-
quently the inferior precentral sulcus
is directly continuous with the inferior

frontal furrow; sometimes it opens
below into the Sylvian fissure and
abo\e may join the superior.

The superior precentral sul-
cus prcjlfjngs upward the anterior

boundary of the precentral convolu-
tion. It lies parallel with the upper half

of the Rolandic fissure, but does not
usually, although sometimes reach the

upper margin of the hemisphere. Al-
most constantly it receives the poste-

rior end of the superior frontal sulcus
with which it forms a —\ shaped furrow.

The superior frontal sulcus
extends forward from the preceding

fissure with a course which corresponds in general with the supero-mesial border
of the hemisphere and thus marks off a longitudinal marginal tract, the superior
frontal convolution. Anteriorly the superior frontal may join the median frontal
sulcus, while its posterior end may incise the precentral convolution. Often the
course of the fissure is interrupted by superficial annectant gyri which connect the
adjacent borders of the upper and middle frontal convolutions.

The inferior frontal sulcus begins behind in the interval between the hori-
zontal and vertical limbs of the inferior precentral furrow, or in confluence with one
of these. In its general course it arches forward and downward towards the anterior
or superciliary margin of the hemisphere and terminates a short distance behind
this border by bifurcating into a transverse limb. The line of the fissure is often
obscured by superficial annectant gyri and complicated by small secondary furrows
which pass from it into the bordering middle and inferior frontal con\olutions.

The convolutions on the dorso-lateral surface of the frontal lobe are the pre-
central, the superior frontal, the middle frontal and the inferior frontal.

The precentral gyrus (gyrus centralis anterior), also known as the ascending
frontal, is bounded behind by the central fissure and in front by the superior and
inferior precentral sulci. Below it is limited by the Syhian fissure, whilst its upper
end is continuous with the paracentral lobule of the mesial surface. Anteriorly it is

connected with all three frontal convolutions. A short distance above its middle, it

sends backward a conspicuous projection, triangular or rounded in outline, which
encroaches upon the postcen*-ral gyrus and correspondingly modifies the line of the

Anterior aspect of cerebral hemispheres, hardened in
skull; sf,if, superior and inferior frontal fissures; /;«.,
paramedian; m.f, mid-ftontal

; f-m., fronto-marginal.
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Rolandic tissurc. Tlu- ()l)Strv;itiiMis of Mills aiul of (irunbamn ;nul Shcrrinj^ton
emj)hasi/c- the prcdoiuiiiatiii)^ importance (jf the preceiitial convcjluti<jn ;is ccjiitaininj^

the important cortical motor areas (pa^e 1211 J, tlie backward projection just

noted containing' the centres controlling; the muscles of the upper extremity.
The superior frontal gyrus lies between the supero-mesial bf)rderof the hemi-

sphere and the sujierior frontal sulcus. Since its course corresponds with the upper
mari^in of the hemisphere, it is much lonj^er than the other frontal convolutions on
the external surface and reaches the frontal pole. It is continuous with the marginal
gyrus, which, in fact, is only its mesial part. Behind, it joins the precentral convolu-
tion by a narrow bridije bi-tween the upper end of the precentral sulcus and that of a
branch from the calloso-marj^inal fissure. The superior fnjiital convolution, notwith-
standing its meagre width, is frequently imperfectly divided into an upper and a
lower part by a series of shallow longitudinal furrows collectively termed the para-
meditxn sulcus. The latter is regarded as a distinctive feature of the human Ijrain,

and is found relat'ixcly deep and well marked only in the brains of the higher races.

The middle frontal gyrus, the broadest of the three, extends forward parallel

with tlie upper frontal convolution well towards the frontal j)ole. It is bc>unded

Inferior frontal sulcus

Fig. 986.

Inferior precentral siilcus

Rolandic fissure

Ascending limb

Orbital surface

Horizontal limb''

Posterior limb

Portion of lateral surface of left hemisphere, showing pars basalis {B), triangularis (T) and orbitalis (O) of

inferior frontal gyrus, known ^is Broca's convolution ; 57"., superior temporal gyrus.

above and below by the superior and the inferior frontal sulcus and, in man and

the anthropoid apes, is almost constantly subdivided into an upper and a lower sub-

lower subdivision by the viid-frontal sidcus (sulcus frontalis mediusj. The latter is

often broken by annectant gyri into two or more pieces and in front usually bifurcates

to form the fronto-maro^inal sulcus (sulcus transversus anterior), which runs across

the hemisphere a short distance above the superciliary margin.

The inferior frontal gyrus, the shortest of the three, lies below the inferior

frontal sulcus and arches forward and downward around the anterior limbs of the

Sylvian fissure. Below and behind it is connected with the lower end of the pre-

central convolution by a narrow bridge enclosing the lower end of the inferior pre-

central sulcus. By the ascending and horizontal limbs of the Sylvian fissure the

inferior frontal gyrus is incompletely divided into three portions—the pajs basalis,

ih^ pars triangularis ?in6. ihe pais orbitalis (Fig. 986). The pars basalis (pars

opercularis ) occupies the posterior part of the con\olution and lies between the

inferior precentral sulcus and the ascending Sylvian limb. It forms the fore-part of

the fronto-parietal operculum and is indented by an inconspicuous although constant

furrow, the sitlcns diagonalis, which extends obliquely downward and forward across

the gyrus for a variable distance. Although usually distinct, the diagonal sulcus

may join the inferior precentral (Fig. 986), the inferior frontal or the Sylvian

fissure. The pars triangularis is the wedge-shaped tract included between the

two limbs of the Sylvian fissure. Its base is directed upward and forward and its
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apex towards the Sylvian point. The pars orbitalis hes below the horizontal limb
and is continued around the margin of the hemisphere onto the orbital surface of

the frontal lobe. It is evident, from the description of the boundaries of the S}-l\ian

fissure already given (page 1137), that the preceding subdivisions of the inferior

frontal gyrus correspond with certain of the opercula—the pars basalis with the

anterior part of the fronto-parietal, the pars triangularis with the frontal and the

pars orbitalis with the orbital operculum. The posterior extremity of the inferior

frontal gyrus on the left side is known as Broca s convolution and has long been
regarded as the centre for the movements for articulate speech, although the accuracy

of this view has been questioned. According to Marie, liroca's convolution has

no relation with speech, a conclusion, however, so far not convincingly supported.

The convolution is sometimes better developed on the left than the right side of

the brain, the pars triangularis particularly being increased. As previously noted,

the development of this wedge—the frontal operculum—bears a direct relation to

the degree of independence of the two anterior limbs of the Sylvi-an fissure.

The mesial swface of the frontal lobe{Y\^. 987), includes only one convolution,

the marginal gyrus, which lies between the dorso-mesial margin of the hemisphere

and the calloso-marginal sulcus (page 1139), and by the latter is separated from the

limbic lobe. It is -j-shaped and directly continuous with the superior frontal gyrus

above and with the gyrus rectus on the orbital surface below. Its posterior end is

almost completely cut off from the rest of the gyrus by an ascending limb (sulcus para-

centralis) from the calloso-marginal sulcus, the portion so isolated forming the front

part of the paracentral lobule, which is bounded behind by the upturned end
(ramus mar<jinalisj of the calloso-marginal sulcus and contains, near its hind border,

the termination of the fissure of Rolando. By means of an annectant convolution

passing below the last-named furrow, the frontal part of the paracentral lobule is con-

tinuous with the part contributed by the parietal lobe. The middle of the mar-

ginal gyrus is often incompletely subdivided by a shallow longitudinal groove, the

mesial frontal sulcus^ into an upper and a lower tract, whilst its anterior and lower

end is uncertainly cleft by two or three short downward curving furrows, the stdci

rostrales.

The orbital surface of the frontal lobe is marked by two fissures, the olfactory

and the orbital and by three chief convolutions, the inner, the middle and the outer

orbital. Although such division is convenient for the purposes of description, it

must be remembered that these orbital gyri are not separate convolutions, but largely

the inferior portions of the upper, middle and lower frontal convolutions of the outer

surface of the lobe.

The olfactory sulcus lodges the olfactory bulb, tract and tubercle, and ex-

tends parallel with, or inclined somewhat towards the great longitudinal fissure. Its

course being straight, the sulcus marks off a narrow strip, about i cm. in width,

along the mesial border of the lobe. This area, although specially designated as the

gyrus rectus, is only a part of the broader longitudinal tract which corresponds to

the orbital surface of the superior frontal convolution.

The orbital sulcus includes a number of furrows whose arrangement is very

variable, not only in different brains but often on the two sides of the same brain.

In the disposition assumed as the typical one, which, however, is far from constant,

the orbital sulcus consists of two longitudinal limbs, connected by a shorter trans-

verse arm, the three furrows forming a common fissure which corresponds more or

less closely with the letter H. In many cases, however, the sulcus more nearly re-

sembles an X or K, or it may be still further modified by the presence of additional

secondary grooves of variable number and length. Assuming the conventional H-
form to exist, the orl)ital surface is di\'ided into three longitudinal tracts, the inner,

middle and outer orbital gyri, by the long limbs ( sulcus orbitalis intcrnus et e.xter-

nus). The inner tract is subdivided by the olfactory sulcus into the gyrus ?'ectus,

above mentioned, and an outer part, the gyrus orbitalis intcrnus in the more
restricted sense. The middle orbital gyrus is subdivided by the curved transverse

limb (sulcus orbitalis transversus) into the anterior and the posterior orbital gyms,
which lie resi)ectively in front and behind the transverse furrow. In many cases the

latter curves outward and backward until it almost reaches the Sylvian fissure.
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The Parietal Lobe. —This divisujii incliuics a considerable part of the hemi-

sphere ami presents iwt) surfaces, an external and a mesial. The external surface,

much the more e\tensi\e and irrej4;ularly (luadrilateral in outline, is l)ounde(l above,

in front and partiallv l)elo\v l)y well marked fissures, but behind and postero-infe-

riorlv its limits from tlie occipital and tiinporal lobes are delined for the most part

by imaginary lines. Its upper boundary corresponds with the supero-mesial border

of the liemisphere ; its anterior boundary is the central fissure, by which the pari-

etal lobe is completely se|)arated from the frontal except below, where the postcen-

tral j.>;yrus is continuous with the precentral by the bridge closinj^ the lower end of

the Rolandic fissure. Its posterior boundary, which separates the parietal from the

occipital lobe, is laru^ely conventional and indicated by a line drawn from the point

where the ])arii'to-occi|)ital fissure cuts the upper mar^^in of the hemisphere to an in-

dentation, the preoccipital notch
( j^aije 1 134), which j.jrooves the infero-lateral border

of the liemisphere at a point from 3.5-4 cm. in front f)f the occipital pole. Its

inferior border, between the parietal and the temporal lobes, is definite where formed

bv the posterior limb of the .SyKian fissure. Beyond the upturned end of the latter,

Fig. 987.

Inferomesial aspect of left, ccrubral liciiiispheiij , on., callobo-margiual fissure; ros., rostral; r., overturned
end of Rolandic

;
/>. /., post-limbic ; /. fi-o., Internal parieto-occipital ; p. ca/., a. ca/., posterior and anterior calcarine

,

p. col., a. col., posterior and anterior collateral ; i. L, incisura temporalis or rhinial ; o-t., occipito-temporal.

the parietal and the temporal lobes are continuous and their separation is conven-

tionally assumed to be made by an arbitrary line prolonged backward in the direc-

tion of the posterior limb of the Sylvian fissure until it meets the parieto-occipital

line previously described.

The external surface of the parietal lobe is subdi\ided by a composite fissure,

the interparietal sulcus, into three general tracts, the postcentral, the superior pari-

etal and the inferior parietal g\-rus.

The interparietal sulcus, especially described by Turner, starts in the antero-

inferior angle of the lobe a short distance above the Sylvian fissure, with which it is

rarely continuous, ascends for about an inch parallel with the central fissure, and
then sweeps backw^ard and slightly upward across the parietal into the occipital lobe.

The interparietal sulcus is developed as four originally distinct parts, which in the

fully formed brain, notwithstanding their usual fusion, are recognized as the inferior

and the superior postcentral sulcus and the horizontal and occipital limbs (Cun-
ningham).

The inferior postcentral sulcus lies behind and parallel with the lower part

of the central fissure. Although in most cases continuous with either the superior

postcentral sulcus (in 72 per cent, according to Retzius ' ). or with the horizontal limb

' Biologische Untersuchungen, VIII., i8g8.



1 144 HUMAN ANATOMY.

(66 per cent.), or with both (55 per cent.), the inferior Hmb may remain ununited

( 17 per cent. ). When joined, the two limbs together form a continuous postcentral

sulcus which parallels the fissure of Rolando and bounds the postcentral convolution
behind. In rare instances the inferior postcentral sulcus opens below into the
Sylvian fissure.

The superior postcentral sulcus lies behind and parallel with the upper part

of the fissure of Rolando, gaining the superior margin of the hemisphere between the
incisions of the Rolandic fissure and the ujiturned end of the calloso-marginal sulcus.

Although in 59 per cent, of the brains studied by Retzius the fissure was confluent
with the horizontal limb, in 24 per cent, it remained iso4ated.

The horizontal limb passes backward and slighdy upward and separates the
superior and inferior parietal convolutions from each other. It is usually continuous
in front with one or the other or with both postcentral sulci and behind with the

Fig. 9S8.

Lateral aspect ot left side of brain. LF, longitudinal fissure; r., r., >-., Rolandic fissure ; /. pc. s. pc. inferior and
superior precentral; ..?/]., //., superior and inferior frontal; Sp, S. asc. posterior and ascending limbs of Sylvian
fissure; />', ^'-', />*,/<, inferior, superior, horizontal and occipital limbs of interparietal; p-o, parieto-occipital ; /. o.,

/. o., transverse and lateral occipital ; /', f^asc, superior temporal and its upturned limb; P, t-asc, middle temporal
a:id its upturned limb.

posterior or occipital limb. As a rule it joins a continuous postcentral sulcus, in

which case the three furrows form a |— shaped fissure, which subdi\'ides the parietal

lobe into its three main convolutions.

The occipital limb is usually attached to the horizontal one and then directly

prolongs the interparietal sulcus into the occipital lobe. Sometimes, however, it

retains its original independence and is separated from the ramus horizontalis by a

deep annectant gyrus. It is irregularly curved and marks the lower boundary' of the
gyrus, the arcus parieto-occipitalis, which receives the outer end of the parieto-

occipital fissure. Beyond the line of this furrow, the sulcus lies in the occipital lobe

and behind the arcus parieto-occipitalis ends by bifurcating into two widely divergent

arms, which constitute the transverse occipital sulcus.

The chief convohdions on the external surface 0/ the parietal lobe are three—the

postcentral, the superior parietal and the inferior parietal.

The postcentral gyrus, also called the ascending parietal, forms the posterior

wall of the fissure of Rolando, and itself is bounded behind by the postcentral sulcus,

either by the continuous fissure or by its two divisions. The lower end of the gyrus
is connected with the precentral convolution in front and with the inferior parietal

one behind by the annectant gyri closing the lower ends of the central and postcen-
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tral sulci respectively. Above, the convolution is continuous with the jjrecentral

l()bule of the mesial surface between the terminations of the calloso-marj^inal and the
Rolandic fissures. In its width and ^emral obli(|ue course across the heniisj>here,

the postcentral con\»)lution strongly resembles the precentral ^yrus and with the
latter and the three associated sulci— the precentral, central and postcentral—forms
a conspicuous feature in the modellinj^ of the external surface of the hemisphere and
affords a ready means of locatinjj^ the Rolandic fissure.

The superior parietal gyrus is the trianj^ailar tract lyin^^ between superior
postcentral suKus, the horizontal limb of the interparietal sulcus and the supero-
mesial border of the hemisphere. Behind, it is limited by the (»\erturned outer end
of the parietooccipital fissure, around which, however, it is continuous with the
occipit.il lobe bv means of the curved convolution, the arcus parieto-occipitalis,
F"arther forward it is frecjuently deeply incised by an ascendiiij^ branch from the inter-

parietal sulcus. It is connected with the postcentral jijyrus around the upjjer end of

the superior postcentral sulcus and, in those cases in which the last-named sulcus fails

to unite with outer sey^nients of the interparietal fissure, additionally joins the post-

central o^yrus about the inferior postcentral sulcus.

The inferior parietal gyrus is included between the curved interparietal

sulcus and the conventional lower boundary of the lobe. Since only the front end of

this boundary' is defined by a groove, its greater part being the arbitrary line above
described, it follows that behind the Sylvian fissure the inferior parietal convolution

is continuous with the subjacent temj)oral gyri. The convolution is cut into from

below by the upturned end of the Sylvian fissure and the terminations of the first and
second temporal sulci and by these incisions is somewhat uncertainly subdivided into

three parts, the supramarginal, the angular and the postparietal gyri (Fig. 988).

The supramarginal gyrus arches around the upturned extremity of the Sylvian

fissure. It lies behind and below the front part of the interparietal sulcus, around

whose lower end it joins the postcentral gyrus, whilst below it is continuous with the

superior temporal and behind with the angular gyrus. The angular gyrus surmounts

the upwardly directed end of the superior temporal sulcus and below is prolonged into

the superior and middle temporal convolutions. It is commonly imperfectly sepa-

rated from the postparietal gyrus by a shallow furrow. The postparietal gyrus
bends over the obliquely vertical extremity of the middle temporal sulcus and below

joins the middle and inferior temporal convolutions. It lies approximately opposite

the arcus parieto-occipitalis from which it is separated by the occipital branch of the

interparietal sulcus.

The mesial surface of the parietal lobe includes an irregularly quadrate area ex-

tending from the internal limb of' the parieto-occipital sulcus behind to the line of the

Rolandic fissure in front; below it is imperfectly defined from the limbic lobe by the

calloso-marginal sulcus, to a very slight extent, and its continuation, the post-limbic

furrow-. By far the greater part of this surface is embraced by the quadrate lobule

or precuneus, an irregularly quadrilateral area (Fig. 987) limited in front by the

upturned terminal limb of the calloso-marginal and behind by the parieto-occipitar

sulcus. The lobule, the mesial aspect of the superior parietal convolution, is usually

marked by one or more furrows, the preciineate sulci, which incise the upper margin

of the hemisphere and extend for a short distance onto the outer surface.

The Occipital Lobe.—The occipital lobe is pyramidal in form and includes

the occipital pole and the adjacent parts of the hemisphere. It is represented on all

of the aspects of the hemisphere and possesses, therefore, a lateral, a mesial and an

inferior or tentorial surface. A well-marked occipital lobe is found only in the brain

of man and of the anthropoid apes and is developed as a backward prolongation of

the parietal and temporal lobes, from which, therefore, it is but imperfectly sepa-

rated. On the mesial surface its extent is definitely limited by the internal parieto-

occipital sulcus, by which it is cut oft from the quadrate lobule or precuneus of the

parietal lobe. On the lateral surface, on the contrary, it is continuous with the pari-

etal and temporal lobes, its anterior boundary being arbitrary and indicated by the

parieto-occipital line drawn from the overturned limit of the parieto-occipital sulcus

above to the preoccipital notch below. On the inferior or tentorial aspect its demar-

cation is even more uncertain, the occipital, limbic and temporal lobes being here
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directly continuous, and depends upon tlie recognition of an arbitrary line which

may be drawn, as suggested by Cunningham, from the preoccipital notch on the

infero-lateral border to the isthmus of the limbic lobe, just below the splenium of

the corpus callosum.

The external surface of the occipital lobe is modelled by two well-defined fissures,

the transverse occipital and the lateral occipital, and by two somewhat uncertain

convolutions, the superior and the inferior occipital (Fig. 988).

The transverse occipital sulcus is, as above pointed out, the widely diver-

gent terminal bifurcation of the interparietal fissure, whose last segment beyond the

outer end of the parieto-occipital sulcus enters the occipital lobe to end in the manner
just indicated.

Fig. 9S9.

Inferior aspect of cerebral hemispheres, i.o., t.o.. e.o., internal, transverse and external orbital fissures;
i.t., incisura temporalis; cal., calcarine , co/., collateral ; o-/., occipito-temporal fissures.

The lateral occipital sulcus arches horizontally forward below the lower end
of the preceding furrow, not infrequently dividing into an ascending and a descending-
limb.

The superior and inferior occipital gyri are the upper and lower areas into

which the outer aspect of the occij)ital lobe is somewhat uncertainly subdivided by
the lateral occipital sulcus. Secondary furrows and ridges often obscure the charac-
teristic modelling of this surface, whilst annectant con\-olutions connect its gyri witli

the parietal and temporal lobes.

The mesial surface of the occipital lobe presents one sulcus, the calcarine fissure,

a triangular tract, the cuneus, and part of the gyrus lingualis.

The calcarine fissure begins by a forked extremity, the longer lower limb of

w'hich incises the occipital pole in the impression made on the hemisphere by the

lateral sinus. It then continues forward, slightly arched, a short distance above the

border of the lobe formed by the junction of the fal.x cerebri and the tentorium, and
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ends, ;iftcr a short bend outwartl, by cutting int(j the Hnibic lobe just below the

spleniuni of the corpus callosuni (Fig. tj-^^Jj. This incision divides the posterior

extremity of the hippocampal gyrus into a narrow upper tract, the isthmus, which
links the gf>'rus with the callosal convolution, and a broader lower arm, which
establishes continuity between the hippocampal and lingual gyri. A short distance

in front of its middle, the calcarine fissure is joined by the lower end of the parieto-

occipital sulcus, the two furnnvs forming a > shaped sulcus, between whose
<.li\ergiiig limbs lies the triangular cuneus Alth(jugh usually ajjpearing as one
continuous fissure, the paricto-occipital and calcarine sulci are incomj>letely separated

by a deep annectant gyrus, which ccMinects the cuneus with the limbic lobe. The
calcarine fissure itself is subdivided by a second sunken gyrus into an anterior and a

posterior part. The latter, the posterior calcarine fissure, is shorter and shallower

than the front part and is not a total fissure. The other portion, the ujiterior calca-

rine fissure, is not only the deeper but completely invaginates the brain-wall, thereby

giving rise to the ele\ation known as the calcar avis, seen on the inner boundary of

the posterior horn of the lateral ventricle.

The cuneus forms the chief part of the mesial aspect of the occipital lobe. It

is triangular in outline and lies between the parieto-occipital sulcus in front and the

posterior limb of the calcarine fissure below, whilst above and behind it reaches the

superior border of the hemisphere (Fig. 987). Its surface is frequently impressed

by one or more shallow \'ertical furrows.

The lingual gyrus, also called the infracalcariyie, is the irregular elongated

tract bounded mesially and above by the calcarine fissure, and laterally and below by
the collateral (Fig. 989). Its rounded hind-end lies in the occipital lobe, whilst its

tapering and greatly narrowed front-end is continuous with the hippocampal convo-

lution. The gyrus fits into the angle between the falx cerebri and the tentorium

and therefore bears the internal occipital border of the hemisphere and appears on
both the mesial and the tentorial surfaces. It is usually modelled by irregular shallow

furrows which break up the larger tentorial aspect into uncertain secondary gyri.

The inferior or tentorial surface of the occipital lobe is continuous with the more
extensive similar surface of the temporal lobe resting upon the tentorium. In addi-

tion to the tentorial part of the lingual gyrus, this aspect of the lobe is occupied by
the posterior part of the occipito-temporal gyrus. The latter includes an irreg-

ular fusiform tract, bounded by the collateral fissure internally and bv the inferior

temporal sulcus laterally (Fig. 989). As expressed by its name, the occipito-

temporal convolution belongs partly to the occipital and partly to the temporal

lobe and extends from the occipital to the temporal pole. Its surface is broken
by a number of irregularly disposed furrows which add to the uncertainty of its

outer boundary.
The Temporal Lobe.—The temporal lobe includes the irregularlv pyramidal

division of the cerebral hemisphere, whose apex is lodged within the middle fossa of

the skull and whose succeeding part forms the conspicuous dependent mass seen on

the infero-lateral surface of the hemicerebrum. In front it is separated from the

frontal lobe by the stem of the Sylvian fissure: above it is marked ofl from the pari-

etal lobe by the posterior limb of the Sylvian fissure and the arbitrary line prolonged

backward in the direction of this sulcus; externally and below it is defined by the

infero-lateral border of the hemisphere; and mesially it is separated from the limbic

lobe by the collateral fissure. Its posterior border, however, on both the lateral and
the inferior (tentorial) surface is arbitrary and indicated by the lines already men-
tioned (pages 1 143 and 1146) which afford the conventional demarcation between
the occipital and temporal lobes.

The temporal lobe presents three surfaces, the convex lateral, the inferior

(largely tentorial ), and the buried superior or opercular. Of these the lateral and

inferior are separated by a border so broad and rounded that the surfaces pass insen-

sibly into each other. Its tip corresponds with the temporal pole of the hemisphere

and underlies the posterior part of the orbital surface of the frontal lobe, which it

partially masks.

The lateral surface of the temporal lobe is modelled by two fissures, the superior

and the middle temporal, and three convolutions, the superior, the middle and the
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inferior temporal fFig-. 988), all of which correspond in the general direction of

their course with the posterior limb of the Syhian fissure and extend backward

and slightly upward.

The superior temporal sulcus, also called \\\(i parallel sulcus in recognition

of the similaritv of its course with that of the posterior limb of the SyKian fissure, is

the first in the series of longitudinal furrows, the third of which appears not on the

outer, but on the inferior aspect of the lobe. It begins near the temporal pole, runs

parallel with x\\t posterior limb of the Sylvian fissure and ends by cutting upward
into the inferior parietal convolution, whose angular gyrus surrounds the upturned

extremity of the sulcus.

The middle temporal sulcus, the second in the series, lies below the pre-

ceding fissure, whose direction in a general way it follows. It is, however, much
less certainly marked and in most cases is not a continuous furrow, as is the superior

sulcus, but broken by superficial annectant convolutions into a number of separate

pieces, the exact sequence of which is often difficult to follow. The upturned end of

the middle temporal sulcus cuts into the lower parietal convolution towards the pos-

terior limb of the interparietal sulcus TFig. 988) from which, however, it is separated

by the arching postparietal gyrus.

Fig. 990.

Rolandic fissure

Right cerebral hemisphere, with opercula displaced to expose island of Reil.

The superior temporal gyrus intervenes between the posterior limb of the

Svlvian fissure and the superior temporal sulcus. Its lower end lies at the temporal

pole, whilst above the tract is continuous with the supramarginal and angular gyri

of the parietal lobe.
, , -iji . 1 1

•

The middle temporal gyrus, between the upper and middle temporal sulci,

is connected with the subjacent convolution by the bridges which interrupt the sec-

ond temporal furrow. Above and behind it is continuous with the angular and

postparietal convolutions.
, , . r 1 1

•
t

The inferior temporal gyrus occupies the rounded infero-lateral margin of

the hemisphere, and appears on both the lateral and the inferior surtace of the lobe,

being continuous with the occipital lobe behind (Fig. 988)- Its upper boundary,

formed by the middle temporal sulcus, is indistinct; its lower and mesial limit is

defined by the inferior temporal sulcus, which separates it from the occipito-

tempor^a^ gy-rus.^^

^^^ ^^^^ /^,;;^^;^^/ hbe is rounded in front, where it rests in

the anterior cerebral fossa," but behind is modelled by the upper surface of the ten-

torium cerebelli and is, therefore, concave from before backward and slightly conv^ex

from side to side. It presents one fissure, the inferior temporal, and one convolu-

tion, the anterior part of the occipito-temporal.

The inferior temporal sulcus, also called \.he ocapUo-femporal courses longi-

tudinally a short distance internal to the infero-lateral border of the hemisphere and
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separates the inferior teinpf^ral In mi the {K-cipito-temporal j^yrus. Althouj^h for

the greater part of its extent on the temporal lobe, it is not eonfined to this, but
continues backward into the occipital lobe which, therefore, claims it as one of its

furrows. The sulcus is rarely continuous, usually beinj^ broken l)y annectant gyri

into a posterior, a mitUIlL- antl an anterior semnuiit.

The occipito-temporal gyrus ( ^yrus fusHormis; is, as its names imply, a
fusiform trail Ixlmioiiii; partly to the occipital and partly to the temporal l<jbe

(V'liX- 9^'-))- II^ two ends, in front antl iH-hind, arc ])ointed and c'onnected by a
broatler interxeninj^ tract, which is commonly broken uj) by sec(jndary furrows.

The temporal division of the ^yrus, includinjr approximately its anterior two-thirds,
is embraced between die conver^inj^ collateral fissure mesially and the inferior

temporal sulcus laterally ; its conventional posterior limit is the line drawn from
the preoccii)ital notch to the isthmus of the limbic lobe, immediately beneath the
hind-end of the corpus calK^sum.

The superior snr/acr of the temporal lobe is directed towards the insula and
is therefore an opercular aspect. On sej)aratinj4- the walls of the Sylvian fissure to
expose it, this buried surface of the temporal lobe often exhibits several shallow
transverse furrows and indistinct gyri, the deep aspect of the temporal pole being
similarh- indented.

Fu;. 991.

Kolaiulic fissure

Sulcus ccnlrali

Sulcus centralis iusuhc

Sulcus subdiviflitiK precentral lobule

Cut surface of frontal lolx;

Sulcus circularis

Gvri breves

(iyrns longus Temporal
lobe, cut

Apex Limen

Island of Reil exposed after cutting a\va> surrounding parts of right cerebral hemisphere.

The Insula.—The insula, or island of Reil, sometimes also called the ceyitral

lobe, is. in the human brain, entirely concealed within the Sylvian fissure by the

approximation of the overhanging opercula. The manner in which the latter are

developed from the wall surrounding the early Sylvian fossa has been described

(page 11.^7) ; it remains here to note the chief features of this region in the adult

brain. On examining the relations of the insula, as seen in frontal sections of the

brain (Fig. 967), it will be noted {a) that the shell of cortical gray matter cover-

ing the sunken con\'olutions is directly continuous along the Syhian fissure with that

covering the convolutions on the freely exposed parts of the hemisphere ;
{b) that

the insular cortex lies close to the underlying mass of gray matter, the lenticular

division of the corpus striatun), a narrow tract of white matter, the external capsule,

alone intervening. Smce the corpus striatum is one of the earliest of the funda-

mental parts of the telencephalon to be developed, it is probable that its close pri-

mary relation to the surface of the hemisphere is largely responsible for the failure of

the overlying cortex to keep pace with the general expansion of the adjoining parts.

When exposed, by separation or removal of the surrounding opercula (Fig.

991), the insula appears as a triangular convex field composed of a group of radi-

ating convolutions, whose broader ends lie above and pointed ones below. The
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dependent apex of the insula lies close to the anterior perforated space, with the
gray matter of which the cortical sheet of the island is continuous by way of

a transitional area, known as the lime7i insula;, where the limiting sulcus of the
island is incomplete. In addition to being imperfectly separated from the surround-
ing opercula by the curved limiting sulcus {sulcus circularis hisicla), the island

is divided into an anterior and a posterior part by the siilcus ce7itralis insulce.

This furrow continues in a general way the downward and forward direction of the
fissure of Rolahdo, the deeper part of which is seen above the island (Fig. 991).
The anterior part, or precentral lobule, is subdivided by two, sometimes by three,

shallow grooves into three or four short downwardly converging ridges, the gyri
breves, of which the front one is connected with the deeper part of the inferior

frontal convolution by a small arched annectant gyrus transversiis. The hind-part

of the island, the postcentral lobule, includes a longer wedge-shaped tract, the gyrus
lo7igus, which below is continuous with the limbic lobe. The gyrus longus is

frequently subdivided by one or more shallow furrows into secondary ridges.

The Limbic Lobe.—The limbic lobe (gyrus fornicatus) appears on the mesial

and inferior surfaces of the hemisphere (Fig. 987J as an elongated o-shaped tract,

Splenium of corpus callosum

Callosal g^rus

Fig. 992.
Fornix, body

Thahmis, partly cut away
Septum lucidum

Fasciola cinerea'

Calcariue fissure

Isthmu Rhinal fissure

I'ucus

Collateral fissure

Gyrus dentatus Gyrus Fimbria
hippocampi

Portion of infero-mesial surface of left hemisphere, showing lower part of limbic lobe and adjacent structures.

whose ends lie closely approximated with each other and with the anterior per-

forated space. These extremities are further intimately associated with the two limbs

of the olfactory tract, in this manner the limbic and olfactory lobes becoming, at

least topographically, continuous. The limbic lobe comprises two parts, an antero-

superior and an inferior, of which the former, the callosal gyrus, lies concentric

with the upper surface of the corpus callosum, and the inferior part, the hippo-

caiupal gyrus, forms the mesial tract of the tentorial surface of the hemisphere.

The limbic lobe is separated from the adjacent con\olutions by the calloso-marginal

sulcus in front and above, by the postlimbic sulcus behind, and by the anterior

part of the collateral fissure below. Its demarcation from the anterior part of the

temporal lobe is effected by the inconspicuous rhinal sulcus (fissura rhinica), or

incisura temporalis, which feeble furrow in man represents the important and

fundamental ectorhinal fissure of the lower animals.

The callosal gyrus (gyrus cinguli), also called th^ gyrus fornicatus (not to be

mistaken, however, with the same name as applied to the entire limbic lobe), begins

at the anterior perforated space, below the recurved rostrum of the corpus callosum.

Thence it winds around the genu of the latter and follows the convex dorsal surface

of the corpus callosum, separated however from it by the narrow callosal sulcus

(sulcus corporis callosi ). On reaching a point iu<st below the splenium, around which
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it bciuls, the callosal j^yrus is inarkt-dly rcdiuc-d in width hy the encroachment of the
calcarine fissure, the narrowed taperinjj;^ tract tluis formed heinj^' the upi)er part of the
isthmus (isthmus, nyri foruicati), which below joins the similarly reduced upper i:n(\

of the hippocampal conxolulioii and so establishes the continuity between the tw(j

parts of the lobe.

The hippocampal gyrus
(
i^uiis hippdcampi) curves forward from the isthmus

alonj3^ the intsial bonier ot llie tentorial surlace of the hemisphere towards the apex
of the temporal loi)e, which, however, it fails to reach (Vi^. 992). Its anterior

extremitv is ilistinctly thickened and forms a rounded hook-like projection, the
uncus, wliich is recurved and directed backward and inward. The uncus is

sti)arated from tin- apex of the temporal lobe by the incisura temporalis (fissura

rhiiiica), whilst the hijjpocampal convolution is marked off laterally by the anterior

part of the collateral fissure. Althoutjh blended with the jj^yrus hippocampi and
seeminjj^ly a part of the limbic lobe, the uncr.s, strictly considered, belonj^s to the
rhinencephalon and not to the limbic lobe (Turiier, Elliot Smith). The j)Osterior

end of the hippocampal conxolution is incised by the anterior extremity of the

calcarine fissure and so dixided into two parts ; of these the ujii)er aids in forming
the isthmus and is continuous with the callosal gyrus, whilst the lower one blends
with the front part of the gyrus lingualis of the occipital lobe.

The Rhinencephalon.—Although a division of fundamental importance and
differentiated at a very early period in the development of the human telencephalon,

in the brain of man it is represented by structures, which to a great extent are rudi-

mentary and feeble expressions of the bulky corresponding parts in the brains of

many of the lower animals. Its small size in man, as compared with the voluminous
structures seen in some mammals in which the rhinencephalon constitutes a large

part of the entire hemisphere, is no doubt associated with the relatively feeble olfac-

tory sense possessed by man. It is probable, however, that other and unknown
factors are responsible for the development of this part of the hemisphere to a degree
disproportionate to the olfactory capacity of the animal, as strikingly observed among
the lower vertebrates. The conclusions deduced from comparati\e studies empha-
size the fundamental character of the rhinencephalon as phylogenetically being the

oldest part of the hemisphere. Indeed of such primarv morphological significance

is the rhinencephalon that it is termed the archipallium, as distinguished from the

neopallium , which comprises almost the entire remainder of the hemisphere with the

exception of its nucleus, the corpus striatum.

As seen in the human brain, the rhinencephalon includes the rudimentary olfac-
tory lobe—represented by the olfactory bulb, the olfactory tract with its roots, the

olfactory trigone, and the parolfactory area—and the uncus and a number of acces-
sory parts, including the anterior perforated space, the gvrus subcallosus, the sep-

tum lucidum, the fornix, the hippocampus and the gyrus dentatus. Some of these

accessory structures can be understood only after their relations to other parts of

the brain have been considered. Deferring the details of certain of these struc-

tures, as the septum lucidum. the fornix, and the hippocampus major, until the

lateral ventricles are described (page 1160), it will suffice for the present to point

out their general features as related to the rhinencephalon.
The Olfactory Lobe.—This division of the adult human brain is small and

rudimentary and comprises the olfactory bulb, the olfactorv tract, the olfactory

trigone and the parolfactory area (Fig. 993). Of these all but the last lie on the
inferior surface of the brain, whilst the parolfactory area occupies a small space on
the mesial aspect of the hemis]:)here.

The olfactory bulb (bulbiis olfactontis) is an elongated irregularly oval swell-

ing, about 10 mm. long, from 3-4 mm. wide and about 2.5 mm. thick, which behind
is continuous with the olfactory tract and below receives the olfactory filaments. Its

upper surface underlies the olfactorv sulcus of the orbital aspect of the frontal lobe,

and its under one rests upon the cribriform plate of the ethmoid bone, through the
apertures of which the bundles of the olfactory nerve-fibres ascend from the na^^al

mucous membrane to the bulb. • ^

The structure of the olfactory bulb shares the general rudimentar\- condition which charac-
terizes the lobe in man. the bulb having lost the central cavity {veritriculus bulbi olfadorii).
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which in many animals is continuous with the fore-part of the lateral ventricle, as well as some
of the six layers that may be typically represented, as in the dog's bulb. The ventral aspect of

the bulb, receiving the olfactory nerves, retains most completely its nervous character tmd pre-

sents three chief strata (Fig. 995). (i) The stratum of olfaitory fibres appears as a narrow

zone made up of the irregularly intermingled bundles of axones of the olfactory cells situated

within the olfactory area of the nasal mucous membrane. This layer is succeeded by a broader

tract, (2) the stratum of ttie tuitrat cells, so named on account of the numerous ner\e-cells of

peculiar bishop' s-hat form which occupy its upper border. Along its lower margin extends a

narrow zone of large spherical masses, the olfactory glomeruli. These bodies, from .065-.090

mm. in diameter, consist of an intricate complex formed by the intertwining of the richly

branching axones ascending from the olfactory cells and of the dendrites descending from
the mitral cells. The interval between the upper and lower margins of the second stratum is

occupied by the molecular layer, composed of small nerve-cells whose dendrites also enter the

glomeruli. (3) The stratuvi of central fibres includes the centrally directed axones of the

mitral and other nerve-cells which constitute the second link in the complicated paths by which
the olfactory stimuli are carried to the cortical areas. The outer zone of this stratum is known

Fig. 993.
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Anterior part of inferior surface of brain, showing parts of olfactory lobe and structures within interpedun-
cular space ; tip of right temporal lobe has been removed.

as the granular layer and consists of many small nerve-cells intermingled with the fibres. The
deeper part of the stratum of ner\e-fibres encloses some larger nerve-cells of stellate or

elongated form. The central part of the bulb, which represents the obliterated \entricular

space, is filled by a gelatinous substance resembling modified neuroglia.

The olfactory tract Ttractus olfactorius ) is a narrow band of light color, which
extends from the olfactory bulb in front to the olfactory trig-one behind (Pig. 993).
It measures about 2 cm. in length and 2.5 mm. in width, but is broader at its pos-

terior extremity, from which the olfactory strice, as its roots are called, di\erge. Its

Aentral surface is flat and its narrow dorsal one ridged, the tract appearing in

transverse section more or less triangular in outline.

The structure of the olfactory tract further emphasizes the rudimentary- condition of the

part in man. The ventral aspect and the rounded adjoining borders consist of : (i) a stratum

of nerve-fibres, longitudinally coursing and therefore transversely cut in cross-sections, which
covers the sides and dorsal surface of the tract and is reduced to an extremely thin and rudimen-

tar\- sheet. Next follows ( 2 ) a gelatinous stratum, which represents the obliterated ventricular

cavity seen in many lower animals. Succeeding this and forming the thickest layer of the tract

;ies (3) the dorsal stratum ofgray matter, which still retains its importance as a tract of cortical

gray substance from which fibres pass to other parts of the hemisphere (page 1222).



Tin: Ti:i.i:NCi:i'nALo\. 1153

The olfactory striae, llu- so-calkd rools of the olfactory tract ^ Fi^. 993J, are

usually two. tiu- nu-sial and tlu- lateral, an additional intermediate root being^ some-
times rejjresented by faint strainls. The mesial stria bends sharply inward, passes

alonj^ the inner margin of the olfactory trij^^one and disajjpears on the mesial surface

of the hemisphere by joininj^ probably partly the callosal and partly the subcallosal

jj^vri ( Fij4. 994 ). i'he diverj^inj^^ lateral stria obli(|uely courses alonj^ the antero-

lateral marj^in of the perforated space, but usually disa|)pears as a distinct tract before

it can be traced to thi- uncus, its probable destination
( |>aj^e 1222;. Occasionally the

lateral root is represented by two strands, an outer and an inner, the last one fadinj^

away in the substance of the anterior perforated space. An additional intermediate

stria is sometimes recomni/able for a short time before it too sinks into the anterior

perforated sj)ace.

The olfactory trigone i trinoiuuu olfactorium) is the three-sided slightly convex
area embraced by the two roots of the olfactor\' tract at the sides, and behind sepa-

rated from the anterior perforated space by a g^roove (sulcus parolfactorius posterior).

The trianj^ular area seen on the inferior surface of the hemisphere (Fii^. 993) is

realK- tlie under aspect of a more extensive pyramidal elevation, the tuberculum
olfactorium, which, however, lies in larii^e part within the olfactory suh u:^ and is

therefore superficially not visible except at its base, the trigone. Retzius regards

this part of the hemisphere

as a constant deep convo- Fig. 994.

lution, ^yriis ttiberis olfac-

torius, from which proceed

two ridges, Q-yrus olfacto-

riiis medialis and lateralis.

These bend respectively

inward and outward and
support the white strands of

ner\e-fibres, the striae olfac-

torii, which are usually de-

scribed as the roots of the

olfactor\' tract. The tuber-

culum olfactorium contains

a considerable amount of

gray matter, which is a part

of the perijiheral olfactory

cortex and, with other por-

tions of this sheet, shares

in the reception of axones
from the mitral cells and in the origin of fibres passing to other parts of the

rhinencephalon.

The parolfactory area, ox field of Broca, lies as a small curved tract upon the

mesial surface of the hemisphere, just in front of and below the gyrus subcallosus

which extends from the rostrum to the corpus callosum f Fig. 9941. The area

parolfactoria is bounded in front by the sulcus parolfactorius anterior and behind by
the sulcus parolfactorius posterior, and is connected in front with the superior frontal

gyrus, abo\e with the callosal gyrus and below with the inner part of the trigonum
olfactorium, the mesial olfactory gyrus above mentioned.

The anterior perforated space Tsubstaatia perforata anterior) is an irregularly

triangular area (Fig. 993; lying behind the trigonum olfactorium, from which it is

separated by the obliquely coursing sulcus parolfactorius posterior, and in front of

the optic commissure. Its inner part is narrow and extends as a point between the

mesial root of the olfactory tract and the lower end of the subcallosal gyrus. Its

broader outer part extends into the floor of the stem of the Sylvian fissure and
behind reaches the deeper part of the uncus and. more medially, the optic tract.

Its designation as perforated is justified by the large number of small oval apertures

for the transmission of perforating branches from the antero-mesial and antero-

lateral groups of the basal arteries. These openings, most numerous along the

front margin of the space, are disposed with some regularity in parallel rows and
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Sulcus parolfactorius

anterior Gyrus subcallosus

Foramen of
Monro
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Portion 01 mesial surface of right hemisphere, showing gyrus subcallosus

and parolfactorj- area.
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decrease in size as they approach the inner border (Foville). The substance of

the space proper consists of a thin sheet of ^ray matter containing groups of

nerve-cells, some of which constitute the nuclei of primary centres interposed in

the paths connecting the olfactory lobe with the secondary (cortical ) (jlfactory

centres (page 1 222 j. In addition to the white strands of nerve-fibres composing
the olfactory striie which after a longer or shorter superficial course sink into the

substance of the perforated space, an obliquely directed narrow ribbon-like tract,

the diagonal band of Broca, may be sometimes made out along the inner margin
of the area perforata. In front it is continuous with the subcallosal gyrus and
behind passes along the optic tract towards the anterior end of the hippocampal
convolution. The band is of interest as being probably the beginning, on the

basal surface of the brain, of at least

a part of the fibre-tracts contained
within the rudimentary supracallosal

gyrus (page 1157) that, in turn, is

prolonged into the gyrus dentatus.

The uncus is the thickened
anterior extremity of the gyrus
hippocampi, recurved around the

front end of the hippocampal fissure

(Fig. 992). Antero-inferiorly it is

separated from the adjacent part of

the temporal lobe by the inconspicu-

ous incisura temporalis or rhinal

sulcus, which in animals possessing

a well developed rliinencephalon

constitutes a definite boundary be-

tween this part of the hemisphere
and the pallium. With its deeper
surface the uncus is in close relation

with the anterior perforated space,

whilst postero-mesially it is connected

with the fimbria (page 1165) and
the gyrus dentatus (page 1166).

Although seemingly a part of the

limbic lobe, the comparative studies

of Turner and of Elliot Smith have
established its morphological inde-

])endence from the last-named lobe

and emphasized its relation with the

rhinencephalon. With the lateral

olfactory stria, the uncus constitutes

in man the feeble representation of

the large and conspicuous pyramidal

lobe, which in many animals forms the most massive part of the olfactory brain.

The accessory parts of the rhinencephalon include structures which, for the

most part, constitute collectively an elaborate path by which the olfactory cortical

centres are connected with each other, on the one hand, and with the optic thalamus

and lower levels on the other. Since these structures are by position closely asso-

ciated with parts of the brain still to be described, with the exception of the anterior

perforated space already noted (page 1153), they will be merely mentioned here, as

components of the rhinencephalon, their details being deferred until the related parts

are considered.

The fornix (page 1158), the fimbria (page 1165) and the hippocampus
(page 1 165), all seen within the lateral ventricle (page 1164), constitute im])ortant

paths by which fibres pass to and from the olfactory cortical centre. The gyrus
subcallosus (page 1 153), the gyrus supracallosus (page 1157) and the gyrus
dentatus (page 1166) together form an additional arched tract, which, beginning at

the base of the brain, follows closely the con\-ex surface of the corpus callosum as far

M'^

Blood-vessel

Olfactory fibre
layer ^^^^S^

4W

:iiki^S^'

Transverse section of olfactory bulb ; drawing includes part
of bulb lying ventral to atrophic ventricular area. X 90.
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as its hind-end and tiien, as the dentatt- ^yrus, extends forward along the inner sur-

face of the hi])|)()cain|)us t(i the uncus. The septum lucidum ( pajj^e 1 159), a sickle-

shaped ])artitit)n which lies between the lateral \entricles, the corpus callosum and
the fornix, is also a constituent of the olfactory path, as are also, probably, the
taenia semicircularis (pa^e 1162) aiul the nucleus amygdalae (page 1172J.

in the forejjoinj; description of the rliineii(X|)lialon only such parts liave been inchulc-d as

seem warranted on niorpholojjical grounds ( TurmT, Llliot .Smith and Ciinnin};ham). It sh(juld

be pointed out, liowever, tliat tlie (ierman and l-Venrli anatomists include als(j the limbic lobe,

the division and constitution of tlic rhinencephalon accordingly bein^ as f(jllows :

K n I NKNCHri I AI.ON.

I. Peripheral Portion

OLFACTORY l.OBK

II. Central Portion

A.
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prolonged into the sharply recurved and tapering rostrum, whose thin edge is

continued backward and downward into the lamina cinerea, the attenuated anterior

wall of the third ventricle (page 1132). The rounded and massive posterior end of

the corpus callosum, known as the splenium, ox'erlies the jjineal body and the

superior colliculi, and above bounds the cleft through which the ])ia mater gains

the \elum interpositum (page 1162).

The con\'ex upper surface of the corpus callosum, where it forms the bottom of

the longitudinal fissure, is free, except behind where in contact with the posterior

part of the falx cerebri ; laterally it is partially o\'erlaid by the callosal gyrus, which,

F"ic,. 996.
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Mesial section of brain in situ, showing relations to skull and dura; cerebral falx has been partly removed, but
arachnoid and pia are still in place.

however, is separated from it by the intervening callosal sulcus (sulcus corporis callosi).

Although consisting practically exclusively of transversely coursing nerve-fibres,

which produce a corresponding cross striation, the upper surface of the corpus

callosum (Fig. 997) is covered by a thin atrophic layer of gray matter (induscum

griseum ) which laterally is continuous with the cortical substance of the callosal

gvrus and contains rudimentary strands of longitudinal nerve-fibres. These are

arranged on each side of the slight groove marking the mid-line in two strands ; the

one, the stria medialis, is placed close to the strand of the opposite side and with

it constitutes the so-called nerves of Lancisi. The other strand, the stria lateralis,

or tcenia fecta, lies farther outward an;l is covered by the overhanging callosal gyrus.

These rudimentary structures, including the thin sheet of gray matter and the two
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stria represent an atrophic coinolutii)!!, llu- xj'n-^ s,i/>nua/hsus. Traced forward

and iround tlie recurved genu and rostrum, ilie mesial stna is prolonged nito the

crvru^ subcal/osus, a small crescentic cortical tract on the mesial surface of the

hemisphere immediately below the rostrum (hig. 994): «»i'>' the lateral stria is

continued into the area parolfactoria (page 1153; and into the anterior perforated

srrice When followed backward and around the splemum, the stna.- and j^ray

matter of the corpus callosum become continuous with the gyrus dentatus and, by

way of the latter, with the imcus.

The under surface of the corpus callosum (Pig. 99«; e\hil;its a very

evident transverse striation and forms the roof of the anteru.r cornu and body of

both lateral ventricles. With the exception of a strip c,f ^•arylng width along the

mesiil plme where attached to the septum lucidum m tront and to- the triangular

Fig. 997.
Fruiital i>()le

GenUk^

\
Mesial longitudinal

stritE

Upper surface
of corpus callosum

Lateral longitudinal
stria

'lorccps antcrifir

Transverse fibres

Taptluin

~ Forceps posterior

Spleniuni Occipital pole

Cerebral henuspheres from which upper and median parts have been «"\°^^^^
to expose corpus calg=unijo^^

side longitudinal stria: and thin layer of gray matter cover upper surface o! corpus callosum
,

on ri«

have been scraped away to expose transverse fibres and anterior and posterior lorceps.

bodv of the fornix behind, the corpus callosum is free and con'^''^'! .''^^•' ^^^

ependvma which lines the ventricular spaces. In consequence of the bridge being

shorter than the length of the hemispheres, from most parts of which it receives

fibres, the latter are consolidated at the ends of the corpus callosum and give rise to

the genu and the spleniuni. On gaining the lateral margins of the corpus callosum.

its fibres are no longer restrained but radiate in all directions (radiatio corpoiis cal-

losi) towards the cortex and intersect the fibres of the corona radiata (page ii»o).

Those traversing the thinner bodv and upper part of the splemum of the com-

missure pass laterally and in each hemisphere from a thin but definite fibre-sneer

known as the tapetum, which extends over the lateral ventricle, especially its

posterior horn, and constitutes the lateral wall of its posterior ^cornu and ot tne

adjacent part of the descending horn. The fibres composing the ^ore-part ot tne

genu turn forward as a distinct band, the forceps anterior, towards the trontai
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pole of the hemisphere, whilst those constitutini,r tlic ^riater part of the splenium
are consolidated into a robust strand, the forceps posterior, which sweeps
abruptly backward into the occipital lobe and in its course produces a cur\'ed ridge
on the fore-part of the inner wall of the posterior horn of the lateral ventricle.

The Fornix,—The fornix is an arched structure, white in color, and composed,
for the most part, of two crescentic tracts of longitudinally coursing- ner\e-fibres.

The two ends of these narrow crescents are free for some distance, but along their

medial borders the intervening parts are connected with the under surface of the cor-

pus callosum and with each other (Fig. 998), thus producing a triangular field, the
body (corpus fornicis), whose apex is directed forward and is prolonged into two
slender di\erging stalks, the anterior pillars, and whose lateral angles are con-
tinued into the downwardly arching posterior pillars. The upper surface of the
body is subdivided into an attached and an unattached area. The former is a small

Fig. 99S.

Body of fornix

Mammillary bodie:

Splenium of
corpus callosum

Lvra

Free margin of
fornix

Under surface of
corpus callosum

1-. Cut surfaces of
"^ hemisphere

Septum lucidum

>. Anterior pillar of forni.x

Vnder surface of genu of corpus callosum

Dissection of brain, showing under surface of fornix and corpus callosum.

narrow triangle, the posterior and broader part of which corresponds with the attach-

ment of the fornix to the under surface of the corpus callosum : whilst the anterior

part is a mere mesial strip denoting the line along which the arching fornix is blended

with the septum lucidum, the sickle-shaped partition that fills the interval between

the corpus callosum and the fornix and sejjarates the anterior horns of the lateral ven-

tricles. On either side of the attached field, the fornix presents a smooth and some-

what thicker marginal zone, which forms part of the fioor of the lateral ventricle and,

depending upon the size and distention of the ventricular space, either extends later-

ally as a horizontally directed wing that overlies a part of the thalamus, or descends

obliquely towards the thalamus upon whose upper surface the margin of the fornix

indirectly rests. The triangular central sheet of the fornix, bounded by its unattached

margins laterally and the splenium behind, exhibits trans\'erse striation due to the

presence of bundles of commissural fibres connecting the hippocampi of the two sides.

This part of the fornix constitutes the commissura hippocampi, also known as the

Psalterium or ly7'a. A narrow horizontal cleft, the so-called ventricle of Verga (cavum



Tin-: ti:i.I':n'cki'iial()N. 1159

psalterii), sonictiiiu's iiUc-rvL-iKs as llu- iisult of iniptrfect union, l)et\vecn the under

surface- of the corpus caHosuni anil the niidcUe part (^f the body of the fornix. It

sliould be understood, however, that this cleft is not a part of tlie series of true ven-

tricular s[)aces. The under surface of the fornix rests upon the vehuji interpositum,

which thus separates it from llic third \fniri( It and th«- upper surfaces of the two

thalanii which it overhes.

Tlie anterior pillars of the fornix (cohuiinac fornicis) are two slender cylin-

drical strands, which, slii^ditly ilivertjinij;^ as they leave the anterior an^de of the body,

arch downward and forward, then somewhat backward, and descend to the basal

surface of the brain, when.' they vnd in the niaininiliary btxlies. In their descent

they lie in the extreme front p.irt of the lateral walls cjf the third ventricle, where
they show as rid,i;;es (Fij^. 976),- and form on each side, the up[)er and anterior

boundary of the foramen of Monro. A short distance below the latter opening,

the pillar disappears from the ventricular wall in consequence of the increasing

divergence from the mesial plane. On reaching the mammillary body on the basal

surface of the brain, the fibres composing the anterior pillar are interrupted to

a large extent in the mammillary nuclei (P'ig. 967). The connections of these

stations are described elsewhere (page 1129), suffice it here to recall that while a

part of their fibres are continued to low^^r levels, a very considerable strand, known
as the bundle of Vicq d\l~yr, arches upward and completes the connection between

the fornix and the thalamus, in the anterior part of which these mammillo-thalamic

fibres end. The relations of the anterior pillars to the olfactory paths are noted in

connection with the olfactory nerve (page 1222).

The posterior pillars of the fornix (crura fornicis), the widely diverging

backward prolongations from the lateral angles of its body, are at first attached to

the under surface of the corpus callosum. They then turn outward, and, sweeping

around the posterior ends of the optic thalami, enter the descending horns of the

lateral \entricles and arch downward along the dorso-niesial border of the conspicu-

ous hippocampi, the elevations which mark the inferior horns of the lateral ventricles.

On reaching this situation, however, the posterior pillar no longer retains its previous

form, but now appears much reduced in size, as a white flattened band, known as

the fimbria, which, broadest in the middle of its course, narrows as it descends, and

ends by joining the uncus at the lower extremity of the ventricle. The progressive

diminution of the fimbria during its descent is due to the contribution of many of its

fibres to the sheet of white matter, the alveus, which covers the hippocampus. It is

evident that the fornix constitutes, by means of its several parts, a continuous tract

of longitudinally coursing fibres, which convey impulses from the chief cortical olfac-

tory centre, the uncus and the hippocampus, to the mammillary nuclei and thence, in

great part, by the bundle of \'icq d'Azyr to the thalamus.

The fornix may be considered, in a sense, as a tract of white matter representing the lower

edge of the hemisphere ; in front and behind these edges remain ununited and more or less

widely apart. Beneath the corpus callosum they become attached not only to the under surface

of this bridge, but also to each other by the commissural fibres of the psalterium. The peculiar

course of the fornix is referable to the backward and dow nward expansion of the developing

hemispheres, as the result of which the posterior end of the fornix follows the hippocampus in

its migration into the descending horn of the lateral ventricle as the temporal lobe is devel-

oped. Further consideration of these changes, however, may be deferred (page 1167) until

the associated structures have been described in connection with the lateral ventricle.

The Septum Lucidum.—The sejitum lucidum (septum pellucidum) is the thin

median \ertical partition which fills the interval between the corpus callosum above

and in front and the fornix behind (Fig. 996), with which structures its margins are

firmly attached. It separates the anterior horns and adjoining parts of the lateral

ventricles and is, in a modified form, triangular in shape when viewed laterally. The
sides of the triangle are all curved and its anterior angle, received within the bend of

the genu, is blunt and rounded. Its posterior angle is narrow and extends for a

variable distance between the under surface of the body of the corpus callosum

and the upper arched surface of the body of the fornix. The lower angle

occupies the interval between the thin edge of the rostrum and the anterior pillars
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Corpus callosuni.
upper surface

of the fornix. Tlic septum consists of two thin layers (laminae scpti pclhicidi j,

between which Hes a narrow cleft (cavum septi pellucidi) to which the misleading^

name, Jifth ventricle, has long been ap])lied. This space, very variable in extent

and width, is usually so narrow and contains such a small quantity of modified
lymph, that the laminae forming its walls are in apposition. It is entirely closed -AvxOi,

therefore, cut of? from the true ventricular system ;
neither is it lined with eijcndyma.

The septum lucidum in man is the rudimentary representation of what in man\-
of the lower (macrosmatic) animals is a much more important tract of cortical

substance. In some animals, as for example, the rabbit, cat and dog, the septum
is solid, a cleft never appearing within it. Notwithstanding the reduction which
it has suffered in man, the septum exhibits in its structure its relation to the

cortex, comprising, from its cleft outward : (i) a thin layer of nerve-fibres, (2) an
uncertain layer of gray matter containing numerous nerve-cells of pyramidal form,

and, next to the lateral ventricle, (3) a layer of nerve-fibres, the ventricular surface

of which is clothed with
^^"'- 999- the usual ependyma. It

""''^' "^ f'"">^
is probable that axones
proceeding fnjm the cells

within the septum lucidum
are constituents of the

olfactory strands within

the fornix, which pass to

the hippocampus and the

uncus, and of the taenia

semicircularis (page
1162J, terminating in

the amygdaloid nucleus

(page 1 172).

The LateralVen-
tricles.—The lateral
ventricles (ventricula late-

rales) are a pair of irreg-

ular cavities contained

v.-ithin the cerebral hemi-
spheres. They are devel-

oped as outpouchings
from the original ca\ity

of the end -brain and for

a time communicate with this space by wide openings. The latter, however, fail to
keep pace in their growth with the expansion of the hemispheres, and in the fulb'

developed brain are represented by the small apertures of the foramen of Monro,
which maintains communication between the lateral and third ventricles, the last-

named space representing the primary cavity of the fore-brain.

When viewed from above, after removal of its roof, the corpus callosum and its

lateral extensions, each lateral ventricle appears as an elongated, irregularly curx-ed

cavity (Fig. 1000), which extends for about two-thirds of the entire length of the

hemisphere and, in addition, penetrates the temporal lobe almost to its pole. It

is lined, as are all the other true ventricles, with a delicate epithelial layer, the
ependyma, which likewise clothes the structures which encroach upon its lumen, as

the caudate nucleus and the thalamus, as well as those which seeqiingly hang free

within it, as the choroid plexus and the fornix. It is usual to describe the ventricle

as consisting of four parts, the body, and the anterior, posterior and inferior horns.

The anterior horn and the body are practically one and separated by only an arbi-

trary division
; the posterior and the inferior horn extend into the occipital and the

temporal lobe respectively, whilst the ant(^rior horn enters the frontal lobe.

The anterior horn (coriiu anterius) includes from the tip -of the ventricle to

the foramen of Monro, the latter corresponding with the anterior limit of the con-
spicuous choroid plexus, curves forward and outward around the head of the caudate
nucleus into the white substance of the frontal lobe and in frontal sections (Fig.

Fimbria 1
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1007) appears triangular in outline. The upper side or base of the triangle, slij^htly

curved towards the \entricle, is the lower surface of the arched corpus callosuni and
its antero-lateral radiations ; the mesial side is approximately vertical and ftjrmed

by the septum lucidum ; the lateral side bulj^jes stronj^ly towards the ventricle in

correspontUnce with the coinexity of the massive head of the caudate nucleus. The
floor of this part of the \entricle is narrow, often a mere ^roo\e alonj^ the junction of

the slopinj^ lateral and vertical mesial wall, and in front passes insensibly into the
concave anterior wall, formed by the lateral part of the hind surface of the genu of

the corpus callosum.

The body ( pars centralis) of the lateral \entricle includes that part of the space
which extends from the foramen of M<jnro to the bifurcation of the ventricle into its

Fig. I 000.

Corfms call'f

Anterior horn of
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CaiHlate nucleus, heail

Foramen of Monro
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Bulb of forceps
posterior

Catcar avis
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Septum lucidum
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Choroid plexus,
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Bodvof ff.mi'

Choroid plexus,
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Splenium o.

corpus callosum
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Lateral ventricles seen from above after partial removal of corpus callosum and cerebral hemispheres.

posterior and inferior horns, opposite the splenium of the corpus callosum. When
viewed in frontal sections (Fig. loio). it appears as a narrow, obliquely horizontal

cleft, directed somewhat upward, roofed in by the corpus callosum. Its mesial

wall is formed in front by the hind part of the septum lucidum and behind the

latter by the fornix where it ib attached to the under surface of the corpus callosum.

A distinct lateral wall is wanting, the ventricle being here closed bv the meeting
of the floor and roof. Its floor is constituted by several structures of importance
which, named from without inward, are: (i) the caudate yiucleus ; (2) an oblique
s;roove (sulcus intermedins), which extends from before backward and outward,
between the caudate nucleus and the thalamus, and lodges, in addition to the vein

of the corpus striatum, a white band of nerve-fibres known as the icrnja

semicircularis ; (^) a narrow portion of the upper surface of the thalamus, which is
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•Aiilerior horn

almost completely masked by the overlyinu;- choroid plexus; (4) the choroid plcxics

of the lateral ventricle ; and (5) the lateral- edge of \\\ii fornix. The caudate nucleus

will be subsequendy described (page 1169), suffice it to note its rapid diminution

in size, as it curves backward and downward on the roof of the inferior horn.

The taenia semicircularis is more or less hidden by the superficially placed vein

of the corpus striatum (vena tcrminalis), which lies immediately beneath the epen-

dyma and shows as a distinct sinuous ridge. Recei\'ing tributaries from the adjacent

parts of the thalamus, the caudate nucleus and the walls of the anterior horn, includ-

ing the septum lucidum, the vein passes to the foramen of Monro, where, meeting

with the choroid vein at the apex of the velum interpositum, it forms with the last-

named vessel the vein of Galen.

The taenia semicircularis, or stria ferminalis, the band-like tract of nerve-

fibres occupying the sulcus intermedius, is a part of the complex pathway by vyhich the

primary and secondary olfactory centres are united. Its component fibres arise pardy

in the anterior perforated space and partly in the septum lucidum from which centres,

reinforced by fibres from the anterior commissure, they converge towards the sulcus

intermedius which they
Fig. 1 00 1. then follow. After leaving

the body of the lateral

ventricle they descend with-

in the roof of the inferior

horn, in close relation to

the recurved tail of the

caudate nucleus, to end
within the amygdaloid
nucleus (page 11 72).

The choroid plexus
( plexus chorioideus ventriculi

lateralis ) is a convoluted
vascular complelx which
occupies the lateral margin
of the pial sheet, the velum
interpositum, within the

body of the lateral ventricle,

and, in addition, descends
along the inferior horn of

the lateral ventricle to its

tip. In order to understand
the relations of the choroid
plexus, those of the larger

sheet, of which it is part, must be described. The velum interpositum (tela

chorioidea ventriculi tcrtii) is a delicate sheet of pia mater whose upper surface is

exposed after removal of the corpus callosum and the body of the fornix. When
viewed from above (Fig. 1002) it is triangular in outline, its apex lying at the

foramen of Monro and its lateral basal angles extending into the descending horns

of the lateral ventricles. Its inferior surface forms the roof of the third ventricle,

beyond which on each side it covers the greater part of the upper surface of the

thalamus and, in turn, is overlaid by the fornix. Behind, the velum interpositum is

condnuous beneath the splenium of the corpus callosum with the pia mater investing

the external surface of the hemisphere. This relation readily gives rise to the

impression that the pial tissue has gained entrance to the ventricles by growing

forward through the cleft beneath the splenium and the fornix. That such, however,

is not the case will be pointed out later, when the development of this sheet is

considered (page 1194). The relation of the velum interpositum to the ventricular

cavides should be carefully noted by tracing the ependyma from the caudate nucleus

inward. Leaving the convex surface of this structure, the ventricular lining covers

the sulcus terminalis with its vein, and passes for a short distance over the adjoining

outer part of the upper surface of the thalamus. This zone (lamina affixa) narrows

in front and behind, and where broadest measures from 5-7 mm. Along the

Posterior
horn

Cast of ventricles, viewed from above. X ?^. (Reizius.)
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inner marp^in of this zone- the cpcndyina leaves tlie surface of the thalamus and

passes onto the villous projections (I'i^. 1003) of pia mater containing the c(jnvolu-

tions of blood-vessels of whieh the choroid plexus is composed. Kach projection,

(glomus choriitidcuin) consists of: (i) a capillary comj)lex formed by the terminal

trwigs of the anterior and posterior choroidal arteries, the fcjrmcr of which gains the

interior through the choroidal fissure in the inferior horn of the lateral ventricle
;

(2) the ionnetti\e tissue of the pia ; and (3) the ependymal layer (lamina chorioidca

cpitiiclialis ). which e\'ery\vhere invests the pial ])lications and, therefore, excludes the

\'ascul.u' lissui- from actual entrance into the ventricular cavity. While inconspicuor.s

antl often overlooked, this e])eii(lyinal layer is of much mor|)hological significance,

since it represents all that ])ersists in certain localities of the true wall of the hemi-

sphere. After U\iving the surface of the thalamus And investing the \ascular pro-

^C'lrpiis oallosiini

Septum luci

Anterior end of fornix, cut

Hippocampus

Velum iuterpositum

Choroid plexus in inferior

horn ot lateral ventricle'

Splenium, under surface.

Posterior horn of lateral
ventricle

Lateral parts of fornix,
under surface

Caudate nucleus

Choroid plexus, overlying
foramen of Monro

Vein of corpus .striatum

Choroid vein in ple.vus

Veins of Galen

Cms of forni-ic and posterior
forceps of corpus callosum,
cut

Under surface of fornix,
I.vra

Cut anterior end of fornix

Dissection of brain, showitig velum iuterpositum and choroid plexuses of lateral ventricles; seen from above
after removal of corpus callosum and fornix; latter has been cut through in front and behind and turned back,

exposiuR its under surface.

jections constituting the choroidal plexus, the ependyma becomes attached along

the taenia fornicis to the thin lateral margin of the fornix, beneath which the velum

interpositum protrudes to expand into the choroid plexus within the body of the

ventricle.

The plexus is not confined to this part of the space, but follows the hippocampus

to the lower end of the inferior horn. The relation of the vascular pial tissue to

this extension of the ventricle is, however, the same as within the body, since the

glomeruli here, as there, are completely invested by the ependyma, which they

invaginate along a groove, the choroidal fissure, above the hippocampus, in

the same manner as they do higher in the \entricle. The line of attachment of the

ependyma to the wall of the horn, taenia fimbriae, follows the recurved tail of

the caudate nucleus, just beneath which it lies, on the one hand, and the thin mesial

edge of the fimbria (the continuation of the fornix) on the other. On pulling out
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the entire choroid plexus of the lateral ventricle, the ependyma is torn away and an

artificial opening- is produced, which may be followed, as a curved narrow cleft, from

the lower end of the inferior horn upward above the hippocampus and over the

dorsal surface of the thalamus, beneath the fornix and the splenium, to the exterior of

the hemisphere. When traced forward from its attachment along the upper surface

of the thalamus, the line of the reflection of the ependyma, taenia chorioidea, leads

to just above the foramen of Monro (Fig. 966), where it is joined by the similar

line of the opposite ventricle. I'Vom this point the choroidal line of ependymal
reflection is continuous with the taenia thalami, the sharp ridge which marks the

junction of the superior and mesial surface of the thalamus (page 1119). Leaving

the surface of the latter along this ridge, the ependymal layer covers the under side

of the velum interpositum, as well as the double row of vascular villous projections,

which, one on each side of the mid-line of the roof, constitute the choroid plexus

of the third ventricle (Fig. 974). Although similar in its general structure, this

vascular fringe is mucli smaller and less conspicuous than that within the lateral

ventricle.

Fig. 1003.

It is evident from ihe foregoing description, tliat comnninication between the third and

lateral ventricles is completely interrupted by the attachment of the ependymal layer and that

at only one place, the foramen of Monro (page 1060), does such communication exist. It is

of interest to note that these several lines of ependymal reflection—the t:enia chorioidea, the

tienia thalami and the taenia fornicis and its prolongation, the tcenia fimbria'^orm a contin-

uous line which morphologically marks the transition of the thicker nervous part of the wall of

the hemisphere into the thin and atrophic area, which early undergoes an invagination leading

to the production of voluminous vascular structures later seen in the definite choroid plexuses

of the lateral and third ventricles. Along the margin of the choroidal fissure, at which such

in\-agination primarily occurs, the white matter of the hemisphere becomes condensed into the

tract of the fornix and its downward prolongation, the fimbria. These structures, together

with the reflected ependyma and the septum lucidum, are regarded, therefore, as modified

parts of the mesial surface of the hemisphere.

The inferior horn (cornu inferius), also called the dt'S(r?/(if/f/o horn, begins abo\'e

at the hind-end of the body of the ventricle, thence curves backward and outward

aroimd the thalamus, and sweeps downward and forward and a little inward (Fig.

1000) into the temporal lobe well towards its tip, which, however, it fails to reach by
about 2 cm. Its descent is not

only \ery abrupt, but limited

for the most [)art to almost a

\ertical plane ; hence this part

of the ventricle does not diverge

to any considerable extent be-

yond the plane of the gyrus hip-

pocampi, just to the outer side

of which the lower end of the

inferior horn lies. The roof of

this cornu is formed chiefly by
the tapetum of the cor{)us cal-

losum, and within it descend the

recurved attenuated tail of the

caudate nucleus and the teenia

semicircularis to join a rounded

mass of gray matter, the amyg-
daloid nucleus (page 1172),

which lies embedded within the

temporal lobe, slightly above

and in front of the lower end of the inferior horn (Fig. 967). The floor of

the inferior horn begins above in the triangular area, the trigonum ventriculi,

between the diverging inferior and posterior horns. The greater part of this held is

occupied by a low convexity, the collateral protuberance (trigonum collaterale),

which is continued into a roundec\ ridge, the collateral eminence (eminentia

T;cnia chorioidea
Tsenia fornicis

Taenia thalami
Choroid i)lexiis

of III ventricle

Diagram showing relation of pial tissue in velum interpositum to

ependyma in lateral and third ventricle ; epeiulyma is represented by
red line; c, c, corpus callosum ;

/•", fornix, vv. so-called ventricle of

Verga ; C, 7", caudate nucleus and thalamus.
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cs liippocanipi

s hippocampi

coll.itcralis ), that rxtiMuls for a \arial)k- distanci.- ahtiii; tin- outer part of the Moor

of llu- inferior liorn. Tiiis i-levation is lUKertaiii as t<t proininenee aiul leiij^tli, l>ut

even whei) well developetl does not reach llu- lower extremity of the \entricle.

It results from the invajriuation of the wall of the early hemisphere by the anterior

part of the collateral fissure.

A second lon_i(itudinal elevation, constant and much more conspicuous than tiie

collateral emim-nce and separated from the latter by a j^rf)ove, forms the inner part of

the floor and the adjoining mesial wall of the inferior horn of the lateral ventricle.

This ele\ation, known as the hippocampus, is the most prominent feature of the

horn and curves downward and inward to the extreme lower limit of this part of the

ventricle. It is due to the early inxaj^ination of the hemisphere by the hippocampal
fissure. The lower end of the hippocampus is distinctly broader and somewliat

flattened and marked by a number of oi)li(|ue shallow furrows and intervening; low

radiatintj ridges (diuitationcs hippocarni)! ). These confer on the upper surface and
especially on the outer roundecl border of the elevation, a corrugated and notched

appearance, (Fig. 1004) which suggests a fancied resemblance to a paw, the lower

end of the projecticMi being

known as the pes hippo- Fig. 1004.

campi. The u|)per surface

and the anterior and lateral

border of the pes are free

and well defined, but its

deeper surface and inner

border, to a large extent, are

blended with the surround-

ing parts of the hemisphere.

The minute structure of the

hippocampus is described

with that of the cerebral

cortex ( page 1 1 8
1 )

.

The dorso-mesial aspect

of the hippocampus is over-

laid by a white flattened

band, the fimbria (timl)ria

liippocampi), which, although
bearing a special name, is

the direct prolongation of the

posterior crus of the fornix,

continued from the lateral

angle of the corpus fornicis

into the inferior horn. Its

concave mesial margin is

smooth, rounded and free,

whilst its sinuous lateral border is thin and sharp and gi\es attachment through-

out its entire length to the delicate ependymal layer which completes the mesial

wall and thus closes in the descending horn (Fig. 1005). Above narrow and then

broader, on reaching the pes the fimbria becomes abruptly reduced to a narrow

strand, which may be followed along the inner margin of the pes to the uncus

where it ends. Traced upward the fimbria passes without interruption into the

posterior limb of the fornix, of which, as already noted, it is the direct downward
prolongation. Beginning in the uncus, the fimbria continually receives accessions

of fibres from the underlying hippocampus, with which it is closely united along

its deep surface, and therefore increases in bulk as it ascends towards the body
.of the fornix.

When the structures within the inferior horn of the lateral ventricle are viewed

in their undisturbed relations (Fig. 1002), little of the hippocampus and nothing of

the fimbria are seen, as these parts are hidden by the overlying mass of vascular tissue

constituting the choroid plexus, which is not confined to the body of the ventricle,

where its connections have been already described, but follows the descending

Forceps posteriot

Inferior horn of lefl lateral ventricle, viewed from above.
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horn to its lower end. On turning aside the vascular hinge, its relations to this

part of the ventricle will be found to be identical with those exhibited in the body
of the ventricle, since here, as there, the vascular complex is everywhere covered
by the thin layer of reflected ependynia and, therefore, excluded from actual

entrance into the ventricular space. Tracing the line of attachment of the reflected

ependyma, which alone represents the true ventricular wall closing the crescentic

choroidal fissure along the dorso-mesial aspect of the inferior horn, it will be
found to be continuous with the thin lateral edge of the fimbria throughout the
entire length of this attenuated margin, just as it is connected with the fornix

within the body of the ventricle. I^assing from this line of attachment (taenia
fimbriae) over all the villous projections of the choroid jjlexus, the reflected

ependyma returns to the thicker ventricular wall, which it joins along the mesial

border of the roof. Thence the ependyma remains in close contact with the

remaining parts of the walls of the inferior horn, all the surfaces of which, including

those formed by the hippocampus and the collateral eminence, it covers. From
these relations (Fig. 1005) it follows that the fimbria in large part is excluded,

as are some other parts of the fornix, from the ventricle, only that portion of its

surface which extends from its sharp lateral border to the underlying hippocampus
forming, strictly regarded, a part of the ventricular wall. The rounded mesial

border and the dorsal surface of the fimbria belong to the free mesial surface of

the hemisphere.

The dentate gyrus (fascia dentata) is part of an atrophic convolution belong-

ing to the rhinencephalon (page 1151), and as such belongs systematically to that

division of the hemisphere
Fig. 1005.

Choroid plexus

Caudate nucleus, tail

Taenia semicircularis
Ependynia

Cavity of inferior
horn of lateral
ventricle

Since, however, it is closely

associated with the struc-

tures found within the inferior

horn of the lateral ventricle,

its description has been de-

ferred until this place. The
dentate gyrus lies on the

mesial surface of the hemi-
sphere, but is so hidden be-

hind the hippocampal gyrus
that it is satisfactorily dis-

played only after the over-

hanging parts of the thala-

mus and cerebral crura are

removed. On cutting away
these structures and drawing
downward the hippocampal
gyrus, a narrow band of gray
matter, notched and corru-

gated by numerous minute transverse furrows, is seen protruding between the free

rounded mesial border of the fimbria above and the hippocampal fissure below (Fig.

992). This band is the gyrus dentatus. On examining frontal sections passing

through the inferior horn of the lateral ventricle (Fig. 1005), the relations of the

dentate gyrus will be appreciated. In such preparations the gyrus appears as the

free, somewhat thinned of? ed^e of cortical gray matter, which is pushed to the

surface just below the choroidal fissure through which the pial tissue invaginates the

ventricular wall to gain a seeming entrance to the inferior horn. Between the fimbria,

which lies immediately above and parallel with it, and the gyrus a shallow groove,

the su/ciis Jimbrio-defitatus, intervenes, whilst below it is bounded by the remains of

the hippocampal or dentate fissure. The latter is no longer an evident furrow, as it

was when producing the hippocampus, since it has become closed and almost com-
pletely obliterated by the apposition of the bordering cortex.

Traced forward, the gyrus dentatus gradually leaves the fimbria and passes deeply

along the inner side of the uncus in connection with which it ends. The terminal

part of the gyrus, somewhat reduced in size, at first bends sharply medially along

Entrance to
choroidal fissure

Fimbria
imbrio-denlate
ssure

Gyrus dentatus

\ Hippocampal fissure

Alveus

Hippocampus
\, Gyrus hippocampi

Collateral fissure

Frontal section of part of left hemisphere passing through lower end of

inferior horn of lateral ventricle. X 2.
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tlu- uiuk-r surface of the uncus and then \vin<U ()\ri- the inner aspect of the latter, from
v.ithin outwards, as a narrow ^^rayish band, the frenulum of Giacomini, whit h,

continuin!^ upon the upper surface of the uncus, for a short distance passes slightly
backward and disapj)ears ( I'itj. 1006;.

hollowed backward, tlu- j^yrus dentatus accompanies the fnnbria towards the
splcnium, at the lower lK)rder of which the two structures part ccnnpany, the fimbria
passing to the under side of the corpus callosum, whilst th(; gyrus dentatus, losing its

corrugations and becoming a smooth band, known as the fasciola cinerea, bends
backward anil curves arountl the splenium ( Fig. 992 ) to spread out oxer the upper
surface of tlu' cor|)iis callosum as the thin atrophic sheet of grav matter, the
induseum griseum in which are embedded the fibre-strands of the longitudinal
stria- (page 1156). The structure of the gyrus dentatus is described with that of
other parts of the cerebral cortex (Jjage 1182J.

Fio. 1006.

-Splciiiuni of corpus callosum

''""'•"«
,Lncus

\ Frfiuihim of Giacomini

Fasciola cinerea Gyrus hippocampi \ Collateral fissure

Gvrus dentatus

Part of left gj-rus hippocampi has been cut away to expose gyrus dentatus, which is seen continuing as
frenulum of Giacomini over uncus.

The fornix is to be regarded as the chief fibre-tract connecting the olfactory cortex, situated

within the uncus and the hippocampus, with the thalamus. An explanation of its remarkable
course as seen in the adult brain, is found in the changes which affect the position of the hippo-

campus during development. Reference to Figs. 1030, 1032, will recall the origin of the henji-

sphere (pallium) as an outgrowth from the end-brain, and, further, that the hemisphere in man
early covers in the thalamus and other parts of the diencephalon and the mid-f)rain. For a time

the thalamus is connected with the hemisphere by means of only the thin recurved under and
inner wall of the pallium, the bulky tracts of white matter in which it is later embedded being
for a time wanting. This same independence is retained by the thalamus, even in the adult

condition, on its upper and posterior aspects, where the excessively thinned out ventricular wall

alone forms the partition between the ventricle and the exterior, and where the thalamus is over-

laid by, but not in contact with, the hemisphere. On breaking through this partition, as after

removal of the velum interpositum, the thalamus may be directly reached by passing beneath

the splenium. \Vhen a definite mesial siirface of the hemisphere becomes developed, an area

along the inferior margin of this aspect becomes marked off by two priman,- grooves, which are

the early choroidal fissure below and the hippocampal fissure above. The area so defined is

the primary- .gyrus dentatus. This tract of .gray matter is connected with the thalamus by the

fornix, which reaches the thalamus around the front end of the choroidal fissure. In many
animals, as in the rabbit, a similar relation is permanently retained, the dentate g>"rus, or its

equivalent, the hippocampus, being united with the thalamus by a fomix-tract which sweeps from
the lower and posterior part of the pallium i hippocampus') over the roof of the third ventricle

forward and downward to the basal surface of the brain (mammillary body) and thence by

the bimdle of I'icq d'Azyr to the thalamus. These primar\- relations are changed by the future

expansion of the hemisphere, which grows not only upward and backw ard, but also downward
to fomi the temporal lobe, in consequence of which the dentate .g}TUS and the fornix, and likewise

the choroid plexus and its fissure, are carried backward, downward and forward around the

thalamus into the temporal lobe, where they lie on the mesial wall of the descending horn of the

lateral ventricle which has coincidently been formed. Whilst in this manner the chief mass of the

primary gjrus dentatus is carried into the temporal lobe, where it becomes the hippocampus and
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the definite dentate g\Tus, a part of it, greatly attenuated and reduced, retains its connection with

the anterior basal surface of the brain ( later the anterior ixrrforated substance j and follows the

upper surface of the corpus callosum, which likewise has extended backward, into the descend-

ing horn of the lateral ventricle. These parts—the gyrus subcallosus, the longitudinal stria;,

the fasciola cinerea and the g>rus dentatus of the adult brain—constitute the supracallosal g>rus,

whose gray matter is an atrophic outlying part of the primary g^rus dentatus and whose con-

nections with the basal olfactorj- centres are retained by the fibres of the longitudinal stria:.

The fornix shares the displacement of its cortical area, the hippocampus, and is consequently

carried with the latter into the descending horn of the lateral ventricle. In this manner parts

\\ hich at first lay in proximity and were connected by short paths, become widely separated

with correspyonding lengthening of the fibre-tracts uniting them, as illustrated in the long

course of the fornix in the adult brain. Further, since the path of migration of the fornix

and associated structures of the inferior horn of the lateral \entricle describes a curve,

it follows that the relations of these parts become reversed, those originally lying

above, in regard to adjacent structures, within the descending horn being below and

vice versa.

The posterior horn of the lateral \entricle (cornu posterius;. much smaller

than either ot the others, is an elongated diverticulum which curves backward from

Fig. 1007.

Sui)erior frontal g>TUs

Middl; frontal gjTus

Longitudinal fissure--

Genu of corpus
callosum-

Lateral ventricle,
anterior horn

Inferior frontal gj-rus

Caudate nucleus, head

'Orbital gyri

Frontal section of brain passing through geno of corpus callosum.

the body of the ventricle into the occipital lobe. In frontal sections (Fig. 1034) its

form is irregularly crescentic, the conve.xity of its outline including the roof and the

lateral wall and the concax ity corresponding with the mesial wall and narrow floor.

Above and to the outer side, the horn is bounded by the arching fibres of the tape-

turn of the corpus callosum, lateral to which lies the important thalamo-occipital or

optic radiation ^page 1123). The lower part of the mesial wall is modelled ^Fig.

1000) by a narrow but well marked crescentic elevation, the calcar avis, also

called the hippocampus minor, which is produced by the early invagination of the

wall of the hemisphere by the anterior part of the calcarine fissure. On the same
wall and just above the calcar avis, a second and broader, but less sharply

defined, elevation ( bulbus cornu posterioris i. marks the course of the fibres of the

forceps posterior as they encircle the parieto-occipital fissure in their journey to the

occipital lobe.
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The Internal Nici.ki ui thk Hemisphere.

Ijiihcclclod within tlu' white matter of each hemisphere and, for the most part,

completely sej)arate(l from the cerel)ral cortex, he certain masses (jf ^ray matter to

which the name basal ganglia is often apphed. These include : ( i ) the caudate

nucleus, (2) i\\c hnlicu/ur nucleus, (3) \\\q clausirum and (4) \.\\iiamYv:daloid Jiuclcus.

The first two, the caudate and lenticular nuclei, are i)art.s of the corpus striatum,
one of the three fundamental divisions of the end-brain or telencephalon. Althoui^h

almost completely separated by the intervenini^ tract (jf white matter, the internal

capsule, the caudate and lenticular nuclei are continuous for a limited distance belf^w

and in front (Fij^. looS), and toj^ether constitute a larj^e mass comp<jsed chiefly of

j^^ray matter, that extends from the lateral ventricle almost to the cortex of the

insula. Between the latter and the lenticular nucleus lies a thin tract of gray
matter, the claustrum, whilst within the temporal lobe, above and in front of the

anterior extremity of the inferior horn of the lateral ventricle, is situated the

am\\^daloid nucleus.

The Caudate Nucleus.—This mass (nucleus caudatus), the inner di\ision of

the corpus striatum, is well seen from the lateral ventricle, where it apj>ears as the

large and conspicuous ele\ation which contributes the infero-lateral wall of the anterior

horn, and the outer part of the floor of the body of the ventricle. The caudate

nucleus is an elongated pyriform or comet-shaj^ed mass of gray matter, whose bulky
rounded anterior end or head (caput nuclei caudati) rapidly diminishes into the

attenuated and recurved tail (cauda nuclei caudati), which sweeps backward and then

downward and forward within the roof of the inferior horn to the tip of the temjjoral

lobe, where it ends in relation with the lower part of the amygdaloid nucleus.

The relations of its two chief surfaces, the mesial and lateral, are best seen in

frontal sections. When sectioned through its head near the anterior pole (Fig. 1007 j,

the caudate nucleus appears as an ovoid area of grav matter which mesially bulges

strongly into the lateral ventricle, but from which it is separated by the ependyma,
and laterally is embedded within the white matter of the hemisphere. In sections

passing a few millimeters farther back (Fig. 1009), the form of the nucleus has

become somewhat changed, its inner convex surface being more extensive and its

outer one. now somewhat concave, being serrated by the invasion of obliquely hori-

zontal stripes of white matter due to the appearance of the anterior strands of the

internal capsule. In the plane under consideration, these strands are not continuous

but interspersed with stripes of gray matter, which below still connect the caudate

with the laterally situated lenticular nucleus and produce the coarse striation from

which the entire mass, the corpus striatum, derives its name.
In sections passing through the body of the ventricle (Figs. loio, 1025), from

the plane of the foramina of Monro backward, the caudate nucleus is much reduced

in size, whilst, on the contrary, the lenticular nucleus, as well as the thalamus, become
more conspicuous. The internal capsule, being now well established, appears as a

large oblique tract of white matter, which completely separates the two parts of the

corpus striatum and lies to the outer sjde of the thalamus (Fig. 1008 ). By reason

of the recurved course of its attenuated tail, in horizontal sections, as well as in frontal

ones passing in front of the splenium, the caudate nucleus is twice cut, one cross-

section of the nucleus appearing above in the lateral wall of the body of the ventricle

and the other in the roof of the inferior horn (Fig. 967).
The Lenticular Nucleus.—This division of the corpus striatum (nucleus len-

tiformis) is a wedge-shaped mass of gray matter, broken by laminae of white, that lies

bordered by the internal capsule mesially, and laterally is separated from the cortex

of the insula by a narrow tract of white matter containing a thin stratum of gray sub-

stance, the claustrum. The lenticular nucleus reaches neither as far forward nor as

high as the caudate nucleus, and lies lateral to both the latter and the thalamus,

separated from them respectively by the anterior and posterior limbs of the internal

capsule. Its dorso-mesial surface, when seen in frontal sections, is directed from

above downward and inward ; in transverse sections (Fig. lofi) this surface is

replaced by an antero-mesial and a postero-mesial face in correspondence with the

limbs of the internal capsule. Its slightly convex lateral surface is approximately

74
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Fig. iooS.

Thalamus

Caudate nucleus

vertical and in immediate contact with a thin sheet of white matter, the external

capsule, which separates the nucleus from the claustrum. Its ventral surface is hori-

zontal and only feebly curved and is continuous in front with the caudate nucleus
and farther backward, about its middle, with
the anterior perforated substance on the

basal surface of the brain. The lenticular

nucleus is unequally subdivided by two thin

concentric sheets of white matter, the ex-
ternal and internal medullary laminae,
into three segments. The outer of these, the

putamen, is much the largest and occupies

the base of the nucleus, being bounded by
the external capsule laterally and by the

external medullary lamina mesially. Of its

two somewhat rounded ends, the anterior

is the broader and extends farther forward

and alone joins the caudate nucleus of which
it morphologically is a part (page 1169).

The putamen is the most conspicuous part of

the lenticular nucleus, not only on account of

its size but also by reason of its darker color,

in which respect it corresponds with the caudate nucleus. This contrast depends
less upon the actual pigmentation of the cells of the putamen than upon the

lighter color of the other zones of the nucleus. In consequence of the small

number of fibres entering the external capsule from the putamen, the attachment
between the latter and the capsule is relati\'ely loose and the two structures may be

Reconstruction of corpus striatum and thala-
mus ; lateral aspect

;
probe lies in space occupied

by internal capsule. Drawn from Steger model.

Fig. 1009.
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Caudate nucleus

Internal capsule

Lenticular nucleus

Temporal lobe

Continuity of caudate and lenticular nuclei

Frontal section of brain passing through anterior end of corpus striatum where caudate and lenticular nuclei are

continuous below.

readily separated. This condition influences the course taken by extravasations of

blood, which are frequent in this locality and may occupy a large part of the lateral

surface of the putamen. The remaining divisions of the lenticular nucleus are much

lighter in tint and together constitute the globus pallidus. They are subdivided
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by the internal medullary lamina and form the edj^e of the wedj^^e, lyinjr jn contact

with the- internal capsule. Allhoui;!! eomjiosed chiefly (jf ^ray matter, all these

semiients of the nucleus, hut particulary the inner two, are traversed by numerous

strands of nerve-fibres which brc-ak the continuity of the K^ray substance ami i)roduce

an appearance of radial striation.

The structure of the corpus striatum varies in its several parts, that of the

caudate nucleus and the jjutamen bein^ almost itlentical, whilst that of the globus

nallidus, although similar in both zones, differs from the histoloj^ical make up of the

other parts. The close resemblance of the caudate nucleus and thct ])Utamen corre-

sponds to their early common origin, since at fn'st they constitute; a sinL,de mass and

become partially separated by the inj^rowth of the fibres forming the anterifjr jnirt of

the internal cnpsule.

The caudate luic/eiis is invested throughout the greater j)art of its periphery

by a dense layer of fibres, the stratum zonale, which includes fibres passing both to

Fig. ioio.
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Frontal section of brain passing through caudate and lenticular nuclei and thalamus, showing relation of internal

capsule to internal nuclei.

and from the nucleus. The nerve-cells are, for the most part, rather small in size

and stellate or fusiform in shape and pro\ided with numerous dendrites beset with

minute irregularities. They are chiefly cells of type I, although many of the second

type are encountered, whose axones are limited to the gray matter and are not

prolonged as nerve-tibres (KoUiker).
The p7itame?i is invested on its two sides, particularly on the mesial one, with a

fibre-layer deri\'ed from the external medullary lamina and the external capsule, the

fibres being chiefly such as enter the nucleus from other centres by w^ay of the med-

ullary layer. In addition to nerve-cells of round or stellate form, Kolliker describes

those of distinctive appearance possessing a slender fusiform body and dendrites few

in number but of unusual length.

The globus pallidus owes its characteristic color to the light yellowish tint of

the pigment within its cells and to the large number of medullated nerve-fibres which

traverse its substance, especially its inner zone. The nerve-cells are mostly small

and stellate, possessing numerous short but richly branched dendrites.
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The Connections of the Corpus Striatum.—Much uncertainty prevails as to the details of

the connections of the several parts of the corpus striatum and little is known regarding the

function of these nuclei, notwithstanding their size ; certain general principles, however, may be
accepted as established. The comparative studies of Gehuchten, Sala and others, and especially

of Edinger, emphasize that the corpus striatum is to be considered as supplemental to the

cortical substance, in the lower vertebrates in which the cortex of the cerebral mantle is feebly

developed constituting the chief mass of cortical gray matter, and in the mammals and man
being subservient to the overshadowing cortex of the hemisphere. Such being the warranted
presumption, it is to be anticipated that the striate body both receives fibres conveying sensory

impulses and gives off fibres (perhaps motor in function) originating from its cells, these latter

tracts constituting the strio-ihalatnic radiation.

The centripetal or afferent paths probably include : (i) the tegnie?ito-siriaie fibres, which

are continued chiefly from the mesial fillet, and perhaps also from the red nucleus and subthal-

amic region, by way of the internal capsule, to end around the cells of the putamen and head of

the caudate nucleus ; (2) \h^'thalamostriate fibres, already mentioned in connection with the

thalamus ( page 1 123 ), which pass from the thalamus either by way of the internal capsule directly

to the caudate nucleus, or by way of the ansa lenticularis to the putamen or, traversing

the medullar}- laminae, to the caudate nucleus. Xo doubt many of the fibres which enter the

lenticular nucleus do not end within the latter, but traverse its substance as part of their path to

the cerebral cortex.

The centrifugal, or efferent fibres, which arise from the cells of the corpus striatum include :

(i) the strio-thalamic fibres, passing from the major divisions of the striate body, which

comprise ia) those from the caudate nucleus to the thalamus direct \{b) those which traverse

the internal capsule and the medullar)- laminte and, joining fibres from the putamen, pass by
way of the ansa lenticularis to the thalamus

;
{c) those from the putamen which reach the

thalamus bv passing partly by way of the globus pallidus and partly, in greater numbers, by
means of the ansa lenticularis. (2) Strio-peduncular fibres, well represented in the brains

of the lower animals as the continuation of the basal tract of the fore-brain (Edinger), which

pass from the caudate nucleus, and probably from the lenticular nucleus also, into the

sub-thalamic region and the cerebral peduncle, within the latter forming the stratum inter-

medium closely related to the substantia nigra. Whether cortico-striate fibres, extending

from the cerebral cortex to the corpus striatum, exist in man is uncertain, Dejerine denying

their presence, whilst Edinger regards the presence of a meagre number of such bundles

as established.

The Claustrum.—The claustrum is a thin lamina of gray substance embedded
within the \\hite matter intervening between the lateral surface of the putamen and

the cortex of the island of Reil. Its mesial surface is smooth and parallel with the

outer aspect of the putamen, from which it is separated by the thin tract of white

matter constituting the external capsule. Its lateral surface presents a series of

elevations and depressions which in a general way repeat the contour of the gray

cortical lamina of the insula, the intervening layer of white matter being sometimes

called the capsula extrema. Seen in horizontal sections TFig. lOii), the claustrum

fades away both in front and behind ; in frontal sections (Fig. loio), however, whilst

it gradually disappears above, below the claustrum materially thickens and mesially

becomes continuous with the anterior perforated substance. Upon comparative and

developmental grounds, the claustrum must be regarded as a separated portion of

the corpus striatum. Its nerve-cells are, for the most part, small and either stellate

or fusiform in outline. Nothing is known with certainty as to the course or connection

of its fibres.

The Amygdaloid Nucleus. — This structure (nucleus amyudalae; comprises

a considerable rounded mass of gray substance (Fig. loioj which occupies the

fore-part of the temporal lobe and lies in close proximity with the uncus, overlying

the extremity of the inferior horn of the lateral ventricle. Anteriorly it is continuous

with the cortical gray matter of the temporal lobe as a thickened portion of which

it may be regarded. Its lower part receives the tail of the caudate nucleus and

close to this, the taenia semicircularis (page 1162), which accompanies the recurved

nuclear tail in its descent within the roof of the inferior horn. ihe nucleus

approaches, if indeed it does not touch, the anterior perforated substance, and above

comes into intimate relations with the lenticular nucleus. It is highly probable that

the nucleus amygdalae forms, along with the uncus and the hippocampus, a part

of the olfactory cortex (Dejerine).
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The Internal Capsule.— Rtpcatccl mention has been niado o{ the important

tract of wiiitc maltir iK-arin.u the name of internal cajisule (capsula interna); its

description, therefore, may l)e appropriately undertaken at this place. It is a broad,

compact l)and of nerve-tibres which ])asses between the three lar^e basal ^an^ha,

namely, the caudate and the lenticular nuclei and the thalamus. Althouj^h tin- details

of the internal capsule vary with differences both of directi<^n and c^f position of the

Forn
crus

Splenium
of corpus
callosum

Corpus callosum

Calcirine fissure

Choroid
plexus in

inferior

horn of
lateral

ventricle

Horizontal sections of brain, A at higher level than B. which passes through lower part of corpus striatum where
caudate and lenticular nuclei are continuous; relations of limbsof internal capsuleto internal nuclei seen on right side.

planes of section, its general relation to these three masses of gray matter is con-

stant, the caudate nucleus and the thalamus always lying to its inner side and the

lenticular nucleus to its outer aspect. When exposed by frontal sections passing

through the anterior part of the lateral ventricles (Fig. loio), the internal capsule

appears as a broad, oblique stripe, extending from above downward and inward,

bounded by the large caudate nucleus mesially, the lenticular nucleus laterally,

and below by the gray substance establishing continuity between the two nuclei.
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Seen in frontal sections j)assin^»- some distance behind the precedin.uf section,

whilst the capsule is limited laterally by the lenticular nucleus, its mesial boundary
now includes the caudate nucleus, the ta-nia semicircularis and the thalamus. Still

farther back ( Fi.^'. 968), the internal capsule is bounded internally in addition by
the subthalamic structures and becomes continuous below with the crusta of the cere-

bral peduncle. An upper and a lower part of the capsule are therefore recognized,
the former—between .the lenticular nucleus on the one side, and the caudate nucleus
on the other—is known as the thalamic region (resio thalaniica capsulae intcriiaej,

whilst that between the lenticular nucleus and the subthalamic structures is termed
the subthalamic region (regio subthalamica).

Viewed in horizontal sections ( iMg. loii, A), the capsule appears not only
much more extensi\-e, but is seen to consist of two mesially con\eri;inj^- parts, a
shorter anterior limb (pars frontalis) and a longer posterior limb (pars occipitalis).

The two limbs form an angle which opens outward and encloses on two sides the
gray triangle of the lenticular nucleus. The junction of the two mesially converging
limbs forms the knee, or genu, of the internal capsule which points inward and lies

opposite the taenia semicircularis, between the caudate nucleus and the thalamus.
At deeper planes (Fig. loii, B), passing through the level of the continuity

between the two parts of the corpus striatum, the anterior limb is greatly reduced
in length or entirely disappears, the posterior one being prolonged into the cerebral
peduncle.

The importance of the internal capsule will be appreciated when its function as
the great pathway connecting the cerebral cortex with the lower lying centres is

recalled. Its fibres, both corticipetal and corticifugal, after passing beyond, or before

coming under the restraint of the boundaries of the
capsule, as the case may be, radiate to and from all

parts of the hemisphere, and in this manner form the
striking fan-shaped fibre-mass known as the corona
radiata, which continues the internal capsule upward
to the cerebral cortex. The radiating strands of this

great tract interlace with the radiation of the corpus
callosum and thereby contribute a large part of the

fibres composing the oval centre of white matter within

the hemisphere.

The anterior limb of the internal capsule (pars lenticulocau-

data) includes the front third of the tract and extends from the

genu forward and outward. It contains fibres passing both
toward and away from the cortex. Its corticipetal fibres are :

(i) the thala)no-fro)ital, which pass from the thalamus by way
of its frontal stalk through tlie anterior limb of the internal cap-
sule and the corona radiata to the cortex of the frontal lobe

;

(2) the thalauio-striate, which also pass from the ihalannis into

the internal capsule and proceed to the caudate and lenticular

nuclei. The corticifugal fibres include : {i)\.hefro)iio-pontite,

which arise in the cortex of the frontal lobe and descend by
way of the corona radiata, the anterior limb of the internal

capsule, the crusta of the cerebral peduncle and the ventral

tracts of the pons to end around the cells of the pontile nucleus
as links in the connection between the cerebral and the cere-

bellar cortex (page 1094) ; (2) the frovto-t/m/amic, which
extend from the cortex of the frontal lobe to the thalamus

;

and (3) the strio-t/ia/ainic, which proceed from the caudate and
lenticular nuclei to the thalamus.

The posterior limb of the internal capsule (pars ienticulo-

thalamica) extends backward, outward and downward from
the genu, and includes the remaining two-thirds of the tract. Its hind part extends beyond
the posterior limit of the lenticular nucleus, hence the posterior limb is subdivided into a
lenticular and a retrolenliciilar portion. As does the anterior limb, so also does the posterior
]imb of the capsule contain both corticipetal and corticifugal fibres.

The lenticular portion includes corticipetal fibres: ( i ) the thalauio-cortical which issue from
the lateral and lower aspect of the thalamus, traverse the internal capsule and to a considerable

Diagram showing relative posi-

tions of chief tracts in internal cap-
sule (A) and in crusta of cerebral
peduncle i^B) ; F- 7", fronto-thala-

mic; F-P, fronto-pontile ; T-OP,
temporo-occipito-pontile ; C-B, cor-
tico-bulbar ; C-S, cortico-spinal ; S,
tegmental sensory ; OR, optic ra-

diation.
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iuinil)cr, the Untie ul;ir iuicIl-us aiui the ixtcinai tapsiik- aiicl proexicl to the curtc-x of llie liiiid

part of the frontal and of the parietal U>l)e
; ynd (2) proliahly some lliulamo-lttiticular fibres

which pass from the ihalanuis to the lenticular anil, perhaps, the caudate nucleus.

The corticifugal fibres include : (
i ) the important motor curtuo-hulhur and (urtico-spinal

tracts, collectively often called the pyramidal trails, which descend from the precentral

(Kolandic) cortical re^'ion through the corona radiata and the fore-part of the posterior limh of

the internal capsule into the crusta of the cerebral |)eduncle and thence to the a|)pro-

priate levels of the brain-stem or of the spinal cord. A tract supplementary to the pyramidal
motor paths, the cortico-riihral fibres, must be mentioned. These arise from the cortex

(perhai)s of the i)arietal lobe) and descend throujjh the lenticular portion <jf the p<jsterior

limb to the mitl-brain where they end in relation with the red nucleus. (2) The torlico-

thaUmiic fibres, which converge from the cerebral corte.x to the thalannis. The retro-

lenticular portion of the posterior limb is traversed by important corticipetal fibres con-
cerned in conveying impressions of sj^ecial sense, as (

i
) those of the optic radiation,

which, issuing as the occij^ital .stalk, connect the thalamus and the lateral geniculate and
the superior (luadrigeminal body with the occijMtal cortex ; and (2) those of the auditory
radiation, which link together the mesial geniculate and the inferior qnadrigeminal body
with the auditory cortical area in the temporal lobe. The corticifugal fibres are represented
by (i) the tcynporo-occipito-pontile tracts, which pass from the cerebral cortex through the
retrolenticular portion of the capsule into the crusta of the cerebral peduncle and thence to the
pontile nucleus within the ventral part of the pons ; and (2) corlico-thalamic fibres, which
course in reverse order through the optic radiation to end within the thalamus and lateral

geniculate body.

The relative positions of the longer tracts composing the internal capsule, as seen in hori-

zontal sections, are, in a general way, indicated schematically in Fig. 1012. The anterior limb
is shared, from before backward, by the fronto-thalamic and the fronto-pontile tracts in the
order named. The genu is appropriated by the cortico-bulbar tracts, the facial fibres lying

immediately in advance of the hypoglossal. The succeeding part of the posterior limb,

approximately one-third, affords passage to the cortico-spinal or pyramidal tracts. Next follows
a narrow segment devoted to the tegmental sensory tracts, behind which the occipito-temporo-
pontile tract occupies a small area, the last part of the retrolenticular field being taken up by
the optic radiation,

STRUCTURE OF THE CEREBRAL CORTEX.

The surface of the hemispheres is everywhere clothed with a thin continuous
stratum of cortical gray matter, which encloses the white medullar}- substance com-
posed of the interlacing- tracts of nerve-tibres. This cortical sheet \-aries in thick-

ness not only in the same area, being
thicker over the summit than at the sides ^^^- ^*^'-^;

of the convolutions or at the bottom of stratum zonaie-

the bounding fissures, but in different ExternaiRray straium-
, , , • 1 T Outer stripe of

regions 01 the hemisphere. Its average Baiiiarj^er.

thickness is about 3 mm.
, but where it intirnaTgraVlTmum-

borders the upper end of the Rolandic Medullary fibres.

fissure, particularly in the paracentral

lobule, this increases to over 5 mm.

,

whilst o\'er the frontal and occipital poles

the thickness of the corte.x is reduced to

almost 2 mm. The entire superficial

extent of the cortex of the two hemi- /

spheres has been estimated to be about ^.^

2000 sq. cm. , of which scarcely one-

third is exposed surface, the remainder CaicaWne fi-^

Deing SUnlcen. Frontal section of hemisphere including cortex sur-

On examining sections of the fresh rounding calcadne fissure; stripe of Gennari (outer stripe... -^
, of BaiUarger) is here unusually distinct. X 3.

brain, the cortex does not appear
uniformly tinted, but exhibits, even to the unaided eye, an indistinct division

into alternate light and dark layers. From without in these are : ( i ) a thin

peripheral layer of whitish color, the stratum zonale ; (2) a thicker layer of

grayish hue, the exteryial gray stratian ; (3) a thin lighter band, the outer stripe

of BaiUarger ; and (4) a somewhat broader, j-ellowish-red zone, the internal gray
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strahim—four layers being more or less clearly recognizable. In certain localities,

as in the precentral convolution, the inner gray lamina is subdivided by an
additional white line, the ituier stripe of Baillargcr. In the vicinity of the
calcarine fissure, ixuticularly in the adjacent part of the cuneus, the outer stripe of

Baillarger, whilst narrow, is unusually distinct and confers, therefore, a character-
istic appearance upon the cortex of this region (Fig. 1013). The band in this

location receives the name of the stripe of Gennari, or the stripe of Vicq d\Azyr.
In recognition of the priority of description, Gennari's name is sometimes applied
to the external stripe of Baillarger wherever found. The significance of these
light colored strata will be pointed out in connection with the intimate structure
of the cortex, suffice it here to note that the stripes of Baillarger correspond to

zones in which the felt-work of horizontal cell-processes is unusually dense, the
stratum zonale corresponding to a compact layer of fibres running parallel with
the surface. Occasionally a condensation of tangential fibres immediately beneath
the stratum zonale produces the appearance of an additional light line, which in

honor of its discoverer, is known as the stripe of Bechterew.
The essential histological elements of the cerebral cortex are the nerve-cells and

the nerve-fibres. The importance of the former is evident when their three-fold

activity is recalled—(i) as receptors of
Fig. 1014. corticipetal im])ulses, (2) as distributors

of the impressions so received to other

parts of the brain, and (3) as originators

of corticifugal impulses which control

the nuclei from which immediately arise

the motor nerves. No single method
of preparation suffices to display satis-

factorily both groups of structural

elements, for when stains are employed
which best bring out the cells, the

fibres are inadequately shown ; and,

conversely, when methods adapted for

the demonstration of the fibres are

followed, the cells are but imperfectly

displayed. It is advantageous, there-

fore, to study the histological details

of the brain by more than a single

method, combining the results ob-

tained by the use of cellular stains

with those yielded by procedures ex-

hibiting the fibres. Among the latter,

the well known method of Weigert, or

its modifications, has been of great

service in extending our knowledge
concerning the various fibre-tracts.

The methods of silver impregnation

introduced by Golgi, although not

producing true staining but only in-

crustations on the cell and its pro-

cesses, have materially advanced our

knowledge concerning the form of the

cell-bodies and the number and extent

of the processes of the neurones.

Whilst varying as to details in

different regions, the cerebral cortex

presents a general plan of structure which may be considered : («) in relation to

the nerve-cells and {b') m relation to the nerve-fibres.

The Nerve-Cells of the Cortex.—When sections cut perpendicular to the

surface of the convolution are stained with basic stains (Fig. 1015) or prepared

after silver impregnation (Fig. 1016), the cerebral cortex exhibits four layers,

Subpial layer

Tangential fibres

Stratum zonale ry

Layer of small
pyramidal cells

Outer stripe of
Baillarger

Layer of large
pyramidal cells

Layer of poly-
morphic cells

Medullary fibres

Diagram showing constituents of cerebral cortex

;

cells in the right half, fibres in left half of figure; A, B,
large and small pyramidal cells ; C polymorphic cells

;

D, cell of Martinotti ; iT, cell of type II ; F, association
cell ; /, /, corticipetal fibres ; ^, z, corticifugal fibres
(axones of pyramidal cells) ; N, JV, neuroglia cells.
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F"i<;. 1015.
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u-hicli, from without inward, arc: (i) the stratimi zonalc, (2) the layer of small
pyramidal cells, (3) the layer of lar^^e pyramidal cells, and (4) the layer of ]>oly-

morphic cells. Although each presents characteristics which are distinctive, with
the exception of the junction betwi-en the lirst and second layers wiiere the change
is well defmed, no sharp ck-marcatioii separates the strata, each passinj.^ insensibly
into the adjoininjj^ layer. Neither are the modificaticius which distinj^uish the
cortex of certain rej^ions al^ruptly assumed, one type of cortical structure being
LTraduallv replaced l)y another without sudden transition.

The stratum zonale, also known as \\\ii moUcular stratum, underlies the pia
and measures about .25 mm. in thickness. The layer contains few ner\e-cells and
appears subdivitled into {a) a narrow i)eripheral zone, from .010

—

.030 mm. in width,
com|)osed of a sub|)ial condensation of neuroglia

antl (^) a deeper zone characterized by numer-
ous fibres or processes, which course i)arallel to

the surface, and a meagre number of nerve-cells

whose most distinctive representatives are small

fusiform elements {Caja/'s cells) provided with

long tangentially directed processes. The latter

give oft" short collaterals, which ascend towards
the surface, and intermingle with the numl)er-

less terminal filaments derived from the periph-

erally coursing })rocesses of the pyramidal and
other cells lying at deeper levels and from the

corticipetal fibres which continue from the

white core of the gyrus into the outermost
layer of the cortex.

The layer of small pyramidal cells is

marked off from the stratum zonale, which it

about equals in thickness, with some distinctness

since, in contrast to the last-mentioned zone,

it contains very many cells. These, as indicated

by the name of the stratum, are of small size

(.007—.010 mm.) and pyramidal form, at

least in the deepest part of the layer. In the

superficial part the cells are rounded or irregu-

larly triangular, but they assume the distinctive

pyramidal outline as they approach the sub-

jacent layer, whose elements they resemble in

possessing apical and lateral processes. •

The layer of large pyramidal cells con-

tains the most distinctive neurones of the cere-

bral cortex. It measures usually about 1.25

mm. in thickness, but in some localities much
more, and blends with the adjoining layers

without sharp boundaries. The cells in-

crease in size but diminish in numbers as

they are traced from the second layer inward,

the largest (from .020-^-. 040 mm. in width) and
most characteristic lying in the deepest part

of the stratum. The typical pyramidal cell

possesses a conical body, triangular in section,

the apex of whicli is continued into a long
tapering dendrite, the apical process, which
extends toward the periphery for a variable but usually considerable distance,

depending upon the position of the cell. Upon gaining the stratum zonale, towards
which the apical dendrite is always directed, the process breaks up into a

number of end-branches that run parallel with the surface and contribute to the

fibre-complex of the outer layer. During its journey to the surface, the apical

dendrite gives off an uncertain number of branches that continue horizontally and,

Large
p;

midal ce
lyr

lis

Polymorphic
cell's

Section of cerebral cortex. X 90.
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Fig. 1016.

1
1 Small pyra-

1^ midal cells

with the collaterals and similarly directed processes from other cells, take part

in producing- the felt-work giving rise to the outer stripe of Baillarger. From
the deeper or basal surface of the cell arises the delicate centrally directed axone,

which, penetrating the intervening fourth layer, acquires a medullary coat and

enters the white core of the convolution as one of the component nerve-fibres.

The a.xone gives of? one or more collaterals which, after a shorter or longer

course, establish relations with other and often remote cells. In addition to the

two chief processes, the peripherally directed apical dendrite and the centrally

coursing axones, a variable number—from four to twelve—of secondary lateral

doidrites sj)ring from the basal

angles of the cell. These processes

usually divide dichotomously, each

succeeding pair of branches in turn

splitting into twigs, until the den-

drite is resolved into an end-brush

of fibrillse which aid in producing

an intricate felt-work of finest

threads. Each pyramidal cell con-

tains a conspicuous spherical or

ellipsoidal nucleus, within which a

distinct nucleolus is usually distin-

guishable. The cytoplasm exhibits

a striation and, in addition to the

masses of tigroid substance, the

Nissl bodies, a mass of brownish

pigment granules. The larger

pyramidal cells are surrounded

by an evident pericellular lymph-

space.

The layer of polymorphic
cells includes a large number of

small nerve-cells, from .008—.010

mm. in diameter, whose forms

vary greatly, irregular, spherical,

triangular, stellate and fusiform

elements being present. Small

pyramidal cells are also often seen

within this layer. In contrast to

dendrites of the typical pyramidal

cells, those of the i)olymorphic

elements, although peripherally

directed, do not reach the stratum

zonale but end before gaining the

outermost layer. Their axones

pass into the subjacent fibre-

layer. The radial disposition

of the groups of fibres within

the deepest stratum of the

cortical substance limits the

polymorphic cells chiefly to the

interfascicular areas, v.ithin which the cells consequently appear arranged in a

somewhat columnar order.

Within the deeper layers of the cortex, therefore among the polymorphic

and the pyramidal elements, two additional varieties of nerve-cells are encountered.

These are the cells of Martinotti and the cells of Golgi.

The cells of Martinotti are of small size and triangular or spindle-form in

outline and particularly distinguished by the unusual direction of their axones.

These processes pass towards the surface and within the stratum zonale divide

into branches, which are continued horizontally in the felt-work of tangential fibres. As

J Polymorphic
cells

Nerve-cells of cerebral cortex as seen after silver im-
pregnation. X 90. Drawn from preparation made by Pro-
fessor T. G. Lee.
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iter stripe
iiaillargei

in other jKirts of the ceiUral iur\(>iis system, s<» too in the cerel)r.il cortex there is

found a sprinkUny; of Golgi' s cells of tyi)e II. Althouj^di both dendrites and
axones of these cells underj^o elabtjrate arborization, the axone is confined to a
limited territory in the vicinity of the cell and, therefore, never reaches the
stratum zonale.

Neuroglia cells arc- ])rt-si-nt in -ill ])arts of the cerebral cortex and, whilst in

A ureneral way they send iibrils in all directions between the nervous elements,
which they then support, tin- anani;c-mc-nt of the librilhe is fairly definite in certain

strata. Thus wiliiin the subpial condensation f)f tlie neurcjj^dia. the ^Vki cells send
most of their processes as inwardly directed brushes. The cells within the dee|)er

part of the cortex j^ive oiT their ])rocesses in two chief groups, one extendinij

towards tlu- pc-rii)lu-r\- and tin- oilu-r towards the white core.

The Nerve-Fitires of the Cortex.—When viewed in suital)ly stained sections

cut parallel with their ji^eneral course, the cortical nerve-tibres do not appear as a uni-

form layer, but as radially disposed bundles which gradually become less distin t as

they traverse the cortex and finally disappear

at about the level of the outer border of the;

layer of larg^e pyramidal cells. The radial

fibres are partlv alTc-rent and j^artly cfTerent.

The corticifui:;al coinponrnts, which predomi-
nate, are largely the centrally directed axones
of the pyramidal and the polymorphic cells

which are continued as the axis-cylinders of

the fibres composinof the subcortical white

matter. The peripherally coursing- axones of

the cells of Martinotti also contril^ute to the

production of the fibre- radii. The cofticipctal

constituents of these tracts include the nerve-

fibres which are derived from cells situated

more or less remote from the convolution in

w^hich the fibres (their axones) end. Such,
for example, ' are the thalamo-cortical and the

teg-mento-cortical fibres, as well as the many
commissural fibres that arise in the opposite

hemisphere and cross by way of the corpus
callosum. Althou^-h for the most part the

corticipetal fibres end at various levels in

arborizations around the pyramidal cells, some
are continued into the stratum zonale where,
breaking up into horizontal fibrilke, they assist

in producing the tangential zone.

The spaces between these radial bundles
are occupied by a delicate interlacement, the

interradial felt'-work, which is composed
in large part of the lateral and collateral

processes of the cells. Within the third

layer, the horizontally coursing collaterals

and processes of the large pyramidal cells

form a complex of unusual intricacy, which Section of cerebral cortex staine.l to show fibres.

condensation gives rise to the outer stripe "' ^''

of Baillarger. Beyond the outer ends of the radial fibre-bundles, the intercel-
lular ground-work is occupied by a second delicate interlacement of processes
and collaterals, the supraradial felt-work of Edinger : whilst immediatelv
beneath the narrow subpial neurogliar zone innumerable delicate terminal fibrilLx

course horizontally and parallel with the surface and constitute the tangential
fibre -layer. The components of this layer are the terminal branches of the
dendrites of the pyramidal and polymorphic cells and the axones of the cells of

Martinotti, as well as the main and secondary processes of the fusiform elements
of the stratum zonale.

Wm Interradial
felt-work

fibres
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Choroid plexus

The evident purpose of the horizontally directed processes and collaterals being to bring

into relation different cortical cells, such association tracts become evident t)nly after the neces-

sity for the exercise of the corresponding psychic functions has arisen. Hence in the cortex of

young children the strata of horizontal fibres are very feebly developed. With the progressive

advance of intellectual capacity, the association paths become correspondingly more marked,

according to the suggestive observations of Kaes, the increase continuing beyond even middle

life. Whether this augmentation is due to actual increase in the number of association fibres,

or, as suggested by Edinger, is dependent upon the further growth and myelination of collaterals

already present in an immature condition, is uncertain.

Local Variations in the Cerebral Cortex.—It has been pointed out, in

prefacing the foregoing- description of the structure of the cerebral cortex, that,

whilst in the main certain features are common to the cortex wherever well devel-

oped, more or less evident variations occur in different localities. Such variations

are, for the most part, slight and depend upon the size and number of the ner\'e-cells

and the richness and direction of the nerve-fibres—changes which produce alterations

in the relative proportions of the strata. The width of the stratum zonale is almost

constant and subject to little modification, being usually well defined from the layer

of small pyramidal cells. The layer of the large pyramidal cells, on the contrary,

exhibits considerable variation, either in increased thickness, as in the precentral

gyrus, or in diminished
"^' ^°^ _ breadth, as in the occipital

lobe. The layer of poly-

morphic cells is fairly

uniform, but within the

precentral convolutions

is reduced almost to

disappearance, although

the pyramidal cells of

the superimposed ( third)

layer are here of unusual

size. Such variations in

the histological features

of the cortex are prob-

ably correlated with dif-

ferences in the function

of its various regions,

although the exact relations between such differences are in many cases still obscure.

Disregarding the cortical regions which are profoundly modified by their rudi-

mentary character, such as the olfactory lobe (page 1152), apart from minor \aria-

tions in details, the cortex of the greater part of the frontal, parietal, occipital, temporal

and limbic lobes and of the insula closely corresponds in its structure. That of the

motor TRolandic) region, of the calcarine (visual) area of the occipital lobe, and
of the hippocampus, dentate gyrus and adjacent part of the hippocampal gyrus,

however, presents modifications which call for brief description.

The Rolandic cortex of the precentral gyrus, particularly towards the upper margin of the

hemisphere, of the paracentral lobule and of the adjoining part of the postcentral gyrus—the

great cortical motor area of the hemisphere—is distinguished by the great breadth of the layer

of large pyramidal cells, the unusual size of the last-named elements and the feeble development

of the layer of polymorphic cells. The pyramidal cells collectivelv tend to larger size as the

upper end of the precentral convolution is approached and, in addition, cells of extraordinary

dimensions appear. These elements, known as the giant pyramidal cells of Betz, reach their

maximum size within the paracentral lobule, where some attain a breadth of .065 mm. or almost

double that of the pyramidal elem.ents in other regions. The giant cells are further distinguished

by their robust and rounded form, their distribution in small groups of from three to five in the

deeper layers of the cortex, and the exceptional thickness of their axones.

The occipital cortex in the vicinity of the calcarine fissure (Fig. 1013) is distinguished even

macroscopically by the clearness of the outer stripe of Baillarger, here called the stripe of
Gejinari or of Vicq d' Azyr. The stratum zonale is somewhat smaller than usual, but is

exceptionally rich in tangential fibres and fusiform cells. The more superficially placed

elements of the second stratum are spindle form rather than pyramidal and give off two

Alveus covering
hippocampus

Fimbria

Gyrus dentatus

Siibicuhim
I Gyrus
hippocampi)

Frontal section across left hippocampus and gyrus dentatus. X 254.
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dendritic processes, one passing outward and the i)tlH-r l(jward the subjacent third layer, on

entering which it chvidt-s and ^'^es od tlie axoiie. At about the junction between the hiyer of

small ami iar^e pyraiiiiiial cells, the stripe of Ciennari is prtxluced i)y a close felt-work of

medullated (ibres, beneath which tlic pyramidal cells very gradually increitse in sue. In the

deepest part of the third and ailjact-nt part ot the fourth layer, |)yramidal cells of unusually

lar^e dimensions occur sinKly »'r in small j;rou|>s. The layer ot polymorphic cells is well

represented.

The cortex of the hippocampus and of the gyrus dentatus is a prolongation of that of the

gyrus hi|)po(ampi, moditied by the peculiar folding which here occurs. Reference to Kig. 992

will recall the relations of these gyri as seen on the mesial surface, namely, that at the iKitlom

of the deep gr(K)ve (the hip|)ocampal fissure) above the hi|)pocampal convolution lies the corru-

gated free surface of the dentate gyrus and above this the rounded mesial border of the hipjxj-

campus. Viewed in cross-section i^l-'ig. loiS), the corte.x of the hippocampal convokition is seen

to bend laterally and pass into that ot the hippocampus, which arches upward, mesially and

V\r,. 1019.

..,«>flS^S^7!%^>.T

I'iinbria

Ilihim

.•^-~.,.*.;,..;ijsiM«*vfc!

Stratum >r^ /^''-'^^>
lucidura *<-<; '

' "'''

. .W,'. Subicu-

Stratu
orie

Al

Ventricl

Part of frontal section across left hippocampus and gyrus dentatus, showing arrangement of cell-Ia>ers. X 15-

then, tumintr sharply laterally, blends with the dentate .?yrus, which recur\'es mesially to reach

the free surface of the hemisphere and fill the recess between the hippocampal .er>'rus and the

under surface of the hippocampus. The corte.x of the hippocampus, therefore, is folded upon
itself somewhat like the curve of an interrogation mark. On approaching its upper convexity,

the cortex of the hippocampal convolution, here called the subiciilum, becomes modified by

the excessive but unequal thickening of the tangential fibre-layer of its stratum zonale and the

irregularity of its layer of small pyramidal cells, the large pyramidal cells at the same time

becoming the sole representatives of the third stratum. The layer of tangetttial fibres, some-
what thinned, passes onto the hippocampus which it follows throughout and comes, therefore,

into apposition with the corresponding tangential zone of the dentate gynis. The two fibre-

layers are so blended that a differentiation between the two is impracticably. Beneath ( i ) the

layer of tan<re7itial fibres lies a second stratum of medullated fibre?, (2) the hitnina mediillarts

eircumvoluia, which is probably an intracortical association tract limited to the hippocampus.

The zone succeeding the medullar^- lamina is penetrated bv innumerable long dendritic pro-

cesses of the large pyramidal cells and in consequence presents a radial striation, the layer
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being appropriately termed (3) the stratiun radiation. Following this comes (4) the layer

of pyramidal cells. These are uniformly of large size and closely packed within a clear
ground-work which confers a light appearance ujjon the winding lamella, which is therefore
sometimes known as the stratiun liicidiitn. Beneath the pyramidal cells lies a layer of fibres,

(5) the stratiun oriens, which jiass to and from the hippocamijus ; among these fibres are
embedded spindle cells, as well as peculiar association cells (Cajalj possessing richly branched
axones which ramify among the pyramidal cells which they i)robably serve to link together.
The axones of the pyramidal cells are directed chiefly towards the centre of the gyrus where,
next the descending horn of the lateral ventricle, they form a conspicuous layer of fibres called

(6) the alvciis. It is this sheet, covered by (7) the ventricular epcndyma, in connection with the
stratum oriens, which confers the white color to the hippocamjous, as seen within the ventricle.
On reaching the recurved end of the hippocampus, the layer of 'pyramidal cells of the latter

is not continuous with that of the dentate gyrus, but ends irregularly and is enclosed by the
arched dentate cell-layer.

The cortex of the gyrus dentatus is highly modified and less in accord with the typical

structure of the cortical substance than that of the hipix>cami)us. The outer surface where
buried in the concavity of the hippocampal arch lies in contact with the similar surface of the hip-
pocampus, hence the peripheral layers of the two gyri are opposed. Within the gyrus dentatus
may be recognized ( i ) the stratiun zonale, relatively narrow and meagre in fibres. The surface

of the gyrus is paralleled by a narrow layer of small and densely packed cells, (2) the stratum
granulosum. These almost, but not quite completely, surround the gyrus and, therefore, leave
an interval, the hilum, through which the fibres gain and leave the deeper parts of the con\olu-
tion. Within the area so circumscribed, known as (3) the nucleus of the gyrus, are found
irregularly disposed elements, the representatives of the layer of large pyramidal cells. They
are for the most part small in size and atypical in form. Their axones, together with the
continuation of the stratum oriens, pass through the hilum, the dentate gyrus thereby forming
connections with other parts, either of the hippocampus or of the fimbria.

The White Centre of the Hemisphere.

The extensive medullary substance enclosed by the cerebral cortex appears,

above the level of the corpus callosum, as a grayish white tract (^centrum seniiovale) of

seemingly homogeneous structure.
Fig. 1020. its uniform character being broken

at most by minute blood-vessels.

At lower levels, where the intercor-

tical area is encroached upon by
the large collections of gray sub-

stance composing the corpus stria-

tum and the thalamus, the white
matter is most conspicuous immedi-
ately subjacent to the cortex. When
examined with the microscope after

suitable preparation, the apparently
homogeneous subcortical tissue is

resolved into an intricate maze of

medullated nerve-fibres, supported
by neuroglia, which run in various

directions and are, therefore, cut in

different planes. When analyzed
as to their relations with the cortex,

the components of the medullary sub-

stance of the hemisphere fall into

three general groups : ( i ) the associ-

atio7i fibres^ (2) the coinmisstiral

fibres, and (3) ihe projecti071 fibres.
The Association Fibres.—The association fibres link together different por-

tions of the same hemisphere, many uniting adjacent areas whilst others connect parts
widely separated. They are grouped, therefore, as/^;/(^and short association biaidles.

With the exception of a narrow zone in the immediate vicinity of the upper end of the
Rolandic fissure, the cerebral cortex at birth is unprovided with association fibres

which have acquired their medullary coat and, therefore, are capable of functioning.

Frontal section of brain passinjc through hemispheres in
front of corpus callosum ; core of wliite matter is everywhere
enclosed by cortical gray matter.
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l''lG. 1021.

Diajiram showing association fibres, lateral surface;

part of left hcmispheie removed to expose short fibres;

long fibres are supposed to show through transparent
hemisphere; SLF, superior longitudinal fasciculus; CF,
uncinate fasciculus.

Within the early months aftii- l>irth, h(>ui\»r, tlic niycHnation of lhL->,c, as well as

of other tracts, proj^^res-ses rapidly, althcm^h this process is not even moderately com-

pletetl until after the lapse of several years. Lideed, there is sufticient evidence to

believe that niyelination of additional

fibres continues so lons^^ as intellectual

effort is progressive, the demands made
by education and special mental

exercise being met by a corresponding

comjiletion of adtlitional association

fibres.

The short association fibres

pass in great numbers troin one convo-

lution to the ne.\t, bending in U-like

straiuls arountl the intervening fissure.

Some of these loops are continetl to the

deeper layers of the gray matter antl

constitute the infmcortical association

fibres, whilst others occupy the adjacent

white matter. These latter are known
as the subcortical association Jib?rs. In

addition to the innumerable fibres which

unite the adjoining con\'olutions
{ fibres propricc) and occupy the white matter

immediately below the corte.x, many connect gyri somewhat more widely separated,

those limited to the convolutions of the same lobe constituting the intralobar fibres

and lying at somewhat deeper levels within the medullary substance.

The long association fibres connect more or less remote portions of the

corte.x of the hemisphere, and, therefore, vary in length, but are sometimes of con-

siderable extent. Numerous as such interlobar bundles undoubtedly are, only a few

can be demonstrated with certainty. Among the most definite of these are : (i) the

uncinate fasciculus, (2) the cino;ulu)n, (3) the superior longitudinal fasciculus, and

(4) the inferior longitudinalfasciculus.

The uncinate fasciculus arises from the convolutions of the orbital surface of

the frontal lobe, arches over the stem of the Sylvian fissure, close to the ventral

border of the insula, and ends in the cortex of the anterior part of the temporal lobe.

The cingulum is a long arched tract lying within the hmbic lobe. It begins in

front in the vicinity of the anterior perforated space, arches around the anterior end

of the corpus callosum, follows the up-

FiG. 1022. per surface of this structure, lodged

within the callosal gyrus, and, curving

around the splenium, descends within

the hippocampal gyrus to end in the

fore-part of the temporal lobe and per-

haps also in the uncus. The cingulum

is not composed of fibres which extend

its entire length, but is made up of a

number of shorter tracts, as shown by

its incomplete degeneration after section

of the fasciculus.

The superior longitudinal fas-

ciculus, also called the fasciculus

arcuatus, passes from the frontal and

parietal opercula, over the region of

the insula, to the inferior parietal con-

volution, the occipital lobe and the superior and middle temporal convolutions. It

is composed of a number of short bundles which proceed from the frontal lobe partly

in the sagittal direction towards the occipital lobe, and partly in curves into the

temporal lobe.

The inferior longitudinal fasciculus is a well-marked bundle which extends

from the tip of the occipital lobe and the cuneus, along the outer side of the optic

Diagram showing association fibres, mesial surface ; fibres
are supposed to show through transparent hemisphere.
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radiation and the posterior and inferior horns of the lateral ventricle to the fore-part
of the temporal lobe. It is probably an important path by which \isual impressions
are transmitted to other parts of the cortex (Uejerine;.

Among the additiunal association tracts which have been described may be mentioned :

The fasciculus occipitalis perpendicularis, which extends from the upper part of the
occipital lobe and the upper part of the inferior parietal convolution to the occipito-temporal
convolution.

The fasciculus fronto-occipitalis, which courses sagittally and lies in intimate relation with
the lateral ventricle and tlie caudate nucleus, and to tlie mesial side of the corona radiata.

The fasciculus temporo-parietalis, which unites the temporal convolutions with the cortex
of the parietal region.

The fasciculus fronto-parietalis, which runs between the base of the lenticular nucleus ana
the claustrum and connects the frontal and parietal cortex.

The fasciculus lobi lingualis, which is a bundle passing from the ventral boundary of the

calcarine fissure to the occipital cortex of the lateral surface of the hemisphere.

The Commissural Fibres.—Under this heading are included the fibres

M'hich cross the mid-line and connect the cortex of one hemisphere with that of the

other, the regions so united being by no means necessarily identical on the two sides.

Fig. 1023.
Such discrepancy is accounted for, at

least in part, by the frequent introduction

of an association neurone in the com-
missural circuit, the impulse carried from
one hemisphere to the other being thus

transferred to another region of the cor-

tex, from which there arises the return

commissural fibre. Preparatory- to cross-

ing the median plane, the fibres are col-

lected into compact masses which form
three definite bridges or commissures :

( I ) the corp2ts callostan, (2) the anterior

commissure and (3) the hippocampal
commissure.

The fibre-system of the corpus
callosum, the chief commissure of the

pallium, is so extensive that it includes

connecting strands from all parts of the

cortex of the hemispheres with the ex-

ception of the front and under part of the temporal lobes and the two rhinencephala,

which, on account of their isolated position, are provided with special bonds of union.

The callosal fibres stream out in all directions, constituting the radiation of the

corpus callosum (radiatio corporis callosi), of which an anterior, a middle and a pos-

terior portion are recognized. The anterior division, the pars frontalis, comprises

the fibres which cross in the genu and, as the forceps minor, pass to the frontal pole.

The fibres constituting the middle portion, the pars parietalis, tra\crse the body
of the corpus callosum and continue outward to the hind-part of the frontal and the

parietal and temporal lobes. The posterior portion includes the fibres which form

the splenium and the adjoining segment of the body of the corpus callosum.

These course outward, downward and backward and as the pars temporalis and the

pars occipitalis reach respectively the hind-part of the temporal and the occipital

lobes. The fibres destined for the latter region lie within the splenium, from

which, as a condensed bundle, the forceps major, they arch backward along the

inner wall of the posterior horn of the lateral ventricle (page 1158) into the occipital

cortex.

Diagram showing commissural fibres passing between
cerebral hemispheres by way of corpus callosum (CC) an-
terior commissure (AC), and hippocampal commissure
(HC).

The fibres composing the corpus callosum probably all terminate in arborizations within the

cortex of one or the other of the hemispheres. Their source in the opposite hemisphere, how-
ever, is bv no means always the same, since they may arise: f i ") as the axones of the pyramidal or

of the polymorphic cells; (2) as the collaterals of association fibres; or (3^ as collaterals of projec-

tion fibres, in the last two cases being, therefore, of the nature of association-fibres rather than of
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Fig. 1024.

strictly comniissuriil oiks. IiuIcl-cI, with the more exact aiul extended study of the corpus

callosum, it becomes more and more evident that the < <)m|)osition and relations of this jcreat

hridjie are very intricate and complex, and that it receives contributions from a much larger

number of and more diverse st)ur(es than was formerly recognized.

The observations of K. A. Spit/ka upon the si/e and sagittal area of the corpus callosum

have conferred additional

interest upon this struc-

ture as a |)ossible index

as to intellectual develop-

ment. The examination

of a series of brains

whicii included some from

men of acknowledged
intellectual superiority,

demonstrated a corpus

callosum of unusual area

as a constant feature in the

brains of tlie more highly

endowed i n d i v i d u a I s.

And, further, that the

size of the corpus callo-

sum bore a direct rela-

tion to the character of

intellectual superiority

which the individual

was known to possess,

the largest commissure
being found in the brain

of a man whose intel-

lectual greatness implied

the exercise of associa-

tion paths to an unusual

degree. The later con-

clusions of Bean, however,

seriously question (consult page 1197) the constancy of the relations above suggested.

Tapetum

Choroid plexus

Hippocampus,
cut obliquely

Fasc. long, inferior

Frontal section of right hemisphere, passing just behind splenium of corpus caU

losum ; inferior horn of lateral ventricle is cut obliquely.

The anterior commissure consists of a compact cord-like strand, slightly

compressed from before backward and therefore oval in section (Fig. 996),

which connects the anterior ends of the temporal lobes, as well as the olfactory-

bulbs. As it crosses the mid-line, the commissure is placed immediately in front

of the downward arching anterior pillars of the forni.x, in the interval between

which it appears as a white transverse ridge on the narrow anterior wall of the

third ventricle (Fig. 979). Its posterior surface is covered with the ventricular

ependyma. whilst in front it is in intimate relation with the lamina cinerea

(page' 1 131). Laterally it arches backward and downward, the entire commissure

forming a il-shaped tract, with the convexity presenting fonvard, whose ends

broaden as they sweep backward into the temporal lobes (Fig. 968). In

addition to uniting the fore-parts of the last-named lobes, the anterior commis-

sure connects the olfactory bulbs and consists, therefore, of a temporal and an

olfactory part.

The olfactorypart is much the smaller and appears as a delicate fasciculus which

curves downward and forward to enter the olfactory tract. Its fibres include: (i)

those which arise in one olfactory lobe and pass to that of the opposite side; (2)

those which connect the olfactory lobe with the cortex of the opposite hippocampal

convolution
; (3) those which extend from the olfactory lobe through the commis-

sure and, joining the taenia semicircularis, proceed with this strand along the roof

of the inferior horn of the lateral ventricle to end in the amygdaloid nucleus

•(page 1 172).
. , ,

The temporalpaH includes the greater portion of the commissure. After pass-

ing almost horizontally outward beneath the lenticular nucleus (Tig. 1025) as far

as the mesial borders of the putamen, it turns backward and continues its course

beneath the lenticular nucleus, where it appears in frontal sections as a transversely

75
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cut oval bundle until, farther backward, it bends abruptly downward to disappear
in the white matter of the temporal lobe, to the outer side of the inferior horn of

the lateral ventricle, preparatory to ending in the cortex.

The fundamental and archaic character of the rhinencephalon, this division of the hemi-
sphere appearing in animals in which the pallium is only feebly developed, early led to the
establishment of a special connection between the olfactory lobes of the two sides. When to
this necessity was added that of linking together the fore-parts of the temporal lobes, which are
to a considerable degree isolated, the establishment of a commissure supplementarj- to the
corpus callosum was effected.

Fig. 1025.

Corpus callosum

Lateral ventricle

Septum luciduni

Anterior end of
fornix, cut

Foramen of Monro
Anterior pillars of

fornix

Caudate nucleus

Striate or terminal
vein

Internal capsule

Thalamus, anterior
nucleus

Lenticular nucleus,
putamen

Claustrum

Globus pallidus

Anterior commissure Olfactorj- strands

Frontal section of brain passing through anterior commissure.

The hippocampal commissure connects the two hippocampi by means ot

fibres which cross in the psalterium (page 1158), in addition, some fibres thus under
going decussation join the longitudinal strands of the forni.x and proceed towards the
thalamus.

The Projection Fibres. — These fibres connect the cortex of the cerebral

hemisphere Avith the lower lying parts of the brain— the thalamus, the corpus
striatum, the tegmental region, the pons and the medulla— and the spinal cord.

Proceeding, as they do, from all parts of the extended cortical area towards nuclei

grouped within the compass of a relatively small space, the fibres, for the most part,

at first curve toward their objective points and collectively form the extensi\e con-
verging tract known as the corona radiata. The greater number of the components
of the latter pursue a direct path to the lower levels and take part, therefore, in the
formation of the compact internal capsule. The projection fibres are by no means
uniformly numerous in all parts of the cortex, relatively few issuing from the frontal,

parietal and infero-lateral part of the temporal regions—areas which, according to

Flechsig, are particularly significant as association centres. Furthermore, the olfac-

tory' cortex does not contribute to the corona radiata. its own special projection fibres

being represented by the cortico-mammillary tract within the fornix (page 1159).
The projection fibres are not exclusively corticifugal tracts, since the connections of

the thalamus are of a double nature, numerous corticipetal paths passing from this

great sensory nucleus to the cortex of the hemisphere. The projection fibres may
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be coinciiKiulv considered under two ^rouj)S, the short and the long tracts, accord-

ing to the position of the nucUi with which they are associated.

The short projection tracts include the f(jllowing : i. 'Wwi cortico-thalamic

tracts, the fibres of which pass fn»in all parts of the cortex of the hemisphere to the

thalamus. The components of these tracts are : (a) fibres passing frtjm the cortex

of the frontal lobe to the anterior extremity of the thalamus ; (/;) fibres passing from

the cortix of the Rolandic region and the adjoining j)art of the parietal lobe to the

lateral ami mesial nuclei of the thalamus; (c) fibres passing from the occipito-tem-

poral lobe to the medio-ventral part of the thalamus ; and (d) fibres pa.ssing from the

posterior part of the parietal and from the occijjital Icjbe to the pulvinar.

Associated with the foregoing

corticifugal paths are the thalamo- Iio. 1026.

cortical tracts which, coursing in the

oj)posite direction (corticipetally),

proceed by way of the stalks or

peduncles of the thalamus (page

1 1 22) to all parts of the cortical

sheet of gray matter investing the

cerebral hemisphere. The thalamo-

cortical tracts (Fig. 969), are the

continuations (by means of the thala-

mic neurones; of the afferent paths

conveying impulses from the spinal

cord and the brain -stem and from

the cerel)ellum to the great sensory

internode, the thalamus. These
include, on the one hand, chiefly

the median Ji/Iet, the spino-tha-

iamic tract and, perhaps, a part of

Goivcrs' tract, by which paths the

sensory impulses collected by the

spinal and the cranial nerves are

transmitted to the thalamus ; and,

on the other hand, the cercbello-

rubro-thalamic tracts, by which the

cerebellum is linked with the thal-

amus by way of the superior cerebel-

lar peduncle. The visual impulses

carried by the fibres of the optic

tract to the pulvinar are, in a similar

manner, conveyed to the occipital

cortex, along with those interrupted

in the lateral geniculate and the

superior quadrigeminal body, by the

optic radiatio7i of which the occipital

stalk of the thalmus is a part.

2. The cortico-ge7iiculate and

Cerebellopontine

•Rubro-spinal

Lateral
pyramidal Direct pyramidal

Diagram of long projection fibres; nuclei of cranial nerves are
indicated by Roman numerals ; R, red nucleus.

the cortico-qtiadrigcminal tracts are important constituents of the optic radiation.

Their fibres extend from the occipital cortex to the primary optic centres and, as

in the case of those going to the pulvinar, are accompanied within the radiation

by corticipetal fibres passing from the small lateral geniculate body and the

puKinar.

3. The auditory radiation comprises both corticipetal and corticifugal fibres

which, in proceeding outward, pass from the inferior quadrigeminal and the median

geniculate body through the retrolenticular portion of the posterior limit of

the internal capsule and beneath the lenticular nucleus to the auditory centre

within the temporal lobe. This cortical centre includes the -middle portion of

the superior temporal convolution and, probably, the adjoining part of the

temporal operculum.
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4. The coiiico-nibral trad constitutes a supplemental motor path. The exact

location of its cortical orij^^in is uncertain, but may be assumed, at least provisionally,

to lie within the parietal lobe.

The long projection tracts embrace two important g^roups, the cortico-pontine

and the motor tracts, the former contributing the first link in the chain connecting

the cerebral and the cerebellar cortex, and the latter constituting the bond between
the cortical gray matter of the hemisphere and the motor nuclei of the cranial and
of the spinal nerves. The long projection fibres are important constituents of the

internal capsule which they all traverse.

1. The cortico-pontile tracts include two chief subgroups, the fronto-pontile

and the temporo-occipito-poyitilc, which below end around the cells of the pontile

nucleus, whence the impulses are transmitted to the cerebellum by the ponto- cere-
bellar strands of the same and opposite sides.

a. The fronto-p07itiIe tract arises from the cortex of the frontal lobe and,
passing by way of the corona radiata, enters the hind-part of the anterior limb of

the internal capsule. Descending into the crusta of the cerebral peduncle, in which
it occupies the mesial fifth, the tract ends within the ventral part of the pons around
the nerve-cells constituting the pontile nucleus.

b. The tcmporo-occipito-pontile tract proceeds from the corte.x of the tem-
poral and the occipital lobes through the hindermost segment of the posterior

limb of the internal capsule. On reaching the cerebral peduncle, its position

corresponds approximately with the lateral fifth of the crusta. It ends within the

pons around the cells of the pontile nucleus in the same manner as does the last-

described tract.

2. The motor tracts are composed of fibres which connect the cells within the

cortical areas of the Rolandic region with the nuclei from which arise the root-fibres

of the motor nerves. Since the latter take origin within the brain-stem as well as

within the spinal cord, the motor tracts comprise two groups—the cortico-bulbar and
the corticospinal tracts. The exact locations of the cortical areas controlling the vari-

ous cell-groups giving origin to motor nerves are still far from being accurately

known. Clinical and experimental studies have indicated with considerable certainty,

however, that the cerebral cortex in the immediate \'icinity of the Rolandic fissure,

chiefly in the precentral convolution and paracentral lobule, and probably also in the

adjacent parts of the superior and middle frontal gyri, is the most important seat of

such motor centres. In a general way, the areas controlling the muscles of the lower

limb lie highest and are situated in advance of and around the upper part of the

Rolandic fissure. The conspicuous backward projection of the precentral gyrus

(Fig. 984) corresponds to the arm-area, whilst the lower part of the same
convolution contains the centres for the neck and face. (Consult also page 121 2.)

a. The cortico-bidbar tract includes the fibres ending around the nuclei from

which proceed the motor fibres of the cranial nerves. The fibres, therefore, arise

from the pyramidal cells of the cortex of the lower part of the precentral gyrus and,

for the eye muscles, of the posterior portion of the inferior frontal convolution (Mills).

Proceeding by way of the corona radiata, the cortico-bulbar path occupies the

segment of the internal capsule which forms the genu, being bounded in front by the

fibres of the fronto-pontine tract and behind by those of the cortico-spinal tract. The
exact location of the strands destined for the several nerves is known only for the facial

and the hypoglossal, those for the last-named nerve occupying the most posterior

part of the genu, whilst those for the facial lie just in advance of the fibres for the

twelfth. Within the cerebral peduncle (Fig. 1012), the cortico-bulbar strand

occupies the lateral part of the inner third of the crusta, the fibres destined for the

third and fourth nerv^es soon turning dorsally and crossing the raphe to end, for the

most part, in relation with the nuclei of the opposite side. The fibres for the lower

lying nuclei continue through the crusta and enter the ventral part of the pons ; they

then assume a median position and at appropriate levels bend dorsally and cross the

mid-line to end in relation with the cells of their objective motor nuclei, some few

fibres probably ending in the nuclei of the same side.

b. The cortico-spinal or the pyramidal tracts include the longest of all the

projection fibres, which, as in the case of those passing to the nuclei of the sacral



THE TELKNCFJ'IIAI.ON. 1189

1027.
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nerves, may traverse the entire tliiekness of the brain and the len^'^th of the spinal

cord. Tht-y arise from the pyramidal cells of the Rolandic cortex, follow the corona
radiata into the internal capsule, wiliiin which they occupy appnjximately the front

half of the posterior limb, those destined for the cervical nerves lyin^ in advance of

those for the trunk and lej^ nerves. Within the peduncle, the cortico-spinal tract

ap])ropriates approximately the mitldle third of the crusta, havinj^ the pontine paths
to its outer side. The further C(jurse of these fibres leads through the ventral part

of the pons and of the medulla, until near the lower limit of the last-named division

of the brain-stem, the greater part of the pyramidal strands take part in the motor
decussation and thence descend within the lateral pyramidal tract to their aj)propriate

levels where they eiul in relation with the radicular cells of the anterior horn (i)a^e

1043). The fibres which do not cross in the pyramidal decussation exchange their

lateral position for a median one and continue within the cord as the direct pyramidal
tract at the side of the median lonj^itudinal fissure. Before gaininj^ their fhial levels

within the cord, these fibres also cross, by way of the anterior white commissure, to

end around the root-cells of the opposite side.

Develop.me.nt ok the Parts Derived from the Fore-Brain.

It has been pointed out in the general sketcli of the development of the brain (paj;e i<j6o),

that the fore-brain very early undergoes subdivision into two secondary cerebral vesicles, the

anterior of w hicli is the telencephalon, or end-brain, and the pcjsterior the diencephalon. Each
of these secondary vesicles

gives rise on each side to FiG.
two general regions, an

upper and a lower, wliich

in the telencei^halon are

tlie hetnisphccriu))i and the

pars optica hypothalami

and in the dienceplialon

are respectively the thala-

mencephalon and the pars
inaiiiillaris hypothalami.

Tliese two parts of the

hypothalamic region to-

gether constitute the hypo-

thalavius, which includes

the portion of the lateral

wall of the fore-brain lying

below the level of the fo-

ramen of Monro and cor-

responds to the ventral or

basal lamina of the neural-

tube (Fig. 914). Thistract

gives rise to the stnictures

situated along the floor of

the third ventricle— the

mammillary bodies, the

tuber cinereum, the in-

fundibulum and the posterior lobe of the pituitar^^ body, the optic chiasm and the optic tracts.

The anterior wall and the roof of the fore-brain always remain thin. This is especially true

of the roof, which, with the exception of its hindmost part where the posterior commissure
is formed, does not lead to the development of nervous tissue but remains thin, being

later represented by the attenuated epithelial layer which constitutes the morphological roof

of the third ventricle. The anterior wall of the fore-brain is the thin median partition

known as the latnina terminalis, which, whilst giving rise to the rudimentary sheets of g^ay
matter found within the lamina cinerea and the septum lucidum, is to a large extent concerned
in the production of the great commissure, the corpus callosum.

The hemisphccrium, one on each side, comprises by far the greater portion of the end-brain

and represents an enormous expansion of the dorsal or alar lamina of the neural tube. Very early it

exhibits a differentiation into : (a) Xhnpallium, (b) the rhinencephalon and (r) the corpus striatum.

The Pallium.—Of the three parts of the hemisphaerium, in man the pallium soon becomes the

most conspicuous, since from the walls of this rapidly expanding hemispherical pouch is derived

the great sheet of cortical gray substance which invests the cerebral hemisphere. For a time

enclosing a large cavity with thin walls, the pallium later becomes consolidated by the

Membranous labyrinth

Reconstruction of brain of human embryo of four and one-half weeks (10.2
mm.), inner surface of the fore-braiti and mid-brain exposed by mesial section.
(Exterior of same brain is shown in Fig. 1141.) X 12. Drawn Irom His model.
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intergrowth of the fibre-tracts (later the wliiie matter), whicli arise partly from the young
nerve-cells within its walls and partly from neuroblasts situated in other segments. An ad-
ditional factor of moment in the production of the bulky cerebral hemisphere is the special
mass of gray matter, the corpus striatum, which, with the increasing fibre-tracts, leads to
the reduction and conversion of the cavity of the pallium to the irregular lateral ventricle. Its

once wide conmiunlcation (Fig. 1030) with the cavity of the fore-brain is retained as the
proportionately narrow foramen of Monro. The pallium exjiands in all directions save

directly downward, where increase concerns chiefly the rhinencephalon, but the lines of its

growth are particularly backward and downward, in consequence of which, in addition to

the production of a temporal and the distinctive occipital lobe, the other brain-segments
become gradually covered over and deposed from their original superior position toward the

basal surface of the brain. This process is already marked during the thircl month (Fig. 1031),

by the end of which period the pallium covers the diencephalon. By the beginning of the fifth

month the mid-brain is completely o\erlaid, and by the eighth month the entire upper surface

of the cerel)ellum is covered.

Development of the Sulci and Gyri.—The modelling of the surface of the cerebral hemi-
sphere begins towards the end of the fifth month oi ftttal life, by which time the occipital lobe

is well formed and the brain-case is separated from the cerebral surface by an intervening layer

Fig. 1028.
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of yielding arachnoid tissue, which offers little opposition to the production of the convolutions

which now follows. Preceding this period, the outer surface of the young hemisphere is quite

smooth, with the exception of the crescentic Sylvian fossa (Fig. 982) which marks the position

of the later insula. This depression has been described (page 1137) in connection with the pro-

duction of the Sylvian fissure. The uncertain creases, the so-called " transitory- fissures," some-
times seen on brains of a much earlier period are without morphological significance and are

now usually regarded as artefacts (Ziehen, Hochstetter)

.

Long antedating the appearance of the fissures on the outer aspect of the pallium, the

mesial surface of the latter is early marked by two grooves, the choroidal and the hippocampal

fissures. The first of these (Fig. 1031) appears by the end of the fifth week as an invagination

of the mesial wall of the pallium just above the position of the foramen of Monro. At first

small, the groove is carried backward and downward by the e.xpansion of the pallium until,

finally, it is traceable along the inner wall of the inferior horn of the lateral ventricle as far as

its lower limit. Entering by means of this invagination, the niesoblastic tissue forces before

it the attenuated cerebral wall and expands into a voluminous mass, the choroid body, which

on becoming supplied with blood-vessels, forms a vascular complex that for a time almost

completely fills the early lateral ventricle. With the subse(]uent growth of the pallium

backward and downward, the choroidal fissure and the contained vascular fringe are carried

from the foramen of Monro over and around the thalamus into the inferior horn of the lateral
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ventricle, where its remains are seen as the ileJinite choroid plexus. The second furrow, the

hippoiiDHpal fissure, appears sh«)rtly alter and al)Ove the choroidal on the mesial surface of the

jiaUium. Its primary position is niarked by an invagination affecting the entire Uiickness of

the cerebral wall ( l-ig. 1028 1, wliich, therefure, ap|)ears on the inner aspect of the wall of the

pallium as an arched longitudinal ridge, the later hippocampus. At first open on the mesial

surface, the fissure subsequently becomes almost entirely filled by the dentate gyrus and in Uie

fully ileveloi)ed brain is scarcely seen.

The it-iitral snhus or the fissure of Rolando is usually the first of the permanent furrows

to appear on the outer surface of the hemisphere. As a rule, it is recognizable during the last

week of tlie fifth month, although its apjiearance may be delayed until a month later (Cunning-

ham). When laid down as two separate furrows, as it not infrequently is, the lateral one is the

longer ami usually the deeper. .Subse(iuenlly the two parts become united into a continuous

sulcus, althoiigli very rarely the primar>' condition may persist and the Kolandic fissure be

interrupteil by a superficial gyms. During the fifth month, on the mesial surface of the hemi-

sphere, also appear the <(//r<?;-/;/c and the parielo-occipital fissure. The first of these is often

mapped out by two t)r even three separate parts, of which the front one is complete and, as the

anterior limb of the calcarine fissure, produces the elevation known as the calcar avis. The

Superior collictilits
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Other parts subsequently unite to form the posterior limb of the calcarine fissure. When first

formed the parieto-occipital fissure is usually distinct from the calcarine, with which, however,

it soon becomes confluent. Towards the end of the fifth month the collateral fissure appears

on the inferior surface of the hemisphere. The inferior and the superior precentral sulcus may

usually be distinguished, the lower slighdy in advance of the upper, during the early weeks of

the si.xth month, and about the same time the superior temporal and the olfactory sulcus. The

middle of the si.xth month marks the appearance of the postcentral and occipital limbs of the

interparietal sulcus and the first suggestion of the orbital furrows and the calloso-marginal

sulcus, as well as the junction of the inferior frontal with the lower precentral sulcus. Towards

the close of the same month are added the superior frontal, the inferior temporal and the

occipital sulci. The seventh month witnesses the extension and deepening of the fissures already

formed and the union into continuous sulci of parts which before were separate. During the

succeeding month, the surface of the hemisphere and the brain-ca.se once more come into inti-

mate relation, from which it follows that the rounded elevations marking the convolutions can

no longer unrestrictedly expand, but from now on must accommodate themselves in their growth

to the inner surface of the cranium. In consequence of this limitation, tlie convolutions become

less rounded and more closely packed, and the free surface of the hemisphere conforms with the

interior of the cranium. Increased complexity in the details of the convolutions arises from tne
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development of secondary- gyri and sulci, altliou-h tlie definite brain-pattern is not completed
until long after birth.

Histogenesis of the Cerebral Cortex.—The changes in the walls of the brain-vesicles
incident to the development of the nervous elements of the cerebral corte.x correspond
essentially with those occurring in the cord-segment of the neural tube (page 1049). The wall
of the pallium early differentiates into three zones : an ititicr layer, at first crowded w ith
closely packed and radially disposed jiroliferating cells ; an intcrviediate or mantle layer,
composed of more loosely and less regularly arranged cells ; and a narrow marguial layer, in
which nuclei are absent. The cells of the intermediate layer very soon are differentiated into
two kinds, which, in recognition of their fate, are known as the neuroblasts and the spongio-
blasts. Although both varieties are derived from the indifferent primary elements composing
the walls of the brain-tube, the spongioblasts are concerned in producing the sustentacular
tissue, the neuroglia, whilst the neuroblasts give rise to the neurones. The derivatives of the
spongioblasts become elongated into nucleated radial fibres, which by their numerous pro-
cesses form a supporting syncytium that at the inner and outer borders of the brain-wall
is condensed into the internal and the external limiting membrane respectively. The neuro-
blasts are soon distinguished by the outgrowth of a single and centrally directed process.

Fig. 1030.
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which later is continued as the axis-cylinder of a nerve-fibre. They are further distinguished
by their peculiar affinity for stains, which deeply tinge the pointed ends of the cells from
which the axones are prolonged. A second process later grows from the young neurone in

the opposite direction, that is, towards the exterior of the brain, and becomes the peripherally
directed apical dendrite. The latter stains slightly and gradually invades the marginal layer.

After the appearance of the apical processes, the conversion of the neuroblasts into the
characteristic pyramidal cortical cells follows, so that by the end of the eighth week these
distinctive elements are recognized. The production of additional pyramidal cells is con-
tinued by the migration of neuroblasts from the nuclear layer. The subsequent formation
of the subcortical white matter follows the invasion of the inner part of the intermediate layer

by not only the axones of the pyramidal cells but by those of cells lying in more remote
parts of the brain, ingrowth of fibres taking place particularly from the thalamus. The young
nerve-fibres for a time are unprovided with medullary coats, the period at which myelination
occurs marking the completion of the fibre as a path of conduction. The time at which
the fibres composing the various tracts within the brain acquire a medullary coat varies greatly.

In a general way, according to Flechsig, those constituting the corticipetal sensory paths first

myelinate ; then the projection-fibres from the sense-areas, and last of all the association strands,

which link together the sense-areas and the association fields.
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The Rhincncephalon.— Tlic rhinenccph.ilfjn, usiii)^ the* term as includinj; the various parts

of the heniisphiTL- concerned with receivinjj and distributing tlie impulses of smell, comprises an
"anterior division, the olfactory lobe, and the \n}s\i:ru>r i>t lorliml liii'isiou. The olfactory Icibe

is su^jjesled in embryos of the sixtli week ( I'iji- •i'-9) by an elongated oval area, imperfectly

defined from tlie under surface of the pallium by the rhina! furrow, and partially subdivided

by a faint transverse jjroove into a fore and a hind part. From the anterior divisi(jn are

developed the olfactory l)ulb, tract, tubercle and stride and the parolfactory area; fnjm the

posterior, the anterior perforated space and tiie subcallosal JO'rus. Althouj^h always relatively

rudimentary in man, the olfactory lobe at first contains a cavity prolonged from the lateral

ventricle, and in this respect resembles the correspond in j^ but much larj^er olfactory lobe of

the osmatic animals which remains hollow. In the human brain, however, this cavity, the

olfacloty x'cnlriclc, is only transient and later entirely disap])ears, its former position being

indicated in the adult structure by the central area of modified neuroj;:liar tissue (paj^e 1152).

ThG postttior or cortical division inclutles the uncus, the hippocampus, the j^yrus dentatus

with the associated supracallosal j;ray matter and nerve-strands. The orij^inal position of the

olfactory cortical area in the early human hemis])here corresponds with the jjermanent location

of the similar ret^ion in animals in which the expansion of the pallium never leads to the

fonnation of a well-marked occipito-teinporal lobe. The early appearance of the primary
hippocampal and choroidal fissures defines an intervening^ tract upon the mesial surface of the

pallium. This is \\\ii pri})iary gyrus dentatus ?s.x\i\, with the hij^pocampal invagination, repre-

sents the earliest ditlerentiation of the olfactory cortical area. Connection between the latter

and the region of the mammillary body is subsequently established by the advent of the

cortico-mammillary strand, later the chief part of the anterior cfjlumn of the fornix. In

consequence of the migration of the hippocampus and the dentate gyrus incident to the for-

mation of the occipito-temporal regions of the hemisphere, the chief parts of the olfactory cortex

are carried downward and forward into the inferior horn of the lateral ventricle. Along with

the displaced cortical area necessarily follows the strand connecting it with the mammillary
region, hence the prolongation of the fornix, by means of its posterior pillar and the fimbria,

into the descending horn of the lateral ventricle. Although the major part of the olfactory

cortex thus comes to occupy the infero-mesial temporal region, a small portion retains its

superior connection and later, when the corpus callosum appears, becomes the greatly

attenuated sheet of gray matter which, with its reduced fibre-strands, overlies the upper
surface of the bridge as the atrophic supracallosal gyrus.

The Corpus Striatum.—The aniage of the corpus striatum, the fundamental ganglion of

the end-brain, is recognizable very early, and in brains of the fourth week appears as a triangu-

lar elevation between the cavity of the pallium and the optic recess (Fig. 912, B). Somewhat
later (Fig. 1030), this elevation, produced by a local thickening of the brain-wall, is seen pro-
jecting from the infero-lateral wall of the pallium just in advance of the large foramen of Monro.
On the external surface of the pallium this thickening corresjionds with the floor of the Sylvian
fossa (Fig. 982), and it is this close association between the corpus striatum and this area,

which fails to keep pace in its growth with tlie surrounding parts of the hemisphere, that leads
to its envelopment by the opercula and the permanent covering of the insula. The subsequent
partial separation of the corpus striatum into its two segments, the caudate and the lenticular

nucleus, as well as the isolation of a thin peripheral cortical plate, the claustrum, is effected
by the subsequent ingrowth of the strands of fibres which later become the internal and
external capsule.

The Diencephalon.—The posterior division of the fore-brain, the diencephalon, very early
(Fig. 1027) exhibits difterentiation into an upper and a lower part. The former is the thalanien-
cephalon and the latter ^\\Q pars matnmillaris hypothalat)ii, which correspond to exjjansions from
the dorsal and ventral lamina; of the brain-tube respectively. The thalamencephalon is much
the larger and gives rise to the bulky mass of the thalamus from its anterior two-thirds and to

the epithalamus and the metathalamus from its posterior third. The epithalatnus is prolonged
backward and from its upper surface an evagination occurs, the walls of which later thicken and
become the pineal body. Subsequent ingrowth of fibres across the bottom of a transverse
groove behind and below the pineal evagination leads to the establishment of the posterior

commissure, whilst thickening of the part of the epithalamus lying in front of the pineal recess
gives rise to the habenular region. The metathalamus appears at first as a triangular area lying

behind and to the outer side of the thalamus, with which it is closely connected. It early pre-

sents two slight external elevations which become the lateral and median geniculate bodies.

The diencephalic division of the hypothalamus early shows a differentiation into a series of eleva-

tions and furrows, the thickened areas becoming the mammillary body and the subthalamic
region.

The roofof the diencephalon is thin from the first and remains so. In front it is directly

continuous with the correspondingly attenuated j^late which connects the hemispheres and,
arching over the foramen of Monro, joins the lamina terminalis that closes tht cavitv of the
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fore-brain, the later third ventricle, and contributes the anterior wall of this space. Attention

has been called to the invagination of the mesial pallial wall along the jirimar}- choroidal fissure

immediately above the line of attachment of the roof-plate to the hemisphere (F"ig. 1031 ). The
latter is connected with its fellow of the opposite side by means of this thin lamina, upon

whose upper surface the mes(jblastic sheet of the young pia is spread. (Jn each side the

same sheet is prolonged through the choroidal fissure into the cavity within the pallium,

where it forms an extensive vascular mass, the choroid body, which, for a time, fills the

greater part of the hemispherical space, but from actual entrance into which it is now, as well as

subsequently, separated by the attenuated invaginated wall of the pallium. This displaced

wall, with the enclosed pial tissue, afterward becomes the choroid ple.xus of the lateral

ventricle and is carried downward along the mesial surface of the inferior horn with the for-

mation of the temporal lobe. Where the mesoblastic sheet overlies the roof of the fore-brain

it becomes the velum interpositum, which, it is evident, is continuous on each side with the

choroid plexus. Since the choroidal fissure begins in front at a point which later overlies the

foramen of Monro and. further, since the choroid plexuses of the two sides are connected by

Fig. iq-ji.
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the intervening velum interpositum, it follows that the plexuses converge towards and meet

over the foramina—a relation which they retain in the adult brain. The backward expansion

of the hemispheres is accompanied by a corresponding backward prolongation of the young

pia mater covering the roof of the diencephalon, later the third ventricle. After the corpus

callosum and the fornix have been superimposed, the impression is given from the relation of

the structures, as seen in the completed brain, that the pia has gained its position over the

roof of the third ventricle by growing forward beneath the splenium and fornix. That such,

however, is not the case is evident from the developmental history of the velum interposi-

tum. The secondary- invagination of the brain-roof on each side along the median line by

the vascular tissue of the pia accounts for the production of the choroid plexus of the third

ventricle.

The Cerebral Commissures.—The primary' simplicity- of the connections between the

hemispheres is disturbed by the formation of the commissures, which become necessary in

order to link together the increasing sheets of cortical gray matter. The development of

these commissures, the corpus callosum and the anterior commissure, as well as of the

septum lucidum, are intimately associated with changes which affect the lamina terminaiis.
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About the fourth mouth, the last-named structure, wliich until this time is of uniform width,
txhil)its a lo<ai tluckeniuK in its upper part just in front of the foramen of Monro and in

advance of the front-end of the choroid fissure. 'Iliis thickening; of the lamina terminalis,

at first oval in section, soon becomes pear-sha|)ed willi the point directed downward (Ki;;.

1032). The point eularjjes and, after its later invasion by an inj^rowth of transverse libre!f,

f(jrnLS the anterior commissure. The U|)|ur part of the thickened area expands in the
sagittal direction and is traversed by fibres which pass from one hemisphere to the other.
It thus becomes the corpus callosum. This structure soon assumes an elonj^ated and
sli^jhtly arched form, but does not ap|)ropriate tlie entire enlarj^ed upper part of the orij^i-

naliy pyriform area. The antero-inferior portion, covered above by the corpus callosum,
remains thin and is converted into the septimi lucidum. The fibres of the fornix appear early aionj;
iheciioroitla! iiiaijiiuot tlie liippocam|)US, loriniiij; a Inindleof iiureasinjj size as it extends f(jrward
over tile foramen of Monro. The development of the corpus callosum is closely connected with
that of the fornix commissure (Streeter). The sejitum lucidum is at first solid althouj^h thin;
subsequently it is jiartially separated into two lameihe l)y a narrow cleft, the so-called fifth ven-
tricle, which is completely closed, is devoid of an ependymal linini^, and, therefore, is no part of

Fio. 1032.
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the system of true ventricular spaces. Concerning the manner and reason of its formation
opinions difTer. The older view, that the space represents an isolated portion of the longitudi-

nal fissure cut of? during the developrnent of the corpus callosum, is sustained neither by its

history nor by the adult condition of the septum lucidum in many animals in which the partition

is solid and no space e.xits. Goldstein,' however, accepts this view, while .Marchand,- His and
others, regard the splitting as secondary-. In consequence of the growth, increasing bulk and
backward extension of the corpus callosum and the fusion of the fornix along its under surface,

the primary upper part of the hippocampus, which extends well forward along the mesial surface

of the hemisphere, entirely disappears, its furrow, the hippocampal fissure, being later repre-

sented by the callosal sulcus, whilst the corresponding portion of the gyrus dentatus is reduced
to the atrophic sheet of gray matter and the longitudinal .stris found upon the upper surface of

th? corpus callosum.

MEASUREMENTS OF THE BRAIN.

The brain fits within the cranial case so accurately that its form is modified by
the general shape of the skull, being relatively long and ellipsoidal in dolichocephalic

subjects and shorter and more spherical in brachycephalic ones. The usual length

of the brain, measured from the frontal to the occipital pole, is from 160-170 mm.
{6]/2 in.) in male subjects and from 150-160 mm. (6 in.) in female. Its greatest

transverse diameter is about 140 mm. (5J4 in.) for both se.xes and its greatest verti-

' Archiv f. Anatom. u. Entwickelung., 1903.
'' Archiv f. mikros. Anatom., Bd. xx.xvii., 1891.
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cal dimension through the hemisphere is about 125 mm. (5 in.). The female brain

is commonly somewhat shorter than that of the male, and, therefore, relatively

broader and deeper.

« The weight of the brain has been the subject of repeated investigation with

results that fairly agree. The conclusions of Handmann', based on recent examina-
tions of 10 14 brains (546 male and 468 female; from persons ranging in age from
fifteen to eighty-nine years, are of interest since they confirm in the main the results

obtained from previous observations. The average weight of the adult brain (from

15-49 years;, without the dura but surrounded by the arachnoid and pia, is 1370
grams (48.6 oz. ) for men and 1250 grams (44.4 oz. ) for women. The weight of

these membranes, including the enclosed arachnoid fluid, has been estimated at 56
gm. and 49 gm. in male and female brains respectively (Broca). The brain usually

attains its ma.ximum weight about the eighteenth year, perhaps somewhat earlier

in women, no increase taking place after the twentieth year. Subsequent to the

sixtieth year in both sexes a progressive diminution occurs, by the age of eighty the

brain having lost approximately one-lifteenth of its entire weight (Boyd ). Including

the brains of individuals between fifty and eighty-nine years in his series, Handmann
found the average weight to be 1355 gm. (47.8 oz. ) for men and 1223 gm. (40.3 oz. )

for women. Approximately 81.5 percent, of adult male brains have a weight be-

tween 1200 and 1500 gm. ; 8.8 per cent, one of from 950-1200 gm. ; whilst 20.3
per cent, possess a weight over 1450 gm. Correspondingly, about 84 per cent, of

female brains weigh bet^veen 1 100-1400 gm.
; 44 per cent, between 1200-1350 gm.

;

and 46 per cent, below 1200 gm. The average weight of the brain of the new-born
male child is 400 gm. (14 oz. ) and that of the female one is 380 gm. (13.4 oz. ).

During the early years of childhood the brain rapidly becomes heavier, its weight
being doubled bv the end of the first year and trebled by the completion of the sixth

year. At first the increase affects the brain equally in both sexes ; later the young
female brain fails to keep pace in its growth with the male one, the differences

becoming progressively more marked.
Whilst the brain-weight and stature stand in direct ratio in the new-born and in

children up to 75 cm. in length, irrespective of age and sex, after attaining such stat-

ure the relation is irregular and uncertain. Likewise in the adult, Handmann found

no constant ratio between the stature and the brain-weight, although in general a

lower average weight of the brain is found in short individuals than in those of mod-
erate and of large height. The relative brain- weight, as expressed in the ratio

between each centimeter of height and the brain-mass, Handmann found to be 8.3

gm. for each centimeter of height in men and 7.9 gm. in women, a slightly higher

proportion in favor of the male subject being thus observed. The average ratio of

the weight of the adult brain to that of the entire body is approximately 1 150 (Ober-
steinerj. In the new-born child this ratio is much greater, being, as determined by
Mies, I 15. 9. Of the entire weight of the brain, the hemispheres contribute 78.5 per

cent., the brain-stem 11 per cent, and the cerebellum 10.5 percent., no material

difference being observed in the two sexes (Meynert).

The extent of the siipey-ficial surface of the cortex has been determined, at least

approximately, by Wagner, who by completely covering the convolutions with gold

leaf concluded that the large brain of the mathematician Gauss (1492 gm. ) presented

an aggregate area of 221,000 sq. mm., or not quite one-half square meter. Of this

entire area about twice as much lay along the sides and bottoms of the fissures,

therefore sunken, as upon the exposed suriace. The estimate of the same observer

concerning the brain of a workman placed the area at 187,672 sq. mm.

The significance of brain-weight as an index of intellectual capacity has long excited inter-

est. Accumulating data prove beyond question that, as applied to individuals, the weight of

the brain is an untrustworthy index of relative intelligence. For whilst in a number of conspic-

uous examples the weight of the brains of men of acknowledged intellectual superiority has been

markedly above the average, it is equally true that some of the heaviest brains recorded have

been those of persons of ordinary, and indeed in some cases of even decidedly inferior, intelli-

gence. Further, the brains of not a few men of remarkable achievement in the fields of Science,

'Archivf. Anat. u. Entwickelung., 1906.
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of Letters aiul of Art have possessed a weiKlit little above, or sometimes even below, the aver-

age. In tiiis connection it must be rememi)(.re<J that it is not ini|)robable that the cortical cells

of different brains vary in their capacity for activity and in their p<jwer of retaininj^ impressions;

that, in siiort, differences of ([uality exist. Kurther, that notwithstanding the possible hjw j^en-

eral wei^jht of a brain, the amount of the cortical j^ray matter, especially of certain regions con-

cernetl in some particular phase of mental activity, may exist in unusual abumlance. Moreover,

it is probable, from the investigations of Kaes', that actual increase of the functi(jning associa-

tion fibres takes place in response to the stimulus induced by excessive exercise of certain i)arts

of the cortex. It is evident, therefore, that as applied to the individual, brain-weight alone

affords little de|)endable information as to intellectual power, and that brains wiiich, judged

from their weight, apparently have been ordinary, may have been exceptional in the amount of

cortical gray matter and, |)erhaps, in the umisual capacity of their neurones.

Considered, however, in relation U) great groups, as to pecjples <jr to races, brain-weight has

been found to correspond to the general plane of .intelligence and culture. In this connection

the observations of Bean'^ are suggestive. He found the average brain-weight of the male negro

to be 1292 gm., with extremes of loio gm. and 1560 gm. ; that of the male Caucasian 1341 gm.,

with extremes of 1040 gm. and 1555 gm. Notwithstanding the relatively low class of the

white subjects examined, the average weight of their brains was greater than that of the

high-class negroes. Hean concludes that the smaller size of the negro brain is prirrtarily in the

frontal lobe, and, therefore, that the anterior association centre is relatively and absolutely smaller.

The observations of E. A. Spitzka'' concerning the area f)f the corpus callosum in median

sagittal section, call attention to the unusual size of this commissure in the brains of men of con-

spicuous intellectual power. Moreover, in the particular group of brains thus examined varia-

tions in the details of the callosa strikingly suggested well-known differences in the mental traits

of the persons during life. The validity of the area of the callosum as a trustworthy index as to

intellectual capacity has been seriously affected by the fact, illustrated by Retzius and by Bean,

that callosa of uncommon size usually belong to brains of high weight, and that not infrequently

such brains are from individuals of ordinary or even of low intelligence, as exemplified by the

cases of Bean, among wliich a number of callosa of very large area were from low-class whites

and even from negroes.

THE MEMBRANES OF THE BRAIN.

Like the spinal cord, the brain is enveloped by three membranes, or meninges,

which, from without inward, are: (i) the diira mater, (2) the arachnoid and (3)
the pi(i mater. The first of these is closely applied to the inner surface of the cra-

nium, of which it constitutes the periosteum, and, in addition, by means of its processes

serves to support and guard from undue pressure the enclosed mass of nervous tissue.

The pia mater is the vascular tunic carrying the blood-vessels for the nutrition of the

brain and, therefore, lies in contact with all parts of the external surface of the organ
;

whilst the arachnoid, the thinnest and most delicate of the three coats, is free from

blood-vessels but is intimately related with the intracranial lymph-paths. Although

the dura and the pia are closely attached to the skull and the brain respectively, they

are separated by an interval which, in turn, is subdivided into two compartments by the

arachnoid. The outer of these clefts lies between the dura and the arachnoid and is

called the subdural space ; the other, between the arachnoid and the pia, is the

subarachnoid space. The first of these spaces is usually a mere capillary cleft, the

arachnoid lying against the dura, and contains a small amount of a clear light straw-

colored fluid of the nature of lymph. The second one, although much more capa-

cious than the subdural, is crossed by so many trabeculse of arachnoid tissue that

in many places it acquires the character of a sponge-like tissue, rather than of an

unbroken channel. Whilst anatomically the subdural and the subarachnoid spaces

are distinct and nowhere communicate, as demonstrated by careful artificial injections

into the subdural cleft, it is probable that during life the cerebro-spinal fluid finds its

way through the thin partition of arachnoid tissue and enters the subdural space.

The interstices of the arachnoid are filled with the cerebro-spinal fluid, a modified

lymph, which is produced by the choroid plexuses within the ventricles. After dis-

tending these cavities, the fluid gains the subarachnoid space by way of the foramen

of Magendie and the foramina of Luschka situated in the attenuated roof of the fourth

* Die Grosshirnrinde des Menschen, 1907
* Amer. Journal of Anat., vol. v., 1906.
* Amer. Journal of Anat., vol. iv., 1905.
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ventricle (page iioo). The paths by which the fluids collected within the brain-

membrane are carried off, thereby insuring under normal conditions the prevention

of excessive intracranial tension, will be considered with the description of the dura

and arachnoid, suffice it here to mention the sheaths contributed by these envelopes

along the nerve-trunks as they leave the cranium and the Pacchionian bodies as the

most inijiortant.

The Dura Mater.—This structure (dura mater cnccphali ) is a dense and inelas-

tic fibrous nienil)rane, which lines the inner surface of the cranial cavity and sends

partitions between the divisions of the brain. In contrast to its relation within the

vertebral canal, where it is separated from the bony wall by a considerable space

(page 1022), within the brain-case the dura everywhere lies closely apjjlied to the

bone—a relation essential in fulfilling its function as a blood-carrying organ for the

nutrition of the cranium. Around the margins of the larger foramina, over the pro-

jecting inequalities of the fossae and along the lines of the more important sutures, the

attachment of the dura to the skull is particularly close, and at some of these points

Fig. 1033.

Falx cerebri

junction of falx
and tentorium

Tentoriuni cerebelli
Opening for brain-stem' /Fre Diaphragma sellse

ree margins of tentorium

Portion of skull removed, showing partitions of dura in place.

—the foramina and the ununited sutures—the dura is continuous with the periosteum

covering the exterior of the skull. On separating the dura from the bone, as may be

readily done beneath the calvaria, except along the line of the sagittal suture, its

outer surface is marked with the consi)icuous ridges produced by the meningeal

blood-vessels, which lie much nearer the outer than the inner surface of the mem-
brane and hence give rise to the corresponding furrows seen on the inner aspect

of the skull. In addition, the roughened surface of separation is beset with fine

fibrous processes, the larger of which contain minute blood-vessels, that have

been drawn out of the canals affording passage for the nutrient twigs. The inner

aspect of the dura, on the contrary, is smooth and shining and clothed with a layer

of endothelium which lines the outer wall of the subdural sjKice. As the nerves enter

the foramina in their exit from the cranium, they receive a tubular prolongation of

the dura which accompanies the nerve-trunk for a short distance as the dwal sheath^

separated from the nerve by the underlying subdural cleft, and finally becomes con-

tinuous with the epineurium, whilst the subdural space communicates with the

lymph-clefts within the connective tissue envelopes of the nerves. The dural sheath
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surn>uiullnj4 die optic iuial- Uirou^h Us entire luii^lli is noteworthy on acc(nnU

of its unusual tliickness and conipleteness (pa^e 1223).

The two layers of which the dura is comi)osed are, for the most part, so closely

united that «)nly a sini,de meml)rane is dimonstrahle. The divisi(jn into two layers,

however, is evident in certain localities, j)articularly in tlie middle fossa at the base of

the skull. Here, on each siile of the body of the sphc-noid l;one, the layers separate

to form the cavernous sinus and, within tlie sella turcica, enclose the pituitary body.

Over the apex of the petrous portion of the temporal bone they include between

them a space, the cavum McckcHi, which lodj^res the (iasserian ^^ln^lion, whilst over

the acpieiluctus vestibuli the dilated end of the endolymphatic duct, the saccus

endolymphaticus, continued from the membranous labyrinth, lies between the two

layers of the dura. Further, alontj the lines of its attachment to the skull beneath

the sagittal suture, to the crucial ridt^es on the occipital bone and to the ridges of

the petrous bones, the inner layer of the dura sejjarates from the outer and forms

partitions, which project inward and imperfectly sui)di\'ide the cranial cavity into

compartments occupied by the lart^er divisions of the brain, as well as enclf)se the

blood-spaces, known as the dural simises. These spaces have been described with

the veins (paq-e 867) and will be here only incidentally mentioned in connection with

the partitions in which they lie. On either side of the superior lont,ntudinal sinus, the

layers of the dura exliibit local areas of separation, which prolong laterally the lumen

of the venous channel. These parasinoidal spaces, the lacuncz vcnosfe latcrales, are

of consequence as receiving many of the cerebral veins and as afT(jrding additional

localities in which the Pacchionian bodies may come into relation with the blood-

stream. The septa thus formed by duplicatures of the inner dural layer are : (i) the

fafx cerebri, (2) the tentorium cercbcl/i, (3) the /^/.r crrebelli, and (4) the dia-

phrafftna sella:.

The falx cerebri is a sickle-shaped partition which occupies the greater part of

the longitudinal fissure separating the cerebral hemispheres. Its upper and longer

border is attached in the mid-line and extends from the cristi galli of the ethmoid

bone in front to the internal occipital protuberance behind and encloses the superior

lono;itudinal sinus. The latter channel appears triangular in cross-section (Fig.

1034), the upward placed base being the outer or j)arietal layer of the dura and the

sides the separated lamellae of the falx. The lower and shorter border of the falx is

free and more sharply arched than is the upper, and extends from the hind part of

the cristi galli to the highest point of the tentorium. Within its posterior half it

encloses the inferior loncritudifial sinus. The base of the falx is oblique, approxi-

mately at 45° with the horizontal plane, and attached to the upper surface of the

tentorium in the sagittal plane.' Along this junction lies the straight sinus. The

narrow forepart of the falx is the thinnest portion of the partition and is often, more

especially during the latter half of life, the seat of perforations, which may be so

numerous as to reduce this part of the septum to a fenestrated membrane. Occasional

deposits of true bone are found within the falx, which may be without pathological

significance and represent the constant ossification of this partition seen in some

aquatic mammals.
The tentorium cerebelli is the large tent-like partition that roofs in the pos-

terior fossa of the skull and separates the cerebellum from the overlying posterior

parts of the cerebral hemispheres. In its general form it is crescentic, the longer

convex border lying behind and attached to the posterior and lateral rnargins of the

posterior cranial fossa, and the shorter concave anterior border curving backw^ard

and upward from the anterior clinoid processes. The upper surface of the tentorium

is attached by its entire width to the falx cerebri along the mesial plane, and in this

manner the partition is maintained in a tensed condition. The sides of the tent-like

fold are, however, not simply flat, but present a slight downwardly directed convexity

in both the sagittal and frontal planes. The peculiar curvature of the under surface of

the tentorium is reproduced, in reversed relief, by the upper aspect of the cerebellum

which is accurately applied to the partition.

The posterior border of the tentorium is attached to the horizontal ridge crossing

the occipital bone ; farther outward, on each side, it is fixed to the postero-inferior

angle of the parietal bone and, continuing forward and inward, to the upper border
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of the petrous portion of the temporal bone, and thence to the posterior cHnoid pro-

cess. From the internal occipital protuberance as far as the parietal bone, this line of

attachment corresponds with the course of the enclosed lateral sinus (page 867) ; but
beyond, the venous channel leaves the tentorium in its descent to the jugular fora-

men, the farther attachment of the tentorium enclosing the superior petrosal sinus.

Since the anterior border of the tentorium springs, on each side, from the anterior

clinoid process, it follows that the two margins of the crescentic septum intersect in

advance of the apex of the i)etrous bone, the posterior border turning inward to the

posterior clinoid process, whilst the anterior margin is connected with the anterior

process. The free tentorial border, in conjunction with the dorsum sellee, defines an
arched opening, the i7icisura tentoj'ii, through which the mesencephalic portion of

the brain-stem is continued into the cerebral hemispheres, the highest point of this

aperture lying just behind the splenium of the corpus callosum.

Fig. 1034. »Skin

Superior longitudinal sinus

Falx cerebri

Fibro-aponeurotic layers of scalp

Parietal layer of dura

Bone
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C(.rebellum

Inferior worm

Occipital sinus

Frontal section of head, viewed from behind, showing relations of dura mater to cerebral hemispheres and
cerebellum and position of sinuses.

The falx cerebelli is a small sickel-shaped dural fold which descends in the

mid-line from the under surface of the tentorium, with which its broader upper end
is attached, towards the foramen magnum. In the vicinity of this opening its apex
bifurcates into smaller folds that fade away on either side of the foramen. Its poste-

rior border, attached to the vertical internal occipital crest, contains the small occipital

sinuses, or sinus when these channels are fused. The narrow crescent projects into

the posterior cerebellar notch and thus intervenes between the hemispheres of the

cerebellum.

The diaphragma sellae is an oval septum of dura, which roofs in the pituitary

fossa and is continuous on either side with the visceral or inner layer of the wall of

the cavernous sinus. The diaphragm contains a small aperture, the foramen dia-

phragmatis, through which the infundibulum connects the enclosed pituitary body
with the brain.

The structure of the dura presents the histological features of dense fibro-

elastic tissue, in which the elastic constituents, however, are greatly overshadowed
by the white fibrous bundles. The inner surface of the dura is covered with endo-
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thclial plates wliich constitute the iiiunediatc outer wall (jf the subdural lymi)h-si)ace.

Patches of entlothelium sometimes seen on the external aspect of the membrane are

regarded as indications of uncertain ifiidural lyniph-spacts. The outer or periosteal

lamella is less compact antl richer in cells than the inner layer and contains a wide-

meshed net-work of cajjillary blood-vessels. The larger bundles of fibrous tissue are

dis[)osed with some order so that a definite radiation from the two ends of the falx

cerebri may often be recogni/.etl. Within the last-named fold, from the point where
the free border of the falx and that of the tentorium meet, the fibres radiate towards
the convex attachetl margin, some, therefore, arching far f(jrward. I-rom the same
point the fibres within the tentorium i)ass laterally.

Minute calcareous concretions, also known as brain-sa7id or accrvulus, are

not infrequently found in the otherwise normal dura, especially in suijjects of

advanced years. They consist of aggregations of particles of calcium carbonate and
j)hosphate arranged in concentric layers and surrounded by a capsule of fibrous

tissue. They seldom exceed a diameter of .070-. 080 mm., but may be so numer-
ous that a distinctly gritty feel is imparted to the inner surface of the dura.

The blood-vessels within the dura are the branches of the meningeal arteries,

and their accompanying veins, derived from various sources—from the ophthalmic.

Fig. 1035.

Medullary branch

Larger pial arterj-

White matter

Pia within fissure

Portion of injected cerebral corte.x, showing capillarj- supply of gray and white matter. X JS.

internal maxillary, vertebral, ascending pharyngeal and occipital arteries. They are
destined, for the most part, for the nutrition of the skull, which they enter as minute
twigs through innumerable openings in the bone. Some few perforating arteries

traverse the bone and communicate with the pericranial vessels, whilst others are
distributed to the tissue of the dura itself.

Definite lymphatics have not been demonstrated within the dura, the system
of absorbent vessels being represented within this membrane by numerous lymph-
spaces within the connective tissue stroma. These communicate indirectly with the
subdural lymph-space, the contained fluid escaping at the foramina chiefly into the

lymph-paths surrounding the cranial nerves, but to some extent also directly into

the venous sinuses around the Pacchionian bodies.

The nerves of the dura include principally sympathetic filaments, distributed

to the blood-vessels and to the bone, and sensory fibres. The immediate sources
are the meningeal t.wigs contributed by the trigeminus, the vagus and the hypo-
glossal nerves. Those from the last source, apparently from the twelfth, are really

sensory fibres from the upper cerv'ical spinal nerves and sympathetic filaments from
the cer\'ical sympathetic cord ; in the other cases, the sensory fibres are probably
accompanied by sympathetic filaments, which secure this companionship by means of

76
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Fig.

Gray matter

'White matter

the communications which these cranial nerves have with the plexuses surrounding

the arteries or with the superior cervical ganglion. The sensory nerves of the dura

form a rich net-work of delicate twigs from which filaments have been traced to the

inner surface in relation to which some end in bulbous exjiansions.

The Pia Mater.—This membrane ( pia mater encephali; lies ne.xt the ner\'ous

substance and, being the vascular tunic supporting the blood-vessels for the nutrition

of the brain, follows accurately all the inequalities of its exterior. It not only closely

invests the exposed surface of the cerebrum and cerebellum, but penetrates along the

sides and to the bottom of all the fissures as well, although within the small shallow

fissures of the cerebellum a distinct process of pia mater can not be demonstrated.

Additionally, in certain places where the wall of the brain-tube is very thin, the pia

pushes before it the attenuated layer and seemingly gains entrance into the ventricles.

Examples of such invagination are afforded in the relations of the velum interpositum

and the choroid plexuses to the lateral and third ventricles (^page 1162; and of the

similar plexuses in the roof of the

fourth ventricle (page i looj. The pia

also contributes a sheath to each nerve,

or to its larger component bundles, as

the nerve leaves the brain at its super-

ficial origin, which sheath surrounds
the nerve during its intracranial course

and for a variable distance beyond its

emergence from the dural sac.

The pia is so thin that the larger

vessels, especially at the base of the

brain, lie within the subarachnoid

space, although in most cases they are

enclosed within a delicate investment

of pial tissue. The smaller vessels,

however, ramify within the pia and in

this situation divide into the twigs

which directly enter the subjacent

nervous tissue. As they penetrate the

latter they are accompanied by a

sheath of pia, which thus gains the

nervous substance within which it fol-

lows the subdivisions of the arteriole,

even their smallest ramifications.

Whilst within the pia the larger

arteries form frequent anastomoses,

the smaller twigs remain isolated and,

being " end-arteries," on entering the

subjacent gray matter break up into

terminal ramifications which furnish the only supply for a particular district. The
capillar}- net-work within the cortical gray matter is much closer than that within the

subjacent white matter (Fig. 1035;, in which the vessels are comparatively meagre.

Here and there larger medullary branches are seen traversing the cortex, to which

they contribute but few twigs, to gain the white matter within which they find their

distribution. The contrast in richness between the supply of the gray substance and

that of the adjoining white matter is not limited to the cerebral cortex, but is also

well shown when the internal nuclei are examined (Fig. 1036). The veins emerge

from the surface of the brain, but do not retain a definite relation to the arteries, since,

instead of following the latter to their points of entrance, they for the most part seek

the dural sinuses into which they empty.

The special invaginating layers of pia mater, the velum ititerpositu7n (page 1162)

and the choroid plexuses of the lateral and third ventricles, and the choroid plexus of

the fourth ventricle ("page iioo) have been described in connection with the appro-

priate parts of the brain. Attention may be again called to the manner in which the

velum interpositum and the associated plexuses are formed (page 1194J, and to the

Portion of injected dentate nucleus of cerebellum, show-
ing capillary supply of internal nucleus. X 20.
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Vascular tuft

fact that the appart-nt intjrowtli of tlic pia bciiealh ilic splcniimi ami the fornix to

reach its final position omt tin- third and within the lateral ventricles never occurs,

the growth actually takint,^ phuc in the opposili- direction, that is, from befcjre

backward
(
paiL^*- 1194).

The structure of tlu' ])ia nialer presents little for sj)ecial mention. The
membrane consists issmtialiy of a delicate connective tissue envelope in which inter-

lacing bundles ot while tii)rous tissue, intermingled with elastic fibres anil containing

numerous nuclei, arc the chii-f features. As the arteries leave the pia to enter

the brain, they receive sheaths of pial tissue within which are prolonged the lymph-
spaces enclosed between the trabecuhe of the pial membrane. Along the basal surface

of the brain, (.'S|)ecially on the ventral aspect of the medulla, the pia frecpiently contains

deeply pigmented branched connective tissue cells. These may be so numerous,
particularly in aged subjects, that the membrane appears of a distinct brownish hue.

The numerous nerves encountered within the j)ia mater are chiefly symijathetic
filaments destined for the walls of the blood-\'essels and derived from the plexuses
surrounding the internal carotid and the vertebral arteries. Additional nerve-

fibres, probably sensory in function, occur

in small numbers. The mode of their Fig.

ending is uncertain, although terminal bul-

bus exjxuisions and tactile corpuscles have
been observed.

The Arachnoid. — This covering

(arachnoidca eiiccphali), the intermediate

membrane of the brain, is a delicate con-

nective tissue envelope that intervenes

between the dura externally and the pia

internally. In contrast to the last-named

membrane, which follows closely all the

irregularities of the sunken as well as of the

free surface of the cerebrum, the arachnoid

is intimately related to the convolutions

only along their convexities, and on arriving

at the margins of the intervening fissures

stretches across these furrows to the con-
volutions beyond. From this arrangement
it follow^s that intervals, more or less tri-

angular on section, are left over the lines

of the fissures between the arachnoid and
the fold of pia which dips into the sulcus.

These clefts form a system of intercom-

municating channels which are parts of the

general subarachnoid space. Over the summits of the convolutions, the arachnoid
and pia are so intimately united that they constitute practically a single membrane,
whilst, where parted by the subarachnoid space, they are connected only by the
trabeculae of arachnoid tissue. In many places, however, where the intervening cleft

is not wide, these trabecuke are so numerous that the space is occupied by a delicate

reticulum and becomes converted into a layer of loose subarachnoid tissue. Where,
on the other hand, the arachnoid encloses spaces of considerable size, as it does on
the basal surface of the brain, the trabecular are reduced in number to relatively few
long, cobweb-like threads that extend from the arachnoid to the pia mater. 0\er
the upper and outer aspects of the cerebrum and cerebellum the arachnoid follows,

in a general way, the contour of the brain. On the ventral surface, however, it

bridges from the median elevation presented by the brain-stem to the adjacent promi-
nences offered by the cerebellum and the cerebral hemispheres The irregular spaces
thus enclosed contain considerable quantities of cerebro-spinal fluid and are known
as the cisternae subarachnoidales, of which several subdivisions are recognized
according to localitv.

The cisterna magna (cistcrna cerebellomedullaris), the largest of these spaces,

overlies the dorsal surface of the brair-stem and is continuous through the foramen

Velum inter-
ix)situni

Small portion of injected choroid plexus of lateral
ventricle ; surface view.



I204 HUMAN AX A'lX )M Y.

magnum with the posterior part of the subarachnoid space of the cord. The arach-

noid passes from the back part of the under aspect of the cerebellum to the posterior

surface of the medulla and thus encloses a considerable space which at the sides of

the medulla is continuous with the upward prolongation of the anterior subdural

space of the cord. The lower part of the brain-stem is thus completely surrounded

by the subarachnoid cavity. The ventral surface of the pons is enveloped by the

upward extension of the anterior part of the spinal arachnoid, the cleft so enclosed

constituting the cisterna pontis, of which a median and two lateral subdi\isions

may be recognizeti. From the upper ventral border of the pons the arachnoid

passes forward to the orbital surface of the frontal lobes, covering the corpora mam-
millaria, the infundibulum and the optic chiasm, and laterally to the adjacent project-

ing temporal lobes and thence, covering in the transverse stem of the Sylvian fissures,

Fig. 1038.
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Inferior aspect of brain covered with pia and arachnoid, showing large subarachnoid spaces.

to the frontal lobes. This large space, which includes the deep depression on the

basal surface of the brain, is the cisterna basalis. It is imperfectly subdivided by

incomplete septa of arachnoid tissue into secondary compartments, one of which lies

between the peduncles (cisterna interpeduncularis), another behind the optic commis-

sure (cisterna chiasmatis) and a third above and in front of the chiasm (cisterna

laminae terminalisj. Anteriorly the cisterna basalis is continued over the convex

dorsal surface of the corpus callosum (cisterna corporis callosi). and on either side

along the stem of the Sylvian fissure (cisterna fissurae lateralis). Within the median

region of the cisterna basalis lie the large arterial trunks forming the circle of Willis.

These vessels are invested with delicate sheaths of arachnoid, which accompany the

smaller branches until they enter the \ascular membrane to become pial vessels.

The arachnoid also contributes sheaths to the cranial ner\'es as they pass from

their superficial. origins to the points where they pierce the dura, these sheaths over-

lie those derived from the pia and, as do the latter, accompany the nerve-trunks for a
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variable hut usually short distance beyond their enierj^ence from the dural sac. The

arachnoid siieath is especially well marked aloni^ tile optic nerve, which it follows as

far as the eyeball, and c(»mpletely subdivides the space between the [)ial and dural

Fig. 1039.
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Portion of superior surface of right hemisphere covered by pia and arachnoid ; dura has been partly separated
and reflected towards mid-line to expose Pacchionian bodies and cerebral veins, which are seen entering superior
longitudinal sinus.

sheaths into a subdural and a subarachnoid perineural compartment, directly contin-

uous with the corresponding intracranial spaces.

As previously noted, the cerebro-spinal fluid secreted within the ventricles

escapes through the openings in the roof of the fourth ventricle—foramen of Magendie
and the foramina of Luschka (page iioo)—into the subarachnoid space. After

filling the cisterna magna and the other large spaces on the basal surface of the brain

aad surrounding the spinal cord, the fluid finds its way into the smaller spaces on
the e.xterior of the cerebrum. In this manner the entire mass of nervous tissue is

enveloped by a more or less extensive cushion of fluid which, particularly at the base

of the brain, is well adapted to protect the enclosed delicate structures from undue
concussion. Since the cerebro-spinal fluid is being continuously secreted, it is evi-

dent that some adequate means of escape must be provided to insure, under normal

conditions, the maintenance of intra-

cranial and intracerebral pressure Fro. 1040.

within due limits. The paths by which
this is accomplished include : ( i ) the

extension of the subarachnoid space

along the nerve-trunks, and (2) the

villous projections of arachnoid tissue,

the Pacchionian bodies, along the

course of the dural blood-sinuses.

The Pacchionian bodies fgran-

ulationes arachnoidales) are numerous
cauliflower-like excrescences of the

arachnoid, for the most part small but

occasionally reaching a diameter of

5 mm. or over, which lie on the outer

surface of the membrane along the

course of the dural venous sinuses.

Their favorite site is on either side of

the superior longitudinal sinus, where
they occur in groups, although they occur in smaller number and size in connec-

tion with other sinuses, as the lateral, cavernous and straight. They consist

entirely of arachnoid tissue and contain no blood-vessels. Although lying mostly

at the side of the longitudinal sinus with which they are then indirectly related

through the lateral diverticula, the lacnnce latcralcs or blood-lakcs. in some instances

Diagram showing relations of Pacchionian bodies to

blood-spaces and dura; li. bone, S, longitudinal sinus;

/., lacunae; P, Pacchionian bodies; ^', cerebral vein

emptying into lacuna; SD, subdural space; dura is blue

and pia is red, intervening tissue is arachnoid; A.
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they encroach upon the hnneii of the main channel itself, within which they appear
as irregularly rounded projections on its lateral walls. Whatever their relation,

whether with the sinus or the lateral diverticula, the Pacchionian bodies never lie

free within the blof)d-space, but are always separated from the latter by the dural

wall. Over the summit of the elevation the dura becomes greatly attenuated, but

never entirely disappears, so that only a thin membrane and the subdural cleft,

theoretically present but practically more or less oI)literated, intervene between the

subarachnoid spaces and the blood-stream. This partition offers little obstruction

to the passage of the cerebro-spinal fluid, which, unless the pressure within the

venous channel is higher than that within the subarachnoid space, passes from the

latter into the sinus and thus relieves the intracranial tension. When well developed,
as they often are after adolescence but never during childhood when they are

small and rudimentary, the Pacchionian bodies are frequently lodged in dej^ressions

within the calvaria, whose inner surface is sometimes so deeply pitted that the bone
in j)laces is translucent.

THE BLOOD-VESSELS OF THE BRAIN.

The course and distribution of the individual blood-vessels supplying and drain-

ing the nervous tissue of the brain have been described in the sections on the Arteries

(page 746) and the Veins (page 861). It remains, therefore, only to consider at

this place the more general relations concerning these vessels.

The arteries supplying the brain are derived from two chief sources—the inter-

nal carotid and the vertebral arteries. After entering the cranium these vessels and
their branches form the remarkable anastomotic circuit known as the circle of Willis

(page 760). The latter gives off, in a general way, two sets of branches, the gang-
lionic—for the most part short vessels which soon plunge into the nervous mass to

supply eventually the overlying internal nuclei, the corpora striata and the optic

thalami—and the cortical, which pursue a superficial course and are carried by the

pia mater to all parts of the extensive sheet of cortical gray substance, as well as to

the subjacent tracts of medullary white matter.

The medulla oblongata and the pons are suppHed by branches from the anterior spinal, the

vertebral, the basilar and the posterior cerebral arteries. These branches gain the nervous

substance as two sets, the radicular and the median. The radicular branches follow the nerve-

roots and, just before reaching the sui:)erficial origins of the nerves, divide into ])eripheral and
central twigs, the former being distributed superficially and the latter following the root-fibres

to their nuclei. The median branches are numerous minute vessels which ascend within the

median raphe towards the floor of the fourth ventricle and assist the centrally directed twigs of

the radicular branches in supplying the nuclei of the nerves situated within that region. Those
supplying the nuclei of the hypoglossal and the bulbar portion of the spinal accessory nerves

are deri\'ations from the anterior spinal arteries ; those to the nuclei (jf the vagus, the glosso-

pharyngeal and the auditory are from the vertebral as they join to form the basilar ; whilst

those to the nuclei of the facial, the abducent and the trigeminal are from the basilar. The
choroid plexus of the fourth ventricle is provided with branches from the posterior cerebellar

arteries.

The cerebellum receives its supply from three arteries, the anterior and posterior in-

ferior and the superior, cerebellar. The general course of these vessels is approximately at

right angles to the direction of the fissures and folia of the heniis])heres. In the mid-brain the

mferpedtcucular space is provided with branches from the basilar and the posterior cerebral arter-

ies ; the cerebral peduncles with those from the posterior comnnuiicating and the terminal ]iart

of the basilar; and the corpora quadrio;emina with those from the posterior cerebral, additional

twigs passing from the superior cerebellar to the inferior colliculi.

The thalamus is supplied by branches, all end-arteries, from different sources, those for its

antero-median portion being from the posterior communicating, those for its antero-lateral por-

tion from the middle cerebral, whilst those for its remaining parts, as well as for the pineal and

the geniculate bodies, are from the posterior cerebral. The last vessel also supplies the velum

interpositum and the choroid plexus of the third ventricle.

The structures on the base of the brain, such as the corpora niammillaria, the tuber cine-

reum, the infundibulum and the pituitary body, receive twigs from the posterior conununicating

arteries. The optic chiasm and tract are supplied with branches from the anterior cerebral, the

anterior communicating, the internal carotid, the posterior conununicating and the anterior

choroidal arteries.
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The corpus striatum, both tin- caudate; and Iriitic ular ihk Iri, arc- supplied < liiilly by brandies
froiu tlic iniddU- ctri.-l)ral artt-ry, uliicli pierce tlie aulerior perforated s|)are ami, as the lenticular,

lenticulo-striate and lenticiik)-thalaniic vessels, all end-arttries, traverse the lenticular nucleus

and the internal capsule and terminate in the caudate nu( leus and the thalamus. One ai the

lenticulo-striate arteries, wiiicii pierces the outer part of the putamtMi, was named by Charcot
the "artery o{ cerebral hemorrhage" since it is freciuenlly ruptured.

The choroid plexus of the lateral ventricle receives its blood-supply from the anterior and
posterior ciioroid il arteries. The ("irst of these, j^iven of! l)y the internal carotid artery, enters

the anterior and lower part of tiie choroidal fissure and takes part in formin^^ the most depend-
ent portit)!! of the vascular complex vviiich overlies the hippocam|)US. The posterior choroidal

artery, usually rej^resented by a iuiml)er of small twi^s, is derived from the posterior cerebral

and enters tlie upper part of tiie fissure. After sui)plyin}^ tiie velum interpositum, it completes
tile ciioroid plexus in tlu- desceiulinj^ horn and in tiie body i>{ tlie lateral ventricle.

Tile cerebral hemispheres are sup|)lied by the cortical branciies of the anterior, middle and
posterior cerebral arteries. Of these the middle one is the larj^est and is distributed to the

most e.xtensive area, which embraces the ji^reater part but not all of the external surface of the

hemisphere. This vessel also sup|)lies tiie outer half or more of the orbital surface and the

anterior part of the temporal lobe. The anterior cerebral is essentially the artery of the mesial

surface, the anterior two-thirds of which, in conjunction with an adj(jinin}^ zone on the external

and on the orbital surface, it supplies. The distribution of the posterior cerebral is chiefly on
the mesial and tentorial surface of the occipito-tenip(jral retjion, and in addition an adjoining

strip alon.yf tlie postero-inferior margin of the hemisjjhere. It foik)ws, therefore, that, with the

exceptit)n of the occipital U)be, wliich is entirely supplied by the posterior cerebral artery, all of

the conventional divisi(.)ns of the hemis{)here receive their arterial supply from more than a single

source.

The frontal lobe is supplied by the anterior cerebral artery :—over its entire mesial surface
;

over the superior and the anterior two-thirds of the middle frontal convolutions and the upper
end of the precentral convolution ; and over the orbital surface internal to the orbital sulcus.

Over all the remaining parts, the frontal lobe receives the branches of the middle cerebral

artery.

The parietal lobe is supplied by the middle cerebral artery on the external surface, with the

exception of a narrow strip along the upper border ; this zone, together with the mesial surface

of the lobe, is supi^lied by the anterior cerebral artery. The occipital lobe is supplied exclusively

by the posterior cerebral artery. The temporal lobe is supplied by the middle cerebral artery

over its superior and the upper half of the middle temporal convolution with the tip of the lobe
;

the remainder of the lobe receives the branches of the posterior cerebral.

The limbic lobe shares in the distribution of the anterior and posterior cerebral arteries, the

district of the former including the g>Tus callosum to the vicinity of the isthmus, whilst that

of the posterior cerebral includes the remainder of the lobe.

The veins returning the blood from the brain are all tributaries of the dural

sinuses, and they therefore only to a limited degree follow the course of the cerebral

arteries. They are further distinguished by the absence of valves. The superior

cerebral veins, after emerging from the surface of the brain, course within the pia

over the convex aspect of the hemisphere and proceed, for the most part, towards
the superior longitudinal sinus into which they open, either directly or through the

lacunae laterales, by from 12-15 trunks. The veins draining the structures situated

around the lateral and third ventricles are tributary to the paired lesser veins of Galen,

which run backward within the velum interpositum and, emerging below the splenium,

unite to form the great vein of Galen. This vessel joins with the inferior longitudinal

sinus to form the straight sinus, which is lodged in the line of juncture between the

falx cerebri and the tentorium cerebelli.

PRACTICAL CONSIDERATIONS : THE BRAIN AND ITS

MEMBRANES.

Congenital Errors of Developviejit.—Various defects of development of the

brain and its membranes are not uncommon. The brain may be absent i^anen-

cephalus), it may escape from the skull (exencephalus) , the brain, membranes and
vessels may be only rudimentary {pseicdencep/ialus), or there may be arrest of

development in any limited portion { porenccphahis—a name more suitably applied

when there is a marked depression in the surface of the brain). The brain as a whole
may be defective (^microcephalus) , or it may be abnormally large ( macrocephaius)

.
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The most common enlargement of the head, hydrocephalus, is due to a retention
of cerebro-spinal fluid within the cranium, ordinarily within the ventricles, but some-
times in the subarachnoid space. It is usually a congenital condition ; its cause
is not clearly known. It is believed by many that it is due to a j^renatal inflam-
mation of the \entricular ependyma, and by others to a disarrangement of the orifices
of communication between the \entricles (Luschka. Monro, and Neurathj. The
aqueduct of Sylvius has been found obliterated, and inflammatory processes have
been seen about the foramen of Monro.

Congenital defective ossification of the skull may result in a gap through which
may protrude a portion of the meninges with or without brain substance. If such a
protrusion consists of a meningeal sac containing only fluid, it is called a meningocele.
If it contains a portion of the brain also, it is an eiicephalocele, and if the protruded
portion of the brain encloses a portion of a Acntricle, a hydrencephaloccle. Such
tumors may be concealed from \iew at the base of the skull, or in the pharynx, or
may protrude into the nose or orbit. They are usually in the median line and most
frequently in the occipital region. Next in frequency they occur at the fronto-nasal
suture, and more rarely in other parts of the skull. Pressure on the tumor will often
reduce it partly or completely within the cranium, but in the latter case symptoms of
pressure on the brain will arise. Violent expiratory efforts, as in crying or coughing,
which increase the cerebral congestion, render the tumor more tense.

The Meninges,—Diseases of the meninges are relatively more common than
those of the brain proper, and many conditions often spoken of as brain diseases are
affections of the meninges, the pia being closely adherent to the brain and extending
into the fissures. Inflammation of the dura is called pachymeningitis, of the pia and
arachnoid together lepto-7ne7iingitis.

'

External pachymeniyigitis is usually secondary to disease of the cranial bones,
traumatism, infection, or tumors. It is most frequently the result of ear disease, and
is therefore generally of surgical interest.

hiternal pachymeningitis is apt to be associated with effusions of blood into the
subdural space ; they may cover a considerable area without producing marked symp-
toms, or they may be encapsulated (hsematomata of the dura mater), and may reach
the size of a man's fist, causing compression of the brain. Occasionally they become
purulent. The blood or pus may gravitate to the base of the brain in the region of
the cerebellum, pons, and medulla, when the pressure symptoms will be more serious ;

or it may find its way into the spinal canal.

The dura is especially adherent at the base of the skull and, to some degree, at
the sutures of the vault. In the rest of the vault it is loosely attached, and accord-
ing to Tillaux, particularly so in the temporal region. Collections of blood may
accumulate between the dura and the bone {extradural hemorrhage^. This variety
of intracranial hemorrhage is commonly the result of rupture of one of the branches
of the middle meningeal artery in the temporal region, the effused blood separating
the loosely attached dura. If the blood is poured out rapidly, compression
symptoms will soon appear, but if the hemorrhage is slow, the escape of cerebro-spinal
fluid into the spinal canal permits of more delay in the appearance of those symptoms.
The patient has often time to recover, at least partially, "from the unconsciousness
of concussion before that of compression appears ; and it is this recoverv of mtelligence
which is most characteristic of the condition. There will often be localizing symptoms
indicating the part of the brain cortex which is irritated or compressed.

Subdural hemorrhage may follow the rupture of a number of small \essels, either
of the pia or dura under a depressed fracture ; or it may come from a large vessel,

particularly the middle cerebral. The symptoms and treatment are very much the
same as in the extradural variety.

In children extradural hemorrhage is very rare, because of the relatively firmer
•attachment of the dura during the period of growth. The blood may escape under
the scalp through a line of fracture in the skull ; or, what is more likely, it may pass
through a tear in the dura into the subdural space. In fractures of the base of the
skull, at any age, owing to the adhesion of the dura, the latter is likely to be torn

;

cerebro-spinal fluid may escape into the adjacent air cavities, as into the nose, pharynx
or middle ear. A close adhesion of the dura to the bone, as sometimes found at
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operation, indicates a previous inJlanimation, as does any tendency of the aiachnoid
to adhere to the dura, since these two are normally not adherent. The arachnoid,
however, is normally closely attached to the pia, and for practical purposes they
are usually consiilered as one layer, the lepto-meninx.

Inflammation of this layer

—

lepio-meningitis—may attack the convexity or the

base of the brain, and may be primary or may be secondary to other diseases, usually

purulent infections. It is asserted that the primary disea.se attacks, as a rule, the
base, the secondary, tiie convexity of the brain ; but this is not beyond dispute.

Tuberculous meninj^itis is fre(|uently found at the base, but miliary tubercles are
not uncommon on the conxexity <jf the brain. The exudate which is deposited at

the base fretjuently leads to irritation or paralysis frf)m pressure on the cranial nerves
in close relation to the untler surface of the brain. Tumors ^rowin^ at the ba.se of

the brain j)roduce localizing symptoms early by pressing on the adjacent cranial

ner\cs. A single nerve may be involved, but more commonly a combined {)aralysis

from involvement of several nerves results.

The cerebro-spinal fluid is found in the subdural and subarachnoid spaces, and
in the ventricles. Over the vault it is comparatively scanty in both spaces. At the
base, however, in the subarachnoid space of the middle and posterior fos.sa;, it is

abundant, forming an excellent support and prr)tcction to the most delicate part of

the brain, that containing the vital centres. The frontal lobes, of much less impor-
tance as to vital function, rest directly on the bone in the anterior fossa ; and are there-

fore more subject to direct traumatic influences. The fact that tJie subarachnoid
space is continuous with the ventricles through the foramina of Magendie and of

Luschka, and communicates freely at the foramen magnum with the subarachnoid
space of the cord, explains how excess of pressure within the cranium at one part

may be relieved by escape of fluid to other parts. It explains also why pressure

on a spina bifida will sometimes produce symptoms of cerebral compression ; and
\ace versa, why the increased congestion of the cerebral vessels from expiratory-

efforts, as in coughing, will increase the tension in the spinal tumor.
Occlusion of the foramen of Magendie, by the products of inflammation, may

cause increase of fluid from retention in the ventricles, with the development of

hydrocephalus, and it is in this way that internal hydrocephalus occasionally follows

meningitis. For the purpose of determining the cause of this condition, subarach-
noid fluid is sometimes withdrawn through a hollow needle.

The lateral ventricles can be tapped through a trephine opening 3 cm. (1%
in.) behind the external auditory meatus, and the same distance above Reid's base
line—drawn from the lower margin of the orbit through the middle of the external

auditory meatus. The needle is passed towards a point on the opposite side of the

skull, 6.5-7.5 cm. (2}{>-2, in.) vertically above the external auditorv' meatus. Under
normal circumstances the ventricle is from 5-5.6 cm. (2—2^ in.) from the surface,

but if the ventricle is distended the distance is shorter.

By a trephine opening in the occipital bone in the subcerebellar region, the

subarachnoid fluid has been reached at the base of the brain where it is most
abundant.

Lumbar piaicture for withdrawing cerebro-spinal fluid for diagnostic and thera-

peutic purposes is sometimes employed. The needle should be introduced between
the third and fourth, or between the fourth and fifth lumbar vertebra, at the level

of the lower border of the spinous process, or opposite its lower third, and about
I cm. from the median line. It should be passed somewhat upward between the

sloping laminae, and should be continued inward toward the canal until, by the

diminished resistance, it is recognized that the point of the needle has entered the

subarachnoid space.

The Brain.—Of all the affections of the brain, hemorrhage is the most frequent

and most important, whilst in the spinal cord it is comparatively rare unless as a

result of trauma. Hemorrhage from the meningeal vessels is most commonly due to

trauma, but within the brain substance the usual cause is atheroma, sometimes with

the production of miliary aneurisms. A sudden strain increases the intravascular

tension and ruptures one of these diseased vessels, giving rise to pressure symptoms,
depending on the seat and extent of the hemorrhage.



I2IO HUMAN ANATOMY.

The cortex is supplied by pial vessels distinct from those supplyinjy the basal

ganglia and adjoining regions. The latter come directly from the branches of the

circle of Willis at the base. The cortical vessels anastomose ; those in the region

of the basal ganglia do not. The latter are "end arteries," so that when one is

plugged by an embolus the part supj)lied is deprived of blood and undergoes
necrosis (softening of the brain). In such a case the cortical supply would not be
permanently interfered with. When a cortical arteriole is blocked, the anastomosis

may furnish a sufficient collateral circulaUon to pre\ent necrosis in the affected

part, but cortical softening is exceedingly common. When one of the arteries forming

the circle of Willis is occluded, as an internal carotid by ligation of the common
carotid, the anastomosis in the circle is so free that, in most cases, no marked
effect is apparent. Cerebral disturbances, as delirium or convulsions, do occur in

some cases, and in some are fatal. Even when both carotids are ligated, with an in-

ter^al of some davs or weeks, the operation is not more frequently followed by cere-

bral disturbances than when only one is tied (Pilz). A case in which the patient

lived after one carotid and one vertebral had been obliterated by disease, and the

other carotid ligatured, has been reported (Rossi). In another case, although both

carotids and both vertebrals had been occluded, the patient lived a considerable time

afterward, the cerebral circulation being maintained through the medium of anas-

tomosis of the inferior with the superior thyroids, and the deep cervical with the

occipital artery (Davy). Occasionally ligation of the carotid has been followed by
hemiplegia.

The most common seat of intracerebral hemorrhage is near the basal ganglia in

the region of the internal capsule. The artery most frequently at fault is a branch of

the middle cerebral, the Icnticiilo-striate, or artery of Charcot (page 1207). Hemor-
rhages occur with less frequency in other portions of the cerebrum, and much more
rarely in the pons, medulla oblongata, and cerebellum. The symptoms produced by
the hemorrhage are the result of destruction of tissue and of pressure upon adjacent

parts, and will vary according to the seat of the lesion. Tumors or inflammatory

products will produce essentially the same symptoms.
Cerebral Localization.—In order to understand the nature of the symptoms

produced by brain lesions it will be necessary to study at least some of the functional

areas of the cortex and their paths of conduction through the brain substance.

Taylor has summarized as follows the researches of His and of Flechsig, which

are of comparatively recent date and ha\e thrown new and valuable light upon the

functions possessed by the cortical regions of the brain, by the study of their mode of

development. Flechsig succeeded in following the various tracts through their

myelination. The tracts which are functional earliest receive their myelin before the

others. He has shown that the fibres in the spinal cord, medulla, pons and corpora

quadrigemina are almost entirely meduUated when the higher parts show little or no

myelin. In the new-born child the cerebrum is almost entirely immature, and
proportionately few of its fibres are meduUated.

According to Flechsig, the sensorv paths in the brain first become meduUated,

and may be obser\'ed developing one after another, beginning with that of smell and

ending with that for auditory impulses from the periphery to the cortex. In this

way it has been ascertained that the individual sensory paths terminate in tolerably

sharply circumscribed cortical regions, for the most part widely removed from one

another, being separated by masses of cortical substance v.hich remain for a consid-

erable period immature or undeveloped. The cortical sense areas thus mapped out

correspond entirely to those regions of the surface of the brain which pathological

observation has shown to stand in relation to the different qualities of sensation.

Olfactory fibres are found to end mainly in the uncinate gyrus. Visual fibres have

been traced to the occipital lobe in the neighborhood of the calcarine fissure, and

auditory fibres to the temporal lobe. Flechsig has further obser^•ed that new paths

begin to develop from the points where certain of the sense fibres terminate and pur-

sue a downward course. They can be followed from the cortex to the medulla and

to the motor nuclei of the cord. These descending paths are mainly those known as

the Pyramidal or motor tracts, and the area from which they proceed, commonly
called the Rolandic region, is, according to Flechsig, concerned also in the sensation
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of touch ; he calls il ihc sonuesllulic aica. It incluclcs ihc prc-ccntral and poblceiitral

convolutions, the paracentral lohulc. The sensory fibres jnissing from the periph-

ery to this area would appear to excite sensations of t(juch, pain, temperature,

muscle- and tendon-sense, eciuilibrium, etc. This cortical region probably repre-

sents a complex mass of sense centres rather than a single sensory area, and in

additit)!! to being a sensory field, the soniiesthetic area is the irrcat motor rci^ion

of the hut in.

Wiien this sensory-motor area aiul llu- \arious senscjry areas are fully taken into

account, there still remain about two-thirds of the cortex which ajjpear t(j have noth-

ing to do with the periplur\'. I'lechsig calls these regions of tfie cortex "" associa-

tion ct'ntrcs," as he believes they furnisii arrangements for uniting the- \arious central

sense areas.

The best known cortical areas are the motor, speech, visual, and auditory, al-

though new contributions to our knowledge arc being made from time to time. Re-
cently Griinbaum and Sherrington have demonstrated in the cortex of the higher

apes, including the orang and several species of the chimpanzee and gorilla, that the

motor area was found in the whole length of the i)recentral ccjnvolution and the en-

FiG. 1041.

Left cerebral hemisphere illustrating diagratninatically motor zone and its subdivisions. {Mills.)

tire length of the central fissure. It did not at any point extend behind the central

fissure. They demonstrated other important facts in connection with this and other

areas. These results have been in part at least confirmed by recent histological re-

searches, and by faradization of the human brain during operation for the purpose

of more accurately identifying the relations of the opening to the area to be exposed.

The most important, because the best known, area of the cortex, is that asso-

ciated with the fissure of Rolando and the fissure of Sylvius.

Before the publication of the experiments and observations just alluded to, the

motor zone was regarded as extending over both central convolutions which lie one

anterior and the other posterior to the central fissure or fissure of Rolando, also over

the paracentral lobule on the median aspect of the hemisphere, and to some extent

into the posterior extremities of the first and second convolutions. The trend of

opinion is now in favor of the view that the motor region is entirely or almost en-

tirely in front of the central fissure (Monakow, Mills). This is, of course, a matter

of considerable importance in trephining for a tumor or hemorrhage supposed to be

situated in this area, as instead of making the opening directly astride of the fissure

of Rolando it would be better, if these views are correct, to operate with the idea of

exposing a region two-thirds or three-fourths in front and one-third or one-fourth

behind the central fissure.
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In the lower one-third or fourth of the motor zone are found the motor centres

for thG/ace and tongue, that is, for the facial and hypoglossal nerves. In the middle
third or half are the arm centres. In the upper part of the region and paracentral

lobe, are the centres for the loiver extremity. Localized lesions of the motor zone
may therefore produce a paralysis limited to one part controlled by the affected por-

tion of the cortex, as of the face, arm or leg (monoplegia). The lesion is much
more likely to involve two adjacent areas, as of the face and arm, or of the arm
and leg, giving rise to a combined paralysis ; but no single lesion, unless it were
crescentic in form, could involve at the same time the leg and face areas without
including the intervening arm area.

Within each of the larger areas a more specialized differentiation is possible,

although none of them can be sharply defined, not even the larger. That the facial

centre lies in the lower part of the anterior central convolution is certain, and it is

believed that the upper and lower muscles of the face are each represented by a sepa-

rate centre. In the upper and forward part of the face-area are represented the

movements of the cheek and eye-lids ; in the posterior part the movements of the

pharynx, platysma and jaws.

Fig. 1042.

Diagram illustrating probable relations of physiological areas and centres of lateral aspect of left cerebral

hemisphere. (Mills.)

In the arm-area it is considered as certain that the centre for the movements of

the thumb and index finger is below; above is that for the finger and hands; and
in the highest part is that for the shoulder. In the posterior parts of the second
frontal convolution and in a portion of the third frontal convolution are the centres

for the associated lateral movements of the eyes and lateral movement of the head
(Beevor and Horsley).

Our knowledge of the more special localization within the leg centre is not at all

exact, and the many views held are very contradictory. It is believed that the

centres for the movements of the thigh, knee, foot, and toes, are arranged in the

order named, from before backward on the lateral border of the hemisphere and in

the paracentral lobe.

A narrow zone for the movements of the trunk, as shown by Griinbaum and
Sherrington, is located between the upper border of the arm-area and the lower

border of the leg-area. It is now considered probable, however, that the cutaneous

sensory centres are posterior to and in close contact with the motor centres in

the postcentral convolution, while other centres for stereognostic perception and the

muscular sense are located in the superior and inferior parietal convolutions.

The speech centres are in the posterior part of the third left frontal convolution

(Broca's convolution), in right-handed people in the first left temporal convolution,

and perhaps in the left angular gyrus.
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In Rroca's CDnvolution is probably the centre for motor speech, and a lesion

here yixes motor aphasia, an in.il)ility to transform C(jnce()ts into words, although
the patient is conscious and the tonj^ue can be iiKned. A minor part in speech is

played by the posterior part of the right third frontal convolution, but in the left-

handed it is ])robably the chief centre.

In the tlrst left temporal convolution is the aiidilory centre for speech, a lesion

of which leads to a loss of memory ft)r word-sounds, though the hearing may be
undisturbed.

The centre for memory of printed 7i'ords is probably in the left angular gyrus
;

and a lesion there i)robably causes a loss of the ability t(j read or to understand

written language, though ordinary sight is und'iturbed. The existence of a motor
writing centre is doul)tful (Oppenheim). If it exists, it is probably hjcated in the

posterior portion of the left second frontal convolution.

We have no definite knowledge of the location of centres for smell and taste.

That for smell is thought to lie in the uncinate gyrus. The centre for taste has been
supposed to be in the anterior portion of the gyrus fornicatus, but it is not dpcided,

although it is probably near the centre for smell.

l-'iG. ie43.

Diagram illustrating probable relations of physiological areas and centres of mesial aspect of right cerebral
hemisphere. {Miils.)

The auditory ceyitre, as indicated, is in the upper temporal convolution. It is

very likely that the centre of each side is connected with both auditory nerves, so

that a paralysis of one side by a unilateral lesion of one side may be compensated for

by the centre of the opposite side.

It is probable that no part of the cerebral cortex is absolutely without function,

although the functions of some areas are very little known. Unilateral disease of the

anterior portion of the frontal lobe may be extensive without notable symptoms of any
kind. The atrophy is often most marked here in general paralysis of the insane,

and in other forms of dementia. It is generally agreed that the seat of " the higher

psychical functions
'

' is located in the prefrontal lobes, the left side being perhaps
more active than in the right.

Reference has already been made to the relation of the occipital cortex to sight,

and of the temporal to hearing. The cuneus and calcarine fissure together constitute

a primary or lower cortical or visuo-sensory centre, while the lateral aspect of the

occipital lobe is a visuo-psvchic area, containing sub-areas or centres concerned with

higher visual processes. ^lind blindness, for instance, results from destructi\e lesion

of the lateral occipital lobe, particularly if the lesion is a large one, in the left hemi-

sphere, or if lesions of both occipital lobes are present. A lesion of the cuneo-

calcarine cortex causes lateral homonymous hemianopsia. This may be produced
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also by a lesion in the lateral portion of the occipital lobe, if it extends inwards

sufficiently to interrupt the optic radiations.

In spite of extensi\ e researches the functions of the central ganglia are very

little known.
Lesions of the cerebellar hemispheres may not produce distinct phenomena

until the median lobe or vermiform process is involved, when two especially charac-

teri-stic svmjjtoms will almost certainly develop. These are a peculiar disturbance of

equilibrium with a staggerinj:>- gait (cerebellar ataxia), and a troublesome vertigo.

Although the patient can scarcely stand alone he may possibly be able to perform

the most delicate movements with his upper extremities. The vertigo occurs only

in standing or walking, and is then almost always present. Nystagmus is also a

frequent symptom. X'omiting is very often present, but is not characteristic, since

it is equally frequent in other brain diseases.

Extending along the floor of the aqueduct of Sylvius and of the fourth \ entricle,

that is, along the cerebral peduncles, pons and medulla, we find the nuclei of origin

of the motor fibres of the cranial nerves. It should be borne in mind that the con-

trolling centres of these nerves are in the cerebral cortex. Many automatic centres,

as of circulation, respiration, sweating, and regulation of heat, as well as the motor

and sensory tracts are found in the medulla.

Cranio-Cerebral Topography.—In order that the surgeon may expose and

recognize certain areas of the cortex, it becomes very important that the relations

between these areas and the corresponding external surface be well understood. For

this purpose advantage is taken of the landmarks of the skull (page 241). From
these bony points, ridges and depressions, by means of lines and measurements, the

known cortical areas may be accurately mapped out.

The iippcr limit of each cerebral hemisphere is indicated, approximately, by the

median line at the top of the skull from the glabella to the external occipital protu-

berance, due allowance being made for the superior longitudinal sinus, which lies

under the skull, in the longitudinal fissure, between the two hemispheres.

The lower limit is represented by a transverse line, in front, just above the upper

margin of the orbit. At the side of the skull the line passes from about a half inch

above the external angular process of the frontal bone to just above the external

auditory meatus. From here it passes to the external occipital protuberance ;
this

part of the line corresponding, approximately, to the lateral sinus. The cerebellum

lies immediately below this line.

Of the brain fissures, those of greatest importance in cerebral localization are

the Rolandic and Sylvian, since by means of these all the best known cortical centres

can be located. Of the two, the fissure of Rolando is much the more important,

because the motor, the most definitely known cortical area, is associated with it. Its

upper limit is at a point about 12 mm. Cone-half inch) behind the mid-point between

the glabella and the inion, arid about one-half inch from the median line. It passes

outward, downward, and forward, approximately, at an angle of 71° with the median

sagittal line of the skull. It is 8.5 cm. (333 in.) long (Thane), and ends below just

above the fissure of Sylvius. Near its lower end it turns rather suddenly downward,

so that, in this part, it is not in the line of the angle of 71°.

Many methods have been devised for the purpose of making the line of the

fissure on the scalp.

Chietie' s method consists oi folding an ordinan*' square sheet of paper on the

diagonal line, thus dividing an angle of 90° in half, making two of 45°. One of these

angles of 45° is again halved in a similar manner, making two new angles each of

2254°. The paper is then so unfolded that one of the angles of 22^4 ° is added to that

of 45"^, making a new angle of 673^° ; this will be sufficiently near that of the fissure

of Rolando for all practical purposes.

Horsley s cyrtometer consists of two strips, either of thin, flexible meta) or of

parchment paper, each graduated in inches. The lateral arm is placed at an angle

of 67° with the long arm, the apex of the angle being at a point 12 mm. or one-half

inch behind the mid-point of the long arm.

Le Fort simply drew a line from the beginning of the fissure, above, to the mid-

dle of the zygoma, below, and marked off on this line the proper length of the fissure.
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Anderson ;uul Mackins sumni-st : ( i ^ ;i im-dian saj^iltal liner lri)in the glabella lo

'thcinion ; (2j a frontal line from the inicl-sa^ittal point to the depression jnsi in front

of the ear at the level of the upper border of the meatus
; (3; a squamosal line fn^m

the most external point of the txternal anj;ular process, at the level »jf the superior

border of the orbit to the junction of the middle ami lower thirds of the frontal line,

and prolonj^ed for about 3.7 cm. ( 1 3^ in. j behind the frontal line. The uj)|jer ex-

tremity of the central fissure was found by them to lie between the mid-sagittal jjoint

and a point iS mm. ( -'^ in. ) behind it, and the lower extremity of this fissure they
located near the scpiamosal line, about 18 mm. (^ in. ) in front of its iinuti«)n with
the frontal line. The connnenct'ment of the lateral portion of the .Sylvian fissure is

not at a definite fixed point, but will usually be hit at a point from 3.7-5 cm. ( lyd-'Z

in.) behind the angular process, the course of the horizontal |;orti<jn of this

fissure corresponding closely to the s^iuamosal line (Mills).

Fissure of Kolaii Line for Kol.-mdic fis.sure

Inlerp.Trietal fissti

External parieto-
occipital fissure

Parietal eminence

Posterior limb
Sylvian fissure

ne for
Sylvian fissure

Vertical limb
of Sylvian fissure

Horizontal limb
of Sylvian fissure

Glabella

Nasion

Lateral sinut

Semidiagrammatic view of head, showing relation of Rolatidic antl Sylvian fissures and lines.

The fissure of Sylvius begins anteriorly, appro.ximately, at a point 3 cm. (i^^

in. ) behind the external angular process of the frontal bone ; and ends posteriorly at

a point 18 mm. (3/^ in.) below the parietal eminence. A straight line between these

two points will represent the fissure, which is about 10 cm. (4 in. ) long. The an-

terior 18 mm. (^ in.) of this line will correspond to the main portion of the fissure

and the remainder to the horizontal limb. The vertical limb ascends for about

2.5 cm. (i in.) from the posterior end of the main fissure. Around the posterior

end of the horizontal limb, and approximately under the parietal eminence lies the

supramarginal convolution. It is continuous in front with the ascending parietal

convolution, and behind with the angular gyrus.

The parieto-occipital fissure is most marked on the mesial surface of the brain.

The e.xternal limb passes outwards, almost at right angles to the longitudinal fissure

on the external surface for about 2.5 cm. and lies from 2-3 mm. in front of the lambda.

Th^frofital lobe is divided into three main convolutions by the superior and in-

ferior frontal sulci. The line for the superior frontal sulcus passes directly backward
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from the supraorbital notch, and parallel to the longitudinal fissure to within i8

mm. ( ;^ in. ; of the fissure of Rolando. The inferior frontal sulcus is represented,

approximately, by the anterior end of the temporal ridge.

In the parietal lobe the most important sulcus is the intraparietal. It begins

near the horizontal limb of the fissure of Sylvius, and passes upward and backward
about midway between the fissure of Rolando and the parietal eminence. It then

turns backward, running about midway to the longitudinal fissure and the centre

of the parietal eminence. Above the sulcus, in front, lies the ascending parietal

convolution, just posterior to the fissure of Rolando and behind the superior pari-

etal lobule. Below the sulcus, anteriorly,, is the supramarginal convolution, and
posteriorly, the angular gyrus.

Fig. 1045.

Ere^ma

Lateral ventricle

Middle meningeal
rten-, anterior
branch

Posterior horn of
lateral ventricle

Lateral sinus

Middle meningeal artery, posterior
branch ; inferior horn 01 lateral
ventricle seen beneath

Semidiag^rammatic view of head, showing position of ventricles, lateral sinus and middle meningeal arteries
as projected on skull.

The temporal lobe lies below the fissure of Sylvius and e.xtends forward as far as

the edge of the malar bone. • The first temporal sulcus lies about one inch below and
parallel with the fissure of Sylvius, and the second about i8 mm. (3^! in. J lower.

The occipital lobe lies posterior to the parieto-occipital fissure and the tem-

poral lobe.

The motor tracts are made up of the fibres passing from the motor portion of

the corte.x in the Rolandic region to the motor nuclei from which arise the nerves

supplying the muscles which the cortical areas control. After leaving the cortex the

fibres pass downward in the corona radiata, and converge to the posterior limb of the

internal capsule. The motor fibres of the cortico-bulbar and cortico-spinal tracts,

occupy the genu and adjacent third of the internal capsule (page 1188), although

Dejerine holds that the whole posterior limb is motor. They continue their course

downward through the crura cerebri, pons, and medulla ; in the lower part of the

latter the greater number cross to the opposite side and pass down in the cord as the

lateral or crossed pyramidal tract. A small number, sometimes absent, pass down
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on thf siinu- side. \Vc have already seen that k-sions of the c(jrtex produce inono-

pletjia, unless lar^e enough to involve the whole niot(»r zone, but ((^rtical hemiplegia

is much more common than cortical monoplegia. In the internal capsule the motor
fibres are i^athereil toijether so compactly that a small lesicjn, as an ajjoplectic hemor-
rhage, will fre(|uently interrupt the whole tract and give a hcniiplegia of the oj)posite

side of the biulv.

In the metluUa and cord tlu- tracts of'both sides are so close together that a
lesion may easily paralyze both sides

(
j)araplegia) ; indeed, diseases of the cord fre-

quentlv in\()lve the whole transverse section, paralyzing sensatif)n as well as motion.
" Regarding disturbances of sensation, it is of importance to recall the anatomical

relations of the chief sensory paths, the mesial fillet and the sjjino-thalamic tract.

The former arises from cells within the gracile and cuneate nuclei of the medulla,

arouiul which cells the long fibres of the posterior column end. The fibres of the

fillet-tract, therefore, cross in the sensory decussation within the medulla. The fibres

of the spino-thalamic tract, on the other hand, are a.xones of spinal cells situated on
the opposite side and undergo crossing within the cord. Within the brain-stem, the

two paths are closely associated and lesions within the medulla may involve both sets

of fibres, leading to comjilete hemi-ancsthesia of the ojiposite side. Unilateral lesions

of the cord, on the contrary, produce only partial hemi-anesthesia, since within the

cord the tracts ascend on different sides.
'

'

Hcmipinria is, therefore, the common form of cerebral paralysis
;
paraplegia the

common form of spinal paralysis ; while monoplci^ia occasionally results from lesions

of the brain corte.x, but more commonly from lesions of peripheral nerves.

The sides and convexity of the brain can be exposed for operation, so that lesions

of the cortex can be attacked and often removed ; but the region of the internal

capsule, which is near the basal ganglia, cannot be reached.

The soft brain may be injured by contact with its bony walls when the head is

violently shaken, the spaces surrounding the brain and filled with fluid permitting

considerable moxement of the brain. The injury in cerebral contusion occurs more
frequently on the under surface, both as regards the cerebrum and cerebellum, than

on any other part ( Prescott Hewett). That portion, however, which includes the

medulla, pons, and interpeduncular space, rests on a large collection of cerebro-

spinal fluid, and is least frequently injured.



THE PERIPHERAL NERVOUS SYSTEM.

In a broad sense and as contrasted with the cerebro-spinal axis, the peripheral

nervous system includes all the nerve-paths by which the various parts of the body

are brought into relation with the brain and spinal cord. These j^aths embrace, in

a general way, two groups. One group, the somatic nerves, includes the nerves

Fig. 1046.
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Inferior aspect of brain, denuded of its membranes, showing superficial origins of cranial nerves ; origin of trochleai

nerve is on dorsal surface and therefore not seen.

supplying the voluntary muscles, integument and organs of special sense ; the sec-

ond group, the visceral nerves, includes those supplying the involuntary muscle

throughout the bodv and the thoracic and abdominal viscera. The somatic nerves

are subdi\-ided into (a) the cranial nerves, which are attached to the brain and pass

through foramina in the skull, and (<5) the spina/ nerves, which are attached to the

spinal cord and traverse the intervertebral foramina. The visceral, or splanchnic

121S
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nerves, although directly or indirectly connected with the cerebro-s|>inal axis, pre-

sent peculiarities aiul, as the system of sytnpalhctic nerves, are accorded, at least for

convenience (jf description, a certain degree of independence. While by no means
all of the spinal nerves contribute sj)lanchnic branches—such branches being given

off especially by the thoracic and upper lumbar nerves—they all receive sympathetic
filaments, which form, therefore, integral parts of the somatic nerves. From the

sympatlulic neurones of the ganglialed cords axones pass, by way of the gray rami
communicantes (page 1357), to the trunks of the spinal nerves and thence by these

are carried to all parts of the body for the supjily of the involuntary muscle occur-

ring within the blood-vessels and the integument and for the cutaneous glands. Fur-
thermore, it must be remembered, that although the predominating constituents of

a spinal nerve may be axones derived from anterior horn root-cells and destined for

voluntary muscle, such trunk also contains a number of afferent fibres which convey
impulses received from the neuromuscular and neurotendinous sensory endings, the

nerve-trunks reckoned as "motor" in all cases, when analyzed, being found to con-

tain sensory and sympathetic fibres as well as efferent ones.

THE CRANIAL NERVES.

The cranial nerves (ncrvi cerebralcs) include twelve pairs of symmetrically

arranged nerve-trunks, which are attached to the brain and, traced peripherally,

escape from the skull by passing through various foramina at its base to be distrib-

uted for the most part to the structures of the head.

The point at which a cranial nerve is attached to the surface of the brain is

designated its superficial origin ; the group of more or less deeply situated nerve-

cells with which its fibres arc directly related is often spoken of as its deep origin.

From what has been said (page 1278) concerning the position of the cell-bodies of

motor and sensory neurones, it is evident that only the motor fibres of the cranial

nerves spring from nerve-cells within the cerebro- spinal axis, while the fibres con-

ducting sensory impulses arise from nerve-cells situated within ganglia lying outside

the central nervous axis and somewhere along the course of the nerve-trunks. It

follows, therefore, that the term "deep origin," as applied to the cell-groups within

the brain, can properly relate only to the origin of motor fibres ; the cell-groups with

which the sensory fibres come into relation after entering the brain-substance are in

reality nuclei of reception, or of termination, and not of origin. The sensory

impulses so received are transmitted to various parts of the brain by the more or less

complex paths afforded by the aeurones of the second, third, or even higher order.

In addition to their relation to the deep nuclei, whether of origin or of reception, the

fibres of every cerebro-spinal nerve are directly or indirectly influenced by neurones
situated within the shell of gray matter that covers the cerebrum. The position of

these higher cortical centers, as they arc termed, is known with considerable

accuracy for many groups of nerves, but regarding "Others more definite data con-

cerning cerebral localization must be awaited.

Bearing in mind the foregoing distinctions, for convenience we may follow the

conventional description in which all the nerves are regarded as passing away from
the brain, the direction in which they convey impulses, centripetally or centrifugally,

being for the time disregarded.

On leaving the surface of the brain at its superficial origin, each cranial nerve,

invested by a sheath of pia mater, traverses for a longer or shorter distance the sub-

arachnoid space, pierces the arachnoid and from the latter acquires an additional,

but usually not extensive, sheath. It then enters a canal in the dura mater that

leads to the foramen in the skull, through which the nerve escapes from the cranium,

invested by a sheath prolonged from the dura which is continuous with the epi-

neurium covering the nerve-trunk. The position of the dural aperture and that of the

foramen bv no means alwavs correspond, some of the nerves, notably the fourth and
sixth, pursuing an intradural course of some length before gaining their osseous exit.

According to the order in which they pass through the dura lining the cranium,

the pairs of cranial nerves are designated numerically from the first to the twelfth.

They are further distinguished by names based upon their distribution or functions.
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the mesial surface of the superior turbiiiale hour and a somewhat larger held on

the adjacent upper part of the nasal septum. The olfactory nerves (Fig. 1048),

Kk;. 1047.
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whose fibres are nonmedullated, exhibit a ple.xiforni arrangement within the deeper
part of the nasal mucous membrane, pass upward through the cribriform plate of

Fig. 1048.
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the ethmoid bone and enter the under surface of the olfactory bulb. Within the

latter the nerve-fibres end in terminal arborizations in relation with the dendritic

processes of the mitral cells (Fig. 995), sharing in the production of the peculiar

olfactory glomeruli.
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Central and Cortical Connections.—The impulses conveyed by the olfaetorj- nerves and
received by the mitral cells of the olfactory bulb, which cells may be rej^arded as constituting

the end-station or reception-nucleus of the peripheral path, are carried to neurones situated either

within the gray matter of the olfactory tract, the anterior perforated space or the adjacent part

of the .septum lucidum (Fig. 1049). Fibres connecting the olfactory centres of the two sides pro-

ceed from the cortex of the tract by way of the anterior commissure, forming \.\\ii pars olfactoria

of the latter, to end in relation with the cells within the opposite tract or bulb. From these

primary centres the impulses are transmitted by different paths to the secondary or cortical

centres situated in the anterior part of the hippocampal convolution in the vicinity of its uncus,

including the hippocampus major and the nucleus amygdalae.

I. The most direct path is by way of the lateral root of the olfactory tract (page 1153J, by
which fibres from cells within the trigonum olfactorium pass, skirting the Sylvian fissure, to the

anterior part of the gyrus hippocampi to terminate in relation with the cortical cells of that

convolution.

Fig. 1049.

Diagram showing most important connections of olfactory tracts ; LC lamina cribrosa ; P, olfactory bulbs ; TV,

olfactory tract ; Tlf, olfactory trigone ; /.i-, Mr, lateral and mesial striae ; /^, anterior commissure : CC, corpus callo-

sum ; SL, septum lucidum; Fx, anterior pillar of fornix; M, mammillary body; >«-/, manimillo-thalamic tract

;

/J/*, anterior perforated space; Ti^w.'taenia semicircularis; 7", thalamus; />«, fimbria descending on hippocampus;
U, uncus ; AN, amygdaloid nucleus ; TL, temporal lobe.

2. Fibres from the cells within the olfactory trigone (page 1153) and the anterior perfo-

rated space (page 1 153) pass into the septum lucidum and, reinforced by others from cells of the

septum, enter the fornix ; thence continuing backward and downward by way of the fimbria

they reach the hippocampus major.

3. Fibres from cells within the olfactory trigone turn inward and by way of the medial root

of the olfactory tract gain the gyrus subcallosus ; thence they pass along the upper surface of the

corpus callosum within its longitudinal striae and descend by way of the dentate gyrus to reach

the anterior end of the hippocampus major.

4. Fibres from cells within the anterior i)erforated space and septum lucidum, joined by
accessions from the opposite olfactory^ tract by way of the anterior commissure, converge to the

taenia semicircularis (page 1162) and, passing along the floor of the lateral ventricle, descend
within the roof of the descending horn to end in the amygdaloid nucleus (Dejerine). During
their ascent from the anterior perforated space, some fibres diverge almost at right angles and
pass backward directly to the optic thalamus. The connections between the cortical centres of

olfaction and the optic thalamus, as well as those between the olfactory centres of the two
sides, by way of the fornix, are described on page 1167.

Practical Considerations.—Lesions of the uncinate ,?yrtis may cause loss

of the sense of smell on one or both sides. Paralysis of the olfactory nerve with loss

of smell may also occur in fractures of the base of the skull in the anterior fossa,

involving the cribriform plate.
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TIIK OPTIC NKRVE.

The (iptic nerve (n. opticus) is, as conventionally described, part of the pathway
which includes additionally the optic commissure and the optic tract and transmits
the visual impulses receiveil by the retina to the primary centres within the pulvinar
of the optic thalamus and the external j^eniculate and superior quadrigeminal bodies.
The retina, the nervous tunic ot the eye

(
Jjaj^^e 1462), comprises three fundamental

layers

—

(a) the i)erci|)ient vismi/ it/is, {6) the receptive x'^^'iT'''^'^ rctince and {c) the
cerebral layer. The latter contains the neurones, the axones of which constitute the
nerve-til^res that converj^e towards the optic disc and, jMercin^'- the vascular and
fibrous coats, form the greater i)art of the ojjtic nerve, commissure and tract.

In addition to the libres of retinal orij;iii, wliicli alone carry visual impulses, the optic
nerve contains a considerable number of supplementary fibres, which are only indirectly con-
cerned in si^ht. Some of these fibres, distinj^uished by their small diameter, pass towards the
retina, originating within the brain from the cells of the primary visual centres or from sympa-
thetic neurones, and probably transmit vasomotor impulses controlling the retinal blood-
vessels. Other supplementary fibres, perhaps by way of a centre situated within the medulla,
pass from the retina and are regarded as conveying indirectly to the oculomotor nucleus the
impulses resulting in refle.x pupillary movements.

The Optic nerve (Fig. 1198) extends from the eyeball, which it leaves about
3 mm. to the medial side of the posterior pole, to the optic commissure. Leaving
the eyeball, the nerve pursues a slightly sinuous course backward, inward and up-
ward towards the apex of the orbit, where, surrounded by the origins of the recti

muscles, it traverses the optic foramen in the sphenoid bone in company with the

ophthalmic artery, which lies to its outer and lower side. On gaining the interior

of the cranium, it con\erges towards the nerve of the opposite side with \yhich it

joins X.O form the major part of the oplic coijiniissiire in the vicinity of the olivary

eminence, medial to the internal carotid artery. The entire length of the optic nerve
is from 30-40 mm., of which the intraorbital part includes from 20-30 mm., thus

allowing for changes in the position of the eyeball without undue stretching of the

nerve. Its diameter is from 3-4 mm. Within the orbit the nerve is embedded in the
orbital fat and surrounded by the ocular muscles and, near the eyeball, by the ciliary

vessels and nerves. It is crossed above and from without inward by the ophthalmic
artery and the nasal nerve, and, about 10 mm. from the eyeball, is penetrated by the

central artery of the retina, which, with its companion vein, continues its intra-

neural course as far as the optic disc. In addition to a sheath from the pia mater
and a delicate one from the arachnoid, the optic nerve receives a robust tubular pro-

longation from the dura at the optic foramen. These sheaths, with the intervening

subarachnoidal and subdural lymph-spaces, are continued on the nerve as far as the

eyeball, where they blend with the sclerotic coat.

The optic commissure (Fig. 1046), formed bv the meeting of the converging
optic ner\es in front and the di\erging optic tracts behind, is somewhat flattened and
transversely oblong and measures about 12 mm. where broadest. It rests upon the

olivary eminence, is embraced at the sides by the internal carotid arteries, and lies

beneath the floor of the third ventricle in advance of the tuber cinereum in close rela-

tion with the inferior surface ot the brain. It divides posteriorly into the two optic

tracts. On reaching the commissure, or chiasjn^ as it is sometimes called, the optic

fibres, estimated at upwards of half a million (Salzer), undergo partial decussation,

those from the nasal or inner half of each retina crossing to the mesial part of the

opposite optic tract, while those from the temporal or outer half continue into the

lateral part of the tract of the same side. The existence of a commissural loop con-

necting the two optic nenes has not been established, although formerly accepted.

Occasional instances have been encountered in which the decussation of the

optic fibres was complete, thus repeating in man the condition that normally obtains

in all nonmammalian vertebrates, as well as in a few rodents (mouse, guinea-pig).

Rarely the optic commissure has been absent, the optic fibres passing directly into

the tract of the same side.
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The entire commissure, however, is not composed of optic fibres, jsince its posterior part
is formed by a bundle, known as Gudden's commissure (commissura inferior) (pajje mo), which
passes forward alonj^ the mesial side of the optic tract, loops around tlie posterior anj;le of the
commissure and enters the opposite tract. These fibres liave no connection witii the path of

sight-impulses, but are probal)ly chiefly related with tlie median or internal geniculate bodies
and the inferior corpora quadrigemina (i>age iiiu).

The optic commissure also contains fibre-strands that arch around its posterior angle, par-

allel with, but separated by a thin layer of gray matter from Gudden's tract. Concerning the

origin and destination of these fibres, termed Meynert's commissure (commissura superior), little

is known, Ey some they are regarded as continuations of tlie mesial fillet that, after decussa-

FlG. loso.

Diagram showing' course of retinal fibres in optic pathway and their connection witli basal ganglia and primary
cortical centres; smaller figure illustiates pathoi light-ray and resulting impulse through retina : A", retina; ON. OC,
OT, OR, optic nerve, chiasm, trai t and radiation , F, pulvinar ; Eg, SQ, lateral geniculate and superior <juadrigcni-
inal bodies; Oc Cx, occipital cortex; ///, /K, VI, nuclei of eye-muscle nerves.

tlon, pass to the globus pallidus of the lenticular nucleus of the opposite side. Others deny
such relations, while Kolliker describes them as bending upward, traversing the ventral part

of the cerebral peduncle, to end within the corpus subthalamicum (page 112S).

Additional commissural fibres (commissura ansata) descend from the floor of the third

ventricle and from the peduncle of the septum lucidum, by way of the lamina terminalis, to tiie

front and upper part of the optic chiasm ; other fibres pass from the ventricular floor to the back
of the chiasm. For the most part these fibres cross to the opposite side to be lost in the sub-

stance of the optic commissure. Although regarded as in a way constituting a ventral optic

root, their connections and significance are not understood.

The optic tract (Fig'. 993) is the continuation of the optic nerve, its chief

constituents being the crossed and uncrossed retinal and the supplementary fibres.

On leaving the commissure, the tract diverges in front of the interpeduncular space,

mesial to the anterior perforated space and the termination of the internal carotid

artery, and sweeps outward and backward from the base of the brain around and
close to the cerebral peduncle, becoming flatter and broader as it proceeds. Near
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its posterior ciul the tract txliibits a furrow that iiulicatcs a sulxlivision into a vwsial
Ami i\ /a/era/ roo/ {F\\r. 915). The latter, the visual lujrtion of the optic tract, is

traceable into the prominent overhanj^inj^ puKinar of the (jptic thalamus, the ill-

cletined lateral j^eiiiculate body and, by means of tlu- superior brachium, into the supe-
rior (juadri^eminal botly. The mesial root, (jn the other hand, c(jnlains the fibres

formiiij^- (iuddeii's commissure ( paj^e 1 1 10) and is ri;lati'd to the distinct median
geniculate l)()cl\- anil, i)v tlie inferior i^achium, to liu- inferior (luadrigeminal body.

Central and Cortical Connections.—Arising as axones of the retinal neurones, the optic
nerve-lihres are ctinliiiiud l)ackuarcl throiij^h tlie commissure and tract and end in relation with
the neurones of liie primary centres situated in the |)ulvinar, the lateral j^eniculate and the
superior (iuadri};eminal body. It is, however, within the lateral j^eniculate body that the greater
number (So per cent, accordinji; to .Monakow) of the visual fibres terminate, relatively few pass-

ing to the pulvinar and the superior (luadrigeminal body (Spiller). The cortical connections are
established by fibres which pass from the cells of these primary centres and, as the a/>/ic radia-

tion (page 1 123), sweep outward and backward into the occij^ital lobe to end in the corte.x of the

cuneus in the vicinity of the calcarine fissure. It is probable that a limited luiniber of retinal

fibres pass directly to the cerebral cortex without interruption in the primary centres. In addi-

tion to the centripetal paths just mentioned, fibres arise from the cortical cells of the cuneus
and, sharing the optic radiation, pass as efferent tracts which not only terminate in the lateral

geniculate and (luatlrigeminal bodies, but also establisli indirect relations with the nucleus of the

oculomotor nerve. The ultimate distribution and influence of the impressions of sight are very
complex and far reaching, siich impressions being capable of afifecting numerous motor and
sensory centres.

The exact path by which pupillary impulses reach the oculomotor nucleus is uncertain and
perhaps two-fold. It may be assumed, however, that if they proceed by way of the superior

quadrigeminal body, the optic fibres are not directly continued to the nucleus of the third nerve,

but end within the superior colliculus, from whose neurones the immediate connecting links pro-

ceed to the oculomotor nucleus. Accumulating evidence points to the existence of a more
remote special centre for pupillary reflexes within the lower part of the medulla ; in such case the

oculomotor nucleus is, perhaps, influenced by impulses which pass from the medullary centre

upward by way of the posterior longitudinal fasciculus (Bach).

Practical Considerations.—The cranial nerves of the eye will be discussed

in connection with that organ.

THE OCULOMOTOR NERVE.

The third or oculomotor nerve (n. oculomotorius), the chief motor nerve of the

intrinsic and extrinsic muscles of the eyeball, supplies branches to all the extraocular

muscles, with the exception of the external rectus and superior oblique, as well as

fibres to the sphincter pupillae and the ciliary muscle within the eyeball.

Its deep origin is from the ociilomolor Jiiicleiis situated medially and deeply
within the gray matter of the floor of the Sylvian aqueduct, in close relation with the

dorsal surface of the posterior longitudinal fasciculus (Fig. 963).

The nucleus is from 6-8 mm. in lengtli and extends from opposite the upper end to the

caudal pole of the superior quadrigeminal bodies. Below, its posterior end conies almost into

contact with the nucleus of the fourth nerve, but is .separated from it by a narrow interval. In

its entirety the oculomotor nucleus includes a number of more or less distinct cell-groups,

which vary in importance as well as in their individual prominence. Of these the mosr impor-

tant and constant are two long columns of cells, the chief nuclei, that extend, one on each side,

along the dorsal surface of the posterior longitudinal fasciculi. Each nucleus tapers slightly

towards either end and consists of two fairly distinct subdivisions which, from their relative

positions, are termed the dorsal ^wA the ventral cell- ii^roup. The component nerve-cells include

those of large, medium and small size, the large multipolar ones (from .040-.045 mm. in diam-

eter) probably being the elements from which the root-fibres of the third nerve arrse. Dislo-

cated portions of the chief nucleus are seen as small groups of nerve-cells that lie scattered

among or even beneath the fibres of the posted d"" longitudinal bundle.

Dorsal to the chief nucleus and partially overlying its postero-mediair surface is the taper-

ing column of small nerve-cells known as the Edinger-Westphal nucleus. This tract, much
more bulky above than below (Tsuchida), exhibits a subdivision into a dorso-lateral and a

ventro-median portion, which, however, are fused in the superior pole of the nucleus. The
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exact relations of the Edinger-Westphal nucleus to the tibres of the third nerve are still unde-

termined, and, indeed, even its close association with ihese has been ciuestioned. The assumed
importance of the nucleus as a centre for pupillary reflexes (Bernheimer) has been seriously

shaken by the recent observations of Tsuchida.' This investigator also denies the existence

of a well marked and constant unpaired median nucleus as described by Perlia. but admits the

presence of broken groups of medially placed cells, especially in the upper and lower thirds o*

the nucleus. The lateral group of cells, beginning in the floor of the third ventricle and extend-

ing caudally as far as the upper third of the chief nucleus, constitutes the nucleus of Darksche-

witsch. Notwithstanding its proximity to the origin of the third nerve, this nucleus is now
regarded as having no direct relation with that of the oculomotor, but as standing in intimate asso-

ciation with the posterior longitudinal bundle, among whose fibres the cells to a large extent

lie ; it is, therefore, now often referred to as the nucleus fasciculi longitudinalis posterioris.

Fig. 1051.

Lachrymal
gland
Levator palpe*
brae superions

Superior
rectus muscle

External rectus,
insertion

Inferior oblique
muscle

Cut surface of malar
bone

Dissection of right orbit, showing oculomotor and abducent ner\es.

Although it may be assumed with much probability tliat the fibres destined for the diflferent

eye-muscles originate from definite groups of nerve-cells, all attempts to locate with accuracy
the position of such centres within the oculomotor nucleus have met with only partial success.

Tsuchida's conclusions, based upon histological, embryological, comparative and clinical data,

point to an unexpected dif?useness in the origin of the oculomotor fibres with only a limited

relation to distinct groups.

Concerning the mooted question as to the extent of decussation of the oculomotor fibres

it seems probable that such crossing occurs principally within the caudal portion of the
chief nuclei, although, according to Tsuchida and others, some decussating fibres are found
throughout the greater part of the nuclei.

The fibres of the third nerve originate principally as the a.xones of the cells on
the same side, although a small number are derived from the neurones lying on the
opposite side of the mid-line. Some of these decussating fibres supply the internal

rectus and are related with the nucleus of the sixth ner\e. which sends fibres by way
of the posterior longitudinal bundle into the oculomotor nucleus. Whether these

' Arbeiten a. d. Hirnanatom. Institut in Ziirich, Heft ii., 1906.
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fibres end within the latter micleiis around the cells from which the decussating: fibres

proceed, or are actually prolon.ued as certain of the decussatinj^^ libres is uncertain
;

their purpose is to \n'\ny, into coordinated action the internal rectus of one side with

the opposite external rectus when the two eyes are directed later.iUy, as in conju^'ate

deviation.

Cortical and Central Connections.—As in the- case- of all oUkt motor cranial nervcs,

the nucleus ut llic tliitii nerve stands in direct relation to the cerebral corte.x. Fibres

from tile cells of the cortical centre—a.xones from tiie neurones within the i)osterior part

olfactory bulbs

Olfactory tract

Optic nerve

Optic chiasm

Optic tract

III. ne-.ve

VII. nerve

VIII. ner\-e

IX. nen-e

X. nerve

XI. nerve

XI. ner\'e
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Part of
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Superior
medullary
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Fig. 1052.
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Base of skiftl, viewed from above, showing cranial nerves passing; through dura; roof of right orbit has been removed

to expose the ophthalmic nerve.

of the inferior frontal convolution, slightly in front of the precentral fissure (Mills)—proceed

by wav of the corona radiata, the internal capsule and the cerebral peduncle to the oculo-

motor 'nucleus, around whose cells, chiefly but not exclusively on the opposite side, they

end. Other connections of the nucleus of the third nerve include : ( i ) indirectly with the cor-

tical visual area by fibres that pass from the occipital corte.x through the optic radiation and

superior brachium to the superior corpora quadrigemina ; (2) indirectly with the visual centres

by fibres that descend from the cells within the superior corpora quadrigemina ; (3) by means

of the posterior longitudinal bundle with the nuclei of the other ocular ner\-es (the fourth and

the sixth) and also with the vestibular (Deiters') nucleus of the eighth; (4) with the facia

nucleus by fibres that descend from the oculomotor nucleus along the posterior longitudinal

bundle to the cells from which proceed the fibres supplying the orbicularis palpebrarum and the

corrugator supercilii muscles, which are thus brought into coordinated action with the levator

palpebrarum.
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Intracranial Course.—Leaving their deep origin as the axones of the nuclear

cells, the oculoniot(ir fibres sweep in ventrally directed curves (Fig. 963) through
the posterior longitudinal bundle, tegmentum, red nucleus and inner margin of the

substantia nigra and, collected into about a dozen root-bundles, have their super-
ficial origin along a shallow groove, the oculomotor sulcus (Fig. 974), on the

medial surface of the cerebral peduncle, just in front of the pons and at the side of

the interpeduncular space.

Beyond this superficial origin, the linear group of root-fibres soon becomes
consolidated into the large and conspicuous trunk of the third nerve, although not
infrequently one root-bundle emerges more laterally from the ventral surface of the

cerebral peduncle and for a short distance remains separated from the other constit-

uents. The nerve courses forward and outward from the posterior perforated space,

between the posterior cerebral and superior cerebellar arteries, to the outer side

of the posterior clinoid process, where, in the triangular interval between the free

and attached borders of the tentorium, it enters the dura (Fig. 1033). Embedded
within this membrane, the nerve follows the upper portion of the outer wall of the

cavernous sinus and leaves the cranium by entering the orbit through the sphenoidal

fissure. On gaining the median end of the fissure the nerve divides into a superior

and an inferior branchy which enter the orbit by passing between the two heads of

the external rectus muscle, in company with, but separated by, the nasal branch of

the trigeminal nerve, the si.xth nerve lying below.

Branches and Distribution.^The superior branch (ramus superior) (Fig.

1051), the smaller of the two, passes upward, over the optic nerve, to the superior

rectus muscle, which, together with the levator palpebrae superioris, it supplies. In

both cases the nerve enters the ocular surface of the muscle.

The inferior branch (ramus inferior) (Fig. 1051) is directed forward and,

after giving of? twigs to the ocular surface of the internal and inferior recti, is

continued below the eyeball, between the inferior and external straight muscles, to

supply the inferior oblique, whose posterior border it enters. This, the longest

branch of the oculomotor nerve, in addition to sending one or two fine twigs to the

inferior rectus, contributes a short thick ganglionic branch (Fig. 105 1), which joins

the postero-inferior part of the ciliary ganglion (page 1236) as its short or motor
root and conveys fibres destined for the sphincter pupillae and ciliary muscles.

Sensory fibres from the ophthalmic division of the fifth nerve are distributed to the

muscles along with the fibres of the third, having joined the latter before it entered

the orbit. Similarly in the wall of the cavernous sinus, the nerve is joined by
sympathetic fibres from the cavernous plexus on the internal carotid artery.

Variations.—These consist, for the most part, of unusual branches which at times seemingly
replace one of the other motor orbital nerves. Thus, the third nerve may give a branch to the
external rectus, either in additioii to, or to the exclusion of the sixth, which may be absent ; or
it may give a filament to the superior oblique. Minor deviations in the course of its branches,
such as piercing the inferior rectus or the ciliary ganglion, have also been recorded.

THE TROCHLEAR NERVE. ,

The fourth or trochlear nerve (n. trochlearis), also called the pathetic, is the

smallest of the cranial series and supplies the superior oblique muscle of the eyeball.

The deep origin of the nerve is from the trochlear micleus, a small oval collection

of cells situated in the ventral part of the gray matter surrounding the Sylvian aque-

duct, that extends from opposite the upper part of the inferior quadrigeminal body
to the lower pole of the superior colliculus. This nucleus, about 2 mm. in length,

lies near the mid-line and immediately below (caudal to) that of the third nerve,

from which, however, it is distir.ct, being separated by a narrow intcr\-al from the

ventral part of the oculomotor nucleus. It lies in intimate relation with the pos-

terior longitudinal fasciculus in a distinct depression on the dorsal surface of that

bundle (Fig. 960). In structure the trochlear nucleus resembles that of the oculo-

motor, its nerve-cells including those of large, medium and small size.

Arising from the nucleus, the root-fibres of the fourth nerve pursue a course
of considerable length within the mid-brain before gaining their superficial origin.
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Lcavinji^ the iippor ami laliial ])ait u{ the micU-iis as axoiu-s of the trochlear neurones,

the strands of lihrts pass outward and backward uitliin the j^ray niattt.'r of the fl«jor

of the atinediict until they near the inner concave surface of the mesencephalic njot

of the hfth ner\e, whi( h, after beinjj; condensed into one or two Innulles, they follow

downward as far as Uu- superior extremity of the fourth ventricle. Then (jending

sharply medially, the fourth nerve, so far as the ^reat majority of its tlhres are

concerned, enters the superior medullary velum, in which it decussates with its fellow

of the opi)osite side and crosses the mid-line t(j emerj^e at its superficial origin on
the dorsal surface (»f the brain-stem ( Fii,''. 957; just below the inferior corjxjra quad-
rii^emina, between the frciium of the xcluin and the mesial border of the superior

cerebellar peduncle.

Cortical and Central Connections.—Tliu troclikar nucleus is {lirtctly conntTted wifti the

ccrfbral cortex l)y filjfes wliicli tlesceiid from tlie inferior frontal convolution ihrouj^li liie corona

radiata, tlie internal capsule and the cerel)ral peduncle and cross to tiie nuc'eus of tiie ojiposite

Fig. 105^
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side. By means of the posterior longitudinal bundle it is brought into relation with the nucleus

of the third and of the sixth nerve, thus insuring harmonious action of the eye muscles; further,

by means of the same path, it is probably connected with the auditory nuclei by way of the

superior olive and its peduncle.

Course and Distribution.—Emergine: at its superficial origin, the ner\'e is

directed outward over the superior cerebellar peduncle, then winds forward around
the outer surface of the cerebral peduncle, parallel to and between the posterior

cerebral and superior cerebellar arteries, and appears at the base of the brain (Fig.

1053). Proceeding forward to the floor of the cranium, the nerve enters the dura

immediately beneath the free border of the tentorium, slightly behind and external

to the posterior clinoid process and the third nerve, and continues in the outer wall

of the cavernous sinus, at first having the third nerve above it and the ophthalmic

division of the fifth below, and then crossing above the third from below inward, to

gain the medial end of the sphenoidal fissure. It enters the orbit above the heads of



I230 HUMAN ANATOMY.

the external rectus muscle and, directed medially, crosses above the levator palpebra

superioris and superior rectus and reaches the superior oblique, which it enters on

the upper surface close to the external border (Fig. 1056).

The Cvommunications of tlic trochlear nerve, as it courses in the wall of the

cavernous sinus arc : (i) lilamcnts from the carotid sympathetic plexus; (2) fibres

of common sensation from the ophthalmic division of the fifth.

Variations.—The course of the trochlear nerve is sometimes through instead of over the

levator palpebr;E superioris. Unusual branches to sensory nerves, as the frontal, supratroch-

lear, the infratrochlear and the nasal, are probably due to the aberrant course of sensory fibres

frorn the trifacial. The fourth nerve occasionally sends a branch lo the orbicularis palpebrarum.

THE TRIGEMINAL NERVE.

The fifth, trigeminal or trifacial nerve (n. trigeminus), the largest of the cranial

series, is a mixed nerve and consists of a large sensory part (portio major) and a

much'smaller motor portion (portio minor). The former supplies fibres of common
sensation to the front part of the head, the face, a portion of the external ear, the

eye, the nose, the palate, the naso-pharynx in part, the tonsil, the mouth and the

tongue. The motor portion is distributed to the muscles of mastication, the mylo-

hyoid and the anterior belly of the digastric. The relation of the fibres composing

these two parts to the cells' within the brain-stem is, therefore, very different, in the

case of the motor fibres the cells being a nucleus of origin and in that of the sensory

fibres one of reception.

The Sensory Part.—The fibres comprising the sensory part of the trigeminal

nerve, which con\ey sensory impulses from the various head-structures, are the pro-

cesses of cells lying outside the central axis in the Gasserian ganglion on the sensory

root. The portions of the fibres between the periphery and the ganglion correspond

to elongated dendrites, while the much shorter centrally directed constituents of the

sensory root, connecting the ganglion with the brain-stem, are the axones of the

Gasserian neurones. The general resemblance between the fifth cranial nerve and a

typical spinal nerve is striking, in each case the sensory root bearing a- ganglion and

the motor root proceeding from cells within the central nervous axis.

Proceeding brainward as axones of the Gasserian cells, the sensory fibres of the

trigeminal nerve become consolidated into the large sensory root, which passes

through an opening in the dura mater (Fig. 1033) situated beneath the attachment

of the tentorium cerebelli to the posterior clinoid process. Coursing backward

through the posterior fossa of the cranium it enters the brain-stem on the lateral sur-

face of the pons, slightly behind the superior border, as the conspicuous group of

robust bundles that mark the superficial origin of the nerve (Fig. 1046). Just above

it is the superficial origin of the motor root, from which it is separated by a small

bundle of pontine fibres which belong to the middle cerebellar peduncle. Below and

in line with it are the superficial origins of the facial and auditory nerves.

Entering the tegmental portion of the pons, close to the overlying superior cerebellar

peduncle, the sensorv fibres soon come into relation with the extensive trigeminal reception-

nucleus, a columnar mass of gray matter within the lateral part of the tegnu-ntiun (Fig. 935).

This nucleus extends from the middle of the pons through the entire length of the medulla and

into the spinal cord as far down as the level of the second cer\ical segment, where it becomes

continuous with the substantia gelatinosa of the cord. The rounded and enlarged upper end

of this tapering column is described as the sensory nucleus of the fifth nerve, although it com-

prises only a small part of tiie reception-nucleus. The latter, in turn, is the upward prolongation

of the substantia gelatinosa Rolandi, conspicuous in all cross-sections of the lower pons and

medulla as an oval field of gray matter (Fig. 930).

On nearing this column the sensory fibres divide into ascending and descending branches,

much in the same way as the posterior root-fibres bifurcate within the posterior columns of the

cord. The ascending fibres, distinctly finer than the descending, soon penetrate the sensory

nucleus and the substantia gelatinosa and end in arborizations around the neurones of the

reception nucleus. The coarser descending fibres become collected into a compact bundle, the

descending or spinal root (tractus spinalis n. trigemini), whose medially directed concavity closely

embraces the lateral surface of the column of gray substance. Beginning with its descent, the
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spinal root ^jives off collaterals and fibres that bend medially, «iiler the adjacent substantia jjel-

atinosa ami end in arborizations around the reception tells of that nucleus. Since the number of

fibres is thus ])ro}iressively reducetl diirinj; the descent of the spinal ro<jt, the tract is tapering,

beconiinj? smaller and smaller as it ajjproaches the si)inal cord until within the U|>per part of the
latter, at about the level of the second cervical nerve, it finally disappears. In its descent throuj;h
the brain-stem the s|)inal tract l)'.*comes more and more superfn iaily placed, in the lower part of

the pons lyinj; to the inner side of the restiform body, separated from it by the vestibular division

of the autlitory nerve, and lower, in the lateral area of the medulla, occupy injj a position close

to the surface as it rests upon the expanded j^elatinous substance of the tuben:ulum kolandi.
The central connections of the sensory part of the trijieminus (l-ig. 1054), by way either of

the collaterals of the fibres of the spinal root or of the axones and collaterals of the axones of

the reception neurones, are untloul^tedly very extensive, since the impulses collected by this

important nerve are widely dispersed. The most important paths for such distributions are :

1. Hy axones that pass, as arcuate fibres, from the cells of the reception-nucleus across the
raphe to jom the opposite mesial fillet

and ascend to the optic tlialanuis and tio. I054.

thence, after interruption in the cells of

the latter, by axones of thalamic neu-

rones to the cerebral cortex. It is prob-

able that some of the arcuate fibres do
not cross the mid-line, but ascend within

the mesial fillet of the same side. It is

also probable that collaterals of the

arcuate fibres pass to the trigeminal,

facial and glosso-pharyngeo-vagal motor
nuclei.

2. By axones from the cells of the

reception nucleus that enter the infe-

rior cerebellar peduncle of the same side

and pass to the cerebellar cortex as con-

stituents of the nticleo-ccrebcllar tract.

3. By collaterals that are distrib-

uted to the nuclei of origin of the hypo-
glossal and of the motor part of the tri-

geminus and facial nerves, whereby
these important motor nerves are

brought directly under the influence of

the sensory part of the fifth.

The Motor Part.—In con-

trast to the median position of the

nuclei of origin of the oculomotor,

trochlear, abducent and hypoglos-
sal nerves, the deep origin of the

motor part of the trigeminus in-

cludes groups of cells that lie at

some distance from the raphe and
fall into series with the laterally-

placed nuclei of the motor parts of

the other mi.xed cranial nerves—the facial, the glosso-pharyngeal and the vagus.

Diagram showing relations of trigeminal root-fibres to nuclei
within brain-stem; GG, Gasserian ganglion with divisions (/,

//, ///) of sensory part of nerve ; .ST?, MR, sensory and motor
roots; 5'. sensory nucleus; SG, substantia gelatinosa; Sp.R, spi-

nal or descending root ; F, mesial fillet ; Ch. nucleo-cerebellar

fibre: M, motor nucleus; MsR, mesencephalic root; S/, sub-

stantia ferruginea ; CB, cortico-bulbar fibres.

1. The largest contingent of the motor fibres of the trifacial nerve arise as axones from the

neurones within the chief motor nucleus (nucleus maslicatorius) (Fig. 935). This nucleus con-

sists of a short columnar collection of gray matter, oval on cross-section, which lies in the upper

part of the pons, close to the median side of the sensory nucleus. It is composed of large stel-

late cells from which, as their axones, the motor fibres proceed outward through the tegmentum
to their superficial origin on the pons. A small number of fibres, from the more medially situ-

ated cells of the nucleus, pursue a dorsally convex course toward the raphe, which they cross

close beneath the floor of the fourth ventricle to join the motor nucleus of the opposite side and

become incorporated in the opposite trigeminal motor root.

2. A second and smaller constituent of the motor root, the descending mesencephalic root

(radix descendens n. trigemini) includes fibres that arise from cells lying within the lateral part

of the gray matter surrounding the Sylvian aqueduct. In cross-sections (Fig. 936) this root

appears as a delicate crescentic bundle that descends from the mid-brain to join the larger tract
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of fibres from the chief motor nucleus. In its downward course the niesencephahc root is

joined by numerous fibres which have their orii^in in the pigmented cells of the substantia ferru-

ginea (page 1081) of the same and, possibly, of the opposite side.

The fibres from these various sources—the mesencephalic nucleus, the substan-

tia ferruginea and the motor nucleus—become consolidated into the motor root of

the tri<;eminal nerve, whose superficial origin (p'ig-. 1046) is just above that of the

sensory root, from which it is separated by some of the superficial transverse fibres

of the pons. Leaving the side of the i)ons, the motor root follows the .same course

to and through the dura mater as does the sensory, to tiie inner side of which it lies.

It eventually passes beneath the Gasserian ganglion to become exclusively an

integral portion of the mandibular dix'ision of the trigeminal.

TIk- cortical connections of the motor root are estal)Iished by fibres that arise from cells

wiliiin the cortical gray matter of the lower third of the precentral convolution. Thence, as

constituents of the [)yramidal tracts, they descend through the corona radiala, tlie internal cap-

sule and the cerebral peduncle into tlie pons, where, for the most part after decussation, they

terminate in end-arborizations around the radicular cells of the motor trigeminal nuclei.

CMJlitlialini

divisic

V. nerve

The Gasserian Ganglion.—The Gasserian ganglion (ganglion semilunare

Riasscri]) (Fig. 1055) is an important comph^x of nerve-fibres and cells, which lies

in a slight depression on the

Fig. 105.S. apex of the petrous portion of

the temporal bone. In shape

it is a flattened crescent with its

convexity forward, measuring
from 1.5-2 cm. in width and
about I cm. in length. The sur-

face of the ganglion presents an
irregular longitudinal or reticu-

lar striation. From the anterior

expanded convex border of the

ganglion arise the ophthalmic

and maxillary nerves and the

sensory portion of the mandib-
ular nerve, while its narrow

concave posterior margin is con-

tinued into the sensory root of

the fifth nerve. The ganglion

lies in Meckel's space (cavtim

Meckelii), a cleft produced by a

delamination of the dura mater,

and comes in relation internally

with the cavernous sinus 'and

the internal carotid artery. Be-

neath, but unconnected with it,

are the motor root of the trifacial and the great superficial petrosal nerve. In struc-

ture it resembles a spinal ganglion, being composed of the characteristically modified

neurones, from whose single processes proceed the peripherally directed dendrites

and the centrally coursing axones.

In addition to the three large trunks given off from the anterior margin, the

branches of the Gasserian ganglion include some fine meningeal filaments

which arise from the posterior end of the ganglion and are distributed to the adja-

cent dura mater.

^ Optic
nerve

Internal
- — carotid

artery

IV. nerve,
"~ cut

' III. nerve
Interna!
carotid art.

~^ \\. nerve

v. nerve,
sensory root

~~ V. nerve,
motor root

XOasserian
ganglion

Gasserian g;uiglion of left side viewed from above; sensory and
motor roots and three divisions of trigeminal nerve are seen.

Communications.—At its inner side the Gasserian ganglion receives filaments from the

adjacent carotid plexus of the sympathetic, which end in relation with the cells of the ganglion.

Divisions of the Trigeminal Nerve.—These are three in number, the oph-

thalmic, the via-xillary and the ma^idibidar nerves. They arise from the anterior
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rtiaruin of the Gasscrian ^aii^lioii, the formation of the inan<lil)iilar nerve heiiij,^ com

pleted l)y the accession of the motor root of the trij^eminal.

I. The Ophthalmic Nerve.—Tlie ophthalmic nerve (n, oplitliahiiicus ) (Fig.

1056), the smallest of the three divisions, is i)in-ely senscjry and snpi)lies the Uj)per

eyelidi the conjunctiva, the eyeball, the lachrymal ^land, caruncle and sac, the fore-

head and anterior i)art of the scalp, the frontal sinus and the root and anterior por-

tion of the nose. It arises from the anterior marj^nn of the Gasserian ^anj^lion and

passes ui>\vard and forward for about 25 mm. in the external wall of the cavernous

sinus, Iviny- below the fourth nerve. Reaching- the sphenoidal fissure it breaks up

into its terminal branches, wliich pass throui^h the fissure into the orbit.

Branches and Distribution.—The l)ranches of the ophthalmic nerve are:

(i) i\\c recurrent, (2) the eoi/iw/oi/ea/i/ii^, (3) the hulirymal, (4) \\\^ frontal, and

(5) the nasal, of which the last three are terminal branches.

Fig. 1056.
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Optic chiasm
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Cerebral peduncles

Supraorbital nerv'e

Lachrj'mal glan<l

Levator palpebru: superiona

Superior rectus

Frontal nerve

—External rectus

Lachrj'mal nerve

Ophthalmic division of V. nerve

Maxillary division of V. nerve

Mandibular division of \'. nerve

Gasserian ganglion

Meatus auditorius internus

VII. nerve, motor part

Pars intermedia •

VIII. nerve

Roof of right orbit has been removed to expose branches of ophthalmic division of trigeminal ner\-e; Gasserian

ganglion, and third, fourth, sixth, seventh and eighth nerves also seen.

1. The recurrent branch (n. tentorii) arises shortly after the nerve leaves the

ganglion. It passes across and is adherent to the trochlear nerve and is distributed

between the layers of the tentorium cerebelli.

2. The communicating branches are three slender filaments which are given

off before the nerve breaks up into its terminal branches ; they join the trunks of the

third, fourth and sixth nerves, to whose muscles they supply sensory fibres. During

its passage through the cavernous sinus, the ophthalmic nerve receives some tiny

filaments from the cavernous svmpathetic plexus.

3. The lachrymal nerve (n. lacrimalis) (Fig. 1053) is the smallest of the

terminal branches. It lies to the outer side of the frontal nerve and traverses the

outer angle of the sphenoidal fissure in its own sheath of dura mater. It passes

above the origin of the orbitalniuscles and courses along the lateral wall of the orbit,

above the external rectus, to the upper outer angle of the orbit, where it pierces the

palpebral fascia near the external canthus to terminate in the upper eyelid. It sup-

plies the lachrymal gland, the upper eyelid and the skin around the external canthus,

78
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Within the orbit the lachrymal nerve communicates with the temporal branch

of the temporo-malar nerve and on the face with the temporal branch of the facial.

The latter is one of the numerous sensory-motor communications between the

terminal fibres of the fifth and seventh nerves.

Variations.—Occasionally the lachrymal nerve seems to be partly derived from the troch-

lear ; the true source ot such fibres, however, is probably the ophthalmic nerve, by way of its

communicating branch to the fourth. Considerable variation is found in connection with the
temporal branch of the temporo-malar ner\e. The lachrymal nerve or the temporal branch of

the temporo-malar may be absent, the place of either being taken by the other, or the lachrymal
may be small at its origin and later increased to normal size by accessions from the temporal
branch of the temporo-malar.

4. The frontal nerve (n. frontalis; (Fig. 1053) is the largest branch of the

ophthalmic. It enters the orbit, invested by its own dural sheath, through the

sphenoidal fissure and above the orbital muscles and passes directly forward between
the periosteum and the levator palpebra; superioris. At a variable point, usually

about the middle of the orbit, it divides into its terminal branches, the (a) sicpra-

trochlear and ip) the supraorbital.

a. The supratrochlear nerve (n. supratrochlearis) is the smaller of the two terminal

branches. It passes inward and forward over the pulley of the superior oblique and thence

between the orbicularis palpebrarum and the frontal bone, leaving the orbit at its upper inner

angle. Near the pulley it gives oft a branch which joins the infratrochlear (Fig. 1057; and at

the edge of the orbit supplies filaments (nn. palpebrales superioresj to the skin and conjunctiva of

the upper eyelid. It then turns upward and subdivides into a number of small branches which

pierce the substance of the frontalis and orbicularis palpebrarum muscles to supply the inner

and lower part of the forehead.

b. The supraorbital nerve Cn. supraorbiialis) (Fig. 1056 1 continues directly the course of

the frontal nerve. It lies close to the periosteum throughout its entire orbital course and leaves

the orbit through the supraorbital notch or foramen. In this situation it sends a small filament

to the frontal sinus to supply its diploe and mucous membrane. As it leaves the orbit it sup-

plies some fine twigs to the upper eyelid and then divides into a larger outer and smaller inner

branch. These pass upward on the forehead beneath the frontalis muscle, occasionally occupy-

ing quite deep grooves in the frontal'bone, and terminate by being distributed to the scalp and
pericranium. The outer branch extends back nearly to the occipital bone, while the inner

passes only a short distance posterior to the coronal suture.

Both branches of the frontal, the supratrochlear and the supraorbital, communicate with

branches of the facial nerve and thereby supply sensory filaments to muscles supplied by the

seventh.

Variations.—The ner\e may divide before leaving the orbit and in that event only the outer
branch passes through the normal osseous channel. The inner sometimes has a special groove,
named by Henle iha/rontal notch.

5. The nasal nerve (n. nasociliaris) (Fig. 1057) is intermediate in size

between the lachrymal and the frontal. It enters the orbit, clothed in dura mater,

through the sphenoidal fissure, between the heads of the external rectus and between
the superior and inferior divisions of the oculomotor ner\e. Turning obliquely in-

ward, it crosses the optic nerve and passes beneath the superior oblique and superior

rectus muscles and above the internal rectus. Thence it traverses the anterior eth-

moidal foramen to enter the cranial cavity, where it passes forward in a groove in

the lateral part of the cribriform plate of the ethmoid bone. Leaving the cranium
through the nasal fissure, the nerve enters the nasal fossa, where it breaks up into

its three terminal branches.

Branches.—These are : (a) the gang/iotik, (d) the tong ciliary^ (c) the infra-

trochlear, id) the internal nasal, (e) the external nasal and {J) the anterior nasal, of

which the last three are terminal branches.

a. The ganglionic branch (radix longa) (Fig. 1057) usually leaves the ner\e between the

heads of the external rectus and passes forward along the outer side of the optic ner\e to enter

the upper posterior portion of the ciliary ganglion, of which it forms the sensor>- or long root.

b. The lonp^ ciliary branches (nn. ciliares long!) ( Fig. 1058) are two in number. They pass

forward along the inner side of the optic nerve and, after joining one or more of the short ciliary

nerv'es, pierce the sclerotic coat of the eye to be distributed to the iris, ciliary muscle and cornea.
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c -YV^infralrochharncrvc (n. inf..-.in.chlc:.ris) (Imk- 105.S) runs f<.rwar(l alon^' Uk- ...net

orbital\v ma dKMuallUhc-su,K-nur..l.liqucMnusdcamlil.s pulley tlu,- nmer end of the ,,al-

pchr fis r" vlKTc it tcTn,i,.atcs. Near tl.c ,>Mlley it rc-cc.vcs a f. anunt (the supratro.l.lca ,

Irom tiK- •..onial nerve. It supplies the skin c,f the upper eyelid an.l ro..t of the nose, as well as

the roniunc-tiva and the lachrymal carunc le and sac ....the
^^^;jy;;;^!';/'/;;;,,/ ,,,,,,,/ .,; ,,p,al l>ra>u/, (m mcliales) (KiR. 1048) supplies the mucous mem-

hnne of the anterior portion of the septum.
,. , , . r.i in

e\h^evt.rna/ nasal branch (rr. laterales) (Imr. 1047) supplies the front part of the n.ddle

and inferior turbinate bones and outer wall of the nasal fossa.
, ,.and infer, rt

^^^^^^^^ ^^^^^^^^^^ ^^ ^^^^^^^.^ ^^^^^^^^^^^^ passes downward ,n a Rroove m

the under side of the nasal bone and then between the lower end of the nasal bone and the

Fig. 1057.
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Deeper dissection of right orbit, viewed from above ;
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upper lateral cartilai^e of the nose, finally emerging from under cover of the compressor nans

muscle. It supplies the skin of the fore-part and tip of the nose.

17 .• .,c ThP n-m-d nerve may send branches to the superior and internal recti and

supplv the sphenoidal and posterior ethmoidal sinuses. J^h^ Katter^^^ ^^^" ^'^"^^ ""^
^"'^

Xhisphe»o-e)h7noidal?.v^d by Krause xh^ posicrwr ethmoidal branch.

The Ganglia associated with the Trigeminal Nerve -Four small -anglia

are connected with the extracranial portion of the fiftli nerve. They are the c.iar,
,
he

spheno-palatine. the otic and the submaxillary. The ciliary ganglion is assoc.ated
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with the ophthalmic nerve, the spheno-palatine with the maxillary and the otic and
submaxillary with the mandibular. Each is the recipient of three roots—a viotor^ a

sensory and a sympathetic—and from each ganglion branches are given of? to more or

less contiguous structures.

The significance of these bodies—whether of the nature of spinal or sympathetic

ganglia—has long been a subject of discussion. The close resemblance of their

nerve-cells to the stellate neurones of undoubted sympathetic ganglia, as shown by the

investigations of Retzius, K()lliker and others, as well as the results of experimental

studies (Apolant), justifies the conclusion that these ganglia are properly regarded

as belonging to the sympathetic group. They are, therefore, probably stations

in which certain motor and secretory fibres contributed by various nerves end in

arborizations around sympathetic neurones, from which axones pass for the immedi-

ate supply of involuntary muscle and glandular tissue. The fact that these small

ganglia are derivations of the early Gasserian ganglion is in accord with the mode
of origin of the sympathetic ganglia elsewhere (page 1013).

F'iG. 105S.

Internal carotid artery

IV.

Cerebral peduncle

Levator palpebrae superorls

Superior oblique muscle

Lachrymal gland

Superior rectus muscle

Long ciliary branches of nasal nerve

Ext. rectus, insertion

Inferior oblique mu.scle

Middle cerebellar
peduncle

Gasserian ganglion

Ext. rectus muscl

\'I. nerve

Ganglionic branch of nasal

Branch to inf. oblique
tus muscleShort ciliary nerves I

Dissection of right orbit after reirioval of its lateral wall ; external and superior eye-muscles have been cut and
displaced to expose ciliary ganglion and nerves.

The Ciliary Ganglion.—The ciliary, ophthalmic or lenticula) ganglion
(g. ciliare) (Fig. 1058), as it is varyingly called, is a small reddish mass, about
2 mm. long in the antero-posterior direction, and approximately quadrilateral in out-
line. It is compressed laterally and to each angle is attached one or more bundles of
nerve-fibres. It lies near the apex of the orbiton the outer side of the optic nerve,
between the latter and the external rectus muscle and anterior to the ophthalmic artery.

The nerve-cells within the ganglion are chiefly multipolar elements, which
closely resemble sympathetic neurones ( Retzius) and send their axones towards the
eye by way of the short ciliary nerves.

Roots.—All of these enter the posterior margin of the ganglion. Tiie motor
or short root (radix brevis), the thickest of the roots and sometimes double, is an of=f-

shoot from the branch of the oculomotor nerve which supplies the inferior oblique
muscle. It is short and comparatively robust and joins the postero-inferior portion
of the ganglion.

_
The serisory or /o}iff root (radix lonsa) arises from the nasal branch

of the ophthalmic, leaving the latter between the heads of the external rectus. It is

long and slender and passes forward to enter the upper posterior angle of the gang-
lion, occasionally being fused with the sympathetic root. The sympathetic root (radix
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media) is a tiny lilainc-nt which arisis from the cavernous plexus and runs f(jrward to

enter, either alone or with the sensory root, the upper posterior an^le of the j^anj^iion.

Branches.—These are the short ciliary nerves (nn. ciliarcs breves;. They
nunilK-r from four to six and by division are increased to twelve or twenty before

reachinj^ the eyeball (Fi^- lOsS). They arise as two fasciculi from the ujjper and
lower anterior anj^les of the ganglion and pass f(jrward above and behnv the optic

nerve. The lower set is the more numerous and on its way forward is joined by the

long ciliary nerves from the nasal, with which one or more of its constituent branches
usually fuse. After piercing the sclerotic coat in two groups, one below ant! the

other above the entrance of the ojjtic nerve, they pass forward in grooves <jn the

inner surface of the sclerotic to supply the ch(jroid, iris, ciliary muscle and cornea.

The slu)rt ciliary nrrvis include three sets of fibres: (i) Sympathetic fibres destined for

the walls of tlie blood-vessels and the radial (dilator) muscle of the iris ; these are links in the

chain made up of (a) wliite rami comnuinicantes fnnn the upper thoracic spinal nerves to the

cervical jrani^Iiated cord, and (d) the axones of neurones within the sympathetic ganj^lia. (2)

Fibres supplyint; the ciliary muscle and the circular (sphincter) muscle of the iris, which, while

in a sense the C(.)ntinuations of the oculomotor nerves, are immediately the axones of the stellate

sympathetic neurones within the ciliary i^anj^lion. (3) Trigeminal fibres which transmit sensory

impulses from the interior of the eyeball, in conjunction with the lonj^ ciliary nerves.

Variations.—The motor root occasionally bifurcates before it reaches the jjanelion. As
noted above, the sensory and sympathetic roots frec]uently form a common trunk of entrance
into the j^an}:;lion. Occasionally the ganglion is very small, due possil)ly to the scattering of its

constituent neurones among the nerves connected with it (Quain). Additional roots have been
described as coming from the superior division of the oculomotor, from the trochlear, from the
lachrymal, from the abducent and from the spheno-palatine ganglion. Absence of the sensory
root has been noted, the deficiency possibly being corrected by the long ciliary nerves convey-
ing sensory fibres directly from the nasal to their destination, instead of these fibres passing
through the ganglit)n. The sympathetic root may be multiple, a condition held by some to be
normal, some of the fibres accompanying the oculomotor nerve.

II. The Maxillary Nerve ox superior maxillary w^rz'^' (n. maxillaris) is purely
sensory and is intermediate in size between the ophthalmic and mandibular divisions

of the trigeminus. It supplies the cheek, the anterior portion of the temporal region,

the lower eyelid, the side of the nose, the upper lip, the upper teeth, and the mucous
membrane of the nose, naso-pharynx, maxillary antrum, posterior ethmoidal cells,

soft palate, tonsil and roof of the mouth. Arising from the middle of the anterior

con\ex border of the Gasserian ganglion, it passes forward beneath the dura mater in

the middle cranial fossa, lying below the cavernous sinus (Fig. 1053). The nerve
leaves the cranium through the foramen rotundum, traverses the spheno-maxillary
fossa and enters the orbital cavity by means of the spheno-maxillary fissure. It

occupies and then parallels the floor of the orbit in the infraorbital groove and canal,

finally emerging on the face by passing through the infraorbital foramen. Here it

breaks up fanlike into three terminal groups of branches (Fig. 1060).

Branches and Distribution.—Branches are given of^ from the maxillary

nerve in the cranium, in the spheno-maxillary fossa, in the infraorbital canal and
on the face. These are: within the cranium, (i) the recurrent; within the
spheno-maxillary fossa, (2) the spheno-palatine, (3) the posterior superior

dental 2i\\di (4) the temporo-malar ; in the infraorbital canal, (5) the middle
superior dental and (6) the ajiterior stiperior dental; on the face (7) the

inferior palpebral, ( 8 ) the lateral nasal and ( 9 ) the superior labial. The last

three are terminal branches.

1. The recurrent branch (n. meningeus) is given off before the maxillary nerve
passes through the foramen rotundum. It supplies the dura mater in the middle
cranial fossa.

2. The two or three spheno-palatine branches (nn. sphenopalatini) (Fig.

1061) arise in the spheno-maxillary fossa. They are short and thick and pass directly

downward to the upper margin of the spheno-palatine ganglion, whose sensory root

they supply. Only a small part of their fibres actually traverse the ganglion, the

much larger part passing lateral to or in front of the ganglion, to be continued
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into the orbital, posterior nasal and palatine branches. While in neither case are the
trigeminal fibres interrupted in the ganglion, in both instances they receive sympa-
thetic fibres from the ganglion, which accompany the trigeminal ones.

3. The posterior superior dental nerve (r, alveolaris superior posterior)

(Fig. 1060) is frequently double. It passes downward and forward with tlie posterior
dental artery through the pterygo-maxillary fissure to reach the zygomatic surface of

the maxilla. It supplies tiny filaments to the gum and adjacent mucous membrane of

the cheek and enters the posterior dental canals to supply the molar teeth. It forms
a fine plexus (plexus deatalis superior; (Fig. 1059; with the middle and anterior
superior dental ner\es.

Variation.—In the absence of the buccal branch of the fifth, the posterior superior dental
has been observed to be of large size and tu Jissume the distribution of the buccal.

4. The temporo-malar or orbital nerve ^n. 2\gomaticus) (Fig. 1053) after

arising from the maxillary passes from the spheno-maxillary fossa into the orbit

Fig. 1059.

NT PAi.PCB^'^L

4.AT1RAL NA&Ab

3ur I.AS1A1.

Diagram showing plan and connections of second and third divisions of trigeminus and their ganglia.

through the spheno-maxillary fissure. It courses along the external orbital wall and
divides into a temporal and a malar branch. The tcmp07-al braJich (x\. z} gomaticotem-

poralis) after inosculating with the lachrymal nerve passes through the spheno-malar
foramen to enter the temporal fossa. It then runs between the bone and the temporal
muscle and pierces the temporal fascia to be distributed to the skin of the anterior

temporal region. It communicates with the temporal branch of the facial nerve.

The vialar branch (n. zygomatlcofacialis) traverses the malar foramen to supply the

skin of the malar region. It joins with filaments from the malar branch of the

seventh.

Variations.—The ner\e may pass through the malar bone before it divides, both branches
may pass separately through canals confined to the malar bone, or the temporal branch may pass
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llir()iij;li the splitiio-maxillary lissure. ICillic-r branch may Ijcahst^nt or smaller tlian iKjrmal, tlie

oiIrt l)raiicli sii|)i)lyiiij; the ckruitiicy. 'J lie malar may he replaced in its distribution by Mie
intraorbital and the temporal may be substituted or au};njentetl by the lachrymal.

5. TIic middle superior dental nerve (r. .ilvcol.iris superior mcdius) leaves

the maxillary in the j)()Sleri(ir part of the iiilraorbilal canal. It occasionally arisc*s

from the anterior .superior denial. It passes down in a canal in the outer wall of the

ma.xillary antrimi and after formini; a i)li\iis w itli the other two dental nerves supplies

the jiremolar teeth.

0. The anterior superior dental nerve (r. alvcolaris superior anterior) is the

largest of the three siii)erior dental nerves. It arises from the ma.xillary just before

the exit of the latter at the infraorbital foramen and descends in a canal in the

anterior wall of tiie antrinn. It gi\es off a nasal dram/i, which enters the nose

Fig. 1060.
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Dissection showing maxillar>' and mandibular ners'es and tlieir branches ; outer wall of orbit, part of facial wall of
ma.xillary sinus and part of mandible have been removed.

through a tiny canal in the outer wall of the inferior meatus of the nose and
supplies the mucous membrane of the anterior part of the inferior nasal meatus and
floor of the nose. After helping to form the superior dental ple.xus, the anterior

superior dental supplies the canine and incisor teeth.

Two thickenings are sometimes found in the superior dental plexus. One of these, known
as the ganglion of Valentin, lies above the tip of the root of the second premolar tooth, at the

junction of the middle and posterior superior dental nerves; and the other, sometimes called

the ganglion of Bochdalek, is situated more anteriorly, at the junction of the middle and
anterior dental nerves. Neither of these enlara:ements is a true ganglion, being without nerve-

cells and consisting: of interlacinir bundles of nerve-fibres.
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7. The inferior palpebral branches (rr. palpcbrales inferiores) (Fig. 1060)
usually two in number, are the smallest of tlie terminal branches. They pass upward
from the infraorbital foramen, pierce the ori_i,nn of the levator labii superioris, pass

around the lower margin of the orbicularis palpebrarum and suj)j)ly the conjuncti\'a

and skin of the lower eyelid.

8. The lateral nasal branches (rr. nasalcs extcrni) (Fii^. 1060), from two to

four in number, pass inward under the levator labii superioris akeque nasi and supply
the skin of the side of the nose.

9. The superior labial branches (rr. labialcs superiores) (Fig. 1060), two to

four in number, are the largest of the terminal branches. They pass downward
under the levator labii superioris and, after supplying the anterior portion of the

skin of the cheek, terminate in the mucous membrane and skin of the upper lip.

The last three branches inosculate freely under the levator labii superioris with
the infraorbital branch of the facial, forming the infraorbitalplexus (Fig. 1068).

The Spheno-Palatine Ganglion.—The spheno-palatine ganglion (g. spheno-

palatinum), also known as Meckd' s, the sphc7io-maxillary or the nasal ganglion, is a

small triangular reddish-gray body, with the apex directed posteriorly, situated in

the upper portion of the spheno-maxillary fossa. It is flat on its mesial surface,

and convex on its lateral, and measures about 5. mm. in length. It lies in close

proximity to the spheno-palatine foramen and just beneath the maxillary branch of

the trigeminal nerve (Pig. 1061). The ganglion is regarded as belonging to the

series of sympathetic nodes, and consists of an interlacement of nerve-libres in which
are embedded numerous stellate sympathetic neurones.

Roots.—The se^isory root consists of two, sometimes three, short stout

filaments, the spheno-palatine nerves (nn. sphenopalatini), which pass directly

downward from the lower margin of the maxillary nerx-e to the upper border of the

ganglion. While some few of the fibres of this root are axones of the sympathetic

ganglion-cells, the great majority are dendrites of the cells of the Gasserian ganglion

which pass to a limited e.xtent through, but mostly around, the spheno-palatine

ganglion independently of its cellular elements. They are continued entirely into the

various trunks that are usually described as branches of distribution of the ganglion

(see below).

The motor root is the great superficial petrosal nerve (a. petrosus superficialis

major) which, in all probability, carries sensory as well as motor fibres. It arises from
the facial nerve in the facial canal, passes through the hiatus Fallopii and a groove in

the petrous portion of the temporal bone and then under the Gasserian ganglion to

reach the cartilage occupying the middle lacerated foramen. Here the great super-

ficial petrosal nerve is joined by the sympathetic root, the great deep petrosal,

(n. petrosus profundus), which is a branch from the carotid plexus. The two great

petrosal nerves fuse over the cartilage at the middle lacerated foramen to form the

Vidian nerve (n. canalis pterygoidei [Vidii] ) (Fig. 1061), which traverses the canal of

the same name and enters the spheno-maxillary fossa to join the spheno-palatine

ganglion. In its course through the canal the \'idian ner\e gives off a few tiny

nasal branches, which, composed of trigeminal and sympathetic fibres, supply the

pharyngeal ostium of the Eustachian tube and the posterior part of the roof of

the nose and the nasal septum. While in the canal, the Vidian nerve receives a

filament from the otic ganglion.

In addition to supplying (according to many anatomists) motor fibres to the levator palati

and azygos uvulae muscles, some of the facial fibres are especially destined for glandular struc-

tures. Such fibres are probably interrupted around the stellate cells of the spheno-palatine

ganglion, the axones of which then complete the paths for the secretory impulses. The sensory

constituents of the great superficial petrosal nerve are, perhaps, of two kinds : {a) fibres from

the cells of the geniculate 'ganglion of the facial to tlie palatine taste-buds, and {b] recurrent

trigeminal fibres, that, by way of the maxillary, spheno-palatine and great superficial petrosal

nerves, are distributed with the peripheral branches of the Vidian or of the facial nerve.

The great deep petrosal nerve represents the association cord between the superior cervical

sympathetic and the spheno-palatine ganglion. Many of its fibres end in arborizations around
the stellate spheno-palatine cells, from which, in turn, axones pass to blood-vessels and glands

by way of the ganglionic branches of distribution.
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Branches.— Tlic hraiulus of distribution of tin- spin no-pal;itine j^anglion arc

conveniently grouped into foiu' sets: {i ) ihn tisn/u/ini^, (2) ihc descendinj^, (3) the

interna/ \\\u\ (4) (\\v fyostcrior.

1. riie ascending or orbital branches (rr. orbitalcs) (Pig. 1059) are two or

three tiny tilanients, wliith pass into llie orhit through ilic spheno-inaxillary fissure and,

after traversing thi- |)osterior ethmoidal eanal or a small special aperture, are distrib-

uted to the splunoidal and posterior ethmoidal air-cells and the jjeriosteuni of the orbit.

2. The descending branches ( iiii. jialalini) (I'ig. 1059) are three: (a) the

largt' pmtirior palatine, {/>) the s)nall posterior palatine, and (e) the aecessory pos-

terior palatine )ierves.

a. Tlie tivxe posterior p(i/(itine nerve (n. p.il.itinus niucrior ) leaves the sijheno-maxiliary fossa

by nuaiis of the lar^e i)()Sterior palatine canal, tlironijli which it descends to the inferior surface

uf the hartl palate. While in the canal it gives off one or \.vio posterior inferior nasal branches

Fig. 1061.
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(rr. nasales posteriores inferiores), which, escaping through small apertures in the perpendicular

plate of the palate bone, enter the nasal fossa and supply the mucous membrane of all but the

anterior portion of the inferior turbinate bone and the adjoining portions of the middle and infe-

rior nasal meatuses. Emerging from its canal the main nerve passes forward in a groove on the

inferior aspect of the hard palate and inosculates with the terminal filaments of the naso-palatine

nerve. It supplies the hard palate and its mucous membrane, as well as the inner side of the gum.

b. The small posterior palatine fterz'c (n. palatinus posterior) descends in the small pos-

terior palatine canal. It supplies sensory filaments to the mucous membrane of the soft palate

and the tonsil and motor ones to the levator palati and azygos uvuke muscles.

c. The accessory posterior palatine nerves- (nn. palatinus medius) are one or more small

filaments which pass through the accessory posterior palatine canals and supply the mucous
membrane of the soft palate and tonsil.

3. The internal branches (rr. nasales posteriores superiores) (Fig. 1059) pass

from the spheno-maxillarv into the nasal fossa through the spheno-palatine foramen.

They are : (a) Xh^ posterior superior nasal and ib) the yiaso-palatine 7ierve.
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a. The posterior superior ?iasai nerve (rr. laterales) supplies the mucous membrane of the

posterior superior portion of the outer wall of the nasal fossa.

b. The naso-palatine nerve (n. nasopalaiinus) (Fig. 1059) crosses the roof of the nasal

chamber and passes downward and forward in a groove in the vomer and septal cartilage to

reach the anterior palatine canal. It then passes through the foramen of Scarpa, the left nerve

through the anterior and the right one through the jjosterior canal, the two nerves forming in

this situation a fine plexus. Having reached the inferior surface of the hard palate, the naso-

palatine inosculates with the large posterior palatine nerve. It supplies the roof and septum of

the nose and that portion of the hard palate which lies posterior to the incisor teeth.

4. The posterior branch (Fig. 1059) also known as the pharyngeal or

pterygo-palatine, leaves the spheno-maxillary fossa through the pterygo-palatine

canal and supplies the mucous membrane of the naso-pharynx in the region of the

fossa of Rosenmiiller,

Variations.—Branches of the ganglion have been described as passing to the abducent
nerve, to the ciliary ganglion and to the optic nerve or its sheath. The accessory posterior

palatine nerve is sometimes absent. Quite frequently the left naso-palatine nerve passes
through the posterior foramen of Scarpa and the right nerve through the anterior.

III. The Mandibular Nerve.—The mandibular or inferior maxillary branch

(n. mandibularis) of the trigeminal nerve is the largest of its three divisions and, being a

mixed nerve, consists of two portions, one sensory and the other motor. The sensory

part is the larger and arises from the lower anterior portion of the Gasserian ganglion.

The smaller i7iotorpart is the motor root of the trigeminal ner\e, which contributes

exclusively to this division of the fifth nerve. Although these two portions are inti-

mately associated in their passage through the foramen ovale, the motor bundle

lying to the median side of the sensory, it is not until they emerge from the skull

that they unite, immediately below the lower margin of the foramen ovale, to form

the mandibular nerve. The sensory portion supplies the skin of the side of the

head, the auricle of the ear, the external auditory meatus, the lower portion of the

face and the lower lip, the mucous membrane of the mouth, tongue and mastoid

cells, and the lower teeth and gums, the salivary glands, the temporo-mandibular
articulation, the dura mater and the skull. The motor portion supplies the muscles

of mastication Cthe temporal, the masseter and the external and internal pterygoids),

the anterior belly of the digastric, the mylo-hyoid, the tensor palati and the tensor

tympani muscles. By union of the two constituents, a thick common trunk is formed,

which, after a course of from 2-3 mm. , separates under cover of the external ptery-

goid muscle into an anterior and dL posterior division (Fig. 1063).
Branches and Distribution.—The branches from the main trunk of the

mandibular nerve are: (i) the recurrent branch and (2) the inter^ialpterygoid nerve.

1. The recurrent branch (n. spinosus) arises just beneath the foramen ovale

and accompanies the middle meningeal artery into the cranium through the foramen
spinosum. It then divides into two branches, the anterior of which supplies the greater

wing of the sphenoid and the adjacent dura mater, while the posterior passes through
the petro-squamous suture and supplies the mucous membrane of the mastoid

air-cells.

2. The internal pterygoid nerve (n. ptengoideus internus) (Fig. 1059)
passes downward on the mesial side of its muscle and, in addition to supplying the

pterygoid muscle, gives off the motor root of the otic ganglion and filaments to the

tensor tympani and tensor palati muscles.

The Anterior Division of the mandibular ner\e (n. masticatorius) is motor,

with the exception of its buccal branch, and receives almost the entire motor constit-

uent of the trigeminal. It passes downward and forward for a short distance under
the external pterygoid muscle and then breaks up into its branches.

Branches.—These are: (i) the 77iasseteric
, (2) the external pterygoid

, (3)
the deep temporal and (4) the buccal nerve.

I. The masseteric nerve (n. massetericus) (Fig. 1063) passes over the

upper border of the external pterygoid and behind the posterior margin of the

temporal muscle. It takes a course horizontally outward and traverses the sigmoid
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notcli of the niaiuliblL' U> (.nler the postcriDr ixMlion of the mesial surface of the

massetcr. It sii[)|)Hcs one or two filaiiiciUs to the teini)oro-mandibular articulation.

2. The external pterygoid nerve (n. ptcrvjijoidcus cxternus) (Vi^. 1063),
usually takes its orii^iu as a common trunk with the buccal nerve. It enters the

deep surface of tlie external pttry|L,n)i(l.

3. The deep temporal nerves (nn. tcmporalcs i)rofun<li anterior ct posterictr)

(Fijjf. 1063), are usually three or two in number. The anterior accompanies
the buccal nerve between the heads of the external jjterygoid, after which it passes

upward t(j supply the anterior portion of the temporal muscle. The viiddle passes

outward across the upper martjin of the external pterygoid and then upward close

to the bone to enter the deep surface of the temporal muscle. It often fuses with
either the anterior or posterior deep temporal, thus reducing the number of temjjoral

Fig. 1062.
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ner\'es to two. The posterior frequently accompanies the nerve to the masseter for

a variable distance, after \vhich it turns upward along the bone to enter the deep
surface of the posterior portion of the muscle.

4. The buccal nerve (n. buccinatorius) (Fig. 1062) is purely sensory. It

arises in common with the e.xternal pterygoid and anterior deep temporal nerves

and is accompanied by the latter between the heads of the external pter}'goid.

Passing downward on the inner side of the temporal muscle it reaches the outer

surface of the buccinator, where it breaks up into several branches which form a

plexus around the facial vein, with the buccal branch of the facial nerve. Some of

its branches pierce the buccinator muscle to supply the mucous membrane of the

cheek as far forward as the angle of the mouth, while the others supply the skin of

the cheek.

Variations.—Instead of lying to the inner side, the nerve may pierce the temporal muscle.
It may be derived from the posterior superior dental nerve or from the inferior dental, in the

latter instance emerging from the inferior dental canal by a small foramen in the alveolar border
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of the mandible just anterior to the ramus. It has been seen in one case to arise directly from

the Gasserian ganglion and emerge from the cranium through a special foramen situated between

the foramina rotundum and ovale.

The Posterior Division of the mandibular nerve is sensory, with the exception

of the niylo-hyoid nerve. It passes downward beneath the e.xternal pterygoid and,

after giving of? the two roots of the aiiricido-temporal nerve, terminates by di\'iding

intfi the litiffual and the inferior dental nerve.

Branches.—These are: (i) the aurieu/o-teinpora/, (2) the Ungual a.n(\ (3)

the inferior dental.

I. The auriculo-temporal nerve (n. auriculotemporalis) (Fig. 1063) arises just

below the foramen ovale by two roots which enclose between them the middle meningeal

artery. It passes backward beneath the external pterygoid muscle and between the

spheno-mandibular ligament and the neck of the mandible, and then turns ui)ward

through the parotid gland between the temporo-mandibular articulation and the external

ear.
' Emerging from the upper margin of the gland, the nerve j)a5ses over the root of

the zygoma and ascends to the temporal region behind and in company with the

superficial temporal artery.

Branches.—These are : {a) the articular, (b) the parotid, (c) the meatal, {d)

the anterior auricular and {e) the superficial temporal. The last three are

terminal branches.

a. The articular branches (rr. articulares) are one or two delicate filaments which enter

the posterior portion of the temporo-mandibular articulation.

b. The parotid branches (rr. parotidei) pass to the gland; they arise either from the

auriculo-temporal or from its communicating filaments with the facial nerve.

c. The meatal branches (nn. meaius auditorii extern!) are two in number, an upper and a

lower. They enter tlie external auditory canal between the bone and the cartilage and supply

the skin covering the corresponding parts of the meatus, the upper branch in addition sending a

twig (r. membraiiae tympani ) to the tympanic membrane.

d. The anterior auricular nerves (nn. auriculares anteriores), usually two in number, supply

skin of the tragus and of the upper anterior portion of tiie auricle.

e. The superficial temporal nerve (rr. temporales superficiales) (Fig. 106S) breaks up into

a number of fine twigs which supply the skin of the temporal region and of the scalp almost to

the sagittal suture.

The auriculo-temporal communicates by its roots, close to their origin, with branches from

the otic ganglion, and by its parotid and superficial temporal branches with the facial nerve.

By the first of these communications secretory fibres of the glosso-pharyngeal and sympathetic

fibres are carried to the parotid gland ; by means of the second junction sensory trigeminal

fibres accompany the peripheral motor filaments of the facial.

Variations.—In a specimen found in the anatomical laboratory of the University of Pennsyl-

vania, the middle meningeal artery, instead of passing between the two roots of the nerve,

pierced the anterior one.

2. The lingual nerve (n. lingualis) (Fig. 1079) is the smaller of the

terminal branches of the mandibular nerve. Lying internal and anterior to the

inferior dental nerve, it passes downward beneath the external pterygoid as far as the

lower border of that muscle. It is usually connected with the inferior dental nerve by

an oblique strand of fibres, which occasionally crosses the internal maxillary artery

and, close to its origin, it is additionally joined at an acute angle by the chorda

tympani nerve. After emerging from under cover of the external pterygoid, it passes

between the internal pterygoid and the ramus of the mandible. It then turns inward,

forward and downward under the mucous membrane of the floor of the mouth, cross-

ing over the superior border of the superior constrictor of the pharynx and the deep

portion of the submaxillary gland, and passes under the submaxillary duct between

the mylo-hyoid and hyo-glossus muscles. Reaching the side of the tongue the nerve

continues forward to the apex, lying just beneath the mucous membrane.
Branches.—The lingual nerve supplies small filaments to the sublingual gland,

the floor and side of the mouth, the side of the tongue and the lower gum. It

gives off the sensory root of the submaxillary ganglion and its terminal filaments

(rr. linguales) pass upward through the muscles of the tongue to supply the mucous
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menihrane of the anterior Iwo-tliirds of the dorsum. Its ril)r(s have tlieir main
termination in tiie liHform and funj^iform papilla-.

The lingual nerve communicates with the chorda tympani and the inferior

dental and in its anterior poilion forms loo])s with the hyj)o^lossaI.

3. The inferior dental nerve (n. alvcolaris inferior) (F"i})^. 1063) is the larj^er

of the terminal branches of the mandibular. I-yinj^' posterior and external to the
linijual, to which it is connectetl by a small m-rve strand, it passes downward and
forward under cover of the external pteryj^^oid. Lcavinj^ the lower margin of that
muscK", it runs between the ramus of the mandii)le and the s])heno-niandibular
ligament and enters the infericjr dental canal, along which it courses in company

Fig. 1063.
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with the inferior dental artery, and supplies filaments to the teeth, as far as the mental

foramen. Here the nerve breaks up into its terminal branches, one of which, the

incisor, continues within the mandible to the mid-line, while the other and larger, the

mental, emerges at the mental foramen.

Branches.—These are : (a) the viylo-hyoid, (b) the dental, (c) the incisor

and i^d) the mental, of which the last two are terminal branches.

a. The mylo-hyoid nerve (n. mylohyoideus) (Fig. 1063) is the only motor strand in the

posterior division of the mandibular nerve. It arises from the inferior dental nerve, just

before the latter enters its bony canal, and passes downward and forward in the mylo-hyoid

groove, sometimes a canal for part of the way, in the mandible. The nerve descends into

the digastric triangle and reaches the inferior surface of the mylo-hyoid muscle, in this situation

being overlain by the submaxillary gland and the facial artery and vein. It here breaks up into

filaments which supply the mylo-hyoid muscle and the anterior belly of the digastric.

b. T\\Q dental branches (rr. dentales inferiores) are given off as the nerve traverses the

inferior dental canal. They combine and unite to form the inferior dental plexus (plexus
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dentalis inferior) which supplies UlameiUs to tlie molar and premolar teeth, one filament to each

fang, and the adjacent portion of the i;um.

c. The incisor branch \\\. alveolaris inferior anterior) is the smaller of the terminal division?

and continues forward within the mantlible the course of the inferior dental nerve from the

mental foramen to the mid-line. It supplies the canine and incisor teeth.

d. The mental nerve ( n. mentalis) {Vv^. 1063) is mucli the larger terminal

branch of the inferior dental. Emerging from the mental foramen, it breaks up under

cover of the depressor anguli oris muscle into a number of filaments which supply the

skin of the chin and the integument and mucous membrane of the lower lip. It forms

a free communication with the supraniandil)ular branch of the facial nerve.

The Otic Ganglion.—The otic or Arnold'' s o^an q;lion {%. oticum) (Fig. 1064) is

one of the two ganglia associated with the mandibular nerve. It is a small flattened

Fig. 1064.
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body, of irregularly oval or stellate oudine and reddish-gray color,_and measures

about 4 mm. in its longest or antero-posterior dimension. It lies just below the

foramen ovale on the mesial side of the mandibular nerve and co\-ers or e\-en encloses

the origin of the internal pterygoid nerve. Internally the ganglion is in relation with

the tensor palati muscle and the cartilaginous portion of the Eustachian tube and

posteriorly wnth the middle meningeal artery. It is a sympathetic ganglion and con-

tains numerous stellate neurones which are characteristic of such structures.

Roots.—Of the communications that the otic ganglion receives from several

sources, some are regarded as its roots, of which the sensory root is contributed by

small superficial petrosal nerve (n. petrosus superficialis minor). The latter estab-

lishes connection between the otic ganglion and the petrous ganglion of the glosso-

pharyngeal nerve by way of its tympanic branch (page 1075) on the one hand and,

by means of communicating filaments, between the otic and the geniculate ganglion

of the facial nerve on the other. As the continuation of the tympanic nerve, after

union with the filaments from the geniculate ganglion, the small superficial petrosal

lea\'es the upper and fore part of the tympanic cavity, traverses a small canal in the

temporal bone, and emerges on the upper surface of the latter, to the outer side of

the hiatus Fallopii. It then turns downward, passes through the peiro-sphenoidal

fissure or through a special canal in the sphenoid bone, and joins the otic ganglion.
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By means of these connections and the l^ranchis <»f thstrihntion from the otic gang-

lion, secretory hbns are carrird aloni; with those of the aiiriculo-temiMjral
( paj^e

1244) to the parotitl ^laiul. The small jiuperticial petrosal ner\e also contains taste-

fibres, which pass either to the petrous ganglion of the ninth or to the geniculate

ganglion of the seventh, and thence centralward to the reception-nuclei in the

medulla.

The motor root is a l)ran(h from the internal |>t(rygoid ner\e. The sympathetic

root is represented hv one or two nerve-tilaments from the plexus on the middle

meningeal artery. The i^anglion also receives the sp/u noidal branch fnjin the X'idian

nerve.

Branches. ^—A nuinl)rr of delicate strands |)ass from the otic gangli<jn to adja-

cent nerves. These so-called branches of distribution include : (a) two or more fila-

ments which join the roots of the auriculo-temporal nerve and so convey secretory

fibres from the glosso-pharyngeal to the parotid gland, {b) a communicating branch

Fig. 1065.
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to the chorda tympani and (c) another to the buccal nerve, (fl?) a branch to the

internal pterygoid nerve, and (c) and (/) branches to the nerves supplying the

tensor palati and tensor tvni])ani muscles.

The Submaxillary Ganglion.—The subma.xillary ganglion (g. submaxillare)

(Fig. 1063) is a reddish triangular or fusiform body, measuring from 2-3 mm. in

its greatest length, and is the smallest of the sympathetic ganglia connected with

the fifth nerve. It is situated above the deep portion of the submaxillary gland and

upon the hyo-glossus muscle and lies between the submaxillary duct and the lingual

nerve, apparently suspended from the latter by two short slender filaments. The
anterior of these transmits chiefly sympathetic fibres that pass from the ganglion

to the lingual nerve, the posterior fibres going from the lingual to the ganglion as its

sensory and motor roots.

Roots.—The soisory root is contributed by the lingual ner\e ; the 7uotor root

proceeds from the facial by way of the chorda tympani and contains secretory fibres :

and the sympathetic root is derived from the adjoining plexus on the facial artery.

Branches.—The branches of distribution include: {a) a number of fibres \yhich

pass to the submaxillary gland, (^) others which are distributed to the submaxillary

duct and the mucous membrane of the floor of the mouth and {c) filaments which join
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the lingual nerve and, after accompanying- it for a short distance, are distributed to

the sublingual gland. The sensory fibres, processes of the Ckisserian neurones, tra-

verse the submaxillary ganglion without interruption ; the secretory fibres from the

facial end, at least in part, around the stellate sympathetic neurones of the ganglion,

from which cells axones pass to the alveoli of the submaxillary and sublingual

glands ; while other sympathetic filaments proceed, as the axones of stellate cells

either within the submaxillary or a more remote sympathetic ganglion, to supply the

glandular tissue and ducts, as well as to accompanv the peripheral branches of the

lingual nerve.

Practical Considerations.—The fifth cranial nerve is the sensory nerve of

the face and the motor nerve to the muscles of mastication. It is more frequently

the seat of excessively painful neuralgia than any other nerve in the body. Extra-

cranial lesions are much more commonly the cause of such neuralgia than intracra-

nial. The neuralgia is rarely bilateral, and usually does not invoke all three divisions

of the nerve. It rather attacks one or two divisions, or only a branch of one, the

first and second divisions being most frequently involved. Certain tender regions can

almost always be found, as over the points of emergence of the nerve on the face, at

the supraorbital, infraorbital and mental foramina, where in an interval from pain

pressure may produce a paroxysm.
The supraorbital notch or foramen can usually be felt at the junction of the inner

and middle thirds of the supraorbital margin. The mental foramen is in the lower
jaw, below and between the two bicuspid teeth, while the infraorbital foramen lies

just below the lower margin of the orbit in a straight line between the supraorbital

and mental foramina.

When the first division is the seat of neuralgia, the disease is almost always con-

fined to the supraorbital branch. Excision of this branch will usually give relief for

about two years, sometimes permanently. The same may be said of the infraorbital

nerve when the disease is confined to the second division. The infraorbital may be
e.xcised at the foramen, through the mucous membrane of the mouth or by an in-

cision in the skin along the lower margin of the orbit. Through the latter the orbital

tissues may be raised and the nerve reached farther back in its canal, which in its

anterior part has a thin bony covering. By going through the antrum of Highmore
from the cheek, just below the infraorbital foramen, the second dixision, with

Meckel's ganglion attached to it may be excised at its emergence from the skull.

The anterior wall of the antrum is opened by a trephine or chisel and the floor of

the infraorbital canal in the roof of the antrum is gouged away so that the nerve is ex-

posed and followed to the posterior wall of the antrum. This wall is then opened,
the spheno-maxillary fossa exposed and the nerve is divided at the foramen
rotundum and removed with the ganglion. The bleeding will be severe, since

large and numerous branches of the internal maxillary artery surround the ganglion

and are divided.

When the neuralgia is confined to the inferior dental nerve the mental branch
may be excised at its foramen through the mucous membrane of the mouth. The
inferior dental itself is more frequently attacked through a trephine opening in the

ascending ramus of the lower jaw. It may with greater difificulty be reached through
the mouth, the incision being made along the anterior margin of the descending
ramus, and the soft tissues separated from the inner surface of the ramus until the

dental spine marking the dental foramen is exposed ; the inferior dental nerve and
artery will be found entering the canal. The nerve may then be exposed and ex-

cised with due regard for the accompanying vessels and the internal maxillary artery,

from which the inferior dental branch has just been given of^.

The buccal nerve is sometimes the seat of neuralgia, and may be reached by an

incision through the cheek in front of the coronoid process and the insertion of the

tendon of the temporal muscle. The nerve can be reached from the mouth in the

same situation.

When the peripheral operations for trigeminal neuralgia Ttic douloureux) have
failed to effect a cure, or when the neuralgia piimarilv shifts from one branch to an-

9ther> indicating an extensive central involvement, the Gassen'a?i ganglion must be
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rcniovrd or tlic sensory root resected. The sk4ill is opened in the temporal region

A\n\ thi- iiiiopc'iu'd (hira (unless unavoitlahly torn) is separated inward frcjtn the Hotjr

of the skull until tlu- j^anmlion, lyinj.^()n the apex of the petrous jjortion of the

temporal hone hiluii-n the two layers of the dura, is exposed and removed. The
mitldii' nu-niiiijeal artery is especially exposed to ruj)ture as it cfiines throuj^h the

foramen spinosum. A possible source of even more dantjerous hemorrhaj^e, how-
ever, is the cavernous sinus, with which the ^anj^lion is intimately associated.

Troi)hic chantjes in the eye are liable to occur from damaj^e to the first division of

the nerve.

The linti^ual nerve is sometimes divided in painful conditions of the tongue, as

in cancer. It is easily reached in the floor of the m<juth as it is passing forward to

the tongue, just under the mucous membrane. The incision is made about midway
between the tongue and the alveolus of the lower jaw.

Paralysis of the sensory branches of the fifth nerve, nontraumatic in origin, is rare,

and when it does occur involves usually only individual branches, and these often

only in a ])art of their distribution. When implicating all the divisions of the fifth

nerve and associated with pain, it should suggest a tumor of the Gasserian ganglion.

A paroxysmal cough may occur in some patients in whom the respiratory

organs are perfectly normal, from irritation of the terminal branches of the trigeminal

nerve in the nose, pharynx and external auditory meatus.

THE ABDUCENT NERVE.
The sixth or abducent nerve (n. abducens) is exclusively motor and supplies the

external rectus muscle of the eyeball. Its deep origin is from the abdticcyit nucleus

(nucleus n. abducentis) (Fig. 933), a rounded cluster of multipolar neurones which

lies in the dorsal part of the tegmentum of the pons and under the gray matter of the

floor of the fourth ventricle. It is situated anterior to the striee acustic^e, beneath the

eminentia teres and ventral to and within the loop formed by the fibres of the facial

nerve. Leaving the nucleus on its inner aspect, the root-fibres form several fasciculi

which pass backward and ventro-laterally, lying to the inner side of the superior

olive. Arriving at the ventral portion of the pons, the major portion of the fibres

passes to the outer side of the pyramidal group, a few fasciculi traversing them to

reach the surface. The superficial origin (Fig. 1046) lies in the sulcus which
demarcates the lower edge of the pons from the medulla, a little lateral to the

pyramid.

Central and Cortical Connections.—As in the case of the third and fourth nerves, the

nucleus of the sixth receives, by way of the posterior longitudinal fasciculus, some of the

fibres of the pedicle of the superior olive, thus completing the establishment of a reflex-path

between the auditory apparatus and the centres for the nerves controHing the eye-muscles. A
second connection is effected by means of the posterior longitudinal fasciculus with the oculo-

motor nucleus of the opposite side. Finally, the abducent nucleus is brought into relation with

the motor area of the cortex by way of the pyramidal tract of the opposite side.
'

Course and Distribution.—After leaving the surface of the brain-stem, the

nerve, which at its superficial origin is fiat and often represented by several strands,

becomes consolidated and rounded, and bends forward to follow for about 15 mm.,
the lower surface of the pons. It then pierces the dura mater over the sphenoid bone

at a point medial and slightly posterior to the opening for the fifth nerve (Fig 1052).

Thence it runs forward through a notch beneath the posterior clinoid process and

passes to the outer side of the inferior petrosal sinus and over the apex of the petrous

portion of the temporal bone to enter the cavernous sinus. Here it lies somewhat
below and to the outer side of the internal carotid artery and, eventually reaching the

outer wall of the anterior portion of the sinus, enters the orbit through the sphenoidal

fissure, lying above the ophthalmic vein and below the third, fourth and ophthalmic

nerves. Lea\ing the fissure, it passes between the heads of the external rectus

muscle, which, after entering its ocular surface, it supplies.

The communications of the sixth nerve are : ( i) as it traverses the ca\ernous

sinus, filaments from the carotid plexus of the sympathetic and (2) as it enters the

orbit, a small sensory filament from the ophthalmic nerve.

79
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Variations.—The nerve may be absotit on one side, the external rectus being supplied by

a branch from the oculomotor. It may have its superficial origin by several widely separated

strands, the accessory fasciculi emerging from between the fibres of the pyramid or through

the lower border of the pons.

THE FACIAL NERVE.

The seventh or facial nerve (n. faci.-ilis) is a mixed ner\'e and consists of two

parts, a larger motor and a smaller sensory. The former supplies with motor fibres

the muscles of expression, the extrinsic and intrinsic muscles of the external ear,

the stylo-hyoid, the posterior belly of the ditjastric, the platysma myoides and per-

haps also the levator palati and the azygos uvulae. Certain of the motor fibres are

peculiar and as secretory fibres are destined for the supply of the submaxillary and

sublingual glands. The sensory part of the facial conveys gustatory fibres to the

anterior two-thirds of the tongue.

The sensory part is commonly known as the pars intermedia of Wrisbcrg (n,

intermedins) which, instead of being a distinct nerve, may with ])ropriety be regarded

as the sensory portion of the seventh—a view strongly supported upon morphologi-

cal grounds. The sensory fibres are processes of the cells situated within the

Fk;. 1066.

Brain-stem with nuclei of cranial nerves shown iliagratnmatically ; motor nuclei and fibres are blue; sensory

nuclei and fibres are red. a, oculomotor nerve; <i, trochlear nerve; c, motor part of trigeminal nerve; rf, sensory

part of trigeminal nerve; <>, spinal root of sensory part of trigeminal nerve;/, facial nerve; g, abducens nerve; A,

vestibular portion of auditory nerve; /, cochlear portion of auditory nerve; j\ glosso-pharyngeal nerve ; A, vagus
nerve, s'lowing also the nucleus ambiguus in black; /, hypoglossal nerve; m, vagus portion of spinal accessory

nerve. {Posey and Spilley.)

enlargement on the facial nerve known as \.\\e geniculate ganglion, which is situated

within the facial canal at the so-called knee. Passing through the proximal part

of the facial canal, the axones of the geniculate ganglion cells enter the cranium

through the internal auditory meatus, lying above the auditory nerve and below

the motor root of the seventh, with both of which they communicate. Leaving the

meatus, they pass inward and enter the brain-stem at the superficial origin,

(Fig. 1046), which is located at the lower border of the pons, between the motor

root of the seventh and the auditory nerve.

Entering the substance of the medulla, the sensory fibres pass either through or dorsally to

the spinal root of the trigeminal nerve to reach the superior part of tlie Jtucleus of reception,

which it shares with the glosso-pharyngeal and vagus nerves (i^age 1262). On gaining this

nucleus, the sensory fibres divide into short ascending and much longer descending branches,

thus behaving in a manner identical with that of the corresponding fibres of the trigeminus and

other mixed cranial nerves. The termination of the sensory fibres is around the neurones

of the reception-nucleus, from which axones jiass to the mesial fillet of the opposite side, and

eventually, to the cerebral cortex.
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The motor partis by tar tlu- laij^cr of tlic two and constitutes both anatom-

ically and luiulioiially iho nioru impoitaiit portion of tlii* ncrvx-. Tlu- deep origin

of llu' motor root is from the fucial inn It'us ( I'ijj;. 933), an oval collectic^n of s(jnie

half do/en groups of larj^e multipolar neurones, which measures about 5 mm. in

length, and is situated in the |)osterior portion of the tegmentum of the |jons. It

lies within the formatio reticularis medial to the spinal root of the trij^eminal nerve

and, in its lower part, close to the fibres of the corpus trapezoides ; hij^lur uj) it is

tilted dorsally and separated from these fibres by the superior olive, to the upper

and outer side of which it lies. Although the facial nucleus is situated close to the

superficial origin of the seventh ner\e, the root-fibres instead of takinj^ a direct

route to the \entral surface of the brain-stem follow a devious course. The intra-

cerebral j)art of the ner\e has been divided for convenience (jf description into a

radicular, an ascendini;- and an emeri^ent portion.

The radicular porliou consists of luimeroiis loose fasciculi of root-lihres whic:h arise from

the dorso-lateral aspect of tlie nucleus of oriji:in and pass backward and slij^dilly inward. The
upper fibres stream over the dorso-lateral surface of the nucleus of the abducent nerve and then,

with tlie other lihres of the motor root, bend niesially along tlie floor of the fourth ventricle.

As they near the mid-line they turn sharply upward and assenil)le to form a solid strand, the

asceudin_s[ portion of the seventh nerve. This ujiward course contiiuies for about 5 mm. and in

this situation tlie nerve is separated from the floor of the fourth ventricle, beneath which it runs

within the funiculus teres, only by the lining ependyma and lies immediately dorsal to the pos-

terior longitudinal bundle and mesial to the abducent nucleus. The nerve now bends abruptly

outward at a right angle and eiUers upon the cniei (rent portion of its course, during which it

crosses the dorsal aspect of the abducent nucleus and passes backward and ventro-laterally, be-

tween its own nucleus of origin and the spinal root of the trigeminal nerve, to gain the exterior

of the brain-stem (Fig. 1066).

The central and cortical connections of the motor part of the facial nerve include paths

whereby the nucleus is brought under the influence of the reflex and the cortical centres,

(rt) While not beyond dispute, it is probable that a limited number of root-fibres are connected

with the facial nucleus of the opposite side. (6) The evidence adduced from clinical observa-

tions and pathological findings points to the existence of. a special group of cells from which

arise the fibres supplying the orbicularis palpebrarum and frontalis nuiscles. These fibres,

sometimes called the superiorfacial nerve, may retain their functional integrity notwithstanding

the occurrence of paralysis of the other muscles supplied by the seventh nerve, (r) The latter,

morever, is brought into association with the visual and auditory centres by paths, probably

within the posterior longitudinal fasciculus, by which the facial cells respond to the impulses of

sight and hearing, as shown by the automatic closure of the eyelids, {d) Connection with the

hypoglossal nerve has been assumed in explanation of the coordinated action of the muscles of

the lips with those of the tongue. (<?) The motor facial nucleus is brought under the influence of

the cortical area by the cortico-bulbar fibres which proceed as axones from the motor neurones

lying within the lower part of the precentral convolution. These fibres descend in company
with the cortico-spinal tracts to appropriate levels and end around the radicular cells of the

facial nucleus of the opposite side, a few fibres, however, probably terminating in the nucleus

of the same side.

The superficial origin of the motor root is at the lower border of the pons, to

which it may be adherent, in a groove between the inferior olive and the inferior

cerebellar peduncle (Fig. 1046). Just above the facial as it escapes, often as several

strands of root-fibres, lies the fifth nerve and to its outer side is the auditory, from

which it is separated by the sensory root of the seventh.

Emerging from the surface of the brain-stem, the nerve passes outward, its

motor and sensory roots ununited, to the internal auditory meatus, through which

it passes above and anterior to the auditory. At the bottom of the meatus the

seventh and eighth nerves part company, the facial entering the facial canal, whose

course it follows throughout. At first the canal is directed horizontally outward,

between the cochlea and the vestibule, until it reaches the mesial tympanic wall. It

then bends abruptly backward, passes above the fenestra ovalis and turns down-

ward, behind the pyramid, in the posterior wall of the tympanic cavity, to end at the

stylo-mastoid foramen. The point where the canal turns backward marks a corre-

sponding bend, the gemi, of the facial nerve. In this situation is found x\-\^ geniculate

ganglion and here the two roots fuse to form a single trunk. After emerging from
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the stylo-mastoid foramen the nerve passes downward, outward and forward throuj^h

the parotid gland, and divides, just posterior to the ramus of the manthljle, into

its terminal branches, the temporo-facial and the cervico-facial. The filaments of

these branches freely join with one another and form the fan-like parotid plexus

(plexus paroti(leus), also called pes anserimis.

The geniculate ganglion (g. geniculi) is a small oval or fusiform thickening on

the facial ner\c, at the point where it turns backward (geniciilum n. facialis), and

contains unipolar neurones, whose axones form the sensory root of the facial nerve

and whose dendrites form the sensory fibres of distribution of the seventh.

The so-called branches of the geniculate ganglion—the great and external

superficial petrosal nerves and the branches to the tympanic plexus—are only in part

composed of fibres connected with the ganglion cells ; they are, therefore, more

appropriatclv regarded as branches of the facial nerve.

Branches and Distribution.—Within the facial canal, the facial nerve gives

off: (i) the great superficial petrosal, (2) the branch to the tympanic plexus, (3)

the external superficial petrosal, (4) the stapedial, (5) the chorda tympayii and

Fu;. 1067.

Diagram showing branches and connections of facial nerve within facial canal.

(6) the comiyiunicating branch to the vagus. The first three are closely connected

with the geniculate ganglion. Outside the facial canal arise: (7) ih(t posterior auric-

zilar, (8) the digastric, (9) the stylo-hyoid, (10) the te)?}poro-facial s^nd (11) the

cervico-facial yierve. The last two nerves arise in an uncertain manner from that

irregular plexiform expansion, known as the pes anserinus, into which the facial

broadens within the substance of the parotid gland after emerging from the stylo-

mastoid foramen.

1. The great superficial petrosal nerve (n. petrosus superGcialis major) (Fig.

1061), while issuing directly from the ganglion, contains motor fibres in addition to the

sensory. It leaves the facial canal through the hiatus Fallopii, enters the middle cranial

fossa and passes forward under the Gasserian ganglion and over the cartilage of the

middle lacerated foramen. The nerve then crosses the outer side of the internal

carotid artery to reach the posterior opening of the Vidian canal, where it is joined

by the great deep petrosal nerve (page 1360) from the carotid sympathetic plexus,

with which it unites to form the Vidian nerve. The latter traverses the Vidian

canal to the spheno-maxillary fossa and there enters the posterior aspect of the

spheno-palatine ganglion, whose motor and sympathetic roots it contributes. The
probable relations and destination of these fibres have been considered in connection

with the spheno-palatine ganglion (page 1240).

2. The communicating branch to the tympanic plexus (r. anastomoticus

cum plexu tympanico) traverses a tiny canal in the temporal bone to reach the

tympanic cavity, where it joins the main continuation of the tympanic plexus of the
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elosso-nharvnuc-al t<^ form tlic small superficial pclrcsal and proceeds to the otic

^anulion, wliich it enters as the sensory root ( pa^^e 1246) I he hbres from the tym-

panic plexus, probably secretory in function, are distribute.l from the (;tic ^^an^hon to

the parotitl yland. n 1 „ 1

T, Theexternal superficial petrosal nerve is very small and is nf)t always

nresJnt It joins the svinpathelic plexus on the mid.lle meniuK^ral artery
"

4 The Stapedial' nerve (n. stapedius), for the supply of the stapedius muscle

is civen off as the facial i)asses downward behind the pyramid in the posterior wall of

the tympanic cavity, the nerve ^ainin.tr access to the muscle by passmg through a

minute orifice in the base of the pyramid.

iMc;. i(.6.S.

Temporal branch of

teinporoinal;

Mastoid branch (if \\^

^reat auricul ^-

AiiricuIo-tfnipor.ll

Malar branch of facial

Temporal branch
of facial

Infraorbital branch
of facial

Facial nerv

Great occipital nerv
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Supra mandibular branch of facial

Inframandibular branch of facial

Small occipital
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Great auricular nerve

Supraorbital nerve

Supratrochlear nerve

Infratrochlear nerve
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i
'• rrial branch of

^J nerve
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Superficial dissection of head and neck, showing terminal branches of trigetninal facial and great occipital nerves,

as well as associated branches of cervical plexus.

S The chorda tympani nerve (n. chorda tympani), while conveying both

motor and sensory impulses, consists mainly of sensory fibres derived from the cells

of the geniculate ganglion. It arises from the facial a short distance above the stylo-

mastoid foramen and courses upward and forward through the iter chordae posterius

to enter the tympanic cavity (Fig. 1067). Passing between the fibrous and mucous

layers of the membrana tympani, over the tendon of the tensor tympani and between

the long processes of the incus and malleus, it arrives at the anterior edge o the

membrane It then traverses the iter chordc-e anterius to reach the pterygo-maxillary

region and, after receiving a filament from the otic ganglion, takes a course down-

ward and forward, after which, under cover of the external pterygoid muscle, it unites

and becomes incorporated with the lingual branch of the mandibular nerve As the

latter passes above the submaxillary ganglion, the motor fibres of the chorda

tympani (facial) descend to the ganglion as its motor root f^ P^^ ^^^^
,

^''^"^"^">

end as secretory fibres to the submaxillary and sublingual glands. The sensory
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fibres of the chorda tympani, on the other hand, are distributed to the mucous
membrane coverini^ the anterior two-thirds of the side and dorsum of the tongue,

and are j^robably concerned in transmittiuij^ taste-impulses.

6. The communicating branch to the auricular branch of the vagus

(r. anastoiiioticus c. ramo auriculari n. vam;i) is .^ivcn off just above the stylo-mastoid

foramen and joins the auricular at the i)()int where the latter crosses the facial canal.

7. The posterior auricular nerve (n. auricularis posterior) arises just outside

the stylo-mastoid foramen. It passes backward and upward between the external

ear and the mastoid process and divides into {a) an occipital branch, which supplies

the occipitalis muscle and (b) an auricular branch, which supplies the posterior auric-

ular muscle, often partially the superior, and the transversus, the obliquus and the

antitraj^icus of the intrinsic muscles of the auricle.

The posterior auricular nerve communicates with the auricular branch of the

vagus, the small occipital and the great auricular nerve.

8. The digastric branch (r. digastricus) arises from the facial below the pos-

terior auricular nerve and breaks up into several filaments which enter the posterior

belly of the digastric. One of these filaments, after passing through or above the

digastric, may join the glosso-pharyngeal nerve.

9. The stylo-hyoid branch (r. stylohyoideus) is a small twig which arises in

common with the digastric branch and passes forward to enter the posterior portion

of the stylo-hyoid muscle.

10. The temporo-facial division (r. temporofacialis) (Fig. 1087) is the

larger of the two terminal branches. It traverses the upper portion of the parotid

gland in a forward and upward direction, lying superficial to the external carotid

artery and the temporo-maxillary vein. By repeated branchings and unions the

nerve forms an intricate looped plexus which breaks up into three more or less defi-

nite groups.

Branches.—These are: (a) the te?nporal, (b) the malar and (c) the iyifraorbital.

a. The temporal branches ( rr. temporales
)
pass upward and forward over the zygomatic

arch and supply the frontalis, the corrugator supercilii, the upper part of the orbicularis palpe-

brarum, the auricularis superior and the auricularis anterior.

The temporal branches of the facial communicate with the following branches of the

trigeminal : the auriculo-temporal, the supraorbital, the lachrymal and the temporal branch of

the temporo-malar.

b. The malar branches (rr. zygomatici) are rather small. They extend forward over the

malar bone and are sometimes incorporated with the temporal or infraorbital branches. They
supply the lateral part of the orbicularis palpebrarum and sometimes the zygomatici major

et minor.

The malar branches communicate with the malar branch of the temporo-malar.

c. The infraorbital branches ( rr. buccales superiores) are comparatively large. They course

horizontally forward across the masseter muscle in company witli the parotid duct and supply

the lower part of the orbicularis palpebrarum, a portion of the buccinator, the zygomatici major

et minor and the muscles of the nose and upper lip.

The most important of the communications is the one between the infraorbital and the

terminal branches of the maxillary division of the trigeminal. This is a sensory-motor plexus

which lies below the infraorbital foramen and under the levator labii superioris and is called the

infraorbital plexiis (Fig. 1068). The nasal and infratrochlear nerves communicate with the

infraorbital at the side of the nose.

11. The cervico-facial division (r. cervicofacialis) (Fig. 1087) is the smaller

of the terminal branches of the facial and resembles in its general arrangement the

temporo-facial. It passes downward, outward and forward through the parotid

gland and finally breaks up into three branches.

Branches.—These are : (<z) the buccal, {b) the sitpramaridibular and (r) the

ijiframandibtdar.

a. The buccal branch (rr. buccales) may be single or multiple. It crosses the masseter

and supplies the buccinator and orbicularis oris muscles.

It communicates on the outer surface of the buccinator muscle with the sensory buccal

branch of the mandibular division of the trigeminal nerve.
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b. 'llu- siif>ra)niini/i/)u/iir /)nim h {t. in.iruin.ilis inandiluilaris) i)ass«.'S forwartl betwet-ii the
lower lip and llic cliiii .unl siii)iili<.s tlic inuscks of the lower hp.

Its lilaimiils communicate with those from tlie mental Itranc h of the inferior ilental.

I. The iu/yatnandilmlar branch (r. colli) emerges from the lower marjjin of the parotid
gland and lakes a downward course behind the anj^le of the jaw. Piercinjj the deep cervical
fascia, it passes forward in tiie neck and forms a series of Ioojjs beneath the platysma myoides
as far down as the hyoid bone. It su|)i)lies tiie platysma myoides.

The nerve communicates \ulli llie superficial cervical branch of the cervical plexus.

Iransverse facial arterj-

Branches of the facial nerre

Superficial
temporal artery

Practical Considerations.—The facial iicrxc may l)c tin.- seat of si)asni (tic
convuisif) or of paralysis. The lesion may I)e central or peripheral, tlie latter being
more common. When the spasm is confined to certain branches it u.sually inv(jlves
the muscles about the eyes. If only the orbicularis is involved it is called blepharo-
spasm ; if the adjacent muscles also are involved, spasmus iiictilans. The facial nerve
is more frequently asspciated with spasm than any other in the body, excei)t the
spinal accessory.

Facial paralysis is relati\ ely common. If the central lesion—as a tumor, abscess
or hemorrhane— is limited to tin; facial centre in liie cortex, a monople^na of the facial

nerve will result, and the

paralysis will usually be ^"^- ^"^9-

confined to the lower

branches of the nerve in

the face and neck, the

upper branches escapinji^

probably because of bi-

lateral innervation of the

upper muscles of the

face. A cortical isolated

paralysis of this type is

exceedingly uncommon.
If the lesion, as an apo-

plectic hemorrhage, is in

the internal capsule, a

hemiplegia on the same
side as the facial paral-

ysis will be associated

with it, and this also

usually occurs when
the lesion is cortical. A
lesion in the upper part

of the pons will give rise

to a similar condition,

but if it is in the middle or lower part of the pons the facial nerve will be paralyzed
on the side of the lesion, the hemiplegia being on the opposite side (crossed paral-

ysis). This is explained by the fact that the facial fibres cross to the opposite side

in the pons, while the motor fibres to the extremities and trunk cross in the medulla.

A lesion in the middle or lower part of the pons on one side, therefore, will involve

the facial fibres after they have crossed, and the motor fibres to the extremities before

they have crossed. Thus the facial nerve will be paralyzed on the side of the lesion,

and there will be a hemiplegia of the opposite side.

The peripheral portion of the facial extends from its exit at the pons to its

terminal filaments on the face, but a lesion of the facial nucleus in the pons gives rise

to much the same symptoms as one of the nerve at its exit from the pons. Its intra-

cranial portion may be involved by tuberculous deposits, tumors, etc. In its long
course through the Fallopian canal it may be affected by swelling of the soft tissues,

by middle ear disease, or by fractures of the base of the skull in the middle fossa.

After it leaves the stylo-mastoid foramen it is in greatest danger, as from exposure to

atmosplieric influences, and to accidental and operative wounds. It is especially apt

to be wounded in that portion which lies within the parotid gland.

Parotid gland

Parotid duct

Masseter muscle

Dissection showing relations of facial nerve branches as
they cross masseter muscle.
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When all branches of the facial are paralyzed the symptoms are characteristic.

Only one side of the forehead wrinkles ; the tears fail to enter the canaliculi, and
fiovv over the cheek ; the eye cannot be closed ; foreign bodies on its surface are not
removed by the lid, and conjunctivitis from irritation results. The affected half of

the face is expressionless, and the corner of the mouth on that side remains partly
open and hangs down, so that the saliva tends to run out. The mouth is drawn to
the opposite side ; the upper lid cannot be elevated ; whistling is impossible be-
cause the orbicularis cannot now pucker the lips ; food lodges in the affected side
of the mouth, because the buccinator muscle is paralyzed, and, for the same reason,
the mucous membrane often gets caught between the teeth.

In those cases of facial paralysis in which the lesion of the nerve is posterior
to the stylo-mastoid foramen, attempts have been made recently to restore function
to the peripheral portion by dividing the trunk posterior to the parotid gland,
and anastomosing the peripheral end to a neighboring cranial nerve, as the spinal

accessory or the hypoglossal. The results have not been entirely .satisfactory.

The line of the main trunk of the nerve is from the slight depression between the
back of the ear and the mastoid process, forward and slightly downward. It passes
through the deeper portion of the parotid gland.

THE AUDITORY NERVE.

The eighth or auditory nerve (n. acusticus) is not only, as its name implies, the
nerve by which sound impulses are transmitted to the brain, but also the nerve of

equilibration. It consists of two portions, the cochlear, the true nerve of hearing, and
the vestibular, which is concerned with equilibration.

Traced from the brain toward the ear, the auditory nerve arises at its super-
ficial origin by two roots, a mesial (radix vestibularis) and a lateral (radix coch-

learis), which embrace the inferior cerebellar peduncle, the mesial passing to the
inner and the lateral to the outer side of the peduncle. The nerve thus formed by
the union of these two roots, leaves the surface of the brain-stem at the posterior
border of the pons, where it is adherent to the middle cerebellar peduncle. To its

inner side and closely associated with it are the motor and sensory roots of the facial

nerve (Fig. 1046), which lie within a groove on the mesial surface of the auditory
and with it enter and traverse the internal auditory canal. Within the latter, the
auditory nerve separates into two divisions, of which the superior and larger is the
vestibular nerve (n, vestibuli) and the inferior and smaller is the cochlear
nerve (n. cochleae). Although in a general way these divisions continue the
corresponding roots, this agreement, as to the source of their fibres, is not complete,
since, as will be more fully noted, strands of vestibular fibres are incorporated with
the cochlear nerve.

On reaching the bottom of the internal auditory canal, the facial nerve leaves
the meatus and enters the facial canal, while the fibres of the auditory nerve dis-

appear through apertures in the lamina cribrosa (Fig. 201) to gain the several

parts of the membranous labyrinth of the internal ear. During their journey through
the meatus, the vestibular and facial trunks are connected (lila anastomica) by a
branch which passes from the pars intermedia to the vestibular nerve, and by one
from the latter to the geniculate ganglion. These apparent communications between
the seventh and eighth nerves are, in fact, only aberrant strands of facial fibres that

return to the seventh after temporary association with the auditory.

The vestibular nerve divides into three terminal branches which pass through
apertures in the cribriform plate abo\'e the falciform crest and supply: (i) the utricle,

(2) the S2iperior 3.nd (3) the external semicirctilar canal. Not all the fibres of the
vestibular root, however, are included in these branches ; of the three branches given
off by the cochlear nerve two, (4) those to the saccule and (5) to the posterior semi-
circular cajial, are vestibular fibres incorporated with the cochlear, although seem-
ingly derived from the cochlear nerve. The remaining branch of the cochlear nerve
contains the cochlear fibres proper, which traverse the numerous foramina of the
tractus spiralis foraminosus and the central canal of the modiolus to supply the organ
of Corti within the membranous cochlea.
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Alllioii.uh tlu- aiulilory nerve as a whole may he eonveniently followed from the

hrain to the ear, as has been clone in the ])i-ece(lin^ sket( h, it is e\i(lent since its

fibres are sensory and therifore alTeri-nt, that they are the processes (axones) of

nerve-cells situated soniivvhere alon^ the course

of tlu' ner\r. It is necessary, consecjuently, to

seek the real orij^in of these fibres in the ganglia

occurring on the divisions of the nerve. In

recognition of the functional differences of the

two roots of the eighth nerve, it is desirable to

trace separately the pathway followed by the

ini|)ulses conveyed by each of these cf)mponents.

Peripheral, Central and Cortical Connections of

the Cochlear Nerve.—The true cochlear fibres arise

uitliiii tile iiiteriial ear (coclilea) as axones of the

cells of tlu- spiral ganglion or jraiii^/ion of Corti (g.

spiralc) ( W^. 1071 ). This structure consists of a

series of bipolar neurones wliicli occupies the spiral

canal in the base of tlie lamina spiralis. The dendritic

processes of these cells be^in as fine fibrils which lie

in close relation with the neuroepithelial cells compris-

inji: the inner and outer hair-cells of the organ of Corti.

Leaving the hair-cells as noninedullated fibres, they

traverse the foramina nervosa of the labium tympani-

cum, at which point they become meduUated. They
then interlace to form an elaborate flat felt-work that

lies between the layers of the lamina spiralis and soon

assembles to form bundles which pass to the cells of

the ganglion spirale, each fibre probably joining its

individual cell. Leaving the ganglion, the axones of

its cells enter the bony canals within the modiolus,

from which they emerge at the tractus spiralis forami-

nosus and are collected into a single bundle, the coch-

lear nerve proper. The latter, however, soon receives

two accessions, one of which consists of fibres from

the saccule and the other from the posterior semi-

circular canal. From what has been said, it is evident

that these accessions are j^arts of the vestibular nerve

and, beyond their temporary companionship, have nothing to do with the cochlear root.

On reaching the medulla, the cochlear fibres come into relation with their nucleus of recep-

tion, which includes two superficial aggregations of nerve-cells that collectively constitute the

acoustic nucleus (nucleus acusticus). The latter consists of two parts (Fig. 932) of which one,

the ventral cochlear nucleus, also called the accessory acoustic uiic/ens (nucleus accessorius). lies

ventral to the inferior cerebellar peduncle, and the other, the lateral cochlear nucleus, or tuber-

culum acusticum, rests upon the dorso-lateral surface of the peduncle and occupies the extreme

outer part of the triangular acoustic area seen in the lateral angle of the floor of the fourth ven-

tricle (page 1097). The greater number of cochlear fibres end in arborizations around the stel-

late cells of the ventral ganglion, while others terminate in relation with the more elongated,

fusiform cells of the lateral nucleus. From the neurones of these subdivisions of the reception

nucleus, the auditory pathway is continued as two chief tracts, the axones of the cells of the

ventral nucleus passing for the most part ventral to the restiform body and the spinal root of the

trigeminus to form the corpus trapezoidcs, while those from the lateral nucleus sweep around the

outer surface of the restiform body and then medially beneath the ependyma of the floor of the

fourth ventricle, where they show with varying degrees of distinctness as the acoustic stricr

(Fig. 918).

The corpus trapezoides, the conspicuous transverse tract that separates the tegmental trom

the ventral region of the pons in its superior part, is forme^l chiefly by the axones of the cells

within the ventral cochlear nucleus, supplemented by a limited number of fibres that .spring

from the lateral nucleus. In addition it contains axones from the large cells found within the

trapezoid body, on each side of the mid-line, that constitute the nucleus trapezoideus. In close

relation with the dorsal surface of the corpus trapezoides, within the superior olive and on

either side of the median raphe, lies the superior olivary nucleus (nucleus olivaris superior), a

collection of nerve-cells around which many of the cochlear fibres, chiefly from the opposite

but also from the same side, end and from which the tract of the lateral fillet principallv takes

Reconstruction of left membranous laby-
rinth of human embryo of ten weeks (30 mm.),
lateral aspect ; vestibular nerve and ganglion
are red; cochlear nerve is blue; vestibular
rami are seen passing to ampullae of semi-
circular canals and 10 macular of utricle and
saccule. X 20. (Slreeler.)
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origin (Fig. 1071). Not all of the fibres arising from the superior olivary nucleus, however,

enter the lateral fillet. A considerable number leave the dorsal surface of the nucleus and, as

its peduncle, pass to the abducent nucleus and, by way of the posterior longitudinal fasciculus,

to the nuclei of the other eye-muscle nerves. In this manner retle.x paths are established by

which the motor nerves, including probably the facial, are brought under the inthience of audi-

tory impulses. Within the tract of the fillet and a short distance beyond the superior olive, is

encountered a group of nerve-cells, the nucleus of the lateral fillet (nucleus lemnisci lateralis).

While numerous additions to the fillet are received from tiiese cells, their relation to the cochlear

fibres is uncertain. The characteristics, course and destination of the lateral fillet have been

elsewhere described (page 1082). Suffice it here to recall that, so far as the auditory fibres are

concerned, the tract terminates chiefly in the inferior colliculus of the quadrigemina and the

median geniculate body.

In addition to its constituents through the corpus trapezoides, the lateral fillet receives con-

siderable accessions of cochlear fibres by way of the striae acusticae. These strands consist of

the axones, for the most part, of the cells lying w ithin the tuberculum acusticum, but to a limited

Fig. 107 1.

Diagram showing connections of auditory nerve ; cochlear fibres and connections are in black, vestibular in red

;

C cochlea; GS, ganglion spirale ; IAC, internal auditory canal ; VC, DC, ventral and dorsal cochlear nuclei ; RB,
restiform body ; SO, superior olive ; TB, trapezoid body ; Ac St, acoustic striae ; Nlf, nucleus of lateral fillet {LF) ;

MF, median fillet; /(?, inferior quadrigeminal body; MG, median geniculate body ; ^^, auditory radiation ; TC,
temporal cortex; T, thalamus; SC, semicircular canal; F, vestibule ; VG, vestibi;!ar ganglion; .A/K, median
vestibular nucleus; DN, lateral (Deiters' ) vestibular nucleus; Ki/>, vestibulo-spmal fibre; T*, cerebellum.

extent also of the axones of the ventral cochlear nucleus, which wind over the latero-dorsal

surface of the inferior cerebellar peduncle, pass medially beneath the ependyma of the floor of

the fourth ventricle as far as the median groove, and, crossing to the opposite side, then sweep

ventrally through the dorsal region of the medulla or pons to join the tract of the lateral fillet,

and so proceed in company with the other cochlear fibres to the higher levels. By no means

all of the component fibres of the acoustic stria; follow the lateral fillet, since some after decussa-

tion turn brainvvard, possibly joining the mesial fillet, whilst others may enter the posterior

longitudinal fasciculus to assist in establishing rettex paths influencing the motor nerves.

The auditory path, by which the impulses gathered from the organ of Corti by the cochlear

fibres are conducted to the cerebral cortex, includes the following components (Fig. 1071) :

1. Peripheral neurones of the ganglion spirale, whose axones (the cochlear fibres) pass to

the reception-nucleus (ventral and lateral cochlear nuclei).

2. Neurones of the cochlear nuclei, w hich send their axones : {a) by way of the corpus

trapezoides to the superior olivary nucleus, chiefly to that of the opposite side but also to that

of the same side, or to the lateral fillet or its nucleus without interruption in the olive ; (p) by

way of the strice acusticae through the tegmentum to join the trapezoidal fibres.

3. Neurones of the superior olivary nucleus or of the fillet-nucleus, whose axones pass by

way of the lateral fillet («) to the cells within the inferior colliculus, or {b) without interruption

through the inferior brachium to the cells within the median geniculate body.
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Floor of IV. ventricle

4. Neurones of the inferior colliculiis aiul of the median geniculate Ixxly, whose axones
pass, as the auditory lad'uilion, to the auditijry cortical area within the temporal lobe of the

cerebrum. Altiiouj^h tiie exact extent of the au(litt)ry area is still uncertain, the n)ost important
part of this centre inclutles the superior temporal and the sujjjacent part of the middle temjKjral

conv*)lution.

The cochlear libres thai do not underj;o decussation ascend tlirou^li the lateral (illet of the

same sitle and eventually establish cortical relations with the corres|)ondin^ hemisphere ; from
the precedinjj account, however, it is manifest that the auditory area is c<inne( ted chiefly with
the cochlea of the opjxisite side.

Peripheral, Central and Cortical Connections of the Vestibular Nerve.—The fibres of the
vestibular portion of the auditory nerve are the axones of the bipolar nerve-cells situated within

the small vestibular ganglion (k. veslihiiiarc) or Scarpa' s gaiig/iun, which lies at the bottom
t)f the internal autlitory canal. The dendrites of these cells constitute the five branches <jf dis-

tribution of the vestibular nerve and pass through the various o|)enin,si:s in the inner wall of the
bony labyrinth, in the manner above
described (page 1256), to reach the

specialized areas, the niacuhr aciisticcr,

within the saccule, the utricle and the

ampuike of the semicircular canals, where
the nerve-tilaments end, really begin,

in intimate relation with the neuro-

epithelium. While the centrally directed

axones of the neurones supplying the

utricle and the superior and external

semicircular canals become consolidated

to form the vestibular nerve of descriptive

anatomy, those from the saccule and the

posterior semicircular canal join the coch-

lear fibres and with these course within

the cochlear nerve until the latter and
the vestibular nerve unite to form the

common auditory trunk. Where the

common trunk separates into the two
roots, the vestibular fibres leave the

cochlear and permanently assume their

natural companionship with the remain-

ing fibres of the vestibular root.

The vestibular fibres enter the

brain-stem at a slightly higher level than

does the cochlear root, lying mesial to the

latter and the ventral cochlear nucleus,

and pass dorsally within the pons between
the inferior cerebellar peduncle and the

spinal trigeminal root. On reaching a level dorsal to the latter, the vestibular fibres divide
into short upward and longer downward coursing branches, which, after condensing into an
ascending and a descending root respectively, end in arborizations around the cells of the
vestibular nucleus of reception. The exact extent and constitution of this nucleus, which under-
lies the area acustica in the f^oor of the fourth ventricle (page 1097), are uncertain, since the
neurones directly related to the vestibular fibres contribute only a part of those contained within
a large diffuse complex of cells and fibres, many of whose constituents probably have only an
indirect connection with the vestibular nerve. When reconstructed, as has been successfully
done by Sabin, this complex has the form shown in Fig. 1072 and comprises two general parts,

(rt) an extended irregularly triangular mass of cells lying for the most part mesial to the tract

formed by the ascending and descending branches of the vestibular fibres, and {b) a smaller
mass of cells which lies above the larger one and partly to the inner and partly to the outer side
of the tract of the vestibular fibres. The apex of the large triangular mass approaches the
mid-line and its superior and inferior basal angles are prolonged upward and downward along
the vestibular tract.

When examined microscopically the large mass is found to include three subdivisions : (a)

a tapering caudally directed nucleus which continues the inferior angle along the descending
vestibular root, {b) an extended triangular nucleus that includes the greater part of the large

mass and (r) an irregular pyramidal nucleus that prolongs upward the superior angle. The first

of these subdivisions [a) is known as the spinal vestibular nucleus (nuc. spinalis n. vestibularis),

the second {b) as the median vestibular nucleus (nuc. mediali.s n. vestibularis), also as the chiej
nucleus or the frtan,i^u/ar tiuch'us and the third {c) as the superior vestibular nucleus or the

Superior cereliellar
peduncle

Inferior cerebellar
peduncle

Lateral vestibular
inciters') nucleus
.Median vestibular
nucleus
Cochlear fibres

Dorsal cochlear nucleus

Descendiiii; vestibular
root

Nucleus cuneatus

Closed part of medulla

Vestibular nuclei as shown in reconstruction by Dr. Florence
R. Sabin.
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nucleus of Bechterew. The small mass corresponds with the lateral vestibular nucleus (nuc.

lateralis n. vestibularis] or nucleus of Deiters. The fibres of the descendins; root end around the

neurones within the sjiinal nucleus in a manner similar to that in which the constituents of the

spinal root of the trigeminus terminate in relation with the neurones within the substantia

gelatinosa, whilst those of the ascending vestibular root end around the cells within the remain-

ing vestibular nuclei.

Although much uncertainty and conflict of opinion exist as to the details of the secondary
paths by which the impulses carried by the vestibular fibres are distributed, it may be accepted
;{s established that fibres pass from the nuclei of reception : (<?) to tiie cerebellum (chiefly to the

roof nucleus of the opposite side and, possibly, aJso to the nuclei globosus and emboliformis)
as constituents of the nucieo-cerebellar tract, by which the impulses of equilibration are carried

to the great coordinating centres, {/>) as arcuate fibres ventro-mediaiiy into the tegmentum of the
pons, cross the mid-line and bend upward or downward to pass to other levels, some fibres,

however, remaining on the same side. From the character of the impulses it is probable that

only relatively few vestibular fibres join the median fillet to ascend to the optic thalamus. Other
connections of tlie nuclei include : (() commissural fibres between Bechterew's nucleus of the
two sides, {d ) fibres to the abducent nucleus, (e) crossed and uncrossed fibres from Deiters'

nucleus to the posterior longitudinal fasciculus and (/) fibres from the same nucleus to the

spinal cord.

It must be understood tiiat by no means all of the neurones of Deiters' nucleus are con-
cerned in transmitting afferent impulses to the cerebellum, for, as a matter of fact, many are
links in the path by which the cerebellar cells exercise coordinating influences over the root-

cells of the spinal nerves. Starting in the cerebellum, such efferent impulses are carried by
efferent fibres which descend through the median part of the inferior cerebellar peduncle and
probably end around certain of the cells within Deiters' nucleus. From these cells, in turn,

originate the fibres of the vestibulo-spinal tract, which, after traversing the medulla, enter the
antero-lateral column of the cord and end in relation with the motor root-cells. A shorter and
more direct path for vestibular reflexes is probably formed by the collaterals of the vestibular

fibres that end around the spinal neurones of Deiters' nucleus. It must not be forgotten that

Deiters' nucleus is the origin for important contributions to the posterior longitudinal fasciculus

(page 1 1 17), by which the vestibular impulses impress the nuclei of the motor and, p>erhaps to a
limited degree, also those of the sensor>- nerves.

Practical Considerations.—The auditory nerve is rarely the seat of primary
disease. It is most frequently altected consecutively to disease of the middle and in-

ternal ears. It is sometimes, though seldom, paralyzed in fractures of the base of the

skull. Operations on this nerve have been performed for relief from persistent

and annoying tinnitus.

THE GLOSSO-PHARYNGEAL NERYE.
The ninth or glosso-pharyngeal nerve ( n. glossopharyngeus) is a mixed nerve,

containing motor and sensory fibres, the latter including those transmitting the

impulses of the special sense of taste. The motor element is quite small and sup-

plies only the stylo-pharyngeus muscle and secretorv fibres to the parotid gland,

while the sensory fibres are distributed to the mucous membrane of the middle ear,

fauces, tongue and pharynx.
The Nuclei of the Glosso-Pharyngeal, Vagus and Accessory Nerves.

—

In the description of the medulla (page 1073) attention was called to the presence of

nuclei common to a greater or less extent to the series of lower lateral nerves including

the seventh, nmth, tenth and vagal part of the eleventh, which, with the exception of

the last named, are mixed nerves. The motor fibres of these nerves difter from those

of the series of median motor nerves—the third, fourth, sixth and twelfth

—

(a) in the

more lateral situation and less compact grouping of their cells of origin and (d) in

the less direct course they follow to reach the surface of the brain. To avoid repeti-

tion, the general arrangement and characteristics of the nuclei related to the glosso-

pharyngeal, \agus, and accessory part of the eleventh ner\e will be here described.

The Motor Nuclei.—These include the root-cells within the dorsal nucleus

and those constituting the nucleus atnbiguus. The dorsal nucleus (nucleus dorsalis),

a nucleus both of origin and of reception for the fibres of the ninth and tenth nerves,

is a narrow elofigated tract of nerve-cells, whose upper three-fourths underlies the

floor of the fourth ventricle, stretching from the striae acusticae above to the tip

of the ventricle below, and whose lower fourth extends into the closed part of the
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ni'.diilla to the level of tin- luuleiis gracilis. It lies iiniiitdiatcly lateral to the lower

part of the median \'estil)iilar iiiHleiis and ihv iij)|)er \rdVi of the hypoglossal nucleus,

its upper third beiiii; covereil by the spinal vestibular nucleus and its lower third

o\erl\in};' the hypoj^lossal nucleus. Its middle third corresponds to ih<j:/oz'ia vaj^i

(Fi^. 949) and comes into intimate relation with the ventricular floor. When
examined in cross-sections ( Fij^-. 92.S) the nucleus a[)pears jjrismatic in outline and

is seen to consist of subgroups of cells, o\ which the median contains the larj^'er and
more conspicuous elements and corr(S|H)nds to the dorsal motor nucleus. The
remainini,^ jL^roups, the dorsal sensory nucleus, are com])ose(l for the most part of

small irri-i;uljr and oflcii s|)in(llc iilis, that receive end arborizations of aflerent fibres.

The nucleus ambiguus (nucleus vcntralis) consists of an ill-defined slender

column of larjLi^e multipolar cells, which extends from the level of the entrance of the

cochlear nerve at the upi)er l)()rder of the medulla to about the level of the beginning

of the i)yramidal decussation, and
5s best developed in its uj)per part. '^ '^'* '^73-

In transverse sections of the

medulla ( Fiq;. 927), the tract is

distin_ijviishable within the formatio

reticularis yrisea, midway between
tlie dorsal accessory olivary

nucleus and the substantia ^elati-

nosa, as a small and inconspicuous

group of cells. Arising as axones

of the latter, the loosely grouped
motor fibres at first pass dorsally

to the vicinity of the ventricular

floor, then bend sharply outward,

and, as in the case of the vagus,

join with the similar fibres proceed-

ing from the dorsal motor nucleus

to form the emergent root strands.

The Sensory Nuclei.—
The nuclei receixing the afferent

fibres of the lateral mixed nerves

in question include the sensory

part of the dorsal nucleus (nu-

cleus alae cinereae), above de-

scribed, and a tapering column of

gray matter, the spinal nucleus
(nucleus tractus solitarii), which
resembles the corresponding
nucleus of the trigeminus. The
spinal nucleus is closely associated

with a conspicuous longitudinal

tract of caudally directed fibres,

the fasciculus solitarius
(tractus solitarius), so called on account of the apparent isolation of the bundle when
viewed in transverse sections (Fig. 927). That such, howe\er, is not the case is

evident when the fact is recalled that the fibres which turn downward to form the tract

are accompanied by the spinal nucleus of reception, around whose cells they end. The
fasciculus solitarius extends from the upper border of the medulla to the level of the

lower limit of the decussation of the fillet and is related to the sensory fibres of three

nerves. The first of these, the facial, contributes only a limited number of fibres that

occupy the uppermost part of the bundle ; the second, the glosso-pharyngeal, forms by
far the largest constituent of the fasciculus ; whilst tiie third, the vagus, adds fibres

that course within the lowest segment of the tract.

Diagram showing connections of root-fibres of glosso-pharyngeal
and ptieumogastric nerves and of seosory fibres of facial ; sensory
fibres are black, motor ones red; yil, geniculate ganglion; IX,
A", ganglia of ninth and tenth nerves; DN, dorsal nucleus; ^.S',

fasciculus solitarius, accompanied by column of gray matter; NA,
nucleus ambiguus; Ac I', accessory vagus (bulbar portion of Xf);
MF, median fillet.

Central and Cortical Connections of the Motor Part of the Glosso- Pharyngeal Nerve.

—

The motor fibres of the glosso-pharyngeal nerve are the a.xones of the motor neurones situated
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within the dorsal nucleus and the nucleus ambiguus. The fibres proceeding from the dorsal nu-
cleus are distributed to involuntary muscle ; hence the nucleus is sometimes called the sympathetic
motor. Those taking origin from the nucleus ambiguus supply voluntary muscle and ])ass at first

toward the floor of the fourth ventricle ; they then al)ruptly change their direction by bending out-
ward and, joining the fibres arising from the dorsal motor nucleus, proceed ventro-laterally through
the gray reticular formation, just ventral to or across the spinal root of the trigeminus, to emerge
at their superficial origin along the bottom of the postolivary sulcus, incor|)orated with the
afferent fibres in the five or six root-fasciculi forming the entire ninth nerve. The cortical con-
nections of the motor fibres are established by cortico-bulbar fibres that arise from cells situated
within the gray matter of probably the lower part of the precentral gyrus. After traversing
the motor patii through the corona radiata, internal capsule, cerebral peduncle and pons, the
cortical fibres end, on reaching the upper level of the medulla, in arborizations around the motor
root-cells chiefiy of the opposite side.

Fig. 1074.
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Interior aspect of base of skull, viewed from above and behind, showing parliculaiiy posterior group of cranial

nerves passing from brain-stem to points of emergence through dura
;
posterior part of skull has been removed.

Central Connections of the Sensory Part of the Glosso-Pharyngeal Nerve.—The afferent

or sensory fibres of the glosso-pharyngeal nerve are the axones of cells within the jugular and

petrous ganglia situated along the upper part of the nerve-trunk. Entering the skull through

the jugular foramen, the sensory fibres approach the brain-stem in the five or six delicate root-

bundles that reach the medulla along the groove between the olivary eminence and the inferior

cerebellar peduncle. Passing to the ventral side of the spinal root of the trigeminus, or

traversing this field, in company with the motor fibres, the afferent fibres continue dorso-

mesially through the formatio reticularis grisea towards the dorsal nucleus. Just before reach-

ing the latter, however, the sensory fibres separate into two groups, a medial and a lateral. The
fiist and smaller of these continues its course to the dorsal sensory nucleus, around the cells

of which its fibres end. It is possible that the cells constituting tlie upper groups of the dorsal

sensory nucleus are particularly concerned in receiving the impulses giving rise to gustatory

impressions, since the glosso-pharyngeal is recognized as the nerve of taste. Considering the

fact that the afferent fibres of the facial nerve, which constitute the pars intermedia of Wrisberg,

are distributed peripherally chiefly by the chorda tympani, are also concerned in conveying

taste-impulses and end, in part at least, in the same nucleus as does the ninth, the sensory

portion of the seventh nerve may be regarded, at least functionally, if not from a morphological

standpoint, as an aberrant strand of the glosso-pharyngea!.
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'I'hc secDiul and much larger yroiip turns tnitward and abruptly downward to form the
chief constituent of the spinal tract, the fasciculus solitarius. In transverse secti<jns (Kig. 927)
the latter appears as a conspicuous, compact, rounded bundle, that lies lateral to the dorsal
nucleus and behind the strands of root-fibres. The solitary fasciculus is accompanied tlirouj;h-

out its course by a sUniler column of gray matter, which lies partly on the surface of the bundle
ami |).irtly amongst its libres and contains num»rous nerve-cells of small si/e which constitute
the rece|)tit)n-station for the greater number of the afferent fibres of the ninth nerve. Since these
fibres are continually ending at dilTerent levels in their descent, it follows that both the fascic-

ulus and its nucleus gradually diminish in size, until, at about the hvl <>t the sensory decussa-
tion, they are no longer distinguishable.

Course and Distribution.—Leaving the superficial origin along the groove
sejiaratiiig the oli\ary eminence fioin the inferior cerebellar peduncle, the isolated

root-fasciciili, about half a tlozen in number and in series with those of the vagus,
asseiuble to form a single trunk, which jxtsses outward in front of the flocculus of the

cerebelliuu to the jugular foramen. As it traverses this foramen, the glrjsso-pharyn-

FiG. 1075.

Diagram showing lympanic plexus and connections of glosso-pharyngeal nerve.

geal lies external and anterior to the tenth and eleventh nerves and in its own
separate dural sheath. It occupies a groove, or sometimes a bony canal, in the fora-

men and in this situation presents two thickenings, Xh^ Jugiilar 2.nd petrous gafiglia.

Emerging from the foramen, the nerve passes between the internal carotid artery

and the internal jugular vein and, dipping beneath the styloid process, follows a

downward course along the posterior border of the stylo-pharyngeus muscle, with

which it passes between the internal and external carotid arteries. Turning gradually

forward, it reaches the outer side of the stylo-pharyngeus muscle and stylo-hyoid

ligament and disappears beneath the hyo-glossus muscle to break up into its terminal

branches to the tongue (Fig. 1079).
Ganglia of the Glosso-Pharyngeal Nerve.— In the course of the ner\e

two ganglia are found, the jugular and the petrous. They contain aggregations of

neurones whose dendrites constitute the peripheral sensory fibres and whose centrally

directed axones form the sensory root-fibres of the ner\-e.

The jugular ganglion (g. superius) which may be regarded as a detached
portion of the petrous ganglion, lies in the upper part of the groove occupied

by the glosso-pharyngeal nerve in its transit through the jugular foramen. It is

variable in size and not always present and measures only from 1-2 mm. in length.

The ganglion does not include the entire thickness of the ner\-e but only the

inferior portion, the fibres of the superior portion passing uninterruptedly over it.
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The petrous ganglion (g. pctrosum) is larger than the jugular and involves

the entire nerve. It is oval or fusiform in shape, measures from 4-5 mm. in length,

and is lodged within a slight depression in the lower part of the groove for the

nerve in tlu- jugular foramen.

The communications of the petrous ganglion include filaments (a) from

the superior cervical ganglion of the sympathetic, (d) to the auricular branch of the

\-agus and sometimes (r) to the ganglion of the root of the vagus.

Branches.—The branches of the glosso-pharyngeal nerve are: (i) the (jw-

pa/ii'c, (2) the />//rt'ri';/ir<-'a/, (3) the muscular, (4) the /^^j-Z/Zizr and (5) \.\\e lingual.

1. The tympanic nerve (n. tympanicus) or Jacobso?i' s nerve, arises from

the petrous ganglion as its most important branch and traverses a tiny canal in the

osseous bridge between the jugular fossa and the carotid canal. Entering the tym-

panic cavity'and receiving fibres from the carotid plexus of the sympathetic by way

of the small deep petrosal (n. caroticotympanicus), the tympanic nerve passes

upward and forward in a groove on the promontory and breaks up in this situation

to form the tympanic plexus (plexus tympanicus [Jacobsoni] ). After distributing

filaments to the mucous membrane lining the tympanic cavity and the associated

air-spaces (mastoid cells and Eustachian tube), its fibres reassemble and join with a

filament from the geniculate ganglion to continue as the 'small superficial petrosal

nerve to the otic ganglion (Fig. 1075).

Branches.—These are : (^a)\\-\^ small superficialpetrosal nerve, (<^) the branch

to the fenestra ovalis, (c) the branch to the fenestra rotunda, (d) the branch to the

Eustachian tube, ((?) the branch to the mastoid cells and (/) the brajich to the great

superficial petrosal nerve.

a. The smatl superficial petrosal nerve (n. petrosus superficialis minor) (Fi.s:. 1075) is the

continuation of the tympanic nerve, formed by a reassembling of the fibres of the plexus, sup-

plemented by a filament from the geniculate ganglion of the facial. It traverses a canal which

begins at the anterior superior portion of the tympanic cavity, passes beneath the upper end of

the canal for the tensor tympani and appears on the superior surface of the petrous portion of

the temporal bone, to the outer side of the cranial opening of the hiatus Fallopii. While in the

canal it sometimes receives a communicating branch from the great superficial petrosal nerve.

It leaves the cranium through a canal in the greater wing of the sphenoid, or through the fissure

between the greater wing and the petrous portion of the temporal bone, and on reaching the

base of the skull, joins the otic ganglion as its sensory root ( Fig. 1075).

b. The branch to the fenestra ovalis supplies the mucous membrane in the neighborhood

of the oval window.
c. The branch to the fenestra rotunda is distributed to the mucous membrane over and

around the fenestra.

d. The braiich to the Eustachian tube supplies the mucous membrane linuig the osseous

portion of that canal.

e. The branch to the mastoid cells supplies the mucous lining of these cells.

/ The branch to the great superficial petrosal nerve '•pm?- the latter in the hiatus Fallopii.

2. The pharyngeal branches (rr. phar}'ngei) number two or more, of which

the largest descends along the course of the internal carotid artery and joins the

pharyngeal branches of the vagus and sympathetic to form the pharyngeal plexus,

which supplies the mucous membrane and muscles of the pharynx.^ The smaller

pharyngeal branches pierce the superior constrictor and are distributed to the

mucous membrane lining the upper portion of the pharynx.

3. The muscular branch (r. stylopharyngeus) enters the stylo-pharynegus,

and, after giving off fibres for the supply of that muscle, passes through it to be

distributed to the mucous membrane of the pharynx.

4. The tonsillar branches (rr. tonslUares) are given of? near the base of

the tongue. They are slender filaments which form a plexiform ramification, the

circulus tonsillaris, around the tonsil. From this plexus filaments are distributed to

the tonsil, the soft palate and the faucial pillars.

5. The lingual branches (rr. linguales) are the two terminal filaments of the

nerve. The larger posterior branch passes upward and separates into a number of

filaments which supply the circumvallate papillae and the mucous membrane covering
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the j)()Stcrior part of the dorsmn of the tongue, tlie j^losso-epii^lottic and pharyngo-

epiglottic folds and the Ungual surface of the epiglottis. The smaller anterior branch

supplies the mucous membrane of the side of the tongue half way to the tip.

Fk;. IU76,
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Deep dissection of neck showing ninth, tenth, eleventh and twelfth cranial nerves and their branches.

Variation.—Instances are recorded in which the mylo-hyoid nerve was absent and a

branch of the glosso-pharyn.2:eal supplied the m\lo-h}(jid muscle and the anterior belly of the

digastric, the innervating fibres being, probably, aberrant filaments of the trigeminus.

^ THE VAGUS NERVE.
The tenth, vagus or pneumogastric nerve (n. vagus) is the longest and most

widely distributed of the cranial series. Starting in the cranium, it passes through

the neck, thorax and upper part of the abdomen before breaking up into its terminal

branches. In addition to certain filaments concerned with special functions, distrib-

uted to the heart and abdominal viscera, it contains both motor and sensory fibres.

Some of the motor constituents of the nerve arise from its own origin, but the major-

ity perhaps are contributions of the acccssorius vagi, the so-called accessory part of

the spinal accessory ner\-e. The vagus supplies motor fibres to the muscles of the

soft palate (with the exception of the tensor palati and, probably, partly the levator

palati and azygos uvulae), pharynx, oesophagus, stomach, and intestine (with tne

exception of the rectum), and to those of the larynx, trachea, and bronchi and their

subdivisions. It distributes sensory fibres to the dura mater, external ear, pharynx,

oesophagus, stomach, larynx, trachea, bronchi and subdivisions and pericardium.

So
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Special fibres are furnished to the heart, hver, spleen, pancreas, kidneys, suprarenal

bodies and intestinal blood-vessels.

It is generally aclniittc-d that the bulbar or accessory portion of the eleventh nerve forms an
intejj^ral part of the motor division of the vagus, and, hence, should be included with the efferent

fibres of the tenth. As to the ultimate distribution of these accessory fibres, and conversely of

the vagus motor fibres proper, much discussion and many conflicting views have existed and,

even at present, a consensus of opinion can scarcely be said to have been reached. After

reviewing the evidence, both anatomical and exi^erimental, Van Gehuchten ' concludes that the

accessory fibres are distributed chiefly, if not indeed exclusively, to the larynx through the infe-

rior laryngeal branch of the vagus, and are continued neither to the heart nor to the stomach.
The efferent vagus fibres proceeding to the heart areinhibit(jry in function ; whether they directly

reach the cardiac muscle is doubtful, since, reasoning from analogy, it is probable that the vagus
fibres end around sympathetic neurones whose axones are the filaments coming into immediate
relations with the nniscle-fibres. Of the efferent fibres of the vagus distributed to the stomach
and other parts of the digestive tract, some are secretory, while others, possibly, influence the

caliber of the blood-vessels, in both cases being interrupted in sympathetic ganglia before gain-

ing their destination.

Deep Origin of the Motor Portion.—As stated above, the efferent fibres of

the vagus consist of two sets, vagus fibres proper and those derived from the acces-

sory portion of the spinal accessory. The former have their deep origin in the nu-
cleus atnbiguics and the dorsal viotor nucleus, in series with the motor fibres of the

ninth nerve ; the accessory fibres arise from the nucleus ambiguus only. The
detailed description of these nuclei has been given (page 1260J. The fibres arising

from the nucleus ambiguus at first pass backward toward the floor of the fourth

ventricle, then bend sharply outward and, condensed into compact strands that

receive the fibres originating from the motor cells of the dorsal nucleus, proceed,

\-entro-laterally in company with the sensory fibres, to their superficial origin along
the postero-lateral groove behind the olivary eminence.

Central Connections of the Sensory Portion,—The afferent root-fibres of

the vagus are the axones of the neurones lying within the ganglia of the root and
of the trunk situated on the upper part of the nerve. The centrally directed processes

pass into the medulla, in company with the motor strands, and divide into two sets.

Those forming the larger of these end in arborizations around the cells within the

lower portion of the dorsal sensory mieletis ; those of the smaller set bend downward
and enter the fiasciculus solitariiis to terminate in arborizations around the cells of

the spinal nucleus of reception. (For details of these nuclei see page 1260). As in

the case of the other mixed nerves—the fifth, seventh and ninth—the secondary
paths distributing the sensory impulses include (a) fibres that pass from the recep-

tion-nuclei to the tract of the mesial fillet, and so on to the great brain, and
(b) those that pass to the cerebellum.

Course and Distribution.—The vagus, disregarding its accessory fibres

which at first are incorporated in a common trunk with the eleventh nerve, arises

from its superficial origin by a row of twelve or fifteen filaments which emerge
from the surface of the medulla along the postero-lateral sulcus between the olivary

eminence and the inferior cerebellar peduncle. These fasciculi lie in series with

those of the ninth nerve above and of the eleventh below (Fig. 1046).
After leaving the surface of the brain-stem, the converging rootlets of the vagus

fuse to form a single flattened trunk, which passes outward beneath the flocculus of

the cerebellum to the jugular foramen (Fig. 1074). The trunk leaves the cranium
through the rear division of the middle compartment of this foramen, invested by a
dural sheath shared by the spinal accessory nerve. In this situation it presents a

ganglionic enlargement called the ganglion of the root. Emerging from the jugular

foramen, the vagus bears a second thickening, ihe ganglio7i of the trunk, and enters

the carotid sheath, through which it passes downward the entire length of the neck.

Within the carotid sheath the nerve lies at first between the internal carotid artery

and the internal jugular vein, and then betw^een the common carotid artery and the
vein, occupying the posterior groove between these vessels. At the root of the

'Anatomic du Systeme Nerveux, 1906.
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neck it leaves the carotid sheath and becomes an occujiant of tlic th(jrax. FLnterin^

llie thoracic cavity the nerve traverses first the siij^-rior and then the posterior

mediastinuni, its course dilTerin^ widely on the two sides.

The right vagus ( I'it;. 1090), after j)assinj^ in front <A the first jjortion of the

sul)cla\ian artery and bihind the ri^ht innominate vein and the sujjcrior vena cava,

descends alon^ the ri^ht side of the traclu-a t(j reach th(.' posterior aspect of the root

of the hmj^. Here the entire nerve breaks up to form the posterior pulmonary
plexus, which assembles at its lower border to form two cords. These pass inward

across the vena azy^os to the asopha^-^us and aj^ain break up to unite with a

similar contribution from the left side to form the crsophai^eal plexus (Fi^. 1081).

On approachinjL,^ the cesophaj^eal opening in the diaphragm, the fibres (jf the plexus

become reunited to form the continuation of the trunks of the two va^us nerves.

The rii.,dit va^us, somewhat lar^^er than the left, follows the posterior aspect of the

CESOphagus anil, after enterini^- the abdomen through the a.sophaj^eal opening, is

Fig. 1077.

Diagram showing connections between the superior cervical sympathetic ganglion and the glosso-pliaryngeal, vagus
and hypoglossal nerves.

distributed to the posterior surface of the stomach and to the solar plexus, and

indirectly to the spleen, pancreas, intestine, kidney and suprarenal body.

The left vagus, after passing between the left common carotid and subclavian

arteries and behind the left innominate vein, crosses the anterior surface of the aorta

and then bends backward to reach the posterior surface of the root of the lung. In

a manner similar to the right, it forms the posterior pulmonary plexics and reassem-

bles into two cords. These pass inward anteriorly to the thoracic aorta and

enter the oesophageal plexus, at the lower end of which the fibres of the left nerve

gather on the anterior surface of the oesophagus, traverse as a single solid trunk

the oesophageal opening and are distributed to the anterior surface of the stomach

and to the liver.

Ganglia of the Vagus Nerve.—Two ganglia are found in the course of the

nerve, the ganglion of the root and the ganglion of the trunk. They are collections

of neurones whose axones form the sensory root-fibres of the vagus, the greater

number, however, being connected with the cells of the ganglion of the root.

The ganglion of the root (g. junulare) or upper ganglion (Fig. 1077) is

a grayish spherical mass of nerve-cells, about 4 mm. in length, situated in the upper

part of the jugular foramen.
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The communications of this ganglion include filaments which pass between the ganglion

nnd {a) the facial and (d) spinal accessory nerves, {c) the superior cervical ganglion of the

sympathetic nerve and {d) the petrous ganglion of the glossopharyngeal.

The ganglion of the trunk (jr. qodosum) or lower ganglion (Fig. 1077)
is a reddish, ilattencd, fusiform group of nerve-cells. It lies beneath the jugular

foramen, about i cm. below the ganglion of the root, and measures from 1.5-2 cm.
in length and about 4 mm. in diameter. The accessory part of the spinal accessory

nerve j^asses over the ganglion on its way to fuse with the vagus, which it does
usually immediately beyond the ganglion.

The communications of this ganglion include filaments which pass between the ganglion

and (a) the hypoglossal and {d) spinal accessory nerves, {c) the loop between the first and
.second cervical nerves and (d) the superior cervical ganglion of the sympathetic.

Branches.—The vagus nerve gives off the following branches: from the

ganglion of the root, (i) the menbigeal and (2) the auricular ; from the ganglion

Fig. 1078.

HCERV.

Diagram of upper part of right vagus nerve, showing its pharyngeal and laryngeal branches with connections.

of the trunk, (3) the pharvngeal and (4) the sjipcrior laryrigcal ; in the neck, (5)
the siipcrior cervical cardiac, and (6) the inferior cervical cardiac ; in the thora.x,

(7) the inferior laryngeal, (8) the thoracic cardiac, (9) the anterior pulmonary,

(10) the posterior pulmonary, (11) the (esophageal and (12) \\\e pericardial ; and

in the abdomen, (13) the abdominal.

1. The meningeal branch (r. tneniiigcus) arises from the ganglion of the

root and follows a recurrent course upward through the jugular foramen to supply

the dura mater of the posterior fossa of the cranium, especially in the vicinity of the

lateral and occipital sinuses.

2. The auricular branch (r. auricularis) is given off from the ganglion

of the root. It receives a filament of communication from the petrous ganglion

of the ninth nerve and follows the outer margin of the jugular foramen to an

opening between the stylo-mastoid and jugular foramina. Entering this foramen it

traverses a canal in the temporal bone which crosses the inner side of the facial canal

and terminates between the mastoid process and the external auditory meatus.
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Leaviiij^ tin- canal the nerve siii)i)liis the skin of the posterior part of the auricle and

of the posterior inferior portion of the i-xtcrnal auditory meatus.

While travcrsiii}; tlie U-mpDr.il hoiu- the .uiriculir lurvc communicates with the facial and,

after reaching its area of distribution, witli llie postericjr auricular nerve.

Variations.—The auricular nerve may be al)sent or may fuse witli the main truuk of the

facial, its lil)res umkr tiuse ciicumstaiK es i)rol).il)ly reacliiiiK their destination through the pos-

terior auriiiilar nerve. Its l)ranili of connmniic atiou witli tlie facial may be absent.

"v Tlu' pharyngeal branches ( rr. jiliaiN unci ), usually an upper and a lower

but sonKtiuics more- or oulv one, are j4;iven off from the upper portion of the ^.in^-

FiG. 1079.
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Deep dissection of right side of head and neck, showing lingual, glosso-pharyngeal, pneumogastic, hypoglossal

and sympathetic nerves.

lion of the trunk and include to a considerable extent fibres brought to the vagus by

its accessory portion. They pass downward and inward, between the external and

internal carotid arteries, and join the pharyngeal branches from the glosso-pharyn-

geal nerve and from the superior cervical ganglion of the sympathetic to form the

p/iaryjigea/ p/exiis {phxus pharyngeus) (Fig. 1078). This plexus contains one or
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more minute sympathetic ganglia and ramities over the middle constrictor of the

pharynx. It supplies motor fibres to the muscles of the pharynx and of the soft

palate, with the exception of the stylo-pharyngeus and the tensor palati. From the

plexus proceed sensory filaments to the mucous membrane of the pharynx. A
filament from this plexus, the lingual branch of the vagus (r. lingualis vagi), com-
posed of fibres from both the ninth and tenth nerves, joins the hypoglossal as it

hooks around the occipital artery.

Variation.—A slender branch, tlie middle laryngeal nerve, is described as arising from the
pharyngeal plexus and supplying the crico-thyroid muscle, after which it pierces the crico-

thyroid membrane and supplies the mucous membrane of the lower part of the larynx.

4. The superior laryngeal nerve 1 n. lar}ngeus superior) (Fig. 1079) arises

from the middle of the ganglion of the trunk and takes a downward and inward

course beneath the external and internal carotid arteries toward the superior cornu

of the thyroid cartilage. It di\-ides terminally into (a) the extertial and (b) ijiternal

laryngeal branches.

Communications.—Before dividing, the superior laryngeal nerve receives filaments from
the superior cer\ical sympathetic cardiac and from the pharyngeal plexus.

The cardiac twig given oft by the external laryngeal neri'e joins with the superior cer\ical

cardiac branch of the sympathetic. In the lower part of the larynx the external lar>-ngeal nerve

inosculates w ith the terminal fibres of the internal lar^Tigeal.

At the inferior portion of the larynx, the internal laryngeal nerve communicates with the

terminal filaments of the external larj-ngeal, and in this way supplies sensory fibres to the

mucous membrane lining the lower part of the larynx and to the muscles.

Variation.—Instead of passing to the inner side of the internal carotid artery- the nerve may
lie external to it.

a. The external laryngeal branch 1 r. externus;, much smaller than the in-

ternal, passes downward upon the inferior constrictor of the pharyn.x and beneath the

infrahyoid muscles to the crico-thyroid muscle, which it supplies. It sends filaments

also to the inferior pharyngeal constrictor and gives off a cardiac twig which joins the

superior cervical cardiac branch of the sympathetic.

Variations.—The external laryngeal has been seen to send filaments to the thyroid gland,
the pharyngeal plexus, the sterno-hyoid, sterno-thyroid, thyro-hyoid and crico-ar\-tenoideus lat-

eralis muscles and to the mucous membrane of the vocal cord and lower portion of the larj^nx.

b. The internal laryngeal branch (r. internus;. larger than the external,

passes downward and inward between the middle and inferior constrictors of the

pharyn.x and enters the laryn.x by piercing the thyro-hyoid membrane. By means
of its epiglottic, pharynigeal, descending and cotnniunicatiyig branches, it supplies the

mucous membrane covering the internal and pharyngeal surfaces of the laryn.x and
the mucous membrane of the base of the tongue.

Variation.—Instead of piercing the thyro-hyoid membrane the nerve may obtain entrance
to the laryn.x through a small foramen in the thyroid cartilage.

5. The superior cervical cardiac branch (rr. cardiac! superiores—both cervi-

cal cardiacs) arises from the vagus in the upper part of the neck. It either joins

a cardiac branch of the vagus or passes independently down the neck and along the

side of the trachea to end in the deep cardiac plexus TFig. 1132).
6. The inferior cervical cardiac branch leaves the vagus at the root of the

neck. On the right side it courses along the side of the innominate artery and either

independently, or after joining one of the other cardiac nerves, enters the deep car-

diac plexus. The left passes in front of the arch of the aorta and joins the superior

cervical cardiac branch of the left sympathetic to form the superficial cardiac plexus
(Fig. 1 132).

7. The inferior or recurrent laryngeal nerve fn. recurrens) (Fig. 1080)
differs on the two sides in the early part of its course. The right nerve is given off at
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tlic root of the iKck as the vaj^iis crosses thi- anterior surface of tlie subclavian artery,

from which j)(jint it passes under and behind the artery and ascends. The left nerve
takes its orij^^in as the vaj^us crosses the anterior as|)ect of the aortic arch, and after

passing below ami behind the arch, lateral to the obliterated ductus arteriosus, ascends
in the superior mediastinum to enter the neck. After enterini,^ the neck the further
course of the nerve is the same on both sides. It passes upward posterior to the
carotid sheath, eillur anterior or posterior to the inferior thynjid artery, occupies the

V\v.. io8u.

Superior cenlcal cardiac branch of sympathetic

SvMll.,1tlirIi.: C

Middle cervical jjannlion

Inferior cervical );an);Iion

Superior cervical cardiac of vaijus

Middle and inf. cervical cardiac
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(of symffathetic
nf. cervical cardiac branch
nL cervical ganglion
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Left vagus nerve

Recurrent laryngeal nerve
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Pulmonary veins

Pulmonary orifice

Mesial surface of lung
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Dissection showing cardiac branches of pneumogastric nei^-es and of sympathetic cords ; aortic arch and branches
and pulmonary artery partially removed

;
pericardium laid open.

groove between the oesophagus and the trachea, and, dipjjing beneath the lower

edge of the inferior constrictor of the pharynx, enters the larynx at the inferior

margin of the cricoid cartilage.

The asymmetry observed in the first part of the course of the nerves of the two sides is

secondary and referable to the changes incident to the development of the large arterial trunks.

In the fcetus both nerves hook around the fourth aortic arch of the corresponding sides and
are, therefore, for a time symmetrically disposed. Since, hovvexer, on the left side this arch

becomes the arch of the aorta, and on the right the innominate and subclavian arteries (page

726), it is evident that the vagi, although retaining their primar>' associations, later alter their

actual position and relations in consequence of the unequal growth and downward displacement

which these blood-vessels undergo.

Branches.—During its course the inferior laryngeal nerve gives off : (a) the

cardiac, {d) the tracheal, (c) the oesophageal, {d) the muscular and {e) the terminal

branches.
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a. The cardiac branches (rr. canliaci iiiffriorcs) are given off in the superior mediastinum
and enter the deep cardiac plexus.

b and c. Tracheal and oesophageal branches (rr. trachtvilcs et oesdiih.imei) are given off as
the nerve ascends in the neck between the Iracliea and ccsopliagus.

d. Muscular branches enter the inferior constrictor of the piiarynx.

e. Tlie terminal branches (n. laryngeus inferior) are formed at the point wliere tlie nerve
breaks up on the inner side of the thyroid cartihige. They supply tlie intrinsic muscles of the
larynx, with the exception of the crico-thyroid.

As it turns to ascend, the inferior laryngeal nerve communicates with the inferior cervical

ganglion of tlie sympathetic, its terminal iilaments joining w ilii those of tiie internal laryngeal.

Variations.—The inferior laryngeal nerve has been seen to supply twigs to the crico-thyroid
nniscle. In cases in which the suliclavian artery arises dorsally, the right recurrent
laryngeal passes directly downward and inward from the \-agus to the larynx.

8. The thoracic cardiac nerves (rr. cardiaci inferiores) of the right side are

derived both from the vagus as it lies beside the trachea and from the inferior laryn-

geal. Those of the left side arise exclusi\-ely from the inferior laryngeal. They
help to form the deep cardiac plexus.

9. The anterior pulmonary branches (rr. bronchialcs anteriorcs) are two
or three small filaments which, on the right side, receix-e communicating fibres from
the deep cardiac plexus and, on the left side, are joineil by filaments from both car-

diac plexuses. These unite to form the anterior pulmonary plexuses (plexus

pulraonales anteriores) (Fig. 1080), which communicate with each other and with the

posterior plexuses, and ramify over and supply the anterior aspect of the bronchus
and root of the lung.

10. The posterior pulmonary branches (rr. bronchialcs posteriores) are

several large twigs which join with filaments from the second, third and fourth tho-

racic ganglia of the sympathetic to form the posterior pulmonary plexus (plexus

pulraonalis posterior). Fibres from this plexus communicate with the corresponding
structure of the opposite side and with the anterior pulmonary plexuses, in this way each
vagus sending fibres to both lungs. Branches from the plexus, bearing tiny ganglia,

follow the subdivisions of the bronchi to supply the ultimate units of the lung.

11. The oesophageal branches (rr. oesopha.nci) are given off in two situa-

tions : in the superior mediastinuro, w^here the right vagus and the left inferior

laryngeal distribute oesophageal branches, and in the posterior mediastinum, where
the oesophagus is surrounded by branches from the oesophageal plexus or plexus
gid(Z (Fig. 108 1). This plexus is composed of the two vagus nerves, after they
leave the posterior aspect of the bronchi, in conjunction with filaments from the

great splanchnic nerves and from some of the lower thoracic ganglia. Both the
muscular and mucous coats of the oesophagus are innervated from this source.

12. The pericardial branches (rr. pericardiaci) are given off to the upper
anterior portion iA that membrane by either \agus and to the posterior portion by
the oesophageal and frequently the posterior pulmonary plexuses.

13. The abdominal branches come from both nerves. On gaining the pos-

terior surface of the stomach after following the corresponding aspect of the cesopha-

gus, the right vagus forms the posterior gastric plexus along the lesser cur\'ature,

from which gastric branches supply the posterior surface of the stomach ; the

remaining and larger part of the plexus is continued as the Cicliac branches to

the plexus of the same name and, thence, in company with the sympathetic strands,

to the subsidiary plexuses supplying the spleen, the pancreas, the intestine, the
suprarenal bodies and the kidneys. In a similar manner, along the lesser curvature
the left vagus forms the anterior gastric plexus, • from which numerous gastric

branches are distributed to the anterior surface of the stomach, the continuation of

the plexus being hepatic branches, which join the sympathetic filaments accompany-
ing the hepatic artery to supply the liver.

Practical Considerations.—The pneumogastric nerve may be compressed
or displaced by tumors in the neck, or it may be injured in accidental or operative

wounds, or by fracture of the base of the skull. Its division is not always fatal ; in
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fact, a portion of it has been clflil)frati'ly removed with success. In those cases in

which the nerve was divicletl, (htfuuky in breathinj^ and swallowinj^, slowing- of

the respiration, larvn^isnnis, chanj^ts in the voice, diminished inspiratory murmur,
asthma and pneumonia win- noticed ( Park). In cases of pressure by tumors on
the i)neumo_u;^astrics of both sides, hmj.;; (hsturbances, dyspntea, weakening of the

pulse, and a ravenous aj)pelite were observe''.

iio. lubi.
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Dissection showing lower part of pneumogastric ner%-es and their branches.

Lesions of the recurrent /a?y)igeaj branch of the pneumogastric, from tumors,

abscesses, etc., are comparatively common. Injury to this nerve is the chief danger
to be feared in the removal of the thyroid gland, passing as it does so close to the

gland and to the inferior thyroid artery where the latter is usually ligated preliminary

to or during the excision of the gland. As it is the main motor ner\'e of the larynx,
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its irritation causes spasm of the laryngeal muscles, with brassy cough and stridulous

breathing. The tendency to closure of the glottis is sometimes so threatening

as to demand immediate tracheotomy or intubation. Paralysis causes hoarseness

or loss of voice (aphonia). In a bilateral paralysis both cords fall into the cadaveric

position. Loss of \oice results and marked inspiratory dyspnoea, which may demand
tracheotomy or intubation.

THE SPINAL ACCESSORY NERVE.

The eleventh or spinal accessory nerv^e (n. accessorius) is purely motor. It con-

sists of two portions, a spirial and an accessory, which differ widely in origin, course

and distribution. The spinal portion or accessorius spinalis (v. externus) is so termed
because it arises from the spinal cord and the accessory portion or accessorius vagi

(r. internus) receives its name in recognition of the fact that it is accessor^' to the

vagus. As emphasized in connection with the last-named ner\e (page 1266), the

so-called accessory portion of the eleventh is, in reality, an integral part of the vagus

and the description of its deep origin and distribution has been included with those

of the vagus. There remains, therefore, only the spinal portion of the ner\-e to be

considered. The spinal part—the eleventh nerve proper—supplies the sterno-

mastoid and trapezius muscles.

Deep Origin.—The fibres constituting the spinal part of the nerve arise as the

axones of a column of large multipolar neurones which is situated in the anterior

horn of the spinal gray matter and extends from the lower end of the medulla to

the fifth or sixth cer\-ical segment of the spinal cord. The cells of this column,

known as the accessory nucleus, occupy a dorso-lateral position in the horn, lying

posterior to the cells from which arise the fibres of the anterior roots of the cer\-ical

nerves. Leaving these cells, the fibres pass dorsally within the gray matter to the

vicinity of the bay between the anterior and posterior horns, where, while some at

once curve outward and traverse the white matter to gain the lateral surface of the

cord, the majority bend abruptly brainward and pursue a short ascending path before

turning outward.

Course and Distribution.—The superficial origin of the accessory ner\e

is marked bv the emergence of a series of fasciculi along the lateral surface of the

spinal cord between the anterior and posterior roots of the cer\-ical spinal ner\-es, the

fasciculi progressively nearing the posterior roots as they issue at higher levels.

Consecutively joining shortly after they escape from the cord, the fasciculi unite to

form a common trunk, which gradually increases in size by accessions of fibres at

each succeeding segment. The nerve-trunk thus formed passes upward in the sub-

dural space, between the ligamentum denticulatum and the posterior nerve-roots

(Fig. 879), to the foramen magnum, through which it enters the cranium. Upon
reaching the side of the medulla, the spinal accessor)' nerve turns outward to enter

the middle compartment of the jugular foramen and to unite temporarily with the

accessory vagus. It occupies the posterior part of the middle compartment of the

jugular foramen, lying within a dural sheath which contains also the vagus. On
reaching the lower margin of the foramen, the fibres accessory to the vagus perma-
nently leave the eleventh ner\'e. The latter, often described as the spinal part,

courses downward for a short distance in the interval between the internal carotid

artery and the internal jugular vein and then passes backward, either anterior or pos-

terior to the vein, until it reaches the deep surface of the sterno-mastoid muscle,

which it usually enters. While within the substance of the muscle, the spinal

accessory gives off filaments which unite with a branch from the second cervical

nerve to form the sterno-mastoid plexus (Fig. 1082") for the supply of that muscle.

Emerging from beneath the posterior edge of the sterno-mastoid, the eleventh

nerve crosses the occipital triangle and dips under the anterior margin of the

trapezius along the deep surface of which it descends almost to the lower margin
of the muscle. Under the trapezius the nerve forms a plexus of varying degrees

of intricacy with the third and fourth cer\'ical ner\'es. This is called the

vibtrapezial plexus ( Fig. 1082 ), its fibres of distribution supplying solely the

trapezius muscle.
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Variations.—Coiisidtr.'ihlc (ieviatioii from the imrnial has hec-M descrihed with rejjanl t(j

the* spinal portion, llic lower htuit of its oriKi" has l)ecn observed as hi^h as the third cervical
nerve and Ironi that hvil as far down as the first thoracic. In one instance the nerve left

the snbdural space below the lirst cervical nerve and re-entered at a hij^her level. (Juite fre-

(juenlly it fails to pierce the sterno-inastoid muscle. In one reported case the nerve ended in
tile sterno-masloicl, the trapezius beinjj supplied only by the third and fourth cervical nerves.
Two similar cases have been observetl in the dissectinjj room of the University of Pennsylvania.
Rarely it gives off a lilanuiil which joins the n. descendens cervicalis.

Practical Considerations.—Tlic spinal accessory nerve supf)lies the sterno-

cleido-niastoid and tia])cziiis inuscles. A few fibres of the second anri third cervical

nerves enter into the supply of the sterno-niastoid, but the muscle is almost com-
pletely tmder the control of the si)inal accessory. The cer\ical nerves take a j^reater

part in the supply of the trapezius, so that j)aralysis of the spin.al accessory does not
always paralyze this muscle.

Spasm of the trapezius will draw the head backward and toward the affected

side and will pull the scaj^ula toward the spine. In spasm of the sterno-mastoid, as

in " wry neck," the chin will be turned to the opjjosite side and elevated, while the
ear will look forward. If both sterno-mastoids are in cf)ntraction the chin will be in

the median line and will be drawn toward the stermmi. Paralysis of one muscle will

j)roduce a condition somewhat similar to that produced by a spasm of the opposite
one.

The si)inal accessory nerve enters the under surface of the sterno-mastoid muscle
near the junction of its upper and middle thirds, where it may be reached by an
incision alontj the anterior border of the muscle. The nerve emerges from the
muscle near the middle of its posterior border.

THE HYPOGLOSSAL NERVE.
The twelfth or hypoQ^lossal nerve (n. hypoglossus) is a purely motor nerve and

supplies the musculature of the tongue, intrinsic as well as extrinsic, with the excep-
tion of the palato-glossus.

Central and Cortical Connections.—The hypoglossal nerve takes its deep origin from
several associated groups of neurones called the hypoglossal nucleus (nucleus n. hypoglossi)

(Fig. 949), which underlies the floor of the fourth ventricle. This nucleus is a narrow-

elongated collection of large multipolar cells, measuring about 18 mm. in length by 2 mm.
in width, that partly corresponds in position to the trigonunt hypoglcssi in the floor of the

fourth ventricle- The entire nucleus, however, is more extensive than the trigonum and
e.xtends from the level of the stride acusticte above into the closed part of the medulla as far

down as the decussation of the pyramids (Fig. 927). It lies ventral and very slightly lateral

to the central canal of the medulla and the median groove in the floor of the fourth ventricle,

close to the mid-line and its fellow of the opposite side. The large size and branched form
of the nerve-cells composing the nucleus, as well as their ventral position in relation to

the central canal, emphasize the close correspondence of these elements with the cells of

the motor roots of the spinal nerves. Indeed, as noted later (page 1380), the gray matter
enclosing the hypoglossal nucleus is the morphological equivalent of the bases of the anterior

cornua. Immediately after arising and before leaving the nucleus, the axones converge
into a number of fasciculi which, emerging from the ventral aspect of the nucleus, take a
ventro-lateral course and traverse the interval between the gray and white reticular formations.

From this situation the hypoglossal fibres continue their course to the anterior surface of the

medulla by passing, for the most part, between the nucleus of the inferior olive and the mesial

accessory olivary nucleus, although quite a number of the strands penetrate the ventral portion

of the olivary nucleus ( Fig. 927).

The central connections of the hypoglossal nucleus include: ((t) crossed fibres from the

nucleus of the opposite side ; ib) fibres from, and probably also to, the posterior longitudinal

fasciculus, by means of which the nucleus of the twelfth is brought into relation with the nuclei

of other motor nerves; and (c) fibres which join the dorsal bundle of Schiitz, a system ot

longitudinal fibres underlying the floor of the fourth ventricle and traceable upward beneath the

Sylvian aqueduct, by which the nuclei of the sensory cranial ner\-es are connected.

The cortical centre of the hypoglossal nerve probably lies within the lower or opercular

e.xtremity of the precentral convolution. The fibres arising as the axones of the cells within

this area pass over the upper border of the lenticular nucleus and through the internal capsule

and descend in the brain-stem within the median part of the pyramidal tract as far as the
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medulla. The cortico-nuclear fibres then bend dorso-medially and, for the most part but
not entirely, cross the raphe to enter the ventro-lateral surface of the hypoglossal nucleus of

the opposite side and end in arborizations around the root-cells.

Course and Distribution.—The hypoglossal takes its superficial origin
from the surface of the brain-stem in the form of from ten to fifteen slender fasciculi,

which emerge from the ventral surface of the medulla in the groove between the
olivary eminence ancl the pyramid (Fi^;. 1046).

Fig. 1082.
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These root-bundles pass outward, dorsal to the vertebral artery, and assemble
into two groups, which pierce the dura mater separately at a point opposite the

anterior condyloid foramen. Either within this canal or as they leave the

cranium through its external opening they unite into a single trunk. Arriving at

the inferior aspect of the base of the skull, the deeply placed hypoglossal nerve
descends and hooks around the ganglion of the trunk of the Aagus, to which it is

closely attached by connective tissue. It then takes a downward and forward
course between the internal carotid artery and the internal jugular vein. Arriving
at the inferior margin of the posterior belly of the digastric, the nerve winds around
the occipital artery and courses downward and forward to the outer side of the

external and internal carotid arteries. It then continues forward above the hyoid
bone to the under surface of the tongue, passing beneath the tendon of the digastric,
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unckr the stylo-hyoid :iiul niylo-hyoid imiscks and o\ cr the hyo-glossus (Fig. 10S2).
It terminates l)y ])iereini; the ^eiiio-hyo-glussus and breaking up into a number of

fibres fur the supjjly i)t the lingual muscles.

Communications.—

I

ninuclialtly after cinerj^in;:: from the anterior condyhiid fcjranien, (a)
a tiny l)ran(li conm-cts uitli llic superior cx-rvical };an;^lion of tlie syni|)athelic, (A) one or two
filaments pass to tlie loop between the first and second cervical nerves and (r) several fibres

associate the nerve with the Kan^lion of the trunk of the vaj^is. At the pjjint where the hypo-
glossal nerve and the occipital artery cross, (i/} the lingual branch of tlie va^jiis joins the twelfth ;

and as the nerve lies beneath the mylo-hyoid and upon the hyo-jjlossus muscle, it communi-
cates with {c') the linj^ual branch of the mandibular nerve.

Branches.—The branches of the hypoglossal nerve are : (1) the incningcal,

(2) \\\k; dtscttidi)i<^, (3) \\\Q: thyro-hyoid AwA [ \) \\\it /ini^ita/.

1. The meningeal branch ( r. mcnin«eus) consists of one or two minute
filaments which supply the dura mater cjf the posterior cranial fossa and the diploe
of the occipital bone. As the hypoglossal is motor in function, it is likely that these

twigs are contributed to the nerve l)v the loop between the first and second cervical

nerves.

2. The descending branch ( r. dcscendens;, or r. dcscendens hypoglossi, is

in reality only to a limited extent a branch of the twelfth, since the greater number
of its fibres are accessions to the hypoglossal from the first and second cervical

nerves. There is reason, however, to believe that these cervical ner\-es are not the

exclusive source of the fibres of the descendens hypoglossi, but that some arise from
the cells of the hypoglossal nucleus. The descending branch arises near the point

where the hypoglossal nerve hooks around the occipital artery and runs downward
and inward in front of or within the carotid sheath. It gives off a branch to the an-

terior belly of the omo-hyoid and, about the middle of the neck, joins the descend-
ing cervical nerve, or n. commiinicans hypog/ossi, from the second and third

cer\ical ner\es. A loop or plexus, termed the a7isa hypoglossi, is thus formed and
from it filaments are supplied to the sterno-hyoid and sterno-thyroid muscles and to

the posterior belly of the omo-hyoid (Fig. 1082).

3. The thyro-hyoid nerve (r. thyreohyoideus) is also only an apparent
branch of the hypoglossal, as its fibres can be traced back to the cers'ical

plexus. It is given ofl[ before the nerve dips beneath the stylo-hyoid muscle and
passes down behind the greater cornu of the hyoid bone to reach its distribution to

the thyro-hyoid muscle.

4. The lingual branches (rr. linf;ualcs) with one exception, comprise the
real distribution of the hypoglossal. As the nerve lies beneath the mylo-hyoid
muscle filaments are given of? to the hyp-glossus, the stylo-glossus and the
genio-hyoideus. The fibres going to the genio-hyoid are in all probability de-
rived from the cervical plexus and are not of true hypoglossal origin. After gi\ing

off the above-named branches, the hypoglossal nerve breaks up into the terminal

filaments which pierce the genio-hyo-glossus to supply it and the lingualis muscle.

Variations.—Occasionally the hypoglossal has been found to possess a posterior root bear-
ing a ganijlion. This condition is to h)e regarded as a persistence of the temporary embryonal
stage during which the nerve is provided with a posterior root and a ganglion of Froriep
(page 13S0). In one case the superficial origin was located at the posterior aspect of the me-
dulla. Quite frequently the vertebral artery passes between the rootlets of origin and in rare

instances behind them. Sometimes a cross filament, situated either between the genio-hyo-
glossus and genio-hyoid muscles or in the substance of the latter connects the two hypoglossal
nerves. Rarely the hypoglossal has been seen to send a filament to the mylo-hyoid, tlie digas-

tric or the stylo-hyoid muscle. Occasionally the r. descendens hypoglossi seems to be derived,
either entirely or in part, from the vagus, but in these instances the fibres can be traced back to

their true origin from the cervical nerves. A filament from the descending nerve sometimes
passes into the thorax, where it joins the vagus or the sympathetic ; in such cases the aberrant
branch is probably derived originally from either the sympathetic or the vagus. The r. descen-
dens hypoglossi may send a branch to the sterno-mastoid muscle.

Practical Considerations.—Involvement of the hypoglossal ner\-e, usually

together with other cranial nerves is frequent in bulbar disease. The most character-

istic symptom is a deviation of the tongue, when protruded to the affected side, caused
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by the unopposed action of the muscles of tlie opi)osite side. The nerve may be

injured by operative or other wounds in the sul)maxillary re_<;ion or in the mouth, as

in gun-shot wounds. It can be easily reached in the submaxillary region by the

same incision as that used for ligating the lingual artery (j:)age 736). It passes for-

ward to the tongue, just above the hyoid bone, and forms the upper boundary of the

small "lingual triangle," which is exposed when the submaxillary gland is elevated.

THE SPINAL NERVES.

The cranial or cerebral division of the nerves having been considered, the spinal

group next claims attention, the visceral or splanchnic (sympathetic) nerves being

reserved for a final and separate description.

The spinal nerves (nn. spinalcs) include a series of usually thirtv-one pairs of

symmetrically disposed trunks which pass laterally from the spinal cord and emerge
from the vertebral canal through the intervertebral foramina (Fig. 880). Each
nerve arises from the cord by a dorsal sensory and a ventral jnotor rooty which sepa-

rately traverse the subarachnoid and subdural spaces and evaginate or pierce the pia

mater, arachnoid and dura mater. Within the intervertebral foramina the roots unite to

form a common trunk, which carries with it a sheath composed of the three membranes,
the contribution of the arachnoid and pia, however, soon ending, whilst the dural

covering is prolonged to become continuous with the epineural sheath of the nerve.

Nomenclature.—The spinal nerves are designated not relative to the position

at which they arise from the cord, but according to their point of emergence from the

vertebral canal. They are divided, therefore, into the cervical, thoracic, lumbar,

sac7-al and coccygeal groups. With the exception of those in the cervical region,

the individual nerves are named according to the vertebra below which they emerge
from the vertebral canal. On account of the disproportion between the eight cervi-

cal nerves and the seven cervical vertebrae, this arrangement necessarily can not

prevail in the neck. The first cervical nerve, often called the suboccipital nerve,

emerges between the occipital bone and the atlas ; the second emerges below the first

vertebra, the third below the second and so on down to the eighth, which traverses

the foramen between the seventh cervical and first thoracic vertebral segments.

Constitution.—Every spinal nerve arises by two roots, a posterior sensory

and an anterior motor, the latter being composed of the axones proceeding from the

motor neurones situated within the gray matter of the anterior cornu of the spinal cord,

whilst the fibres composing the posterior or sensory root are the axones of the neurones

, within the ganglia which are invariably present on these roots. The formation of the

common trunk, by the union of the two roots, aflords opportunity for the two varie-

ties of fibres to intermingle, so that the anterior and posterior primary divisions into

which the common trunk divides contain both sensory and motor fibres. In addition

to these fibres, which are destined for the somatic muscles and the integument, others

are added from the sympathetic neurones for the supply of the outlying involuntary

muscle and glandular tissue occurring in the regions to which the spinal nerves are

distributed. It is evident, therefore, that the terms "motor" and "sensory," as

applied to the somatic branches of the spinal nerves, are relative and not absolute,

since in all cases the nerves passing to the muscles contain sensory and sympathetic

fibres in addition to those ending as motor filaments in relation with the striated

muscle fibres. Likewise, in the case of the sensory branches distributed to the integ-

ument, sympathetic filaments (motor to the involuntary muscle of the blood-vessels

and secretory to the glands) accompany those concerned in collecting sensory

impulses. On the other hand, where they retain their typical plan, as in the case of

the thoracic nerves, the spinal nerves contribute motor fibres which end around the

sympathetic neurones to supply motor impulses either to the involuntary muscle
of the organs, by way of the splanchnic efTerents, or to the outlying involuntary

muscle along the somatic nerves in the manner above described.

The sensory, posterior or dorsal roots (radices posteriores) of the spinal

nerves are usually larger than the motor, a condition due to the increased number
of their filaments and the greater size of those filaments (fila radicularia). The fas-

ciculi which form the sensory root are attached to the cord along the postero-lateral
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gToo\e as a coiuiiuioiis SL-rics, called the posterior root zone ( Fij^. 8.S4). These
r(K)tlfts are sonu-tinus so minicrous and so crowded, that those of adjacent nerves

t)\-erla]) and adhere to one another. Where more ty|)ically dis])osed, as in the

thoracic region, the cord-segments (paj^^e 1024) are distinct. The fasciculi for any
one nerve usuallv collect into t\vi> ImukUcs which ])ass to the proximal asj;ect of the

spinal ^anj.;lion.

The spinal ganglia (gg. spinalia) are aggregations of nerve-cells found on the

posterior roots of all the sjjinal nerves (Fig. 852). They are usually ovoid in shape,

from 4-6 mm. in length, aiul are occasionally bifid at their proximal ends. They
consist of a cluster of imi|)olar neurones, whose centrally directed axones form the

sensory root of the spinal nerve antl whose dendrites extend peripherally as the

sensory distribution. The ganglia are usually situated in the intervertebral foramina,

but exceptions to this rule are presented l)y the ganglia of the first ancl second cervi-

cal nerves, which lie upon the neural arches of the atlas and axis respectively, and

by those of the sacral antl coccygeal nerves, which are lodged within the vertebral

canal. Although situated beyond the dural sheath of the cord, with the exception

of the ganglion of the coccygeal nerve, they are invested by a prolongation of it.

Variations.—The first cervical nerve may either have no posterior root or may derive it from
or sliare it witli the eleventh cranial nerve. Its j;^anji:lion may be very rudimentary or entirely

absent. Considerable variation is found in the thoracic resj:ion, where either the anterior or pos-

terior or both roots of one of the nerves may seeminti:ly be absent. In the lumbar and upper
sacral nerves the ganglion may be double, each bundle of the posterior root having its own.

Ganglia aberrantia are small detached portions of the spinal ganglia occasionally found
along the posterior roots of the upper cervical, the lumbar and the sacral nerves.

The motor, anterior or ventral roots (radices anteriores) are smaller than

the posterior and have no ganglia. They emerge from the anterior surface of the

cord in a series of fasciculi (fila radicularia), the anterior root-zone, with a tendency

to form two groups which unite in the completed root (Fig. 878). As in the pos-

terior roots, the fasciculi of origin may overlap one another or fuse with those of

adjoining nerves.

Number.—As usually found the thirty-one pairs are grouped as follows:—eight

cervical, twelve thoracic, five lumbar, five sacral and one coccygeal.

Variations.—Should there be any anomaly in the number or arrangement of the vertebrae,

there is a corresponding modification of the nerves. The greatest variation occurs in the

coccygeal region. There may be none at all in this situation, or one or two additional ones may
be found. Traces of two extra ones, which are rudimentary caudal nerves, may be found in the

filum terminale.

Size.—The largest spinal nerves are those which are concerned in the forma-

tion of the limb plexuses—brachial, lumbar and sacral—and are, therefore, the lower

cer\'ical, the first thoracic, the lower lumbar and the upper sacral. The largest nerves

in the entire series are the lower lumbar and upper sacral. The smallest are the lower

sacral and the coccygeal. Those of the upper cervical region are smaller than those

of the lower, the sixth being the largest of those in the neck. With the exception of

the first, the thoracic nerves are comparatively small.

Divisions.—The common trunk formed by the union of the two roots emerges

from its intervertebral foramen and almost immediately gives of! a vienifigeal or

recurrent branch (r. meningeus). This tiny nerve is joined by a filament from a

gray ramus communicans and enters the vertebral canal through the foramen to be

distributed to the vertebrce and their ligaments, and to the blood-vessels of the

vertebral canal and of the spinal cord and its membranes. After giving off the

recurrent twig, each trunk soon splits into two branches, called the ajiterior and

posterior primary divisions (rr. anterior et posterior), each of which is composed

of fibres from both roots (Fig. 10S5), as well as of sympathetic filaments.

THE POSTERIOR PRIMARY DIVISIONS OF THE SPINAL NERVES.

The posterior primary divisions (rr. posteriores) of the spinal ner\'es are as a

rule smaller than the anterior (rr. anteriores ). They arise either as a single cord

from the trunk formed by the union of the two roots, or as two separate strands
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from the roots themselves. They turn dorsally almost immediately and divide into

an internal (r. medialis) and an external branch (r. lateralis), which supply the

Fig. 10S3.

Great occipital nerve

Cutaneous brs. of III.

cervical, dorsal div.

Cutaneous brs. of IV. and V.j

cervical, dorsal division

VII. cervical spinous process

Cutaneous brs. of dorsal
divisions of :

—
I. thoracic

II. thoracic

III. thoracic

IV. thoracic

V. thoracic -r

VI. thoracic-^

VII. thoracic

VIII. thoracic

IX. thoracic

X. thoracic

Spinous process
of XII. thoracic

vertebra

Cutaneous brs. of dorsal
divisions of :

—
XI. thoracic

XII. thoracic
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|

nerves, ext. brs. of
-j

dorsal divisions I

Cutaneous brs. of dors.T

divisions of sacral
nerves

Occipitalis major nen-e

III., IV., v., VI., VII.,
VIII., IX., X. and XI.
thoracic ner\'es, lateral
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Iliac br. ilio-hypogastric
nerve

XII. thoracic, lateral cu-
taneous br.

Superficial dissection, showing cutaneous branches of posterior divisions and lateral cutaneous branches of

anterior divisions of spnial nerves.

dorsal muscles and integument. At the two extremities of the spinal series the

division into internal and external branches does not prevail, the first cervical,
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the fourth and litUi sacral aiul the coccyj^cal nerve failinu,^ in this respact. Down to

and includinjLf the sixth thoracic nerve, the internal branches are mainly cutaneous and
the external entirely muscular. From the seventh thoracic down, the reverse con-
dition exists. In the former region the internal branches become cutaneous near the
spine, whilst in the latter the sensory filaments pass laterally f(jr si^me <listance through
the muscles before reachini;" their cutaneous distribution.

THE CICRVICAL NERVES.

The first cervical nerve (n. suboccipitalis), the first of the spinal series, is

atypical in several respects. Its posterior root is either insignificant or entirely absent,

and its j)osterior division, which does not divide into internal and external branches, is

larger than the anterior and usually does not send of^ any direct cutaneous branch.
The nerve passes dorsally between the occipital bone and the posterior arch of the

atlas and traverses the suboccipital triangle, occuj)ying a i)osition below antl p(jstericjr

to the \ertebral arterv. Superficial to it is the coniplexus muscle.

Branches.—These are : (i) the muscular, (2) the commuiiicating antl i-^) the

cutaneous.

1. The viuscular branches suj^ply the superior and inferior oblique, the com-
plexus and the rectus capitis posticus major and minor muscles.

2. The communicatiui^ branch forms a loop with the second cervical ner\'e. It

usually arises in common with the twig to the inferior oblique muscle, through
or over which muscle it passes to reach its destination. It may arise with the

nerve to the complexus, after piercing which muscle it communicates with the great

occipital ner\e.

In the neck and close to the vertebrae is a series of loops between the posterior

divisions of the first, second, third and sometimes the fourth cervical nerves. This is

called \\\Q. posterior cervical plexus zxvA from it filaments are distributed to the neigh-

boring muscles.

3. The cutayieous branch is not always present. , It accompanies the occipital

artery, inosculates with the small and great occipital nerves and supplies the occipital

region.

The second cervical nerve is distinguished by the size of its posterior division,

(r. posterior) which is larger than the anterior (r. anterior). Its posterior division

takes a dorsal course between the atlas and the axis, and then between the inferior

oblique and semispinalis colli muscles. Reaching the deep surface of the complexus
it breaks up into its external portion (r. lateralis), which supplies the comple.xus,

obliquus inferior, semispinalis colli and multifidus spin« muscles, and its internal

portion (r. raedialis). The latter is called the great occipital nerve (n. occipitalis

major). This nerve (Fig. 1087) passes upward over the inferior oblique, pierces

the complexus and trapezius, and accompanies the occipital artery to the scalp,

to the posterior half of which it is the main sensory nerve. It becomes superficial

at the superior nuchal line, at a point from 2-.^ cm. lateral to the external oc-

cipital protuberance, and spreads out into numerous branches which supply the

scalp as far forward as the vertex.

The great occipital nerve communicates witii the small and least occipital and the iX)Sterlor

and great auricular nerves.

Variations.—An approximate balance is maintained between the great and small occipital

nerves, any deficiency in the distribution of either usually being equalized by a compensatory
enlargement of the other. Sometimes the great occipital sends a branch to the auricle. The
external branch may give off a cutaneous filament or may furnish a twig to the superior oblique.

The third cervical nerve has a smaller posterior division than has the second.

Passing backward, the former helps to form the posterior cervical plexus and divides

into external and internal branches. The external branch (r. lateralis) supplies

adjacent muscles and the internal \iX-3iV\c^ (r. medialis), known as the least or third

occipital nerve (n. occipitalis tertius), pierces the complexus, splenius and trapezius to

supply the skin of the occipital and posterior cer\'ical regions (Fig. 1083).
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In addition to assisting in the formation of the posterior cervical plexus it communicates
with the great occipital nerve.

The fourth, fifth, sixth, seventh and eighth cervical nerves have quite
small posterior primary divisions frr. posteriores). The fourth, fifth and si.xth

divide into the usual external and internal branches ( rr. lateralcs et medialesj, which
supply respectively the adjacent muscles and the dorsal integument. The seventh
and eighth usually have no cutaneous branches and are distributed solely to the
deeper muscles of the back.

A communicating filament from the fourth may aid in the formation of the posterior
cervical plexus.

Variations.—The cutaneous branches of the fifth and sixth may be ver>- small or absent
entirely.

THE THORACIC NERVES.
The posterior primar\' divisions (rr. posteriores) of the thoracic or dorsal nerves

fnn. thoracales ) follow the general arrangement of dividing into external and internal

branches. Of these the internal branches of the upper six are mainly cutaneous
and the external entirely muscular. In the lower six, on the contrar}-, the external

branches are principally cutaneous and the internal entirely muscular.

The external branches (rr. lateralcs j gradually increase in size from above
downward. They pierce or pass under the longissimus dorsi to reach the inter\al

between that muscle and the ilio-costalis, eventually reaching and supplying the
erector spin^e. Those from the lower half of the thoracic ner\es distribute sensory
fibres for the supply of the skin overlying the angles of the ribs (Fig. 1083).

The internal branches Trr. medialesj of the upper six or seven pass dorsally
between the multilidus spina; and semispinalis muscles. After innervating the trans-

verso-spinales they become superficial close to the median dorsal line and supply the
skin of the back, sometimes extending laterally beyond the vertebral border of the

scapula. The internal branches of the lower nerves traverse the interval between
the longissimus dorsi and the multifidus spinae and supply the latter muscle.

Variations.—The sixth, seventh and eighth thoracic nerves may give off cutaneous twigs
from both external and internal branches. The first thoracic nerve may have no cutaneous
branch.

THE LUMBAR NERVES.

The posterior primary divisions (rr. posteriores) of the lumbar nerves Tnn. lura-

bales ) divide into the usual external and internal branches.

The external branches ( rr. lateralesj of all five lumbar nerves enter and sup-
ply the erector spinae, those of .the lower two terminating there. From the external

branches of the first, second and third arise cutaneous offshoots rnn. cluniutn supe-

riores) of considerable size (Fig. 1083). These pierce the ilio-costalis and the
aponeurosis .of the latissimus dorsi above the crest of the ilium and supply the skin

of the gluteal region as far forward as the great trochanter. From the fifth a branch
passes downward to inosculate with a similar branch of the first sacral ner\-e to aid in

the formation of the posterior sacral plexus.

The internal branches (rr. mediales) turn clirectly backward and supply the

multifidus spinse muscle.

THE SACRAL NERVES.

The posterior primary divisions (rr. posteriores) of the sacral nerves (nn.

sacrales), with the exception of that of the fifth, emerge from the vertebral canal

through the posterior sacral foramina. The first, second and third pass outward
under cover of the multifidus spinc-e and divide into external and internal branches.

The external branches 1 rr. laterales ) of the first, second and third sacral nerves

unite over the upper part of the sacrum with a similar branch of the fifth lumbar and
with the fourth sacral nerve to form a series of loops, the posterior sacral plexus
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CFie 1084) From this slruclurc l.r.nielus j.^ss latcnilly till they roach the inter-

val between "the Krcat sacn.-sriatic- liKanunt, which they pierce-, and tlic deep surface

of the Lduteus maximus. where they form a second series .,f loops. I'n>m the pri-

mary I001.S branches are suppWed to the nuiltif.<kis sjjina. and from the secondary

l.x.ps proceed two or more filaments, usually two ( nn. clunium mclii). which pierce

th.-i^luteus maximus on a line connectin^^ the i)osterior superior spine of the ilium

Kk;. 10.S4.

<'^v^5?
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and the tip of the coccyx. On'e is usually situated near the lo\ver portion of the

sacrum and the other at the side of the coccyx. They pass laterally and supply the

skin of the buttock (Fig^. 1083).
. a .w a ..^\

The internal branches (rr. raediales) of the first, second and third sacral

nerves are small in size and are distributed to the multif^dus spinae.

The posterior primary divisions of the fourth and fifth sacral nerves are of small

size They pass below the multifidus spiucne and continue as single trunks, not

breakin^r up as do the others, into two branches. They are connected with each

other and with the coccvijeal nerve by loops which form the posterior sacro-

coccveeal nerve. From this structure fibres which pierce the great sacro-sciatic

ligament are given off to be distributed to the integument in the coccygeal region

(Fig. 1084).
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THE COCCYGEAL NERVE.

The posterior primary division ( r. posterior) of the coccygeal nerve (n. coccy-

getis) does not divide into internal and external branches. It unites with the fourtli

and fifth sacral to form the posterior sacro-coccygeal nerve, whose course and distri-

bution are described above.

THE ANTERIOR PRIMARY DIVISIONS OF THE SPINAL NERVES.

The anterior primary divisions (rr. anteriores) of the spinal nerves, like the

posterior (rr. posterlorcs ) , contain fibres from both the anterior and posterior roots

and, with the exception of those of the first and second cervical nerves, are larger

than the posterior. After liberation from the main trunk at the intervertebral

foramina, they pass ventrally and supply the lateral and anterior portions of the neck

and trunk, as well as the limbs.

Shortly after leaving its foramen, each anterior division is joined by a slender

fasciculus from the gangliated cord of the sympathetic, called the gray ratmis

communicans (page 1357). Branches to the sympathetic system are given of^ from
some of the thoracic, lum-

\ iG. 1085.
I^^j. ^^^ sacral nerves, in the

shape of small fasciculi of

meduUated fibres, called the

icliitc rami comiminicantes.

These are destined for the

various structures of the

splanchnic area and consti-

tute the visceral or splanch-

nic distribution of the spinal

nerves. The remainder of

L(t>=ii (I / \ the fibres are supplied to

the body wall and ex-

tremities and constitute the

somatic distribiitioyi of the

nerves.

In the case of the

cervical, first and some-
times second thoracic, lum-
bar, sacral and coccygeal

nerxes, plexuses of a greater

or less degree of ^ntricacy

are interposed between the

origin and distribution of

the nerves. This renders the tracing of any set of fibres a matter of extreme difificulty,

but in the greater portion of the thoracic region the original segmental and less

complex arrangement persists.

A typical spinal nerve (Fig. 1085), such as one of those in the mid-thoracic

region, is arranged as follows. The constitution of the main trunk (page 1278) and
the distribution of its posterior branch (page 1279) have already been described.

The anterior primary division (r. anterior) leaves* the intervertebral foramen and
almost immediately is connected with the gangliated cord by gray and white rami

communicantes. It then enters an intercostal space through which it courses

between the external and internal intercostal muscles, both of which it supplies. At
the side of the chest it gi\'es off a lateral cuta7ieoiis branch (r. cutaneus lateralis),

which distributes a few tiny motor twigs and then pierces the external intercostal

muscle to supply the skin over the lateral portion of the trunk. On reaching

the superficial fascia it usually breaks up into two branches, a larger afiterior (r.

anterior) and a smaller posterior (r. posterior). Having given of? the lateral

cutaneous branch, the main anterior primary division continues its forward course
nearly to the mid-line, where it pierces the muscle and becomes superficial as the

anterior termiyial cutaneous branch (r. cutaneus anterior).

Diagram illustrating constitution and division of typical spinal nerve;
SC, spinal cord ; .-1^, PR, anterior and posterior roots; SG, spinal gang-
lion; CT, common trunk; AD, PD, anterior and posterior primary divis-

ions; PC, LC, AC. posterior, lateral and anterior cutaneous branches;
RC, ramus communicans; 5V, sympathetic ganglion and cord.
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Fig. 10S6.

The iiitctjumcnt is therefore siippHed, from dorsal to ventral mid-line, by the
posterior primary division, the posterior and anterior divisions of the lateral
cutaneous branch and the anterior cutaneous branch of the anterior T)rimary
division. The muscles derive their nerve-sui)i)ly from both the anterior and the
posterior primary ilixisions.

Till-: ci-:r\ical \i:rves.
The anterior primary divisions ( rr. anlcri(»rcs) of the cit^dit cervical nerves Tnii.

cervicalcs), assisted l)y the first and second thoracic, supply the head, neck, ui^per
e.xtremity, thoracic intej^nnnent and diaphraj^nn. The first, second, third and
fourth ct)mnumicate freely and form the cervical plexus for the supply of the head
and neck and the skin of the upjier jjectoral and shoulder re^nons, whilst the fifth,

sixth, seventh, and eigjhth, aided by the first and sometimes by the second thoracic,'
form the brachial plexus, which supplies the upper extremity and the lateral
thoracic wall.

THi: cervical plexus.

The cervical plexus (plexus cerv'icalis ) is formed by the union of the anterior
primary divisions ( rr. anteriores; of the upper four cervical nerves (Fig. 1086;.
After traversing t h e

intervertebral foramina,

they pass behind the

vertebral artery and
emerge, the first be-

tween the rectus capitis

lateralis and the rectus

capitis anticus minor
muscles, and the others

first between the inter-

trans\ersales muscles

and then between the

rectus capitis anticus

major and scalenus me-
dius muscles. Each is

joined by a gray ramus
communicans, derived

either from the superior

cervical ganglion of the

sympathetic or from
the association cord be-

tween the superior and
middle cervical ganglia.

Under cover of the

sterno-mastoid the four

ner\'es are connected to

form the cer\ical plexus.

The second, third and
fourth each divide into

an ascending and a

descending branch ; the

first does not di\ide.
Diagram illustrating plan of cers-ical plexus.

These branches are connected in an irregular series of loops that constitute the
cervical plexus, which lies opposite the first four cervical vertebrae and upon the sca-

lenusmedius and le\ator anguli scapuke muscles, and is covered by the sterno-mastoid.
Branches.—The branches of the plexus may be divided into a superficial and a

deep set. The former reach the under surface of the deep fascia at about the middle
of the posterior margin of the sterno-mastoid and are distributed to the integument
of the head, neck, shoulder and upper pectoral region. The latter are divided into

an internal and an external group, some of which supply the muscles of the neck



1286 HUMAN ANATOMY.

and the diaphra^^m, whilst others communicate with the ninth, eleventh and twelfth

cranial and the sympathetic nerves.

The Cervical Plexus.

I. Superficial Branches. II. Deep Branches.
A. AscendiniL,^ branches : D. E.xternal l)ranches :

1. Small occipital 7. Muscular

2. Great auricular 8. Communicating

B. Transverse branch : E. Internal branches :

3. Superficial cervical 9. Muscular

C. Descending branches : 10. Phrenic

4. Suprasternal 11. Communicating

5. Supraclavicular

6. Supraacromial

I. The superficial branches are purely sensory. They become superficial

at the posterior border of the sterno-mastoid, slightly above its middle, and from that

point radiate in all directions to reach their cutaneous destinations (Fig. 1087).

1. The small occipital nerve (n. occipitalis minor) (Fig. 1087) may be either

single or double. It originates from the second and third cer\'ical nerves, or from

the second only, and passes backward and upward beneath the deep fascia along or

overlapping the posterior border of the sterno-mastoid muscle, where it gives off (a)

the cervical branches. It pierces the deep fascia at the upper angle of the occipital

triangle and breaks up into its terminal branches : {b) the auricular, (r) the mastoid

and i^d) the occipital.

a. The cervical branches are tiny twigs which supply the skin over the upper part of the

occipital triangle.

b. The auricular branch supplies the integument over the cranial aspect of the posterior

part of the pinna.

c. The mastoid branch supplies the scalp overlying and above the mastoid process.

d. The occipital branch is distributed to the area of scalp of the occiput lying between the

mastoid process and the distribution of the great occipital nerve.

The small occipital communicates with the posterior and great auricular nerves and with

the great occii^ital.

Variations.—The small occipital varies in size and may be so small as to be distributed

only to. the integument in the neck. In such an event, and usually in case of any deficiency,

the unsupplied area receives fibres from the great occipital. It sometimes passes backward
instead of upward and pierces the trapezius near the upper border before reaching the scalp.

2. The great auricular nerve (n. auricularis magnus) (Fig. 1087) is the larg-

est of the superficial set and arises, usually with the superficial cervical neuve, from

the second and third, from the third alone, or from the third and fourth cervical

nerves. Turning over the posterior margin of the sterno-mastoid it ascends toward

the ear between the platysma and the deep fascia. Below the ear it gi\'es off a few

{a^ facial twigs and then terminates by dividing into (<5) auricular and (<:) mastoid

branches.

a. The facial twigs pass through the parotid gland and over the angle of the mandible,

supplying the integument over the parotid gland and masseter muscle and communicating with

the cervico-facial division of the seventh cranial nerve.

b. The auricular branches (r. anterior) supply mainly the cranial surface of the posterior

part of the pinna. One filament passes through the cartilage by means of a cleft between the

concha and the antiheli.x and supplies the outer surface, while a few twigs are distributed to the

outer surface of the lobule. The auricular branches inosculate with the small occipital and pos-

xerior auricular nerves.

c. The mastoid branch ( r. posterior) is distributed to the skin overlying the mastoid process

and the upper part of the sterno-mastoid muscle. It inosculates as does the auricular branch.

Variation.—The mastoid branch may arise independently from the ple.xus and pass upward
to its destination between the small occipital and great auricular nerves.
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» The superficial cervical nerve (n. cuUiucus culli) usually arises in com-

mon with the "real auricular frou. the secon.l and third, the th.nl only, -'"/''.ni he

Ta ami fourth cervical nerves (Fig. 1087). Fn>n. ^1- 1-tenor .narK.r.<^ Uje^sU. no

mastoid it i.asses almost directly forward over the middle of that muscle and under

Fig. 1087.
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V

the platysma myoides and the external jugular vein. It Pe^orates the deep cervical

fascia near the anterior border of the sterno-mastoid and divides mto (a) an 7^ppcr

and (<^) a /owcr set of branches.

a. The upper branches (rr. superiores) form an extensive ino^^^l^^ion with the inirarnand^b-

ular branch of the facial nerve, after which they pierce the platy^sma and ^"PP
>
j^e ^ntegn^^^^^^^^

of the neck as far forward as the median line and as far up as the '"^-"<^^
'"^r^" ^^^.^^ ,rtSe skfn

b The lower branches ( rr. inferiores ) after piercing the platysma are distributed to the sKin

of the lower part of the neck to the mid-line as tar down as the sternum.
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Variation.—Tlie superficial cervical, instead of a single nerve, may arise as two or more
filaments from the cervical plexus.

The descending branches ( nn. siipradaviculares) (Fig. 1087) arise from the

third and fourth cer\ical nerves and ])ass downward in the anterior marj^in of the

occipital triangle along the posterior edge of the sterno-niastoid. On nearing the

cla\'icle they break up into three distinct sets : (4) the suprasternal, (5) the supra-

clavicular ^W(\. (6) l\\c sup}-aac>-o»iial.

Fig. 1088.

Third occipital nerve

Great occipital nerve

Branch from III. cervical,
dorsal division

Branches from IV. cer-
vical, dorsal division

Inoscnlatioii between facial nerve and
small occipital and great auricular
nerves

Sterno-cleido-mastoid muscle

Great auricular nerve

Small occipital nerve

Superficial cervical nerve

Ij K \^' Superficial descending branch of cervical plexus;

)f:,
\1\ A

'

tlie leader crosses the suprasternal branch
S])inal accessory nerve

Muscular branch to trapezius

Dissection showing superficial branches of cervical plexus and posterior cutaneous branches.

4. The suprasternal branches (rr. supraclaviculares anteriorcs) are the

smallest. They pass over the lower end of the sterno-mastoid and the inner end of

the clavicle and supply the skin of the chest as far down as the angulus Ludovici.

One or two filaments terminate in the sterno-clavicular articulation.

5. The supraclavicular branches (rr. supraclaviculares mcdii) pass across

the middle of the clavicle and supply the integument of the chest as far clown as the

third or fourth rib, inosculating with twigs from the anterior cutaneous branches of

the upper thoracic nerves.

Variation.—A twig may perforate the clavicle.
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6 Tlic supraacromial branches ( rr. supradax iculaits jiosicriorcs ; cross the cla-

vicul irinscili(.in. I
lluaraiu/iusaiularcMlislril.ulr.l I.. llu-hkiiH.vc-r the- anlcri(.r, external

and iH)stcri()r aspects of llu- shciiUU-r as far down as the h)\ver portion <.f the deltou .

II. The deep branches are cHvidc-d into two sets, an external and an nUernal.

Both arisin.n beneath the sterno-mast..id, the fonn.r pass away from and the latter

toward the nietlian line of tin- neck.

-. TIk' external muscular branches arc- distrihutetl as tollows:

—

a The sterno-mastoid receives a branch from the second cervical which enters the deep

surfacJ ol tlK- nuisde and interlaces with a braiicii of the spinal accessory ner%-e to form the

sterno-mastoid plexus.
Fig. 1089.

Small occipital

Complexus

Muscular brs. to complevns .ml

biveuter from occip. inr.jor

Tbird occipital nerve

Fascial septum from ligamentum nucha;

Great occipital nerve

Rectus capitis [wsticus major

Branch to obliqnus inferior

Spine of 11. cervical vertebra

Cutaneousbr. from in. cervical

Part of complexus anil biveuter

Third occipital nerve

Branch to complexus from 11. cervical

Branch to complexus from 111. cervical

Part of splenius

Trapezius, cut edge

Cutaneous brs. from IV. cervical

Internal br. dorsal division of

VI. cervical nerve

VII. cervical, dorsal division

VIII. cervical, dorsal division

Internal br. of post. div. of V. cervical nerve

Spinous process of VII. cervical vertebra

luus sujierior

I ransverse process

of atlas

Ant. division I. cervi-

rj»l. cutaneous br. of

dorsal division passing
backwardII. cervical nerve. > :^ ti ;-. 1

Levator anguli s>.aia.l.i;

Branch to trachelo-mastoid

III. cervical nerve, dorsal division

Cnunnunication between 11. and III. dorsal division

Kxternal brs. uf 111. cervical, dorsal division

i\'. cerviLal rerve, dorsal division

Ext. branch of dorsal division V. cervical nerve

%. cervical nerve, dorsal division

Kxt. brs. dorsal division VI. cervical nerve

\1. cervical nerve, dorsal division

Transverse process I. thoracic vertebra

Transverse process II. thoracic vertebra

Levator anguli scapulae

Trapezius

Dissection of riglit side of neck, showing deeper relations of cervical nerves.

f,. The trapezius receives fibres from the tiiird and fourth
^^l^''"^^^J^'^^Zrc^^^^^^^^

and accompany the descending branches of the superficial set through the ^^^ ;
^-^^"^^^^^^^

The> dip under the anterior margin of the trapezius, betore and after -hich the ^rm a mor^

or less complex inosculation with the spinal accessory, called the subtrapezial plexus. Irom

which filaments are distributed to the trapezius muscle (Fig lo^^'.
^ , ^,^5,^

c. The levator anguli scapula receives two branches which take their origin Irom

'"''rTh:rar:nusmediusaiKl(.)scalenusposticusalsoreceivefibr^^

8. The communicating branches form points of contact ^"^ ^micu. w^^^^

the spinal accessory nerve (a) under the sterno-mastoid
'-^"f

/^^^ ^" '^^^^'^^ he
triangle and under 'the trapezius. By means of these inosculations are formed the

sterno-mastoid and subtrapezial plexuses.
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9. The muscular branches are distributed to (a) certain prevertebral muscles

and to (6) the genio-hyoid and the infrahyoid muscles.

a. The rectus capitis anticus major and minor and the rectus capitis lateralis are supplied

by a filament arising from the loop between the first and second cervical nerves. The intertrans-

versales, the longus colli and a portion of the rectus capitis anticus major receive their supply

from the second, third and fourth, and the upper part of the scalenus anticus receives a twig

from the fourth cervical ner\e.

b. The genio-hyoid and the four muscles of the infrahyoid group are innervated by the

cervical plexus in a rather roundabout manner. From the first and second cervical nerves are

given off one or more branches which join the hypoglossal nerve shortly after its appearance in

the neck. These fibres for a time form an intei,'ral portion of the hypoglossal and eventually

escape from it as the nerve to the genio-hyoid, the nerve to the thyro-hyoid and the n. descen-

dens hypoglossi (Fig. 1082). The last-mentioned nerve leaves the hypoglossal at the point

where the latter crosses the internal carotid arten,- and then descends in the anterior cervical

triangle. In front of, or sometimes within, the carotid sheath it forms a loop of communication,

called the hypoglossal loop or ansa cervicalis (ansa hypoglossi 1 by inosculation with the

descending cervical nerve (n. descendens cervicalis) (Fig. 1082). This descending cer\ical ner\e

is derived from the second and third cervical ner\es and at first consists of two twigs which later

unite in front of the internal jugular vein. From this point it passes downward and inward as a

single trunk to reach its point of entrance into the ansa hypoglossi. The ansa may be either a

sirnple loop or a ple.xus and is situated anterior to the carotid sheath at a variable point in the

neck. From it branches are given off to the stemo-hyoid, the stemo-thyroid and the posterior

belly of the omo-hyoid (Fig. 1076).

10. The phrenic nerve n. phrenicus), although an internal muscular branch

of the cervical ple.xus, is of such importance as to merit a separate description.

Whilst mainly the motor nerve to the diaphragm, it contains some sensory fibres ; in

this connection it may be pointed out that the phrenic is not the only motor ner\'e

to the diaphragm, the lower thoracic nerves aiding in its innervation. The phrenic

arises mainlv from the fourth cervical nerve but receives additional fibres from the

third and fifth (Fig. 1090). It passes down the neck on the scalenus anticus, which

it crosses from without inward, and at the base of the neck accompanies that muscle

between the subclavian artery- and vein. At the entrance to the thora.x it passes

over the root of the internal mammary artery from without inward and backward,

occupving a position behind the sterno-clavicular articulation and the point of junc-

tion oi' the subclavian and internal jugular veins. It then follows a course almost

vertically downward, over the apex of the pleura and through the superior and

middle mediastina, to the upper surface of the diaphragm.

The right phrenic (Fig. 1090) is shorter than the left on account of its

more direct downward course and the greater ele\ation of the diaphragm on

that side. It crosses the second part of the subclavian arter>' and accompanies

the right innominate vein and the superiqr vena cava on their lateral aspect.

It then passes in front of the root of the lung and finishes its course by de-

scending between the lateral aspect of the pericardium and the mediastinal pleura.

Nearing the diaphragm it breaks up at the antero-lateral aspect of the quadrate

foramen into its terminal branches, a few of which enter the abdomen through

this opening.

The left phrenic (Fig. 1090), having to wind around the left side of the

heart and reach the more inferior half of the diaphragm, is longer than its fellow,

about one-seventh longer (Luschka). Entering the thorax between the subclavian

- artery and the left innominate vein it crosses the anterior face of the left vagus nerve

and Continues its downward course by passing over the left side of the aortic arch.

Reaching the middle mediastinum it courses in front of the root of the lung, behind

the lower left angle of the pericardium, and descends to the diaphragm between the

pericardium and the mediastinal pleura. It breaks up into its terminal branches

before arriving at the thoracic surface of the diaphragm, which it enters at a point

further from the median line and more anterior than does the right.

Branches of the phrenic nerve are : (a) the pleuralXb) the pericardiac and

(f) the terminal.
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a Thf pleural branches, two in number, arc almost microsroiiic in size, and are Riven

off IS the nerve crosses llu- ai)ex of the pleura. ( )ne supplies tlie c.stal pUura and the other.

whiVh sometimes accompanies tlie internal manmiary artery, is distributed to the medias-

tinal pleura. .... „ • a
b The pericardiac branch (r. pcricardi.icus ) is a tiny filament which is usually Riven oH

opposite the lower inart;in of tiie tliird costal cartilage. It is sometimes al)sent on the left side.

1-. The tciminal branches arise under cover of the pleura and difTer to some extent on

the
^^^p^J^.'^^.J^^)^^ ^/,,.^.,^,V iiivides antero-lateral to the openiuR for the inferior vena cava into [aa)

an anterior and (/>/>) a posterior l)ranch.
. ^ . c • u- u a

aa Tlie anterior branch breaks up under tlie pleura into five or six fine twigs, which spread

out antero-laterally in the sternal portion and the anterior part of the right co.stal portion of the

Fig. 1090.

Scaltnus mediiis muscle

Vajjus nerve

V. cervical ner\-e

Scalenus anticiis muscle

Upper trunk of brachial plexus
VII. cer\-ical nerve

Superior iuterco.stal a

VIll. cervical nerve

I. thoracic ner\'e .

-

Clavicle

Plirenic iier\-e

Internal mani-
mar>- artery

Innominate veins

Vena cava sui>eriot

Lung, mesial surface

Stcrno-cleido-masloiil

Vagus ncr%'e

iternal jugular vein

bclavian artery

mo-hyoid muscle

Subclavian vein

Clavicle
Subclaviu!> 1

L rib

Pericardium

Manubrium steml

Vagus nerve

—— Phrenic nerve

Lunfr. mesial suriace,

shoHing hilum

—. Sternum

IV. rib

Diaphragm, up-
per surface

VII. rib

Dissection shoeing phrenic ner^es ;
parts of sternum and rihs have bee.i removed

;
lungs are pulled aside

;

^'" * ^ pericardmm is undisturbed.

diaphragmatic musculature. Tiny filaments traverse the interval between the sternal and costal

portions and enter the abdomen, where they are distributed to the peritoneal covering ot the

diaphragm and to the falciform ligament of the liver in the direction ot the umbilicus.

66 The posterior branch pierces the central tendon at the outer margin ot the quadrate

ooenin- and divides into a muscular hx^nz\x and the xx'gX^^ phrcnico-abdominal branch (r. phrenico-

abdominalis dexter). The former supplies the lumbar portion of the musculature ot ^^e diaphragn^^

The latter traverses the quadrate foramen and first gives ofT a recurrent branch which accompanies

the inferior vena cava back to the right auricle. After giving off this branch, ""^er cover of the

peritoneum some of its fibres enter the diaphragviatk ganglion and others unite ^;>th fi'^J"^"
^

from the cceliac plexus to form at the inferior surface ot the diaghragm the diaphragmatic

plexus, which is joined by twigs from the diaphragmatic ganglion. f^'-°"\^'^'!, P^^"%J^ ^
are distributed to the coronary ligament and peritoneum of the liver and to the right supra

renal^ody^
^^^^^^^ ^ ^^^^^^ antero-lateral course and pierces the di^Ph''^f";^^J^^.^

junction beuveen the musculature and the central tendon Lender cover ^^ ^^e peruot^^um
.^

iplits up into an anterior, a lateral and a posteno. branch. ^^^ tT ^^y t^lon T^^
muscle of the left sternal portion and the antero-late-al part of the lett costal portion. The
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lateral branch supplies the correspond in,ij part of the left costal portion. The. posterior branch

(r. phrenicoabdominalis sinister) is distributed to the left lumbar portion of the muscle of the

diaphragm and usually either a filament i)asses to the left semilunar ganglion or several small

threads to the ccL-liac plexus, one of which can be traced to the left suprarenal body.

The phrenic nerve communicates in the lower part of the neck with the middle or inferior

cervical ganglion of the sympatiietic. At the inferior aspect of the diaphragm it communicates,

on the right side, with the diaphragmatic plexus of the sympathetic and, on the left side, with

the semilunar ganglion or the cuiliac plexus.

Variations.—The piirenic may receive additional roots from tiie nerve to the subclavius,

the nerve to tlie sterno-hyoid, the second or the sixth cervical nerve, the n. descendens cervi-

calis or the ansa hypoglossi. It may arise exclusively from tiie nerve to the subclavius or, aris-

ing normally, may give a branch to that muscle. It sometimes passes along the lateral border
ofor pierces the scalenus anticus muscle. Instead of descending behind the subclavian vein it

may pass anterior to it or even through a foramen in it.

The accessory phrenic nerve arises either from the fifth alone or from the fifth and sixth

cervical nerves and, entering the thorax either anterior or posterior to the subclavian vein,

joins the phrenic at the base of the neck or in the thorax.

II. The communicating branches of the internal set effect unions with {a) the sympathetic,

(^) the vagus and (r) the hypoglossal.

a. The superior cervical ganglion of the sympathetic or the association cord connecting-

the superior and middle ganglia sends gray rami communicates to the first, second, third and

fourth cervical nerves.

b. The ganglion of the trunk of the vagus is sometimes connected by means of a tiny

nerve with the loop between the first and second cervical nerves.

c. The hypoglossal nerve receives, just below the anterior condyloid foramen, a good

sized branch from the loop between the first and second cervical nerves. This communication

furnishes sensory fibres to the hypoglossal nerve which subsequently leaves the latter as its men-

ingeal branch ; other spinal fibres leave the twelfth as the n. descendens hypoglossi and as the

nerves to the genio-hyoid and thyro-hyoid muscles.

Practical Considerations.—Of the motor nerves of the cervical plexus the

phreyiic is most commonly the seat of trouble and this may result in or be associated

with spasm or paralysis of the diaphragm. The involvement of the diaphragm may
be part of a progressive, muscular paralysis, as from lead poisoning, or from injuries

or diseases of the spine. The nerve may be compressed by tumors or abscesses of

the neck, or be injured in wounds of the neck. It passes downward under the sterno-

mastoid muscle and on the scalenus anticus, from about the level of the hyoid bone.

It is covered and somewhat fixed by the layer of deep fascia covering the scalenus

anticus muscle. The clonic variety of spasm, singultus or hiccough, is very common,
and is occasionally though rarely dangerous by preventing rest and sleep ; it may
complicate apoplexy, peritonitis or chronic gastric catarrh.

If only one phrenic is paralyzed the disturbance of function is slight and not

easily recognized. In a bilateral paralysis, as from alcoholic neuritis, respiration

depends almost entirely on the intercostal muscles, since the diaphragm is completely

paralyzed. Dyspnoea, therefore, occurs on slight exertion. The epigastrium is

depressed rather than prominent and the lower border of the liver is drawn upward.

The superficial branches of the cervical plexus emerge together through the deep

fascia near the middle of the posterior border of the sterno-mastoid muscle, and from

this point pass in various directions. The auricularis magnus passes upward and

forward over the sterno-mastoid to the ear and parotid gland, the occipitalis minor

along the posterior margin of the same muscle to the scalp, and the superficial

cervical branch obliquely forward and upward to the submaxillary region. The
descending branches are three in number and pass respecti\'ely in the direction of

the sternum, clavicle and acromion. They give rise to little or no disturbance

when wounded.

THE BRACHIAL PLEXUS.

The brachial plexus (plexus brachialis) is a somewhat intricate interlacement of

the anterior primary divisions of usually the lower four cervical and first thoracic

nerves. To these are sometimes added a branch from the fourth cervical, a branch

from the second thoracic, or branches from both of these nerves. The fasciculi form-
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ing' this i)lexus L-mcrj^c in the interval l)etvvccn the scalenus anticus and nicdius and
from the side of the neck pass beneath the clavicle and into the axilla thnju^h its apex.

The jjKxus is di\ idcd, therefore, into two portions, a cervical ox supraclavicular part

( pars stipraclaN icitlai is ) antl an axillary or infraclavicular part ( pars iiifraclavicularis ).

In the posterit)r cervical triani;le the plexus lies first ahoxe and then to the outer side

of the subclavian artery and vein, is crossed by the posterior belly of the onio-hyoid

muscle antl is frecjuently threaded by the transverse cer\ical or the ])osterior scapu-

lar artery. After enterinij the axilla its comjx)nent parts, while lyini,^ mainly to the

outer siclc, form a close fasces around the axillary artery, whose sheath they occupy.

In the upper j)art of the axilla the plexus is overlain by the subclavius and pectoralis

major muscles and before dividint;^ into its terminal branches it lies enclosed between

tin- pectoralis minor and subscapularis muscles.

Constitution and Plan,— In the various weavinj^^s of the comixment elements

of the plexus hve stages can be recognized : (a) anterior j^rimary divisions of

the sjjinal nerves, (^) trunks, (r) divisions, {a) cords and (/; terminal branches

(Fig. 1091).

Fig. 1091.

Diagram illustrating plan of brachial plexus.

Emerging from the interval between the anterior and middle scalene muscles,

the fifth and sixth cervical nerves unite to form the outer or upper trunk, the

seventh alone is continued into the middle trunk, whilst the eighth cervical and first

thoracic fuse to form the inner or lower trunk. These trunks continue undivided

until slighdy beyond the lateral margin of the scalenus anticus, each one then sepa-

rating into an anterior and a posterior division. These are of about equal size,

with the exception of the posterior division of the inner trunk, which is much smaller

than the others because the first thoracic nerve sends few if any fibres to the posterior

division. The six divisions, three anterior and three posterior, unite difTerendy to

form three cords. The outer cord (fasciculus lateralis) is the bundle formed by the

union of the anterior divisions of the outer and middle trunks.. The posterior cord

(fasciculus posterior) is the result of the fusion of the posterior divisions of all of the

tnmks and the inner cord (fasciculus medialis) is the continuation of only the

anterior division of the inner trunk. The trunks are named in correspondence with
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their position as regards one another, while the cords are denominated according to

their relation to the axillary artery, the outer lying lateral to, the inner mesial to, and
the posterior behind, the artery.

Variations.—Considerable variety exists as regards tlie length of the component nerve-

bundles in their several portions, division and union taking place at different levels in different

individuals. The fifth cervical nerve may pass in front of or through the scalenus anticus. The
sixth, though not so frecjuently as the fifth, may traverse the scalenus anticus. The seventh

cervical nerve, as the middle trunk, may break up into three branches, one going to each of

the three cords. The fibres of the posterior cord may arise from only the seventh and eighth,

or the sixth, seventh and eighth cervical nerves. Plexuses have been seen in which only two
cords, a smaller and a larger, were present, the latter taking the place of either the inner and
outer or the inner and posterior cords.

Communications.—The five nerves comprising the source of the plexus are

connected to the sympathetic system by gray rami communicantes and there is

possibly a white ramus communicans passing from the first thoracic nerve to the

first thoracic ganglion of the sympathetic.

I. cervical nerve

II. cervical nerve

III. cervical nerve

IV. cervical nerve

Vertebral artery

V. cervical nerve

Scalenus medius muscle
VI. cervical nerve

VII. cervical nerve
VIII. cervical nerve

I. thoracic nerve
External anterior thoracic nerve

Suprascapular nerve
Cpper siibscavuil.ir nerve

Outer cord of plexn

Posterior cord of plexus
Circumflex nerve
Deltoid muscle

Musculo-culaneoub nerve

Median nerve ^
flnar nerve /

Musculo-spiral ner\'e
Internal cutaneous nerve

Lesser internal cutaneous nerve

Internal anterior
thoracic nerve
Insertion of
scalenus anticus
Posterior
thoracic nerve

I. rib

\ II. rib

Inner cord of plexus

Middle sutj.scapular nerve
Lower subscapular nerve

Deep dissection of neck, showing constitution of right brachial plexus.

Practical Considerations.—Sensory disturbances are rather rare in the

distribution of the brachial plexus of nerves, but motor troubles are comparatively

common, and are sometimes associated with disturbances of sensation. The whole

plexus, or only an individual branch, may be involved. The most common cause

is injury, such as dislocation of the head of the humerus, a fracture of the clavicle,

or a forced apposition of the clavicle to the first rib. Other causes are the

pressure of tumors or the constitutional effects of poisons and infections. The

plexus is so superficial above the clavicle that it can be felt or even seen in

thin people.

Branches.—These fall naturally into two groups, those given off from the

supraclavicular and those from the infraclavicular portion of the plexus.
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I. Supraclavicular Branches

1. .Siiprascai)ular 4. Muscular
2. posterior scapular 5. Comniunicatinj^ to the phrenic

3. l\)sterior thoracic nerve

II. Infraclavicular Branches

A. From Outer Cord : !!. From Inner Cord :

6. Kxternal anterior thcjracic 9. Internal antericjr tiioracic

7. Musculo-cutaneous 10. Lesser internal cutaneous

8. Median (outer head) ir. Internal cutaneous

12. I'lnar

13. Median (inner head)

C. From Posterior Cord :

14. Subscapular

15: Circumflex

16. Musculo-spiral

I. The Supraclavicular Branches.—These arc j^ivcn off at various levels

while the plexus is still in the neck.

1. The suprascapular nerve (n. suprascapularis) (Fig. 1092) arises from

the posterior surface of the outer trunk, most of its fibres coming from the fifth

cervical nerve and the remainder from the sixth. It traverses the posterior cervical

triangle above the upper border of the plexus and under cover of the omo-hyoid and

trapezius muscles. Reaching the superior margin of the scapula, it passes through

the su])rascapular notch, under the suprascapular ligament, and enters the supra-

spinous fossa. After giving off a branch for the supply of the supraspinatus muscle

and a tiny filament to the posterior portion of the capsular ligament of the

shoulder, it passes through the great scapular notch in company with the supra-

scapular artery and vein. Having become an occupant of the infraspinous fossa, the

nerve supplies the infraspinatus muscle and often gives off a branch to the

shoulder joint.

Variations.— It may receive additional fibres from the fourth cervical nerve or may arise

entirely from the fifth. A rare anomaly is the giving: off of a branch to the teres minor or to the

upper part of the subscapularis. Twigs to the scapula and its periosteum and to the acromio-
clavicular articulation have been described. Division into two parts may occur, the upper part

passing through the notch and the lower through a bony foramen below the notch.

2. The posterior scapular nerve or the branch to the rhomboid
muscles (n. dorsalis scapulae) (Fig. 1082) arises, in common with a root to the

posterior thoracic nerve, from the dorsal aspect of the fifth cervical nerve. After

traversing the substance of the scalenus medius, it passes downward and backward

toward the vertebral border of the scapula, lying upon the deep silrface of the

levator angvili scapulae and the rhomboidei. It supplies a filament to the levator

anguli scapulae and occasionally one to the upper digitation of the serratus posticus

superior, and terminates by entering the substance of the rhomboideus major and
minor muscles.

Variation.—It may pierce the levator anguli scapuke.

3. The posterior thoracic (n. thoracalis lonsus), also called the long

thoracic or external respiratory nerve of Bell arises from the fifth, sixth and

seventh cervical ner\es, the largest contribution coming from the sixth (Fig. 1092).

The roots from the fifth and sixth nerves pass through the scalenus medius and unite

either in the substance of that muscle or as they reach its surface. The root from the

seventh nerve passes anterior to the middle scalene muscle and unites with the main

trunk at about the level of the first rib. Enterincr the axilla the nerve descends on
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the inner wall, lyinij posterior to the brachial plexus and the axillary vessels, and upon
the lateral aspect of the serratus magnus. It gi\'es off successive twigs to the digita-

tions of the last-named muscle, which alone it supplies. The fibres derived from the

fifth cervical nerve supply the upper part, those from the sixth the middle and those

from the seventh the lower part of the muscle.

Variations.—The contribution from the fifth nerve sometimes fails to join the main ner\'e

and goes cHrectly to its distribution to tlie upper dijjitations. The root from the seventli nerve

may be absent. An additional root may be contributed by the eighth cervical nerve.

Practical Considerations.—The posterior thoracic nerve may be paralyzed

by an injury in the suprascapular region or in the axilla, by carrying heavy

weights ujion the shoulder, or as a result of infectious disease, cold or rheu-

matism. The most noticeable sign is a prominence of the scapula (winged scapula),

from the failure of the paralyzed serratus magnus muscle to hold the vertebral border

of the scapula close to the thorax. That border and the inferior angle project and

Fig. 1093.
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Dissection of right axilla, showing relations of brachial plexus to blood-vessels.

become prominent. When the arm is in front of the chest the deformity is most

marked and the lower angle approaches the mid-line of the back. The patient can-

not lift anything heavy with the affected arm. Since the incision to open an axillary

abscess is made vertically in the middle of the thoracic wall of the axillary space, to

avoid the vessels at its borders, this nerve is in some danger as it passes to the

serratus magnus muscle.

4. The muscular branches supply the longus colli, the scaleni anticus,

medius and posticus and the subclavius.

a. The longus colli and scalenus anticus are supplied by small twigs which arise from

the anterior surface of the lower four cervical nerves as they leave the vertebral column.

b. The scaleni medius and posticus receive fibres given off from the posterior aspect of

the lower four cervical ner\es as they pass through the intervertebral foramina.

c. The nerve to the subclavius (n. subclavius) takes its origin from the outer trunk of the

plexus, its fibres coming mainly from the fifth cervical nerve. It passes through the subclavian

triangle, over the third portion of the subclavian artery and behind the clavicle, to enter the

deep surface of the subclavius muscle.
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Variations.—The phrenic iktvc may give off a branch to the subclavius or may receive a fila-

ment from the nerve to llie subilavius. A branch of communication with the external anterior
thoracic and a hrancli to tlie chivicular head of the sterno-cleido-mastoid have been noted.

5. The communicating branch to the phrenic nerve (Fi^. 1090) arises

usually from the fifth cervical iicrve, .somelimes from the fifth and sixth. (Jrij^inatinj^

at the t)utcr margin of the scalenus amicus it passes inward and joins the j>hrenic. If

this niT\c- is not present the ncrxi- to the siiliclavius usually supplies the deficiency.

II. The Infraclavicular Branches.—These branches comprise those ^iven
ofT by the three cords of the jjIcxus after the latter has passed beneath the clavicle

into the axilla.

6. Thk ExTKRNAi. Antkrior Thoracic Nerve.

The external anterior thoracic nerve ( n. thoracalis anterior lateralis) (Fig. 1093)
receives its hhres from the fifth, sixth and seventh cervical ner\es. Leaving the outer
cord beneath the clavicle, it passes mesially over the axillary artery and, after giving

Fig. 1094.
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off a filament which unites with a similar structure from the internal anterior thoracic

nerve, divides into two branches which pierce the costo-coracoid membrane and enter

the deep surface of the pectoralis major. The upper branch supplies the clavicular

portion of the muscle and the lower branch the upper part of the sternal portion.

The loop between the anterior thoracic nerves gives off a filament which pierces

the pectoralis minor and ends in the sternal part of the pectoralis major, to both of

which muscles it is distributed.

Variations.—This nerve may supply fibres to the clavicular portion of the deltoid and to the

acromio-clavicular articulation.

82
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7. The Musculo-Cutaxeous Nerve.

The musculo-cutaneous nerve (n. musculocutancus) (Fig. 1098) derives its fibres

from the fifth and sixth, and sometimes the seventh, cer\-ical nerves and is a branch
of the outer cord. The nerve to the coraco-brachialis muscle, derived from the seventh
or sixth and seventh nerves, is usually found as an integral part of it. Leaving the
outer cord under cover of the pectoralis minor it pierces the coraco-brachialis and
passes obliquely downward and outward between the biceps and brachialis anticus

muscles. Reaching the outer margin of the biceps a short distance above the elbow,
the ner\'e pierces the deep fascia and passes under the median-cephalic vein. It then
becomes superficial (n. cutaneus antebrachii lateralisj and divides into its terminal

cutaneous branches.

Branches.—These are: (a) the muscular, (b) the humeral, (r) the articular and {d) the
tir)ninal.

a. The muscular branches supply the coraco-brachialis, the biceps and the brachialis anticus.

The Jierve to the coraco-brachialis, w hich commonly has an independent origin, is usually double,
one filament going to each portion of the muscle. The nerves to the biceps and brachialis anticus

are given off while the musculo-cutaneous is in transit between those muscles.

b. The humeral branch accompanies the nutrient branch of the brachial arterj- into the

humerus.
c. The articular branch aids in the supply of the elbow joint.

d. The terminal part (n. cutaneus antebrachii lateralis) (Fig. 1 103) of the musculo-cutaneous
divides into two branches, {ad) an anterior and [bb) a. posterior.

aa. The anterior branch descends in the antero-lateral portion of the superiicial fascia of the

forearm (Fig. 1104). It inosculates above the wrist with the radial nerve and supplies tlie in-

tegument of the antero-lateral part of the forearm. It also distributes fibres to the skin over the

thenar eminence, to the wrist joint and to the radial arterj'.

bb. The posterior brajich passes downward and backward and supplies the skin of the

postero-lateral portion of the forearm down to or slightly beyond the wrist joint (Fig. 1102 ). It

inosculates with the radial nerve and with the inferior external cutaneous branch of the musculo-
spinal.

Variations.— Instead of piercing the coraco-brachialis the nerve may adhere to the median
or its outer head for some distance down the arm, and then either as a single trunk or as several
branches pass between the biceps and brachialis anticus muscles. Sometimes only a part of the
nerve follows this course, joining the main trunk after the latter' s transit througfi the muscle.
The muscular part only or the cutaneous part only may pierce the muscle. The nerve may be
accompanied through the muscle by fibres of the median which rejoin the latter below the
coraco-brachialis. The nerve may remain independent and fail to pierce the coraco-brachialis,
either passing behind it or between it and the associated head of the biceps. It may perforate
not only the coraco-brachialis but also the brachialis anticus or the short head of the biceps.
Rarely the entire outer cord, after giving off the external anterior thoracic, may traverse the
coraco-brachialis. Anomalies in distribution include a branch to the pronator radii teres, the
supply of the skin of the dorsum of the hand over and adjacent to the first metacarpal bone,
a branch to the dorsum of the thumb in the absence of the radial nerve and the giving off of
dorsal digital nerves to both sides of the ring finger and the adjacent side of the little finger.

8. The Medi.\n Nerve.

The median nerve (n. medianus) (Fig. 1098) consists of fibres which can be
traced to the sixth, seventh and eighth cervical and first thoracic nerves. It arises

by two heads, an outer and an inner, which are derived respectively from the outer

and inner cords of the plexus, the former containing fibres from the sixth and
seventh cervical and the latter fibres from the eighth cervical and first thoracic

nerves. The two heads, the inner of which usually crosses the main artery of

the upper extremity at about the point where the axillary becomes brachial,

unite either in front of or to the outer side of the artery. From the point of fusion

of the two heads the ner\'e passes down the arm in close relation with the brachial

artery, usually lying lateral or antero-lateral to the artery in the upper part of the

arm, and as the elbow is neared, gradually attaining the inner side by crossing

obliquely the anterior surface of the arter}- (Fig. 1098). It passes through the

cubital fossa beneath the median-basilic vein and the bicipital fascia, and enters the

forearm between the heads of the pronator radii teres muscle, the deep head of
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which separates the lu rvc fidiu thi- uhiar artery. It follows a strai^lit course down
the forearm, ac((niii)aiii<(l by the median artery, lyinj^ iijxjn the flexor profundus

fir.. 1095.
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Dissection of right upper extremity, showing ner\'es of anterior surface; anterior annular ligament has been
cut away to show median nerve and flexor tendons.

digitorum and covered by the f^e.xor subhmis digitorum. Near the wrist the

median becomes more superficial, with the tendons of the flexor sublimis digitorum



I300 HUMAN ANATOMY.

and palmaris longus lying mesial and that of the flexor carpi radialis lateral to it

(Fig. 1095). It passes into the hand beneath the anterior annular ligament, at the
lower margin of which it spreads out into a reddish gangliform swelling, which lies

upon the flexor tendons. Below this point it breaks up into its terminar branches.
Branches.—The median, as is the case with the ulnar, gives off no branches

in the arm. In the forearm the branches are : (a) the articular, (b) the muscular
(c) the ayiterior iyiterosseous and {d) \.\\q palmar cutaneous, and in the hand : (e) the
muscular and (y") the digital.

a. The articular branch consists of one or two tiny twigs which supply the anterior r)ortion
of the elbow joint.

Musculo-spiral nerve
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Brachio-radialis muscle

Radial ner\-e

Radial recurrent arterj-

Communications between
deep and superficial

veins
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cutaneous ner\-e

Radial vein
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Fig. 1096.
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Superficial dissection of right arm, showing: relations of ner\-es to blood-vessels on front of elbow.

b. The muscular branches (rr. musculares) (Fig. 1095) consist of a fasces of ner\e-bundles
which arise from the median a short distance below the elbow. They are distributed to the
pronator radii teres, the flexor carpi radialis, the palmaris longus and that portion of the flexor

sublimis digitorum which arises from the inner condyle and from the ulna. Two additional
filaments from the median supply the flexor sublimis, one entering the radial head and the
other that portion which flexes the index finger.

c. The anterior interosseous nerve (n. interosseus antebrachii volaris) (Fig. 1098) arises

from the posterior aspect of the median a short distance below the elbow. It passes down
the forearm, accompanied by the anterior interosseous arterj-, on the anterior surface of the
interosseous membrane between the fle.xor longus pollicis and the flexor profundus digitorum.
At the upper margin of the pronator quadratus muscle it dips under that muscle and continues
do-An for some distance, finally entering the deep suriace of the pronator quadratus.
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It supplies the flexor lon^us pollicis. the radial half of the flexor profundus digitorum

and the pronator (juadratus. It ilistrihutes filaments to the inter(jsseous membrane, the anterior

interosseous vessels, the shafts of the radius and ulna (the twijjs to these bones entering

tlK-m with the nutrient arteries) , the periosteum of the radius and ulna and the radio-carpal

articulation.

d. The palmar cutaneous branch fr. cutaneus iKihnaris) (Fig. 1097) leaves the median

at a varying distance al)ove the wrist. It becomes superficial near the upper margin of the

anterior annular ligament by piercing the deep fascia between the flexor carpi radialis and the

palmaris loiigus. It su|)plies the skin of the palm and inosculates with the palmar cutaneous

branch of the ulnar and witii filaments of the radial and musculo-cutaneous nerves.

e. The muscular branch in the hand ( r. muscularis) (Fig. 1097) is a short nerve which

arises below the anterior annular ligament and curves outward toward the base of the thumb.

It breaks up into tiiaintnts which supply the abductor pollicis, the opponens pollicis and the

superficial head of the flexor brevis jiollicis.

f. The digital branches (Fig. 1097) are five in number and, with the exception of

the twigs supiiiying tlie two outer lumbricales, are purely sens<jry. They arise from the

median a short distance below the anterior annular ligament of the wrist (nn. digitales volares

communes) and pass distally beneath the superficial palmar arch and over the flexor tendoas.

As they approach the interdigital clefts they pass between the primary divisions of the median

portion of tlie palmar fascia and become more superficial as they continue along the borders of

the fingers (nn. digitales volares proprii).

The first lies along the radial side of the thumb and inosculates around its radial aspect

with the radial nerve. •

The second occupies the ulnar side of the thumb.
r u •

i

The third gives of? a branch to the first lumbricalis and supplies the radial side of the index

finger. , ...

The fourth supplies the second lumbricalis and then divides into two branches which are

distributed to the adjacent sides of the index and middle fingers.

The fifth, after being connected with the ulnar nen.e by a stout filament (r. anastomot-

icus cum n. ulnare), divides for the supply of the adjoining aspects of the middle and ring

fingers. j u •
In the fingers these nerves lie anterior to the vessels and in their course toward the tip

of the finger thev give of=f anterior and posterior branches, the latter supplying the skin over the

middle and distal phalanges of the index, middle and ring fingers and over the distal phalanx of

the thumb. Twigs are supplied to the interphalangeal articulations and near the end of the finger

each of the five breaks up into two terminal branches, one of which is destined for the sensiUve

skin over the anterior portion of the distal phalanx and the other for the matrix of the nail.

Variations.—Some of these are described on page 129S. The fibres usually contributed to

the median nerve by the first thoracic may be wanting. Either the outer or the inner head may

consist of two nerve-bundles. The point at which the heads unite is a verv variable one and

has been found as far down as the elbow. The heads may enclose the axillary vein instead of

the arter\- In those instances, many of which have been found in the anatomical rooms ot the

University of Pennsvlvania, in which a single large branch of the axillary artery gives oft the

two circumflex arteries, the subscapular and the two profunda arteries, this trunk, instead ot the

axillary artery, is embraced bv the heads of the median ner%e. The inner head, the outer head

or the median itself mav pass 'behind the axillary artery instead of m front. The outer head has

been seen to arise in the middle of the arm and pass behind the artery to join the inner head.

One instance has been reported in which the median entered the forearm oyer the pronator radii

teres instead of between the heads of that muscle. It has been seen lying on the superhcial

surface of the flexor sublimis digitorum. The median may be cleft for a short distance in the

forearm, giving passage to the ulnar artery- or one of its branches, to the superficial long head

of the flexor longus pollicis or to an extra palmaris longus muscle. A communication in the

arm between the median and ulnar nerves has been noted in one instance. A similar connection

in the forearm, occurring in numerous ways, is found in from 2c^25 per cent, ot cases examinea

A connection with the ulnar in the hand mav pass either from the ulnar to the median or trom

the median to the ulnar. The anterior interosseous has been seen to receive a filament trom

the musculo-spiral through the interosseous membrane, and inosculation between the two

interosseous nerxes has been noted at the lower part of the forearm ;
according to Kauber

this is the normal arrangement. One case has been described in which the ^pauctor indicis

was supplied bv the median. During the exchange of position between the
^}pf^J^l^^^J^P^

of the median "nerve and the digital arteries the former are often pierced by the latter. 1 ne

fifth digital branch may arise in the forearm and enter the hand independently.

Practical Considerations.—A pure paralysis of the median ner\-e is rare, and

is almost always traumatic in origin. The paralysis is more commonly a part of a

more extended involvement of the brachial plexus. When this ner^•e is paralyzed

above there is inability to pronate the forearm or flex the wrist properly, since the
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pronators and all the flexors except the flexor carpi ulnaris and the ulnar half of the
flexor profundus digitorum are supplied by it. The second phalanges of the middle
and index fingers cannot be flexed, although the first phalanges can be flexed and
the second and third extended in all the fingers through the interossei muscles

;

flexion of the third phalanges of the little and ring fingers can be accomplished by
the ulnar half of the flexor profundus, which is supplied by the ulnar ner\-e. The

Fig. 1097.
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Superficial dissection of right palm, showing branches of median and ulnar nerves; part of anterior
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thumb cannot be flexed or abducted, although it may be adducted. One of the
most characteristic features of the hand is lost—that is, the ability to appose the
thumb to any one of the fingers, as in picking up small objects.

In wounds of the axilla the median is the nerve most frequently injured, the
musculo-spiral least frequently, as the median lies more superficially and the musculo-
spiral behind the vessels. In the arm the median can be easily found to the inner

side of the biceps and coraco-brachialis muscles, where it lies on the brachial vessels.

At the elbow it is found to the inner side of the brachial arter\', the guide to

which is the biceps tendon which in turn lies just to the outer side of the arter}'.

A.t about the middle of the wrist the nerve lies under the palmaris longus tendon.
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9. Tmk Inti.kxal Antkrior Thoracic Nkrve.

The internal anterior thoracic nerve (n. thoracalis anterior mcdialisj CFig.

1093) arises from the inner cord and consists of fibres tlerived from the ei^dith

cervical and first thoracic nerves. It passes forward between the axillary artery and
vein and, after j^^ivini,^ ofT a branch which forms a loop with a similar branch from the
exti-rnal anterior thoracic, pierces the pectoralis minor, in which some of its fibres

terminate. The remainder enter the deej) surface of the pectoralis majtjr to supply
the lower jiart of the sternal portion of that muscle.

Variations.—The fibres which supply the pectoralis major may wind around the lower
bordt-r of the pectoralis minor. Filaments from i)oth of the anterior tnoracic nerves may supply
the intejjument of the axillary and mammary rej^ions.

10. The Lesser Internal Cutaneous Nerve.

The lesser internal cutaneous nerve (n. cutaneus brachii medialis) CFitj. 1093),
also called the nerve of W'risberi^, can be traced to the first thoracic nerve. It

arises from the inner cord usually in common with the internal cutaneous. After

leaving its point of oriii^in, it descends in the arm along- the inner side of the axillary

and basilic veins, pierces the deep fascia about the middle of the arm and suj^plies

the integument of the inner aspect of the upper extremity as far down as the elbow.

At a variable point it forms a loop with the intercosto-humeral nerve.

Variations.—The lesser internal cutaneous nerve may be absent. It may receive fibres

from the ei.tjhth cerv'ical or the second thoracic nerve. There m.ay be present a communication
between the lesser internal cutaneous nerve and the lateral cutaneous branch of the third tho-

racic. The inosculation with the intercosto-humeral may be either simple or plexiform and
either ner\-e may be deficient, the other usually recompensing for the deficiency.

II. The Internal Cutaneous Nerve.

The internal cutaneous nerve (n. cutaneus antebrachii medialis) (Fig. 1094)
comprises fibres from the eighth cervical and first thoracic nerves. It has its origin

from the inner cord of the plexus usually as a common trunk with the lesser internal

cutaneous ner\'e. After distributing some small filaments to the integument of the

upper arm below the axilla, it runs down the arm between the brachial arter}- and
the basilic vein and at about the middle of the upper arm breaks up into its terminal

branches, {a) ^\\^ anterior ^nA {b) \he posterior.

a. The anterior branch (r. volaris) passes over, sometimes under, the median-basilic

vein and supplies the skin of the ulnar half of the forearm as far down as the wrist (Fig. 1104).

It inosculates with the superficial branch of the ulnar nerve.

b. The posterior branch (r. ulnaris) turns obliquely around the inner side of the upper

part of the forearm and supplies the integument as far around as the ulna down to the lower

third or fourth of the forearm. It unites above the elbow with the lesser internal cutaneous

nerve and in the forearm with the anterior branch of the internal cutaneous and sometimes with

the dorsal ramus of the ulnar.

12. The Ulnar Nerve.

The ulnar nerve (n. ulnaris) (Fig. 1092) is the largest branch of the inner

cord. Its fibres can be traced to the eighth cervical and first thoracic ner\'es and

sometimes, by a root from the outer cord, to the seventh cer\-ical. Arising from

the inner cord between the axillary artery and vein and posterior to the internal

cutaneous ner\-e it pursues a downward course in front of the triceps and to the

inner side of the axillary and brachial arteries. Reaching the middle of the arm it

follows an inward and backward direction, in which it is accompanied by the inferior

profunda artery, and passing either over the inner margin of or through the internal

intermuscular septum and in front of the inner head of the triceps, attains the interval

between the internal condyle of the humerus and the olecranon (Fig. 1098;. It

becomes an occupant of the forearm by passing betAveen the heads of the flexor carpi

ulnaris muscle, a situation the nerve shares with the inferior profunda and posterior
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ulnar recurrent arteries. From this point the ner\'e follows a straight course to the

wrist, lying in the forearm upon the flexor profundus digitorum and covered by the

Fig. 1098.
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flexor carpi ulnaris. At about the middle of its course through the lower arm it

approximates the ulnar vessels, close to the inner side of which it lies. At the
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wrist, accompanied by the ulnar artery, it i)icrces the deep fascia just above the

annular lij^^anient, to the outer side of the pisiform bone, and enters the hand by

passinj^' superficial to the anterior annular lij^^uncnt (Fi^. 1097). After crossing

the liiramcnt it divides into its terminal branches, the superficial v^wX the deep.

Branches.—None are ^dven off in the arm. In the forearm they are : {a)

the articitliiy, (/>) the muscular, (c) the cutaneous and (d) i\u: dorsal branch to the

hand. The terminal branches in the hand are : (/) the superficial ixnd
(f) the deep.

a. The articular branch consists of one or two filaments which leave the ulnar as it lies in

the interval between tlie olecranon and the internal condyle. They pierce the internal part of

the capsular liKanieiit ami siii)|)!y tlie ell)ow joint.

b. Tlie muscular branches arise from tlie ulnar in the immediate neighborhood of the

elbow and supi^ly the flexor carpi ulnaris in toto and the ulnar half of the flexor profundus

dij^itonim. They consist of several fine twigs which leave the ulnar nerve as it lies between the

heads of the flexor carpi ulnaris.

c. The cutaneous branches are two small filaments which arise by a common trunk at

about the middle of the forearm. One, which is inconstant, after piercing the deep fascia, runs

downward to inosculate with a twig from the internal cutaneous. The other, the palmar

cutaneous branch (r. ciitancus p.ilmaris) (I'ig. 1097 ), lies superficial to the ulnar artery, which

it accompanies to the hand alnH)St as far as the superficial palmar arch. It sends filaments to

the ulnar artery and breaks up into a number of tiny threads which supply the integument of the

hypothenar region and inosculate with other cutaneous twigs of the ulnar, with the internal

cutaneous and with the palmar cutaneous branch of the median.

d. The dorsal branch to the hand (r. dorsalis manus) is a good sized trunk which

leaves the ulnar in the upper part of the lower half of the forearm. To reach the dorsum of the

hand it passes downward and backward between the tendinous portion of the flexor carpi

ulnaris and the shaft of the ulna, giving off a branch over the dorsum of the wrist to supply

that region and inosculate with a twig from the radial nerve. Opposite the head of the ulna it

splits into three branches (nn. di^itales dorsales) for the supply of the fingers. The ulnar or

inner branch courses along the inner side of the little finger to ramify in its integument as far as

the base of the nail. The middle branch follows the fourth metatarsal interval and divides into

two filaments, one extending along the radial side of the litde finger as far as the base of the

nail and the other along the ulnar side of the ring finger as far as the proximal side of the

ungual phalanx. The radial or outer branch passes toward the base of the space between the

ring and middle fingers and inosculates with the branch from the radial nerve for the same cleft.

It divides into two sub-branches and in connection with the radial supplies the adjacent sides of

the ring and middle fingers (Fig. 1 102). At the lateral aspect of the fingers all of these branches

inosculate with the palmar digital cutaneous nerves.

e. The superficial terminal branch (r. superficialis n. ulnaris) (Fig. 1097) furnishes

small twigs to the pal maris brevis muscle, to the integument of the ball of the little finger and

sometimes to the fourth lumbricalis. It then divides, one of its subdivisions supplying the

ulnar side of the little finger while the other breaks up into two portions which course along

the adjoining sides of the litde and ring fingers. The ultimate distribution of these filaments is

similar to that of the digital branches of the median ner^-e (page 1301).

A twig of communication passes between the branch for the litde and ring fingers and that

from the median for the ring and middle fingers. From the latter tiny threads are supplied to

the integument and vessels of the palm.

/. The deep terminal branch (r. profundus n. ulnaris) (Fig. 1099) accompanies the deep

branch of the ulnar artery and sinks deeply into the palm between the abductor and flexor

minimi digiti muscles. It passes internal to and below the uncus of the unciform bone, in which

a groove for the nerve is sometimes found, crosses the palm with the deep palmar arch under

the deep flexor tendons and breaks up into terminal twigs on its arrival at the adductor trans-

versus pollicis (Fig. 1199). Muscular branches vrr. musculares) are furnished to the abductor,

opponens and flexor minimi digiti, the third and fourth lumbricales, the palmar and dorsal

interossei, the adductores obliquus and transversus pollicis and the deep head of the flexor bre-

vis pollicis. Articular branches are supplied to the intercarpal and metacarpo-phalangeal artic-

ulations and tiny perforating branches accompany the posterior perforating arteries between

the heads of the second, third and fourth dorsal interosseous muscles and inosculate with the

terminal twigs of the posterior interosseous nerve (Rauber).

Communications.—The ulnar communicates freely and in many different situations with

the median and this close intedacing is paralleled by their similanty in distribution. Both give

off no branches above the elbow, both supply the elbow joint, between them they supply all the

muscles of the flexor surface of the forearm, both send filaments to the wrist joint and the integ-

ument of the palm and between them all the muscles of the hand, the palmar aspect of all the

digits and the interphalangeal articulations are innervated.
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Further description of the communications of the ulnar nerve, in addition to those just

mentioned, will be found in connection with the median nerve (page 1301).

Variations.—The ulnar may have a root from the seventh cervical nerve by way of the outer

cord, or may l)e derived from the eii,^hth cervical only or from tlie seventh and eiKhth. It may
pass in front of the internal condvle or lie behind the condyle and slip forward during flexion of

the elbow. Connecting twigs have been seen passing from the ulnar to the internal cutaneous,

to the median in the upper arm and to the musculo-spiral. Frecjuently there is an associating

branch in the forearm between the median and the ulnar. Muscular twigs ha\e been noted as

passing to the inner head of the triceps, the flexor sublimis digitorum, the first and second

lumbricales and the superficial head of the flexor brevis pollicis. Deficiencies in the branch to

the dorsum of the hand have been observed to be compensated for by the radial, the inferior

external cutaneous branch of the musculo-spiral or the internal cutaneous. In a specimen with

absence of the radial nerve all four fingers were supplied by the ulnar. The dorsal terminal

filaments of the ulnar tend to encroach on the radial side of the hand and in one case reached

the dorsum of the first phalanx of the thumb.

Practical Considerations.—In paralysis of the ulnar nerve, flexion of the wrist

is impaired, and also (on account of the flexor carpi ulnaris paralysis) lateral motion

toward the ulnar side (adduction). There is difficulty in spreading the fingers, as

all the interossei are supplied by this nerve. The hand will be '

' clawed' ' from the

paralysis of the interossei, which now fail to resist the action of the extensors on

the proximal phalanges, and of the flexors on the distal and medial, except in the

middle and ring fingers where the flexor profundus—its ulnar half being paralyzed-—

has only a slight influence on the distal phalanges. Besides the flexor carpi ulnaris,

the ulnar half of the flexor profundus and the interossei, the ulnar nerve supplies

all the hypothenar muscles, the adductor pollicis, the inner half of the flexor brevis

pollicis and the two ulnar lumbricales ; consequendy the hypothenar eminence dis-

appears and the thenar eminence shows atrophy in ulnar paralysis. This nerve is

involved particularly in those whose occupations require them to press their elbows

against hard objects or to strike blows frequently with the ulnar border of the hand.

It may be injured in fractures of the elbow, particularly of the internal condyle.^ In

the forearm and wrist it is the nerve most frequendy injured. It is found on the inner

side of the brachial artery in the upper half of the arm, but in the lower half it passes

posteriorly to the bony interval between the internal condyle and the olecranon,

where it is readily located by pressure, which causes a tingling sensation down the

forearm. The same sensation is often produced by blows on the elbow, the nerve

being compressed between the internal condyle and the olecranon. It is the structure

most frequently damaged in excisions of the elbow. In the lower tw^o-thirds of the

forearm it lies to the radial side of the flexor carpi ulnaris muscle and to the ulnar

side of the ulnar artery. At the wrist it passes over the anterior annular ligament in

the same relation to the artery and to the radial side of the pisiform bone.

14. The Subscapular Nerves.

The subscapular nerves (nn. subscapulares) (Fig. 1092) arise from the posterior

cord and are usually three in number. Together they supply the three muscles which

form the posterior boundary of the axillary space.

The upper or short subscapular nerve is composed of fibres which are

prolonged from the fifth and sixth cervical nerves. It often is either double in origin

or divides into two branches shortly after leaving the posterior cord. It arises

behind the circumflex nerve and after a short course enters the inner surface of the

subscapularis near the upper margin of that muscle.

The middle or long subscapular nerve (n. thoracodorsalis), the largest of the

three, arises from the rear aspect of the posterior cord, behind the origin of the

musculo-spiral nerve. Its fibres are derived from the sixth, seventh and eighth

cervical nerves, the majority of them coming from the seventh. It takes a course

downward and outward on the posterior axillary wall behind the axillary artery, and

accompanies the subscapular artery to the deep surface of the latissimus dorsi, before

entering which it breaks up into a number of strands.

The lower subscapular nerve obtains its fibres from the fifth and sixth cer-

vical nerves. It arises from the posterior cord behind the origin of the circumflex
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and passes downward and outward Ixniaih the axillary artery and the circumflex
and niustiil()-si)iral nerves. It sends fibres to the inferior porti<jn of the subscap-
ularis nuisc le and terminates in the substance of the teres maj<^r.

Variations. As rtvjards (-rlKin the U|)i)er may arise fnjin eillicr tlie fifth or tlie sixth cervi-
cal lUTVL-, the micldle from the seventh alone or from the seventh .iiid elKhlh or rarely hy an
additional lilameiit from the fifth, and the lower from the fifth, sixth and seventh or from the
fifth or sixth alone. As rejjards distribution, the nerves to the lower part of the subscapularis
and to the teres m.ijor may proceed separately frcjin the brachial plexus or the latter nervo
may be a branch of the circumflex.

15. The CiRCf.MFi.i.x Nkrve.

The circumflex or axillary nerve (n. a.xillaris) ^Fi]^^ 1092) is one of the terminal
branches of the posterior cord and contains fibres which are derivatives of the fifth

Fig. 1099.

Median nerve

Flexor longus pollicis

Palmar cutaneous br. of median nerve

Opponens pollicis

Adductor obliquus pollicis

Flex. brev. poll.,

inner head
Flex. brev. poll.,

outer head

Adductor pollicis

vdductor transversus
poll.

An articular branch

Flex. prof, dipitonini.
in part

Ulnar nerve

Flex, carjji ulnaris

Pisiform bone
Deep br. of ulnar nerve

Articular br. of ulnar
Unciform bone [ ner\'e

Articular brs. of ulnar
nerve [everted
Alxluctor minimi digiti,

Opp>onens minimi digiti
Second palmar inter-
osseous
Third dor.sal interosseous
Third palmar inter-
t-ourth dor,sal [osseous
interosseous
Flex, brevis minimi
digiti

^

Dissection of right palm, showing distribution of deep branch of ulnar; flexor tendons of third and fourth
fingers, with corresponding lumbricales, divided and turned down.

and sixth cervical nerves. It arises near the lower margin of the subscapularis and
posterior to the axillary artery. Accompanied by the posterior circumflex arterv- it

takes a backward course through the quadrilateral space, bounded above by the

subscapularis and the teres minor, below by the teres major, internally by the
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humeral head of the triceps and externally by the humerus. Having traversed

this space it winds arountl the surgical neck of the humerus and reaches the outer

aspect of the shoulder.

Branches.—These are : (a) the articular, {b) the cutaneous and (f) the

muscular.

a. The articular branches are usually two in number. The upper arises near the origin of

the circumfiex and the lower during the passage of the nerve through the quadrilateral space.

They supply the anterior inferior portion of the capsular ligament of the shoulder. A third

articular branch is described as passing up the bicipital groove, supplying a twig to the upper

end of the humerus and one to the neighboring portion of the capsular ligament of the shoulder.

b. The cutaneous branch (n. cutaneus brachii lateralis) arises as a common trunk with the

nerve to the teres minor. It becomes superficial between the long head of the triceps and the

posterior border of the lower third of the deltoid and is distributed to the integimient over the

posterior half of the deltoid and the posterior surface of the upper half of the arm.

One or two cutaneous filaments are derived from the muscular branches to the deltoid.

They pierce the deltoid and are distributed to the skin over the lower portion of that muscle.

c. The muscular branches (rr. musculares) innervate {aa) the teres minor and {bb) the

deltoid.

aa. The nerve to the teres minor arises from the circumflex at the posterior margin of the

quadrilateral space and enters the middle of the posterior inferior border of the muscle which it

supplies.

bb. The deltoid branches comprise the largest portion of the nerve and consist of its termi-

nal fibres. The terminal portion of the circumflex forms a bow, with its convexity in contact

with the deep surface of the deltoid, extending around the upper part of the humerus almost as

far forward as the anterior margin of the deltoid muscle. It gradually diminishes in size as the

result of the departure of a series of twigs which enter and supply the fasciculi of the deltoid.

Variations.—The circumflex may receive very few or no fibres from the sixth cervical nerv^e.

It may pierce the subscapularis and may supply that muscle. It may give origin to the nerve to

the teres major and has been observed to furnish filaments to the long head of the triceps and
to the infraspinatus.

Practical Considerations.—The circumflex nerve is frequently paralyzed

from injuries to the shoulder, as in birth palsies when pressure is made in the axilla.

It undergoes special strain in dislocations of the shoulder, the nerve being stretched

over the head of the humerus and often lacerated. Other branches of the brachial

plexus may be injured in this dislocation. Since the circumflex passes around

the humerus at about the level of the surgical neck it is sometimes damaged
in fractures in that situation. The most prominent symptom in paralysis of this

nerve is loss of the rotundity of the shoulder from atrophy of the deltoid muscle.

As the circumflex winds around the posterior surface of the humerus and reaches

the anterior part of the deltoid muscle from behind, incisions for reaching the

shoulder joint, as in excisions, should be made anteriorly, since only the terminal

branches of the circumflex will then be divided
;

paralysis of the deltoid is thus

prevented.

i6. The Musculo-Spiral Nerve.

The musculo-spiral nerve (n. radialis) (Fig. iioo), the larger terminal branch of

the posterior cord, is in fact the continuation of the latter. Its component fibres are

derivatives of the sixth, seventh and eighth, and sometimes of the fifth, cervical

nerves and it is distributed to the muscles and integument of the extensor surface of

the arm, forearm and hand. After separating from the circumflex, it passes down-

ward behind the axillary artery and over the surface of the latissimus dorsi and teres

major muscles. Accompanied by the superior profunda artery, it turns backward on

the inner aspect of the arm and, entering the musculo-spiral groove and traversing

the interval between the internal and long and the external head of the triceps,

reaches the lateral aspect of the arm. It then takes a forward course through the

external intermuscular septum and becomes an occupant of the cleft between the

brachioradialis and the brachialis anticus. Continuing in this space as far as the level

of the external condyle of the humerus the nerve divides into its terminal branches,

Xh& posterior interosseous and the radial (Fig. 1095).
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Branches.—Tlicse arc : (a) ihc cu/afu-ous, (I) ) the tnuscular, (c) the hurmra/,

(</j the articular -dwd (<) [\\q terminal.

V\(,. IIOO.

Scapular head of triceps

Superior profunda arter;/

Portion of external head of triceps, everted

Muscular branch

Olecranon

Anconeus

Extensor carpi ulnaris

Extensor longus pollicis

Extensor

Musculo-spiral nerve

Upper external cutaneous nerve

External head of triceps

Brachialis anticus

Lower external cutaneous nerve

External condyle

Extensor carpi radialis longior

Extensor carpi radialis brevior

Supinator brevis
Posterior interosseous nerve

Extensor communis digitorum

Extensor minimi digiti

Extensor ossis metacarpi pollicis

Extensor brevis pollicis

Extensor longus pollicis

Gangliform enlargement on

\ posterior interosseous nerve

Deep dissection of extensor surface of right upper extremity, showing course and
branches of musculo-spiral nerve.

a. The cutaneous branches are three in number, an internal and two e.xternal.

The internal cutaneous branch frequently arises from the musculo-spiral in common with
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the branches to the long and inner heads of the triceps. It passes backward, posterior to the
intercosto-humeral nerve, and after piercins,' the deep fascia, spreads out to be distributed to the

inte<^ument over the inner head of the triceps to witiiin a short distance of the elbow (Fig. iioi).

It is accompanied by a small artery.

The superior external cutaneous branch (n. ciitaneus lirachii jxisterior) (Fig. iioi) arises

from the musculo-spiral posterior to the external intermuscular septum and pierces the deep
fascia below the middle of the arm, between the e.xternal head of the tricejjs and the brachialis

anticus. It passes down with the cephalic vein and is distributed to the integument of the

external anterior portion of the arm down to or slightly below the elbow.

The inferior external cutaneous branch (n. ciitaneus antultrachii dorsalis) (Fig. 1102) arises

and becomes superficial similarly to and in connnon with the superior. After passing down the

FlG. IIOI.

Cutaneous brandies of circumflex nerve

Brancn of intercosto-
humeral nerve

Int. cutaneous branch of mus-
culo-spiral nerve

Lesser internal cutaneous,
joined below the leader by
branch of intercosto-hu-
meral nerve

Sup. e.xt. cutaneous branch of mus-
culo-spiral ner%-e

Inf. ext. cutaneous branch of mus-
spiral nerve

Post, cutaneous
branch of musculo-
cutaneous nerve

From post, branch of internal cutaneous

Superficial dissection of right arm, showing cutaneous nerves of posterior surface.

arm it enters tiie forearm by crossing the dense fascia stretched between the olecranon and the

internal condyle of the humerus. From this point it continues its downward course along the

posterior aspect of tlie forearm as far down as the wrist or even onto the dorsum of the hand.

It is distributed to the skin of the posterior portion of the arm between the areas supplied by

the other cutaneous branches of the musculo-spiral and to that part of the posterior aspect of

the forearm between the portions supplied by the posterior branch of the internal cutaneous

and the posterior branch of the musculo-cutaneous. In the neighborhood of the wrist it inos-

culates with the musculo-cutaneous and sometimes with the branch to the dorsum of the hand

from the ulnar.

b. The muscular branches (rr. musculares) are given off {aa) before the musculo-spiral

enters the musculo-spiral groove and {hh) after leaving the groove.

aa. Before entering the groove branches arise for the supply of the three heads of the

triceps and the anconeus.
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The hraiuli for tlu* long head of the iriceps, hcfurc its entrance into the muscle, breaks up
into four or five lilanieuls.

The nerve supply of the inner head of the triceps is usually effected liy two brandies, an

upper and a lower. Tlie upper is short and enters tlie niuscle soon after leaving the nuisculo-

spiral. The lower, called the collateral ulnar branch, is lonj^er and extends for a considerable

distance alon^ the inner surface of the trice] )s in close association willi the ulnar nerve.

Posterior to the internal intermuscular

septum it enters its muscle. Tiny

filaments accomixuiy the collateral

ulnar artery to the capsular lii;ament

of the elbow.

The nerves to the outer head of the

triceps ami to the anconeus take their

origin as a single trunk. The former

passes directly to the inner surface of

the outer head, while the latter leaves

the nuisculo-spirnl groove and tra-

verses the outer portion of the internal

head of the triceps until the anconeus

is reached.

bb. After leaving the groove and

while lying in the cleft between the

brachialis anticus and the brachio-

radialis, twigs are given off for the

supply of the brachio-radialis, the

extensor carpi radialis longior and the

brachialis anticus.

The nerve to the brachio-radialis

enters the mesial surface (-)f that muscle

and usually supplies a filament to the

capsule of the elbow.

The nerve to the extensor carpi

radialis longior may arise either from

the posterior interosseous or directly

from the musculo-spiral.

The nerve to the brachialis anti-

cus, while usually present, is not con-

stant. It enters and supplies the lateral

portion of that muscle.

c. The humeral branches com-

prise one which is supplied to the

periosteum of the extensor surface of

the humerus and one which enters the

shaft of the humerus with the nutrient

artery, when the latter arises as a

branch of the superior profunda.

d. The articular branches are des-

tined for the elbow. They arise from

the musculo-spiral as it lies between

the brachialis anticus and the brachio-

radialis, from the ulnar collateral nerve

and from the nerve to the anconeus.

e. The terminal branches of the

musculo-spiral arises at about the level

of the external condyle and in the fis-

sure between the brachialis anticus

and the brachio-radialis. They com-
prise (aa) the posterior ifiterosseous

and {bb) the radial.

Fig.

lilt, cutaneous
branch of nius-

culo-spiral nerve

Lesser int. cu-
taneous nerve

Inf. ext. cutaneous
l>rauch of musculo-
spiral nerve

ir

Int. oitaneous/
ner\-e, post. ^

branch \

Pest, cutaneous
br. of musculo-
cutaneous nerve

Inf. ext. cutaneous
branch musculo-spirai

Dorsal branch
of ulnar nerve

Radial uer\-e

From ulnar nerv-e-

From—median
nerve

—From
median
ner\-e

^^From
median
nerve

V
Superficial dissection of right forearm, showing cutaneous nerves

of posterior surface.

aa. The posterior interosseous nerve (r. profundus n. radialis) ( Fig.

hoc) is the larger of the terminal branches and is mainly motor in function. Its

fibres can be traced back to the si.xth, seventh and sometimes the eighth cervical

ner\'e. Shortly after its origin it approaches the supinator brevis, through a fissure

in whose substance it makes Tts way to the lateral side of the radius, in this way reach-
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ing the posterior aspect of the forearm. Here it takes a position between the two
layers of the extensor muscles and rapidly decreases in size by giving of? in quick

succession branches to the neighboring muscles. As a much attenuated nerve it

reaches the posterior surface of the interosseous membrane at the junction of the

middle and lower thirds of the forearm. P>om the interval between the extensores

longus and brevis pol-

FiG. 1 103. licis it courses along

Supraacromial brs. cervical plexus ^"^ membrane, cov-

ered in turn by the ex-

tensor longus pollicis,

the extensor indicis

and the tendons of

the extensor longus

digitorum, finally
reaching the dorsum
of the wrist, where
it presents a small

gangliform swelling.

In the lower fourth of

its course it is some-
times called the ex-

t e r 71 a I interosseous

nerve.

B ran ches of

the posterior interos-

cutaneous nerve seous nerve comprise
two sets: those given

off before and after

traA^ersing the supina-

tor brevis.

_
Cutaneous brs.

circumflex nerve

Lesser internal

Sup. ext. cutaneous
br. of musculo-

spiral nerve

Inf. ext. cutaneous
br. of musculo-

j

spiral nerve I

Musculo-cutaneous
nerve, post, cutaneous

branch
Musculo-cutaneous

nerve, ant.
cutaneous brancb

Musculo-cutaneous,
post, cutaneous br.

Internal
cutaneous nerve

Those arising be-

fore the nerve enters

the muscle comprise the

nerves for the ex'tensor

carpi radialis brevior

and the supmator brevis.

Tiie latter receives two
filaments, which supply

the two strata of muscle
consequent upon the de-

lamination of the supin-

ator brevis by the pos-

terior interosseous
nerve. Quite frequently

the nerve to the exteyi-

sor carpi radialis long-

ior arises from this por-

tion of the posterior

interosseous.

The branches giv-

en off after leaving the

muscle include the sup-

ply of the extensor car-

pi utiiaris, the extensor

communis digitorum,

the extensor minimi digiti, the three extensors of the thumb and the extensor indicis.

The first three of these muscles are supplied by a branch which lea^'es the posterior inter-

osseous soon after its emergence from the supinator brevis. This nerve divides into two

branches, one of which is distributed to the extensor carpi ulnaris and the other to the remain-

ing two muscles. The extensor communis digitorum receives additional innervation from a twig

which arises from the posterior interosseous further down the forearm.

Superficial dissection of right arm, showing cutaneous ner\'es of
anterior surface ; cephalic vein is seen passiiiij up to delto-pectoral
interval ; basilic vein pierces deep fascia at lower inner aspect of arm.
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l"i< I lu.J.

Inf. cxt. cutaneous
br. of musculo
spiral ntrv'fs

Miisculo-cuta-
neous nerve, ant.

cutaneous br.

Musculo-cuta
neous nerve, post

cutaneous \>v.

Radial nen-e

Brs. of ant. br. of
musculo-cutaneo\i.s

From radial,
nerve

Lesser internal
cutaneous nerve

— Internal cutaneous
nerve

The t-.iU-nsor ossis utcUuarf>i />o//ii is ami tlic extensor hrcvis pollicis arc innervated by a

branch arising' below the precediii};, wiiich l)reaks up into tucj (leciirreiit t\vi};s, one of which

goe.s to each muscle.

The extensor toni^us pollicis is the recijiient of a small filann iit, wliich arises from the

posterior interosseous a short distance below the precediii;.,' nerve.

riu' extensor indicis is sup-

|)lied by the lowermost motor
filament arisinj,j from the i)oste-

rior inliTosseous.

Terminal twigs are distrib-

uted to the ilorsal portion of the

wrist joint, the intercarpal ami
carpo-metacarpal joints, the peri-

osteum of the radius and ulna

and the interosseous membrane.
One of the filaments supplyinjj

the last-mentioned structure fre-

(juently inosculates with a branch

from the anterior interosseous.

The filaments to the carpus

are continued throu<,'h the meta-

carpal spaces and are joined by

twii^s from the deep branch of

the ulnar (page 1305). The joint

nerves thus formed break up into

two branches which accompany
adjoining metacarpal bones to

the metacarpo-phalangeal articu-

lations. The branch to the first

metacarpal space breaks up into

seven branches ( Rauber).

Ant. br. internal
cutaneous ner\'e

Palmar cuta-
neous br. of ul-

nar nerve

Palmar cutane-
ous br. of me-
dian nerve

Digital brs. of
ulnar nerve

Digital brs. of
median nerve

hb. The radial nerve
(r. superficialis n. radialis)

(Fig. 1095) is smaller than

the posterior interosseous

and is purely sensory in its

function. Its fibres originate

from the sixth cervical nerve

and sometimes from the fifth

or seventh. From the end of

the musculo-spiral it passes

down the radial side of the

forearm under cover of the

brachio-radialis and anterior

to the supinator brevis, the

pronator radii teres and the

radial head of the flexor

sublimis digitorum. It

accompanies, for the greater

part of its course, the radial

artery, to the radial side of

which the nerve lies. At the

junction of the middle and
lower thirds of the forearm

It begins to turn gradually

backward over the radius and under the tendon of the brachio-radialis (Fig. 1095).

Reaching the extensor surface of the forearm just above the wrist it divides into

two diverging branches, which supply the back of the hand and the three outer,

digits (Fig. 1102 ).

Branches.—The radial nerve divides into two terminal branches, an exteyncd

and an internal.

83

Superficial dissection of right forearm and hand, showing cutaneous
nerves of anterior and palmar surface.
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The external or radial branch inosculates with the musculo-cutaneous nene and dis.

tributes filaments to the integument of the thenar eminence and tlie radial side of the thumb as

far out as the base of the nail.

The internal or ulnar branch splits into two parts. The inner of these likewise under-

goes dichotomous division and supplies the dorsal aspect of the adjacent surfaces of the thumb

and the index finger. The outer divides similarly to the inner and is distributed to the adjoining

sides of the index and middle fingers. It gives off a branch which inosculates with the adjacent

filament from the dorsal branch of the ulnar nerve, so that the contiguous surfaces of the middle

and ring fingers are the recipients of fibres from both the radial and ulnar nerves.

As the ulnar side of the hand is approximated the digital area of distribution of the radial

ner\-e gradually recedes toward the wrist. On the thumb the radial extends as far out as the

base of the nail, on the index finger as far as the middle of the second phalanx and on the

middle finger only over the proximal portion of the first phalanx. The deficiency in these

instances is supplied by twigs from the digital branches of the median nerve.

Variations.—The musculo-spiral may accompany the circumflex nerve through the quad-

rilateral space. It mav communicate with the ulnar nerve in the upper arm. Cases are

recorded in which the dorsal digital nerves to the litde and the ulnar side of the ring finger

were furnished by the musculo-spiral instead of by the ulnar and in which the inferior external

cutaneous branch extended to the first phalanx of the ring finger and the second phalanx of

the little finger. The radial nerve may supply the entire dorsum of the hand and the dorsal

aspect of all the fingers, or it may be absent, the musculo-cutaneous going to the thumb and

the ulnar to the remainder of the digits. The external division may send a branch to the

palm. The posterior interosseous may pass over the surface of the supinator bre\is and may
furnish a branch to the anconeus muscle. Two instances are reported in which the posterior

interosseous supplied the opposed surfaces of the middle and index fingers.

Practical Considerations.—The musculo-spiral is more frequently paralyzed

than anv of the other branches of the brachial plexus. Its axillary portion often

suflers from crutch pressure ; and the nerve is also particularly exposed to com-

pression where it passes between the triceps muscle and the humerus, as when the arm,

during sleep, is used for a pillow. It has been injured by violent contraction of the

triceps muscle, as in the act of throwing. It is frequently lacerated by the fragments

in fractures of the middle of the shaft of the humerus When the lesion is in the axilla

the triceps will be included in the paralysis. If the portion in the arm is affected the tri-

ceps and anconeus will escape, but the following muscles will be paralyzed : the supina-

tors, the extensors of the hand, the extensor communis digitorum, together with the

extensor indicis, the extensor minimi digiti and the extensors of the thumb. The
characteristic symptom is the inability to extend the hand at the wrist (wrist drop),

and this is the most common form of musculo-spiral paralysis.

THE THORACIC NERVES.

The thoracic nerves (nn. thoracales) (Fig. 1105) consist of twelve pairs of sym-

metrical nerve-cords, the upper eleven of which, because of their position in the

intercostal spaces, are called intercostal nerves, and the twelfth, which lies below the

twelfth rib and is an occupant of the abdominal wall, the subcostal. Since only se\-en

ribs reach the sternum, the upper six thoracic nerves alone are continued throughout

their entire course in intercostal spaces. The lower six, with the exception of the

twelfth, after traversing their respective intercostal spaces proceed within the abdom-

inal wall, through which they course to within a short distance of the median line.

In accordance with the direction of the ribs, the upper ner\'es lie more horizontally

than the lower, the latter becoming more and more oblique as the lower part of the

abdominal wall is reached. As they advance from the spine, they distribute motor
filaments to the external and internal intercostals, the subcostals, the levatores

costarum, the serrati postici superior et inferior, the triangularis sterni, the external

oblique, the internal oblique, the transversalis, the rectus, the pyramidalis and a por-

tion of the diaphragm. Their cutaneous distribution comprises the integiiment

of the chest and abdomen anterior to the area supplied by the posterior primary

divisions of the thoracic nerves. On account of the presence of the shoulder girdle,

the usual nerve distribution is modified in the upper thoracic region and the supra-

clavicular branches of the cer\'ical plexus assume a function belonging to the thoracic

nerves. At the lower portion of the trunk the usual arrangement is likewise altered,
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the area immediately above I'oiipart's lij^aineiil and the piihcs iK'inp^ innervated, not
by the thoracic, but by the kimbar nerves ( Fij^. 1 105J. The supply of the cutane-
ous area is |)rovidetl by two rows of sensory twitjs, which become superficial by
piercing the musculature aiul deep fascia of the trunk, l^ach of the thoracic nerves,
with the exciptimi of the lirsi, siiids out a lateral cutaneous branch and, with no
exceptions, an anterior cutaneous branch. Tlic upper tlioracic nerves deviate
variously from this tyjjical arrangement, the first having no lateral and sometimes no
anterior cutaneous branch, and a portion of the lateral cutaneous branch of the
second, called the intercosto-humeral nerve, leaving the thc^rax to be distributed

in the upper extremity. The third nerve of the series is the first to present
a typical arrangement, although it, indeed, sometimes forms a hjop with the
lesser internal cutaneous nerve of the arm. The anterior cutaner)us branches are
the terminal portions of the thoracic nerves and are constant in their arrangement
and distribution, with the exception of the first, which is either very small or absent
and a filament from the last, which passes over the crest of the ilium to the
gluteal integument.

After separating from the posterior primary divisions, the anterior primaiy
divisions of the thoracic nerves, with the exception of the twelfth, enter the inter-

costal spaces by passing between the anterior costo-transverse ligaments and the

external intercostal muscles. From this situation to the angles of the ribs they lie

between the posterior intercostal membrane and the external intercostal muscles.

Anterior to this point, they are situated between the two sets of intercostal muscles,

as far forward as the termination of the external set of muscles at the costo-chondral

articulations, from which point forward their superficial covering is the anterior inter-

costal membrane and the deep the internal intercostal muscles. At first they lie within

the upper part of the intercostal space, but as they advance they show a tendency
to occupy the middle of the space. While accompanying the intercostal vessels, they

lie below the latter and at a greater distance from the rib next above. The upper
two ner\'es extend for a portion of their course along the inner surface of the corre-

sponding ribs; the twelfth passes in front of the quadratus lumborum.
The upper thoracic nerves, as they approach the margin of the sternum, tra-

verse the substance of the internal intercostal muscles and hold a position anterior

to the internal mammary artery and the lateral portion of the triangularis sterni

muscle. They terminate by piercing the anterior intercostal membrane and the pec-

toralis major, and ramify in the pectoral integument as the anterior cutaneous yierves

of the thorax (Fig. 1105).

The lower thoracic nerves pass forward and at the anterior ends of the ribs

take up a deeper position in the trunk wall by piercing the substance of the internal

intercostal muscles. They then traverse the intervals between the digitations of

the diaphragm and enter the abdominal wall, the seventh, eighth and ninth nerves
lying behind the cartilages of the eighth, ninth and tenth ribs respectively. From
this point their course is ventral, between the internal oblique and the transversalis,

as far as the lateral edge of the rectus sheath, which they enter by piercing its pos-

terior lamella. They ultimately turn forward and become superficial by traversing

the rectus and its anterior aponeurotic covering, terminating as the anterior cutayieous

nerves of the abdomen (Fig. 1105).
Communications.—Each thoracic nerve is connected with the sympathetic

gangliated cord by one or two rami communicantes (Fig. 1130). Ordinarily there

is no intercommunication between the upper intercostal nerves, but in rare instances

a twig passes from one nerve over the inner surface of the rib next below to the sub-

jacent nerve. The lower three or four thoracic nerves, while lying between the broad

abdominal muscles are occasionally united to one another, sometimes to the extent

of forming a small plexus.

Peculiar thoracic nerves.—The first, second, twelfth, and sometimes the

third, thoracic nerves present peculiarities which differentiate them from the others.

The first thoracic nerve sends a large portion of its fibres to the brach-

ial plexus, thus suffering great reduction in its size. Although occasionally a ven."-

small branch to the axilla is found, a lateral cutaneous branch is rare, it being

generally held that the contribution of this nerve to the brachial plexus is the
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equivalent of a lateral cutaneous branch. In addition to the lateral cutaneous, the

anterior cutaneous branch may also be wanting, the area typically supplied by

the absent branch being served by the descending branches of the cer\-ical plexus.
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Tho second thoracic nerve soiiu-tiincs contributes fibres to the brachial plexus.
The posterior ramus < >t its lateral cutaneous branch is called the intrrcoslo-hunural )icrve.

The intercosto-humeral nerve fn, intcrcostol>rachlalisj (^"i.l,^ 1 105) is quite
lar^'e and piercis the inuei" axillary wall between the st-cond and third ribs. Enter-
in>j the axilla, it crosses that space towartl the arm and communicates with the lesser

internal cutaneous nerve from the brachial plexus. After i)iercin^ the deep fascia,

the intercosto-humeral ner\-e supplies the internal and posterior j)ortion of the integ-
ument of the upper half of the arm, a few of its fibres extending- sli^ditly beyond the
marj^in of the scapula.

The third thoracic nerve nia\- form an inosculation with the lesser internal

cutaneous ner\'e.

The twelfth thoracic or the subcostal nerve lies below the last rib and
therefore does not occupy an intercostal si)ace, but jjasses outward behjw the
external arcuate li^^ament and anterior to the quadratus lumborum .muscle. It

contributes a twiuf to the lumbar plexus which passes down to join the first lumbar
nerve. Its lateral cutaneous branch is not confined in its distribution to the
abdominal wall, since, after piercins^ the internal oblique and sendint^ a filament

to the lower di^itation of the external oblique, it penetrates the sulistance of the
latter muscle at a point from 2-10 cm above the crest of the ilium and supplies the
inteiLiument of the gluteal region as far down as the upi)er margin of tlie great
trochanter ( big. io<S3).

Branches of the thoracic nerves are : (i) the muscular 7\w<\ (2; the cutaneous.

I. The muscular branches ( rr. imisculares) may be divided into two groups: {a) the thoracic

and (/>) the abdoiiiiiia/.

a. The thoracic muscular branches arise from the first to the seventh inchisive and supply
the external and internal intercostals, the subcostais, the levatores costarum, the serratus

{xjsticus superior, tlie triangularis sterni and the rectus abdominis.

The branches to the intercostal and subcostal muscles are distributed throughout the course
"^f each nerve. The first to be given off is the largest and courses forward for some distance

along tlie lower part of the intercostal space. The others vary greatly in number and size.

The branches to the levatores costaruvi consist of fine threads, one arising from each nerve
beyond the anterior costo-transverse ligament. They pierce the external intercostal muscles
and enter the deep surface of the muscles which they supply.

The branches to the serratus posticus superior arise from the ujiper four ner\-es. After
piercing the external intercostal muscles they pass along the outer margin of the ilio-costalis and
supply the four digitations of their muscle.

The branches to the triaugulai'is sterni are terminal continuations of the third to the seventh
intercostal nerves. After piercing the internal intercostal muscles they pass forward between
the triangularis sterni and the internal intercostals or, in the case of the seventh, anterior to the

transversalis muscle. In addition to supplying the triangularis sterni the seventh sends fibres to

the first digitation of the transversalis.

The branches to the rectus arise from the fifth, sixth and seventh and enter the deep
surface of the muscle.

b. The abdominal muscular branches arise from the eighth to the twelfth inclusive and are

distributed to the intercostals, the sul)costals, the levatores costarum, the serratus posticus inferior,

the external obique, the internal oblique, the transversalis, the rectus, the pyramidalis and the

diaphragm.
The branches to the intercostal, subcostal and levatores costarum muscles, with the excep-

tion of arising from the lower thoracic nerves, resemble in origin, course and distribution those

arising from the upper nerves.

The branches to the serratus posticus inferior are larger than those t<j the serratus posticus

superior. They arise from the ninth, tenth and eleventh nerves and pass around the lateral

margin of the ilio-costalis to reach their destination.

The branches to the external oblique, the internal oblique and the transversalis comprise

numerous fine twigs which supply those muscles and arise from the lower five thoracic nerves as

they course forward between the transversalis and the internal oblicjue.

The branches to the rectus arise from the eighth to the twelfth ner\'es inclusive after they

have entered the sheath and as they pierce the rectus on their way to the surface.

The branches to \\\& pyramidalis are derived from the twelfth thoracic and first lumbar

nerves.

The branches to the diaphragm are suj^plied to its costal portion and consist of fine

filaments which are given off by the lower six thoracic ner\'es (Luschka ).



13

1

8 HUMAN ANATOMY.

2. The cutaneous branches are larger than the muscular and consist of two
sets : {a) the lateral cutaneous and {^b) the anterior cutaneous.

a. The lateral cutaneous branches (rr. cutanei laierales) consist of two series, an upper
and a lower, the forniL-r originating fruni the first to the sixth and the latter from the sixth to the
twelfth thoracic nerves. Those of the upper series pierce the external intercostal muscles and
those of the lower the external oblique in a line situated midway between the mammary and
mid-axillary lines. The upper seven pass between the digitations of the serratus magnus and the
lower between the digitations of the latissimus dorsi and the external oblique. The one arising
from the twelfth pierces the musculature of the external oblique. Each lateral cutaneous nerve
divides into {aa) an anterior and [bb) a posterior branch (Fig. 1083).

aa. The posterior branches (rr. posteriores) are smaller than the anterior. They wind
around the edge of the latissimus dorsi and supply the integument of the lateral area of the
trunk as far back as the anterior margin of the region supplied by the posterior primary divi-

sions of the thoracic ner\-es. The branches from the third to the sixth inclusive have fibres
which are distributed over the lateral portion of the scapula.

bb. The anterior branches ( rr. anteriores [pectorales et abdominales] ) are of considerably
greater size than the posterior. Those from the second to the seventh pass toward the lateral

margin of the pectoralis major and supply the integument of this region as far forward as the
nipple. Branches (rr. mammarii laterales) irom the fourth, fifth, and sixth send filaments to
the skin and substance of the mammary gland. Those from the seventh to the eleventh supply
the integument of the abdomen as far anterior as the lateral margin of the rectus. The anterior
branch from the twelfth has a filament which passes over the iliac crest to the integument of the
gluteal region, usually sending a branch as far as the great trochanter. It maintains a more or
less even balance with the corresponding branch of the first lumbar nerve, each supplying any
deficiency in the other.

b. The anterior cutaneous branches (rr. cutanei anteriores) are the terminal fibres of the
thoracic nerves. Those from the upper six (rr. cutanei pectorales anteriores) pierce the pectoralis
major near the lateral margin of the sternum and supply the adjacent integument of the thorax.
Filaments (rr. mammarii mediales) are distributed to the skin of the mesial portion of the mam-
mary gland. The anterior cutaneous branches from the lower six (rr. cutanei abdominales ante-
riores) var>' in position. They consist of the terminal filaments which perforate the anterior
portion of the rectus sheath at a situation anywhere between the linese alba and semilunaris.
Those from the seventh become superficial near the ensiform cartilage, those from the tenth
supply the region of the umbilicus and those from the twelfth are distributed to the area located
midway between the umbilicus and the pubic crest (Fig. 1105).

Practical Considerations.—Of the branches of the thoracic spinal nerves,
the anterior or intercostals suffer most frequently from sensory disturbances, and
the posterior from motor disturbances. Intercostal 7ieuralgia may result from
pressure, as from aneurism or spinal disease, or it may be due to injury. The lower
intercostals enter into the supply of both the thoracic and the anterior abdominal
walls, the pleura also being supplied by them. Pain referred to the abdominal wall
and rigidity of the abdominal muscles may therefore be due to diseases within the
chest, as pleurisy. Such diseases in the upper part of the chest may cause pain to
extend down the arm along the intercosto-humeral nerve, which is the lateral cuta-
neous branch of the second intercostal nerve, or sometimes of the second and third
intercostals. The pain of intercostal neuralgias often becomes intense, especially
after violent e.xpiratory efforts, as in coughing and sneezing ; not infrequendy lifter

the pain ceases, herpes zoster appears in the line of the nerve affected. This may be
a trophic disturbance or an extension of the inflammation along the nerve endings
to the skin. Mastodj)iia, or the so-called "irritable breast of Cooper," is due to
intercostal neuralgia, and occurs in the female during the child-bearing period.

The lower intercostal nerves, with the ilio-hypogastric and ilio-inguinal, supply
the muscles of the abdominal wall, and are frequently injured by the incisions made
in abdominal operations, thus leading to more or less impairment of the muscles sup-
plied and favoring the later development of hernia. The incision should therefore,
so far as possible, be made in the line of the fibres of the muscles (page 535).

The intercostal nerves continue their oblique line through the abdominal mus-
cles. The pain from Pott's disease is often transferred along the nerves coming from
the affected segment of the cord. In this way pain in the abdominal region may
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result from this disease, aiul an ahcloiniiial lesion may be suspected ; this has
occurred more particularly in chiklren. A feeling of tij^htness is sometimes observed
about the alKlomen, correspondinj^ to the course of one or more pairs of these
nerves, and may be due to impaired sensation in them. Since the abdominal
muscles are sup|)lied chiefly by the seven lower intercostal nerves, they are
concerned in respiration. When they are contracted as in j^^encral peritonitis, the
lower ribs become immobiU', and briathini; takes jjlace chiefly in the u|)per portion
of the chest.

Till'. LUMBAR PI.EXrS.

The lumbar plexus (plexus lunil)alis) lies in the substance of the psoas maj^nus
muscle, anterior to the transverse j)r()cesses of the lumbar vertebne, and consists of

a series of loops formed by the anterior primary divisions of the first, seccmd and
thirtl lumbar nerves, the smaller subdivision of the fourth lumbar and sometimes a
branch from the twelfth thoracic nerve. The remainder and major portion of the
fourth lumbar nerve unites with the entire anterior primary division of the fifth to

form a conjoint trunk, the lumbo-sacral cord (truncus lumbosacrahsj, which
passes into the pehis to become a constituent of the sacral plexus (Pig. iio6j.

The lumbar nerves increase in thickness from above downward, the first being only

2.5 mm., while the fifth attains a diameter of 7 mm. The length of the nerves from
their exit at the inter\'ertebral foramina to their point of di\-ision varies considerably,

in the case of the first being i mm. or less, of the second 10 mm. and of the third

from 20-25 '""''

Constitution and Plan.—In forming the plexus (Fig. 1106), the first lumbar
ner\e divides almost immediately after its exit from the vertebral column into an
upper and a lower branch. The upper,

which may receive a contribution from ^^^- ^'°^-

the twelfth thoracic nerve, becomes the

ilio-hypogastric and ilio-inguinal nerves.

The lower branch, near the body of the

second lumbar vertebra joins the upper
part of the second lumbar nerve, which,

like the first, divides into an upper and
a lower branch. The union of the lower

branch of the first and the upper branch

of the second results in the formation of

the genito-crtiral nerve. Sometimes
fibres from the first aid in the formation

of the anterior crural and obturator

nerves. The lower branch of the second,

all of the third and that part of the

fourth which enters the lumbar plexus

divide into smaller anterior and larger

posterior trunks. From the union of

the anterior branches of these three the

obturator nerve is formed, and from the

union of the posterior results the ayi-

terior crural nerve. The posterior por-

tions of the second and third nerves

give off from their dorsal aspect small

branches which unite into the external

cutaneous nerve. The accessory obtiwator

7icrve, when it exists, arises from the third and fourth lumbar between the roots of

the anterior crural and obturator nerves.

Communications.—All of the lumbar nerves receive gray rami communicantes
from the gangliated cord of the sympathetic ; and from the first and second, and
possibly the third and fourth, white rami communicantes pass to the lumbar portion

of the gangliated cord.

Diagram illustrating plan of lumbar plexus.
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Variations.—That portion of the fourth lumbar nerve, or n./urca/is, which joins the lumbo-
sacral cord, is usually less than half of the parent trunk, but varies from one-twentieth to
nme-tenths. When large, it may be joined by a branch from the third lumbar, and when
small the fifth lumbar may contribute to the lumbar plexus, the fibres going to the ante-
rior crural alone or to the anterior crural and obturator nerves. The branch to the lumbo-
sacral cord from the fourth lumbar may be absent and in such an event the fifth is the only
furcal nerve sending fibres to both the lumbar and the sacral plexus. It is thus possible to
have as furcal nerves the third and fourth, the fourth alone, the fourth and fifth or the fifth

alone, and according to the high or low position of these there is found a corresponding origin
of the branches of the lumbar plexus. In this manner are accounted for the hzgh and low, or
prejixed and postfixed t>pes of plexus.

Branches of the lumbar plexus are :

1. The Muscular 5. The External Cutaneous
2. The llio- Hypogastric 6. The Obturator
3. The Ilio-Inguinal 7. The Accessor)- Obturator
4. The Genito-Crural 8. The Anterior Crural

I. The Muscular Branches.

The muscular branches (rr. musculares j supply the quadratus lumborum, the
psoas magnus and the psoas par\-us.

The branches to the qiiadratus lumborum arise from the upper three or four
lumbar nerves, and sometimes from the last thoracic, and pass directly into the
quadratus.

The branches to the psoas magnus arise mainly from the second and third lumbar
nerves, there sometimes being additional ones from the first and fourth. They pass
directly into the muscle.

The branches to the psoas parvus consist of filaments from the first or second
lumbar nerve which reach the muscle by piercing the underlying psoas magnus.

2. The Ilio-Hvpogastric Nerve.

The ilio-hypogastric ner\-e Tn. iliohypogastricus) (Fig. 1107) is the uppermost
branch of the plexus and is somewhat larger than its associate, the ilio-inguinal. Whilst
it derives the major portion and sometimes all of its fibres from the first lumbar ner\'e,

it usually receives others from the twelfth and occasionally the eleventh thoracic. It

emerges from the lateral margin of the upper portion of the psoas magnus and runs,
below and parallel with the twelfth thoracic ner\e, outward and downward, posterior
to the kidney and anterior to the quadratus lumborum. Reaching the crest of the
ilium, it pierces the transversalis muscle and occupies the intermuscular space between
the internal oblique and the transversalis. After coursing along this interval as far

as the middle of the iliac crest, it divides into its terminal branches, (a) the iliac and
{b) the hypogastric, which correspond morphologically with the lateral and anterior
cutaneous branches of the thoracic ner\'es. There are also some (c) miiscular
branches.

a. The iliac branch (r. cutaneus laieralisl pierces the internal and external obliques about
the middle of the iliac crest and is distributed to the integument of the anterior gluteal region
which covers the gluteus medius and the tensor fascia: femoris (Fig. 10S3J. It forms an
inosculation with the lateral cutaneous branch of the twelfth thoracic nerve and maintains an
even balance with it, deficiency in the development of either being recompensed for by a com-
pensating increase in size of the other.

b. The hypogastric branch 1 r. cuianeus anterior) continues the direction and course
of the main trunk between the transversalis and the internal oblique almost to the Hnea alba.

Near the anterior superior spine of the ilium it forms an inosculation with the ilio-inguinal

nerve. As it approaches the region of the internal abdominal ring it begins to push its way
gradually through the internal oblique and gain the interxal between the internal and the exter-
nal oblique (Fig. 1105). A short distance superior and internal to the external abdominal ring
it traverses a tiny foramen in the aponeurosis of the external oblique and breaks up into fibres

of termination which supply the integument of the suprapubic region.

c. Muscular branches frr. musculares) arise from the hypogastric branch in its course
through the abdominal wall and supply the transversalis, the internal oblique and the external
oblique.
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Variations.— ri\f iliac hrancli may he al)S<.nt, its place being taken by the lateral cutaneous
braiuli of llir iwelllli tlioracic nerve. Tlie iiypo^iastric brancli may inosculate with the twelfth
liioracic aiui may .supply the pyramidalis nuiscle.

3. Till': Ii.i()-I.\(;i'ix.\i, Nkkvi:.

The ili()-in_i;uinal iktnc (n. ili(tin^uiiialis) (Fij^. 1107) is the second branch of

the hnnhar j)le.\iis and is somewhat smaller than the ilio-hyp()j.;^aslric. Its fibres

usually arise from the first lumbar nerve, with accessions from the twelfth thoracic.

Fig. 1 107.
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Sometimes it arises entirely from the twelfth thoracic or from the second lumbar or

from the loop between the tirst and second lumbar nerves. It occasionally forms a

common trunk of considerable length with the ilio-hypogastric. In the early part
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of its course it parallels the ilio-hyj)ojrastric, ai:)j)caring- at the edge of the psoas
magnus, crossing the quadratus lumborum behind the kidney and piercing the trans-

versalis to reach the intermuscular cleft between the transversalis and the internal
oblique (Fig. 1105). While in the last situation it inosculates with the ilio-hypo-
gastric and continues forward to enter the inguinal canal, from which it emerges
either through the external abdominal ring or through the external pillar of the
ring, infero-lateral to the spermatic cord.

Some of the branches of the ilio-inj?uinal supply the integument of the upper inner portion
of the thigh. Others (nn. scrotales anteriores) are distrilnited to the pubic region and the base
of the penis and scrotum or, in the female (nn. labialcs anteriores), the mons Veneris and labia

majora. Tiny motor fihunents (rr. musculares) are given off in the course of the nerve to the
transversalis, the internal oliHque and the external obhque.

Variations.—Tlie ilio-inguinal may be small and terminate near the ihac crest by joining
the iho-hypogastric, whicli then sends off an inguinal branch with the course and distribution of
the absent p-)rtio;i of the iho-inguinal. The nerve may be absent entirely and replaced by either
branch, usually tlie genital, of the genito-crural. It may give off a lateral cutaneous or iliac

branch for the supply of the integiuiient in the region of the anterior superior spine of the ilium.
The ilio-inguinal may partially replace the genital branch of the genito-crural or, in rare in-

stances, the extenic^l cutaneous.

4. The Gexito-Crural Nerve,

The genito-crural nerve (n. genitoferaoralis) is formed by two roots, one of which
arises from the loop between the first and second lumbar nerves and the other
directly from the second lumbar nerve, its fibres being derivatives of the first and
second lumbar. The nerve passes obliquely forward through the musculature of the
psoas magnus, near the inner border of whose anterior surface it emerges opposite
the body of the third lumbar vertebra, where division into the two terminal
branches, (a) the genital and ((5) the cricral, takes place (Fig. 1107J. Occa-
sionally division occurs earlier in the course of the nerve, in the substance of the
psoas, and under these circumstances the two branches emerge separately from the

muscle. In addition to the terminal branches there are some (r) muscular hvigs.

a. The genital branch (n. spermaticus externiis) obtains its fibres from the first lumbar
nerve. Passing downward on the inner margin of the psoas magnus, it crosses the external

iliac artery and bends forward toward the posterior wall of the inguinal canal. It then enters

the canal either by piercing the infundibuliform or the transversalis fascia and, lying internal to

and below the spermatic cord, traverses the canal and enters the scrotum (Fig. 1108). It sends

a filament to the external iliac arten*- and supplies the cremaster muscle, the skin of the scrotum
and the integument of the thigh immediately adjacent to the scrotum. In the female it is

smaller and accompanies the round ligament of the uterus to the labium majus, to whose in-

tegument it is distributed. It communicates with the ilio-inguinal nerve and with the spermatic

plexus of the sympathetic.

b. The crural branch (n. lumboinguinalis) consists of fibres from the second lumbar ner\'e.

It courses down on the anterior surface of the psoas magnus, lateral to the genital branch and
to the external iliac vessels, and enters the thigh by passing beneath Poupart's ligament. One
of its filaments traverses the saphenous opening, while the remainder of the nerve pierces the

fascia lata to the outer side of the opening (Fig. 1107). Its branches vary considerably in size

and length and are distributed to the cutaneous area of the upper anterior part of the thigh

between the regions supplied by the external cutaneous and ilio-inguinal nerves, sometimes
extending downward as far as the middle of the thigh. It furnishes a minute branch to the

femoral artery and inosculates with the middle cutaneous nerve.

c. Muscular branches to the internal oblique and transversalis are frequently given off by
the genital branch.

Variations.—The genital and crural branches may arise as separate offshoots of the lumbar
plexus and either of them may be derived entirely from the first or the second lumbar nerve.

The genital branch sometimes contains fibres from the twelfth thoracic. Absence of the genito-

crural or of either branch may occur, the fibres of the genital branch being ctjntained in the ilio-

inguinal and those of the crural in the external cutaneous or the anterior crural. The genital

branch may replace or reinforce the ilio-inguinal nerve; the crural branch may act similarly

toward the external or the middle cutaneous nerve. A specimen found in the anatomical labo-

ratory of the University of Pennsylvania showed unusually extensive distribution of the crural
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branch. It was larger than normal, its si/e hciuK lliat of the normal external cutaneous, and it
emerged from the deep fascia below Poupart's ligament directly anterior to the femoral vein. It

Kk;. 1108.

Psoas parvus

Genilo-crural nerve

Psoas magiius

Anterior crural iiervt

External ciiiaiieous nerve

Genital branch of genito-crural

Sartorius, stump

Branch to pectineus

Branch to rectus femoris
Branch to vastus externus

Rectus femoris

Middle cutaneous nerve

Rectus femori:

Accessory obturator

Crural branch of
genito-crural

Ilio-inguinal nerve

Pectineus

Adductor longus

Internal saphenous
nerve

Internal cutaneous
nerve

"Muscular branch of
superficial division
of obturator nerve

Brar.ch from irrternal saphenous
to subsartorial plexus

Branch to vastus internus

Anterior branch of internal cutaneous

Cutaneous branch of superficial division
of obturator nerve

Posterior branch of internal cutaneous

From posterior branch of internal cutaneous

Articular branch from ner\e to vastus
internus

Cutaneous patellar branch of internal
saphenous ner\e

Internal saphenous nerve

Dissection of right thigh, showing branches of anterior crural

?u^?u-^u"*° ? smaller mesial and larger lateral branch and was distributed to the integument otthe thigh as tar down as the junction of the middle and lower thirds.
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5. The External Cutaneous Nerve.

The external cutaneous nerve (n. cutaneus femoris lateralis) (Fig. 1109) arises at

the posterior aspect of the lumbar plexus from the second and, to a less extent, the

third lumbar nerve. It may arise from the first and second, from the second alone

or may derive a majority of its constituent fibres from the third. It passes obliquely

downward and outward beneath the lateral margin of the j)soas magnus and over the

iliacus muscle, through the iliac fossa, covered by the iliac fascia. After crossing the

deep circumflex iliac artery it enters the thigh beneath Poupart's ligament, mesial

to the anterior superior spine of the ilium, and passes over, sometimes through or

under, the pointed tendinous origin of the sartorius. The nerve then descends in

the thigh beneath the fascia lata and soon divides into {a) an anterior and (^b) a

/>(?i'/6V7(?;' terminal branch (Fig. iiioj.

a. Tlie anterior branch (r. anterior) follows a downward course in the thio;h in a tubular

canal in the fascia lata, from which it emerges at a point 10-15 cm. below the anterior superior

iliac spine. It continues downward anterior to tlie vastus externus muscle and is distributed to

the integument of the antero-lateral aspect of the thigh as far as the knee. Numerous collateral

branches are given off, the majority of which arise from its lateral edge and sui:)i)ly the skin ovei

the ilio-tibial band. The main trunk may extend quite to the knee and become a participant in

the formation of the patellar plexus.

b. The posterior branch (r. posterior) passes obliquely backward through the fascia lata

and breaks up into several branches which are distributed to the integument over the tensor

fasciae femoris and the lower portion of the gluteal region. The uppermost filaments are crossed

by twigs from the lateral cutaneous branch of the twelfth thoracic nerve.

Variations.—The external cutaneous may be associated with the anterior crural until after

Poupart's ligament has been passed. A branch of the genito-crural may replace the posterior
branch, bi one case a l)ranch of the ilio-inguinal took the place of the external cutaneous.

Three specimens found in the anatomical rooms of the University of Pennsyhania showed
decided anomalies. In one the ner\e passed beneath Poupart's ligament at a point midway
between the anterior superior spine of the ilium and the femoral artery. In another the nerve
of the right side resembled in position the one just mentioned, while the left was apparently
absent, its place being taken by a branch of the anterior crural. In the third the posterior
branch emerged from beneath Poupart's ligament 5 cm. to the inner side of the anterior superior
iliac spine. The anterior branch formed a common trunk with the external branch of the mid-
dle ctitaneous nerve. From the joint trunk a small branch passed to join the internal branch of
the middle cutaneous after the latter had pierced the sartorius muscle.

6. The Obturator Nerve.

The obturator nerve (n. obturatorius) (Fig. 1109) is composed of fibres which
arise from the second, third and fourth lumbar nerves, the fourth sup]:)lying the

largest and the second the smallest contribution, the latter sometimes being absent

entirely. Occasionally additional roots are derived from the first and fifth lumbar
nerves, and sometimes the nerve arises, in the high form of plexus, from the first,

second and third lumbar nerves.

The three roots having united in the substance of the psoas magnus, the nerve
passes vertically downward and emerges, the only constant branch of the plexus to

do so, from the mesial margin of the psoas muscl^ opposite the brim of the true

pelvis. Lying posterior to the common and laterabdo the internal iliac vessels, the

obturator nerve courses along the antero-lateral wall of the pelvis below the ilio-

pectineal line, above the obturator vessels and upon the inner surface of the pelvic

fascia. It escapes from the pelvis through the obturator canal in the obturator mem-
brane and divides into its terminal branches, either while still within the foramen or

shortly after emerging from it. These branches are separated from each other first

by the anterior fibres of the obturator externus muscle and later by the adductor
brevis muscle. They supply the adductor muscles, the hip and knee joints and the

integument of the mesial aspect of the thigh.

Branches.—The obturator gives off: {a) a branch to the obturator externus

muscle and then divides into its terminal branches, (b) the anterior and (^) the

posterior.
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a. TIk- branch to the obturator cxternus arises w itliiii llu- pelvis from the inner surface of

the obturator nerve. It accompanies the i)arent trunk tlin)U^;li tlie foramen, inuneciiatelv after

Vic. I loi).

£xt. cutaneous iioi-vc

Ant. su]. ^pinc of ilium
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Sartorius
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Kxt. iliac artery
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of IhiKli and knee

Internal saphenous nerve

Cutaneous patellar br. int. saohenous

Sartorius, insertion
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Internal saphenous

L

Dissection of right thign, showing branches of anterior crural and obturator nerves,

escaping from which it dips down in the interval between the obturator membrane and the obtur-

ator e.xtemus muscle. From this situation its fibres pass through the deep sunace into the

substance of the muscle.
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b. The anterior branch ' r. anterior), the more supjerticial. descends in front of the obturator
extemus and adductor brevis muscles and between the jxictineus and the adductor longus.

Having reached the interval between the adductores brevis and longus it separates into its

terminal branches.

Branches of the anterior division are: (aa) the articular, {bb) the muscular, (cc) the
culaneous, {dd) the comviunicating and (ee) the vascular.

aa. The articular branch leaves the obturator at the inferior margin of the obturator
foramen and passes through the cotyloid notch to supply the hip joint.

bb. The muscular branches supply the adductores brevis and longus and the gracilis.

The branch to the adductor brevis enters the muscle near the upper margin of the anterior

surface.

The branch to the adductor longus enters the posterior surface of the muscle and some-
times gives off the cutaneous branch of the obturator (see below).

The branch to the gracilis passes inward behind the adductor longus and enters the deep
surface of its muscle.

cc. The cutaneous branch ir. cuianeus) (Fig. iiio) is variable in size and maintains an
approximately even balance with the internal cutaneous branch of the anterior crural. Some-
times arising from the ner\e to the adductor longus, it becomes superficial in the middle of the
thigh by passing between the adductor longus and the gracilis. It supplies the integument of

the lower inner portion of the thigh and beneath the sartorius forms an inosculation with
branches of the internal cutaneous and internal saphenous nenes, called the subsartorial or
obturator plexus.

dd. The communicating branches consist of twigs which unite in the pelvis with the accessory
obturator nerve and in the thigh anterior to the capsular ligament of the hip joint with the
anterior crural.

ee. The vascular bratich enters Hunter's canal along the mesial edge of the adductor longus
and spreads out over the lower portion of the superficial femoral arter>-.

c. The posterior branch i r. posterior j, the deeper, pierces the anterior fibres of the
obturator extemus muscle and descends in the cleft between the adductores brevis and magnus,
and in the latter situation splits into its terminal twigs.

Branches of the posterior division are : [ao) the muscular and {bb) the articular.

aa. The muscular branches supply the obturator extemus, the adductor magnus and the
adductor brevis.

The branch to the obturator extemus is additional to tlie twig from the main trunk of the
obturator which supplies that muscle. It arises from the posterior surface of the posterior

division and enters the superficial surface of the muscle.

The branch to the adductor magnus is associated with the branch to the knee and leaves

the latter as the conjoint nerve passes through the substance of the adductor magnus.
The branch to the adductor brevis enters the posterior surface of the muscle and is

present only when the usual branch from the anterior division is absent.

bb. The articular branches are destined for the supply of the hip and knee joints.

TTie branch to the hip joint consists of one or two fine twigs w hich pass beneath the
pectineus to be distributed to the antero-median portion of the capsular ligament.

The branch to the kneejoint or the geniculate branch continues the course of the posterior

di\-ision. Associated with the ner\e to the adductor magnus, it courses down the anterior sur-

face to the adductor magnus, which it pierces at the lower portion of the thigh. Here its muscu-
lar fibres terminate in the adductor magnus while the articular portion enters the popliteal space.

The ner\"e continues downward on the popliteal arterj-, to which it distributes filaments, and
finally terminates by entering the knee joint through the posterior ligament.

Variations.—In rare instances the root from the second lumbar ner\e is absent. Branches
are sometimes given off to the obturator intemus and to the pectineus. Tiny branches have
been found going to the obturator arterj' and to the periosteum of the pelvic surface of the os
pubis. In a cadaver dissected in the anatomical laboratory of the University of Pennsyl-
vania the obturator of the right side divided into the usual anterior and posterior branches, but
both of them passed posterior to the adductor brevis. On the left side the normal arrangement
was present. In another specimen in the same laborator\- the branch from the main trunk to
the obturator extemus muscle lay to the outer instead of the inner side of the obturator ner\-e.

7. The Accessory Obtur.\tor Nerve.

The accessory obturator nei"\e is an inconstant branch of the lumbar ple.xus,

being found in 29 per cent, of the cadavers examined TEisler). Its fibres arise from
the third and fourth lumbar nerves, with an occasional root from the fifth ; it may be
derived from the third alone. The roots of origin are situated between those of the
anterior crural and the obturator, and the ner\-e may be intimately associated with
either of these two, usuallv the former.
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The accessory obturator courses downward mesial to the psoas ma^nus and

beneath the iUac fascia, and leaves the pelvis by passu.^ over the hor./ontal nunus of

beneath ^'^^ "'' •

aer the oectineus. In the latter situation it breaks up into s

br'aiche; 'me "uliCr supplies the pectineus, another (^; the hip joint while

u[c Uiird U ino culates with the anterior division of the obturator nerN'e. Some-

nes it ser small and its fibres pass only to the hip joint. Hy means of Us in-

oscuhti. n with the obturator some of its fibres may reach the adductores lonj,nis and

bJevIs ^l gliul'muscles, as well as the integument of the inner region of the thigh.

8. Thk Antkkior Crural Nerve.

The uucrior crural or femoral nerve ( n. femoralis) (Fig. 1108). the largest

branch of he mbr plexus, arises from the tirst, second, third and fourth lumbar

nerves Itpa es obliquelv downward and outward, posterior to the psoas magnus

and^emergesTom beneath \he middle of the lateral margin of that muscle. Thence

ft conSs its course between the outer edge of the psoas and the mesial edge of the

i.cvH cove ed by the iliac fascia, as far as Pouparfs ligament under which it passes

to become an occupant of the anterior portion of the thjgh The nerve lies to he
to bcc(Mi c '^" «^^^

J
, .y

1 femoral vessels, in the abdomen being separated

^rrthem 1^' he P^-^^^
the thigh is. reached, gradually nearing. them

irom incm u> i
i

,

•'?, y apposition to the femoral sheath. In

r'lnJl^Snd^hSoocU. 'Z;:.es .^.nSt, the anterior crural ner^-e rapidly

'•""'yti^ncheV' whS mav be Rrouped into (i) a sn/„r/cM divisio,,, principally

senso^ ^nd "; a J^^ ^n-Lv,« 'maiSy motor. In addition there are (a; branches

arising from the main trunk.

a The branches from the main trunk consist of {aa) the muscular branches and {bb) the

of the femoral vessels, and trom them ^'^ ^ilanients pass o the trnd^
.^^^ ^^^^^^

an extnJl and an internal, bo.h o, which contain
'^l^l^^'.^^^'l^^^, surface are

,.Jo^.\^r-r:4r:Sh^:=^^

trnr.h?£:ir,r^^^^^^^^
rectus femoris as far as the knee.

. , . , , ^..^ r^t :tc rnnrse with the external.

The i,,t<^n,af brauch is sun,etin,es unued m the "PWart »f

'^^X"^^;
*

Tmemal and

It supplies twigs .0 the sartorius but - d°"\ P'",;" *?^X ant'erro" "te^^-^-t "f *e thigh

LTsiw:!:i\i;rh,t;'a:;5i^e\::rt;o:c^i:;e^^^^^^^

genito-crural.
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From ext.
cutaneous

ner\-e

Conimunication be-
tween evt. cutaneous

and middle cutaneous
Crural br. of
geuito-crural

From ext. cuta-
neous ner\'e

Middle cuta-
neous nerve

bb. The internal cutaneous nerve (rr. cutanei mediales) leaves the anterior crural in the
neighborhood of Poupart's ligament and descends in Scarpa's triangle, at the apex of which it

crosses obliquely the femoral vessels to attain their mesial side. It passes superficial to or
through the sartorius muscle and divides, either anterior or internal to the superficial femoral
arterj-, into its terminal branches, the anterior and the posterior ( Fig. mo).

Two or three branches are given off by the main tnmk. One of these pierces the fascia

lata immediately below the saphenous opening and accompanies the internal saphenous vein
down to the middle of the thigh, supplying the integument in its immediate vicinity. Another

branch pierces the fascia lata

Fig. iiio. at about the middle of the thigh

and supplies the skin of the

antero-median aspect as far

down as the knee. These
branches sometimes arise di-

rectly from the anterior crural,

and not infrequently the ner\'e

to the pectineus gives off a
branch which forms a loop at

the linner side of the femoral
arterj- with a nerve which passes
interior to that vessel.

The anterior branch
pierces the fascia lata in the
lower third of the thigh, de-
scends in the neighborhood of

the tendon of the adductor
magnus and eventually passes
across the patella to reach the
lateral region of the knee. It

supplies the skin in the vicinity

of the adductor magnus tendon
and inosculates at the knee
with a branch of the internal

saphenous nerve.

Theposterior branch con-
tinues down beneath the pos-
terior edge of the sartorius

and becomes superficial by
perforating the fascia lata at

the mesial aspect of the knee.
Its ultimate filaments supply
the integiuTient of the lower
part of the inner side of the
thigh and the upper portion of

the leg. Before becoming su-

perficial it inosculates below
the middle of the thigh with
the obturator and internal
saphenous nerves to form the
subsartorial or obturator plexus
(Fig. 1 109). At the knee and
in the upper part of the leg

it again forms connections
with the internal saphenous
nerve.

c. The posterior or deep
division of the anterior crural

ner\e consists of a fasces of

nerve-bundles which furnishes
innervation to those muscles which comprise the quadriceps extensor femoris and terminates
as the internal saphenous ner\e.

Branches of this division are : [aa) the muscular, {bb) the articular and (rr) the
internal saphenous.

aa. The muscular branches Trr. musculares ) supply the rectus femoris, the vastus extemus,
the crureus, the subcrureus and the vastus internus.

Upper br. of int. cutaneous
nene (or tvvjgs from
posterior-branchj

Internal saphenous
vein

Anterior br. of int.

cutaneous ner\-e

\ From lower (posterior)
. j br. int. cutaneous ner\-e

Lower (^ posterior) br.
"int. cutaneous ner\'e

_Cutaneous patellar br.
int. saphenous ner\-e

^>Iiit. saphenous nerve

Int. saphenous vein

Superficial dissection of right thigh, showing cutaneous nerves of inner
anterior aspect ; long saphenous vein is seen disappearing through saphe-
nous opening.
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Tile hr.iiuh to tlit- rectus fcuioris usually splits into thrct: twi^^s, which separately enter the

posterior surface of their muscle. It furnishes line t\\ij;s to the antero-lateral portion of the

capsule of the hi]) joint.

The branch to the vastus extcruus passes over the rectus and, in company with the

descentlin}.^ branch of the e.xternal circumHe.x artery, reaches the vastus e.xternus, whose
anterior margin it enters in a series of twi>;s. It sends a branch down to the knee j(iint.

The nerves to the crurcus number usually either two or three. The upper branch is usually

the shortest and passes direitly to the anterior surface of the crureus, where it j)enetrates the sub-

stance and sui)plies the upper
portion of the muscle. A sec- j.-|, . ,

j j j

omi branch pierces the vastus

interims and passes down-
ward under the anterior bor-

der of that muscle. It sup-

jilies the lower portion of the

crureus, tlie subcrureus, the

periosteum of the lower an-

terior part of the femur and
the capsular li,i:;ament of the

knee joint. A third branch is

distributed to the lateral por-

tion of the crureus and by
means of its terminal filaments

aids in tlie innervation of the

knee joint.

The branch to the vastus

internus acc(3mpanies the in-

ternal sajihenous nerve along

the inner side of the vastus

internus, under cover of the

strong aponeurosis which
forms the roof of Hunter's

canal. It sends filaments to

the upper part of the vastus

internus and then enters that

muscle about the middle of

the thigh. Its continuation

accompanies the deep branch

of the anastomotica magna
artery and supplies the cap-

sule of the knee joint.

b b . The articular
branches ( rr. arliculares)

supply the hip and knee
joints. Those filaments which
are destined for the hip are

derivatives of the branch to

the rectus femoris. Those
which aid in the innervation

of the knee arise from the in-

ternal saphenous and from

the nerves to the vasti e.xter-

nus and internus and the

crureus.

cc. The internal or long

saphenous nerve ( n. saphenus)

(Fig. 1 109) is the continuation

of the posterior division of

the anterior crural nerve. It

courses down the thigh

first lateral to and then an-

terior to the superficial femoral artery under cover of the sartorius muscle. At the apex

of Scarpa's triangle it enters Hunter's canal and accompanies the^vessels therein contained as

far as the opening in the adductor magnus. Departing from the vessels at this point, the nerve,

piercing the anterior wall of Hunter's canal, continues a downward course between the vastus

Iliacus
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Rectus fcMioris. ci

FeliH»r.lI vei
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Dissection of right thigh, showing relation of anterior crural ner\e

to blood-vessels and to Hunter's canal.

Si
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internus and the adductor magnus. At the inner side of the knee it becomes superficial by
passing between the tendons of the sartorius and gracilis and by piercing the deep fascia in this

situation. Thence it descends in the leg in association with the internal saphenous vein, at the
ankle passing anterior to the internal malleolus and reaching the inner aspect of the foot, on
which it extends only as far as the metacarpo-phalangeal articulation of the great toe ( Fig. 1 1 18).

Branches of the internal saphenous are : the communicating, the infrapatellar, the articu-
lar and the terminal.

The communicating bratich arises beneath the sartorius at about the middle of the thigh
and inosculates with filaments from the obturator and internal cutaneous nerves to form the
subsartorial or obturator plexus.

The infrapatellar branch (r. infrapatellaris) (Fig. 11 17) arises at the lower part of the
thigh. It perforates the sartorius and the fascia lata and spreads out beneath the integument
of the knee, where it inosculates with terminal filaments of the internal, the middle and some-
times the external cutaneous nerve to form the patellar plexus (Fig. 11 17).

The articular branch (r. articularis) is an inconstant twig which supplies the inner portion
of the capsule of the knee joint.

The terminal branches are distributed to the integument of the anterior internal portion
of the leg and the posterior half of the dorsum and mesial side of the foot.

Practical Considerations.—All the branches of the lumbar plexus have motor
and sensory fibres, both of which are affected in paralysis. The lesion is usually
central, involving the spinal cord, as in tabes dorsalis, fracture of the spine or Pott's
disease, and involves several nerves, or all of them below the seat of the lesion ; the
individual branches are not often affected.

The ilio-hypogastric may be divided by the incision in kidney operations or
may be included in the sutures. This nerve and the ilio-ingidnal are sometimes
involved in operations in the inguinal region.

The genito-criiral sends one branch through the inguinal canal to the cremaster
muscle, and another under Poupart's ligament to the skin of the inner side of the
thigh, just below the ligament. Gentle irritation of the skin here will cause retraction

of the testicle (cremaster reflex), especially in children.

The anterior crural has been paralyzed by the pressure of tumors in the pelvis,

has been involved in a psoas abscess, and has been injured in fracture of the pubic
ramus and—rarely—in fractures of the femur. If the lesion involving the nerve is

within the pelvis the paralysis would affect the ilio-psoas, quadriceps extensor femoris,

sartorius and pectineus. If the lesion is outside the abdomen the ilio-psoas will

escape. A complete paralysis would prevent flexion of the hip, or extension of the
knee. The patient is then compelled to avoid flexion of the knee in walking. There
will be anesthesia in the parts supplied by the middle and internal cutaneous, and
long saphenous nerves, that is, in the thigh along the anterior and inner surface
(middle and internal cutaneous), except in the upper third (crural branch of the
genito-crural), and along the inner surface of the leg and inner border of the foot to
the ball of the big toe (long saphenous). The long saphenous vein and nerve He
close together, about a finger's breadth behind the inner border of the tibia. In the
thigh, while they have the same general direction, the vein lies in the superficial

fascia, the nerve under the deep fascia. The nerve in the thigh is, therefore, not so
liable to injury as is the vein.

Since the anterior crural breaks up into numerous branches just below Poupart's
ligament, its trunk in the thigh is very short. It lies slightly external to the femoral
artery and can be exposed by an incision extending downward from the middle of

Poupart's ligament.

Paralysis of the obtiir-ator nerve would interfere with adduction of the thigh as

well as with internal and external rotation. It may be caused by pressure within the
pelvis, as by the child's head in difficult labor, by a tumor or by an obturator hernia.

Paralysis of the obturator is usually found in conjunction with paralysis of the anterior

crural. The nerve may be irritated in coxalgia, in sacro-iliac disease, and on the left

side in carcinoma or faecal impaction in the sigmoid flexure. On account of its ter-

minal distribution pain in the knee is usually complained of whenever this nerve or
one of its branches is involved.
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LUMBO-SACRAl
CORO

THE SACRAL PLEXUS.

The sacral or sciatic plexus (plexus sacr.ilis) {V\^. 1 1 12) is formed by a [jortion

of the fourth luiiil)ar nerve, all of thr lifih luinhar, the entire first sacral and parts of

the second and third sacral nerves. As i)reviously stated (page 1320) the fourth

lumbar nerve or n. furcalis splits into two portions, a larger upj)er and a smaller

lower, the former contrilxiling to the lumbar plexus and the latter uniting with the
fifth lumbar nerve. The lower portion of the fourth lumbar having passed downward
behind the internal iliac vessels, divides into anterior and posterior branches, which
fuse respectively with similar

branches of the fifth lumbar, the Fig. 1112.

two trunks thus formed compris-

ing the lumbo-sacral cord
(trtincus lumbosacralis). This
double structure emerges from
the mesial margin of the psoas

magnus, passes down over the

brim of the pelvis and constitutes

the lumbar contribution to the

sacral plexus. The first and
second sacral nerves leave their

foramina, pass laterally, anterior

to the pyriformis, and split into

anterior and posterior branches.

The third sacral nerve or n. bi-

gemmiis divides, not into ante-

rior and posterior branches, but

into upper and lower, the upper
becoming a constituent of the

sacral and the lower a portion

of the pudendal plexus. Con-
verging toward the lower por-

tion of the great sacro-sciatic

foramen, the posterior portion

of the lumbo-sacral cord and the

posterior branches of the first-

and second sacral nerves fuse

and form the external popliteal

ox peroneal and some \\\\r\oxpos-

terior nerves. The anterior por-

tion of the lumbo-sacral cord,

the anterior branches of the

first and second sacral nerves and the upper part of the third sacral unite in

the internal popliteal or tibial nerve and some small a;i/ifr/(?r branches (Fig. 11 12).

The resulting composite structure, the sacral plexus, is a broad triangular felt-work

of nerve-strands, whose base points toward the sacrum and whose apex presents at

the great sacro-sciatic foramen. The plexus is an occupant of the pelvis, on whose
posterior wall it is situated, lying upon the pyriformis muscle and under cover

of the parietal portion of the pelvic fascia. In relation with it anteriorly are the

ureter, the pelvic colon and the internal iliac artery and vein. The ilio-lumbar vessels

pass above the lumbo-sacral cord and between the cord and the first sacral nerve are

found the superior gluteal vessels. The interval between the second and third sacral

nerves is occupied by the sciatic artery and vein.

In size the roots of the sacral plexus vary considerably, the largest, the fifth

lumbar nerve, measuring about 7 mm. in diameter and the smallest, the third sacral,

3.5 mm. As regards length, the contribution from the fourth lumbar has the long-

est course and that from the third sacral the shortest.

Branches.—The branches of the sacral plexus and their classification centre

around the great sciatic nerve and its distribution. This nerve comprises two

'GREAT SCIATIC

Diagram illustrating plan of sacral plexus.
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essential and frequently independent elements, the internal pojiliteal or tibial and the

external popliteal or ])eroneal. Typically the sciatic divides into these two nerves

in the lower part of the thij^h ; very often, howe\'er, they are distinct from the outset,

arisino- independently from the plexus, being separated in the oreat sacro-sciatic fora-

men by the inferior tibres of the pyriformis muscle and passing- through the thigh

as contiguous but ununited structures. Moreover, even when the sciatic appears to

be a single cord, dissection will reveal its duality in origin and course. The branches

of the sacral plexus may be grouped as follows :

—

I. II. Terminal Branches.
A. Anterior branch:

5. External popliteal

B. Posterior branch

:

6. Internal popliteal

Collateral Branches.
A. Anterior branches :

1. Muscular
2. Articular

B. Posterior branches :

3. Muscular

4. Articular

COLLATERAL BRANCHES.

The collateral branches comprise two sets, designated according to the

portion of the plexus from which they arise as the anterior and \.\\^ posterior.

The anterior collateral branches include : (i) the imiscjilar branches and

( 2 ) the articular branches.
Fig. 1113.

Superior gluteal nerve, giving a br. to pyriformis Ner\-e to obturator internus and gemellus superior

Anterior
crural nerve

Psoas niagnus, cut

Ext. iliac artery

Obturator nerve
Pubic bone,

mesial surface- ^^-

Obturator internum

-

" White line" of

pelvic fasci

Left corpus
cavernosum. cut

Hr. to quadratus _
feni., gemellus inf.

and hip join*.

Inf. gluteal
nerve

Urethi-a

Levator ani

.^'. lumbar
vertebra

'. lumbar nerve

—I. sacral nerve

*/<L:--I^rs. to
pyriformis

—II. .sacral

ganglion
II. sacral nerve
visceral br. of
II. sacral nerve

III. sacral
ganglion

IV. sacral ganglion
l\'. ganglion is seen belowl

Coccygeus'
Br. to levator ani

Dissection of right half of pelvis.

Visceral brs. of III. and 1\'. sacral nerves

V. sacral nerve {ventral division)

Coccygeal nerve (ventral division)

Pndic nerve ; the small sciatic nerve is just in front
Br. to si)hincter ani, piercing levator am

showing sacral and pudendal plexuses ; section is not meslai,
but to left of mid-lme.

I. The muscular branches supply («) the quadratus femoris, {b') the obtura-

tor internus, the gemelli and (r) the hamstring muscles and the adductor magnus.

a. The nerve to the quadratus femoris arises from the anterior surface of the upper portion

of the plfxu.s, its fibres coniinti from the fourth and fifth lumbar and first sacral nerves. It is

h'equently united in the first part of its course with the nerve to the obturator internus. Having
traversed the srreat sacro-sciatic foramen it courses downward anterior to the iirreat sciatic nerve.
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llif c)l)tiir;itor iiUfrniis aiul \.hc gtiiulli aiul |K)Stcri(ir t<j the capsular lij^ameiit of the liip.

Keacliiii},' tlic- upptT margin of the (luaciratus femoris it passes anterior to tlial muscle and
terminates in til)ris which enter tlie anterior surface of tlie muscle for wliicii it is destined. In

addition to sujjplyiuL; the (|uadratus femoris it sends tui>;s to \.\\Kt geme/lus inferior and to the
hip joint.

Variations.—Tlu- mrve to the (juadratus femoris may su|)ply the upper portion of the
adductor majjjnus anil may send filaments to the superior };emelliis, <iiher as an additional or
as a sole supply.

b. The nerve to the obturator internus has an orij^in one step lower than that of the
preceding; nerve, with which it is frecjuently associated for a short distance. It arises from the
anterior aspect of the tilth lumbar and first and second sacral nerves and leaves the pelvis throujjh

the };reat sacro-sciatic foramen, below the pyriformis and the great sciatic nerve and lateral to

the pudic nerve and vessels
(
\'\<^. 1 1 14). Crossinj.^ the spine of the ischium it courses anteriorly

through the lesser sacro-sciatic foramen and enters the ischio-rectal fossa, where it terminates by
splittiiifj; into filaments which enter the i:)osteri()r surface of the obturator internus. A small
branch of this ner\-e supplies the i^eiiui/us superior.

c. The nerve to the hamstring muscles consists of a bundle of fibres which forms the

mesial edt;e vi\ the ^hiteal portion of the sciatic nerve. Arisini; fnjm the anterior asjiect of the

ple.xus and derivinjj; its fibres from the fourth and fifth lumbar and first, second and third sacral-

nerves, it descends in close connection with the sciatic, lyinif first anterior to the latter and then
to the inner side (Fig. 1115). In the thit^h the nerve breaks up into two sets of fibres, an
upper and a loiiwr. The upper set leaves the sciatic below the tuber ischii and sends fibres to

the upper portion of the seiui/nidiuosus and the long head of the biceps femoris. The lower
set arises further down in the thigh and funishes twigs to the seinunembranosus, the adductor
viagnus and the hjwer part of the semitciidinosus.

2. Tlie articular branches are derived from the nerve to the quadratus
femoris and sometimes from the anterior aspect of the sciatic. After descending
between the capsule of the hip and the gemelli they supply the posterior portion of

the capsular ligament of the \\\\) joint.

The posterior collateral branches comprise, like the anterior, (3) the

muscular zwA (4) the articular branches.

3. The muscular branches include («) the nerve to the pyriformis, {b) the
superior and (r) the inferior gluteal nerves and (rt') the nerve to the short head
of the biceps.

a. The nerve to the pyriformis may be either single or double. It arises from the dorsal

aspect of the second or first and second sacral nerves and enters the anterior surface of' its

muscle. There may be an additional filament from the root to the superior gluteal nerve con-
tributed by the first sacral nerve.

b. The superior gluteal nerve (n. glutaeus superior) (Fig. 1114) arises by three roots from,
the dorsal surface of the posterior portion of tlie lunibo-s.acral cord and the first sacral nerve,

its fibres being derivatives of the fourth and fiftii lumbar and first sacral nerves. After passing
above the pyriformis muscle in company with the superior gluteal artery and vein, it leaves the

pelvis through the great sacro-sciatic foramen and divides into {aa) a superior and [bb] an
inferior branch.

aa. The superior branch (Fig. 11 14) is the smaller of the two, and after passing beneath
the gluteus niedius and along the upper margin of the gluteus minimus reaches and enters the

middle of the inner surface of the former muscle, of wliicli it is only the partial nerve sui^ply.

bb. Tlie inferior branch, larger than the sujierior, is the continuation of the main trunk.

After a forward course between the glutei niedius and minimus in company with the lower
branch of the deep portion of the superior gluteal artery, it reaches the under surface of the

tensor fasciae femoris (Fig. 11 14). It supplies the glutei niedius and minimus ami its terminal

fibres constitute the supply of the tensor fascite femoris.

c. The inferior gluteal nerve (n. glutaeus inferior) (I'ig. 1114) is formed by twigs which arise

from the dor.sal surface of the posterior \ym1 of the lumbo-sacral cord and the first, and some-
times the second, sacral nerve. It is freciuently fused in the early part of its course with the

small sciatic nerve and not infrequently with the nerve to the short head of the biceps. It

usually sends a small branch down to join the small sciatic nerve. Passing beneath the pyriformis

it emerges from the pelvis into the gluteal region through the great sacro-sciatic foramen, super-

ficial to the great sciatic nerve. Immediately upon entering the buttock it breaks up fan-wise

into a number of twigs which enter the deep surface of the gluteus ma.ximus about midway
between the origin and insertion.
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d. The nerve to the short head of the biceps (Fig. 1115) apparently arises from the lateral

margin of the upper part of the great sciatic nerve. The fibres comprising it can be traced back
to the fifth lumbar and first and second sacral nerves, sometimes in combination with the roots

of the inferior gluteal nerve. Leaving the great sciatic in the middle of the thigh, often as a
common trunk with the articular branch, it enters the substance of the short head of the biceps.

Fig. 1 1 14.

Gluteus
maximiis

Br. from V.
lumbar ner\'e

I. sacral ner\e,
posterior divisioa

Cutaneous br.

from loop of

posterior sacrals

II. sacral nerve.

posterior division

III. sacral nerve,
posterior division

IV. sacral nerve
posterior division

Cutaneous br.

from loop of pos-

terior sacral

nerves

Great sacro-
sdatic ligament

Nerve to obtu-
rator internus

Cutaneous and
muscular bra
of IV. ant. sac-ral

Small sciatic
nerve

Tuberosity
of i.schium

Inferior pu-
dendal nerve'

Gluteus
tnedius

Tensor fasciae Iat«

Superior gluteal
nerve

Gluteus minimus

Pyriformis

Trochanter major

Nerve to quadratus
femoris

Tendon of obturator intemus
with gemellus superior above
Gemellus inferior

Branch to hip j oint

Inferior gluteal
nerve

Quadratus femoris

Great sciatic
nerve

Deep dissection of right buttock, showing emergence of great sciatic nerve below pyriformis muscle; also
muscular branches and posterior divisions of sacral nerves.

4. The articular branches supply the knee and are usually two in number.

The upper arises either in common with the nerve to the short head of the biceps or

independently from the lateral portion of the great sciatic. Descending on the pos-

terior surface of the femoral head of the biceps it passes between the external condyle

of the femur and the tendon of the biceps and supplies the lateral portion of the

capsular ligament of the knee. The lower arises from the external popliteal nerve

in the upper portion of the popliteal space and divides into two portions which
supply the lateral and posterior portions of the capsular ligament of the knee. From
the branch to the posterior part of the capsule is given off a tiny thread to the

superior tibio-fibular articulation.

TERMINAL BRANCHES.

The terminal branches of the sacral plexus are the external and the ifiternat

popliteal, and these are usually fused in the upper part of their course into the great

sciatic nerve.
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IS a

The Great Sciatic Nerve.

The ercat sciatic nerve (n. ischiadicus), the largest nerve of the entire human body

thick bundle of nerve-hl>res ck-riNecl from both the anterior and posterior portions of

Imc. III5-

Gluteus luaxiniu

Great sciatic uene

-Great sacro-sciatic ligament

Small sciatic nerve

Tuber ischii

Great sciatic ner\-e

Brs. to semitendinosus

Adductor magnus

Biceps, long head

Semitendinosus

Semimembranosus

Br. to adductor magnus

Br. to semimembranosus

Semimemliranosus

Popliteal artery

Articular branch

Popliteal vein

Communicaus tibialis

Gluteus medius

Pyriformis

Gemellus superior

Obturator internus

Gemellus inferior

OVjturator externus

Trochanter major

f— Quadratus femoris

Gluteus maximus

Br. to V>iceps

Biceps, short head

Int. popliteal neive

External popliteal nerve

Articular branch

Azygos articular branch

Femur, popliteal surface

\ Muscular branches

Gastrocnemius

Communicans fibulans

Deen dissection of posterior surface of right thigh, showing great sciatic nerve dividing

'^ifi^o extern^ popliteal (peroneal) and internal pophtealtt.b.al) ner^•es.

the sacral olexus ( Fio- in 2). Properly it consists of two elements onlj. ^he ex-

ternal and internal popliteal nerves, the former from the posterior and the latter
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from the anterior portion of the plexus, its constituent fibres being derivatives of

all of the spinal nerves contributing- to the sacral plexus. Bound up with it and
apparently integral portions of it, are the nerve to the hamstring muscles and the

nerve to the short head of the biceps. From within outward, the four components
are arranged in the following order: the nerve to the hamstrings, the internal popli-

teal nerve, the external popliteal nerve and the nerve to the short head of the biceps.

Arising from the apex of the sacral plexus and proceeding as its direct continua-

tion, the great sciatic leaves the pelvis through the greater sacro-sciatic foramen
below the pyriformis muscle and above the gemellus superior. In the form of a thick

flat trunk, about 1.5 cm. wide, it turns downward and lies anterior to the gluteus

maximus and posterior to successively the gemellus superior, the tendon of the

obturator internus, the gemellus inferior, the quadratus femoris and the upper portion

of the adductor magnus, being accompanied in the upper part of its course by the

sciatic artery and the arteria comes nervi ischiadici. Lying external to the nerve is

the great trochanter and internal to it is the tuberosity of the ischium (Fig. 11 15).
Entering the thigh by emerging from beneath the gluteus maximus, the ner\-e lies under
cover of the hamstrings and at a varying position in the thigh it sj)lits into its terminal

divisions: (5) the exto-nalpopliteal -dSxA (6) the internal popliteal. As previously

stated (page 1332), these nerves may be separate from their origin.

5. The External Popliteal 'Nerve.

The external popliteal or peroneal nerve (n. peronaeus communis) (Fig. 11 15)
is homologous with the musculo-spiral of the upper extremity. It comprises fibres

derived from the posterior portions of the fourth and fifth lumbar and first and second
sacral nerves. As a part of the great sciatic, it follows the course in the thigh just

described and after the bifurcation of the sciatic enters the popliteal space as an inde-

pendent nerve. In the upper part of the popliteal space it lies beneath the biceps and
later inclines gradually outward between the tendon of the biceps and the outer head
of the gastrocnemius. Passing over the latter, it reaches the under surface of the

deep fascia posterior to the head of the fibula, 2-3 cm. below which it di\'ides into its

terminal branches.

Branches of the external popliteal nerve are : the cntaneous and the terminal.

The cutaneous branches are: (a) the sural and {b) the peroneal comnmni-
catiiig.

a. The sural branch (n. cutaneus surae lateralis) (Fig. 1119) consists of one or more,
usually two, filaments which arise in the popliteal space, frequentl}- in common with the peroneal

communicating nerve. Becoming superficial by piercing the deep fascia overlying the outer

head of the gastrocnemius, it is distributed to the integument of the upper two thirds of the

lateral aspect of the leg. Its degree of development is in inverse ratio to that of the small sciatic

and short saphenous nerves.

b. The peroneal communicating nerve (r. anastomoticus peronaeus) (Fig. 1 119), also

called the n. couiuittiiicatis fibularis, is larger than the preceding. Leaving the peroneal in the

popliteal space, often in combination with the sural nerve or nerves, it descends beneath the

deep fascia and over the lateral head of the gastrocnemius to the middle of the leg. Here it is

usually joined by the tibial communicating branch from the internal popliteal and the joint trunk

so formed (Fig. 1125) is called the external or short saphenous nerve (page 1342).

The terminal branches comprise: (<?) the recurrent articular, {5) the

anterior tibial and (<f) the muscido-cntaneoiis.

a. The recurrent articular or recurrent tibial branch f Fig. 1 1 16) is the smallest of the three.

Given off a short distance below the head of the fibula it passes forward under the peroneus
longus and the extensor longus digitorum, courses upward in the musculature of the tibialis

anticus and divides into filaments which supply the upper fibres of the tibialis anticus, the

anterior portion of the knee joint, the superior tibio-fibular articulation and the periosteum of the

external tuberosity of the tibia.

b. The Anterior Tibial Nerve.

The anterior tibial nerve (n. peronaeus profundus) originates below the head of

the fibula in the interval between the peroneus longus and the fibula. After winding
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cxtornallv around the licad of the hlnila beneath the peroneus lon^ais, the extensor

proprius'haUucis and the extensor lonj^us digitorum it reaches the anterior aspect ot

V\(:. 1 1 16.

Extensor longus digitorum

Anterior tibial artery

Anterior tibial nerve

Musculo-cutaneous nerve

Peroneus longus, laid open

Tibialis amicus

Extensor longus digitorum

Extensor longus hallucis

Internal branch of musculo-cutaneous

Anterior tibial nerve

Articular branch

External branch

Extensor brevis
digitorum

Head of fibula

Peroneal ner\'e

Recurrent tibial branch
Branch to extensor longus digitorum

Muscular branch to peronei

Peroneus brevis

External branch of musculo-cutaneous

Peroneus longus tendon

Peroneus brevis tendon

Origin of extensor brevis digitorum

External saphenous nerve

Dissection of antero-lateral surface of left leg and of dorsum of foot, showing anterior
uissecuon 01 ^

^.^.^^ ^^^ musculo-cutaneous nerves.

the leo- Lvin^ on the anterior surface of the interosseous membrane it joins the

anterior tibial "vessels 8-12 cm. below its origin and accompanies these vessels
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down the front of the leg as far as the ankle, lying first to their outer side, then

anterior to them and at the ankle to the outer side again (Fig. 1116).

Branches of the anterior tibial nerve are : (aa) the muscular, {bb) the articular,

(cc) the external and i^dd) internal terminal.

aa. The muscular branches are distributed to tlie tibialis aiiticus, the extensor longus
digitorum, the extensor proprius haHucis and the peroneus terlius.

The nerves to the tibia/is anliciis consist of twcj twigs, an upper and a lower. The upper
arises at the origin of the anterior tibial, passes beneath the peroneus longus and the extensor
longus digitorum and enters the upper portion of the muscle. The lower arises in the interval

between the tibialis amicus and the extensor longus digitorum and passes obliquely downward
into the substance of the tibialis anticus.

The nerve to the extensor longus digitorum arises immediately Ijelow the preceding and
enters the inner !;urface of the muscle whicii it supplies.

The nerves to the extensor proprius hallucis, usually two in number, arise in llie middle of

the leg and enter the substance of their muscle.

The nerve to the peroneus tertius is usually derived from the nerve to the extensor

longus digitt)rum.

bb. The articular branch leaves the anterior tibial above the anterior annular ligament and
is distributed to the forepart of the ankle-joint.

cc. The internal terminal branch (P^ig. 1117) courses forward in the foot under the inner

tendon of the extensor brevis digitorum and lateral to the dorsalis pedis artery, and reaches

the base of the first digital cleft. Here it splits into two branches (nn. digitales dorsaies hallucis

lateralis et digiti secundi inedialis), which supply the contiguous sides of the great and second
toes and inosculate with branches of the musculo-cutaneous nerve, hi the region of the tarsus

it sends of^ \\\^ first dorsal interosseous nerve, which supplies the first dorsal interosseous muscle,

the mesial metacarpal articulations and the first and second metacarpo-phalangeal joints. Like
the other interosseous nerves, it sends a filament between the heads of its dorsal interosseous

muscle for the supply of the adjacent articulations (Ruge).

dd. The external terminal branch (P'ig. 1118) passes laterally over the tarsus undercover
of the extensor brevis digitorum, to which muscle it sends branches. From it are given off two
to four, usually three, dorsal interosseous branches, which decrease in size from within outward,
the fourth often being lacking and the third quite rudimentary. These interosseous nerves are

distributed to the adjacent articulations and sometimes to the second and third dorsal inter-

osseous muscles. The fibres from the anterior tibial to the dorsal interosseous muscles are

usually not their sole supply, the external plantar supplying constant branches for their innerva-

tion. From the latter are probably derived the motor innervation and from the occasional ante-

rior tibial branches some extra sensory filaments. This branch usually ends in a gangliform
enlargement, from which its branches are distributed.

Variations.—The anterior tibial sometimes supplies the mesial side of the great toe or the
adjacent sides of the second and third toes. In one case the anterior tibial supplied the outer
three and one-half toes, the inner toe and one-half being innervated by the musculo-cutaneous
nerve. Rarely the anterior tibial has no digital distribution whatsoever.

c. The Musculo-Cutaneous Nerve.

The musculo-cutaneous nerve (n. peronaeus superficialis) (Fig. 11 16) continues
the course and direction of the external popliteal. Descending through the leg in a
fascial tube in the septum between the peroneal muscles and the e.xtensor longus
digitorum it becomes superficial by piercing the deep fascia anterior to the fibula in

the lower third of the leg. It may make its superficial appearance as a single nerve
or as two branches.

Branches of the musculo-cutaneous are: (^aa') the muscular, {bb) the interfial

and {cc) the external terminal.

aa. The muscular branches (rr. musculares) are destined for the peronei longus and
brevis.

The nerves to the peroneus longus are two in number, an upper and a lower. They are
given of? at the upper and lower portions respectively of the fascial canal occupied by the parent
nerve and enter the mesial surface of their muscle.

The nerve to ihe peroneus brevis arises with the lower branch to the peroneus longus and
enters the musculature of the peroneus brevis.
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bb. TliL- internal terminal branch \ 11. ciit.iiieiis dorsalis nit(li;ilisj ( Kijj. 1 1 17), Iar;;er than the

external, passes ohliiiiKly iiiu.in! in fruiil of the anklt- aiul lluii lorward over the dorsum of the

foot. Cutaneous Iwiys are tlistril)ul<(l

to the anterior aspect of the lower tliird

of the \v^ and the dorsuni of the foot.

Just below the anterior annular li^anunt

tile nerve breaks up into an inner, a

middle and an outer branch.

The inner braneh inosculates with

the internal sa|)henous nerve, from which

it receives an accession of fibres, and

passes forward to supply the intejiument

of the mesial aspect of the foot and ^reat

toe. The niiddle branch follows the I'lrst

metatarsal space and inosculates with the

inner i)rancii ol tlie anterior tibial nerve.

The outer branch courses down the

second metatarsal space and divides into

the two dorsal difjital nerves (nn. diji{itaics

dorsiilcs pedis ) which supply the contig-

uous sides of the second and third toes.

This branch is sometimes derived from

the external terminal partof tlie musculo-

cutaneous.

cc. The external terminal branch

(n. cutanetis dorsalis interinedius) (Fi,t^.

1117) courses down the leg anterior to the

ankle and lateral to the inner branch,

giving off twigs to the antero-Iateral por-

tion of the integument of the lower part

of the leg and dorsum of the foot. Having
reached the foot it breaks up into inner

and outer branches.

The inner branch divides into

dorsal digital branches for the supply of

the adjacent sides of the third and fourth

toes, and \\\it outer branch, after receiving

an accession of fibres through inoscula-

tion with the external saphenous, divides

similarly into twigs for the contiguous

sides of the fourth and fifth toea. The
dorso-lateral aspects of the terminal

phalanges and the nails receive addi-

tional filaments from the plantar nerves.

Variations.— Deficiencies in the in-

ternal branch are usually supplied by
the anterior tibial nerve and in the ex-
ternal by the short saphenous. In case

the external branch ends at the dorsum
of the foot, the external saphenous, which
would fill the vacancy at the digits, has
its root from the external popliteal more
strongly developed than usual, and thus
the toes are supplied in an unusual
manner but still by fibres from the ex-
ternal popliteal nerve.

Fk;. II 17.

l-roiii middle
ciilaiu-iiii-i

IKMVf

/>»

I-'roin

.

peroneal nerve

From internal
ciitaneou!i
nerve

T'lm Internal
'il.incou*
11 rvc

ntaneous
tellarhr. int.
;ilienous
rve

t. saphenous
rve

Sural brs
peroneal nerve,<.,

I est of tibia

it. saphenous
rve

Int. saphenous
vein

Musciilo-cuta-
neons nerve

Ext. saphenousJnerves

Ext. terminal
br. musculo-

cutaneous
nerve

Int. terminal
br. mu.sculo-
cutaneous
nerve

Int. terminal
br. ant. tibial

nerve

6. The Internal Popliteal
Nerve.

The internal popliteal or tib-

ial nerve Cn. tibialis) (Fig. 1115)
is of greater size than the external

and corresponds in its distribution

to the combined median and ulnar nerves of the arm. Arising from the anterior

portion of tiie sacral plexus, it includes fibres derived from the fourth and fifth lumbar

Superficial dissection of right leg and foot, showing cutaneous
nerves of anterior surface.
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and first, second and third sacral nerves. Leaving the pelvis through the greater
sacro-sciatic foramen below the pyriformis, and passing through the gluteal region
and upper part of the thigh as the inner portion of the great sciatic nerve, it becomes
an independent trunk at the jwint of bifurcation of the sciatic. Emerging from
beneath the hamstring muscles and descending vertically through the middle of the

Musculo-cutaneous nerve

Fig. iiiS.

Fibula

Extensor longus
digitorum tendon

Peroneus tertius tendon

Anterior tibial nerve

Articular branches to ankle joint

Peroneus longus tendon —

External saphenous nerve
Musculo cutaneous ner\-e

—

external division
External division of anterior

tibial nerve
Extensor brevis digitorum

Metatarsal branches of external
division of anterior tibial nerve

External saphenous nerve

Digital branches of external
division of musculo-

cutaneous nerve

Extensor proprius
hallucis tendon

Internal saphenous nerve

Tibialis anticus tendon

Extensor brevis digitorum

Internal division
of musculo-
cutaneous nerve
Anterior tibial

— nerve—internal
branch

Dissection of dorsum of right foot, showing distribution of anterior tibial, nmsculo-cutaneous, and internal and
external saphenous nerves.

popliteal space, it gradually attains the inner side of the popliteal vessels, crossing
them superficially from without inward. In the lower part of the space the nerve
lies posterior to the popliteus muscle and anterior to the plantaris and the gastroc-
nemius. At the lower border of the popliteus muscle the internal popliteal becomes
the posterior tibial nerve (Fig. 1119).
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Branches of llic internal popliteal arc : (a) the articular, (I)) the muscular,
(c) the cntaiicons and (</j \.\\<: posterior tHual.

P'lc;. 1 1 19.

Gracilis' '
,

Semltendinusus

'

Semlmciiibranosus"

Sartor! US"

Superior internal articular nerve

"

I'lliial (Inlrrnal pojiliiealj nerve

'Peroneal (external i«)|ilitral, nerve

-Su|)erior external articular nerve

-Biceps tenilon

Inner head of gastrocnemius

-

/nferior internal articular nerve"

Azygos articular nerve

-Plantaris muscle

-Ext. head of (jastrocnemius
"Tibial coiTiniimii utini;

-Popliteus muscle
; Inferior external articular branch ^,^^^ branch
-Peroneal nene „ , , .

Peroneal communicatms

Muscular branch

-

Flexor longus digitorum-

Posterior tibial nerve

-

Posterior tibial arter

Articular branch

Tibialis posticus tendon

Inner malleolus^__

Abductor halluris_
External plantar ner%el

Internal plantar ner\e.

Abductor hallucis and fascir .

-Tibialis posticus

- Peroneal artery

-External saphenous nerve

-Tibialis posticus

. Fibular origin of soleus

.Flexor longus hallucis

. Peroneus longus

. Peroneus brevis

_ Internal calcanean branch

TenJo Achillis

Flexor brevis digitorum, cut

Dissection of the posterior surface of right leg, showing posterior tibial nerve and its

branches and part of peroneal nerve. -

a. The articular branches (rr. articulares) supply the hip and knee joints. The
one destined for the hip has been described on page 1333. The branches to the knee are ot



1342
' HUMAN ANATOMY.

small size and of varyine: number. There are usually two, an upper and a lower, and these
break up into small filaments which inosculate with the lower articular fibres of the external

popliteal, forming the popliieal ple.xus of Riidinger. The upper or azyi^os branch usually

pierces the posterior ligament of the joint, while the lorver accompanies the inferior internal

articular artery. When a third is present it accomiianies the superior internal articular artery.

From the popliteal ple.xus a number of fine filaments are furnished to the posterior portion of

the knee joint and an occasional twig enters the popliteus muscle by piercing its posterior
surface.

b. The muscular branches (rr. musculares) comprise two sets, those given off from the
part above the division of the sciatic nerve and those given of? below. The former have been
described on page 1333. The latter consist of a series of five twigs which innervate the
gastrocnemius, the soleus, the plantaris and the popliteus.

The nerves to the gastroctietnius, so/eus and plantaris consist of two stout nerve trunks,

an upper and a lower. The tipper arises in the middle of the popliteal space and enters the
lateral aspect of the inner head of the gastrocnemius. The lower arises a short distance below
the upper and, frequently combined with the nerve to the plantaris, divides into two branches,
a shorter for the outer head of the gastrocnemius, and a longer, which enters the superior bor-

der of the soleus, the upper part of which muscle it supplies. From the nerve to the plantaris

is furnished a filament to the knee joint.

The nerve to the popliteus is a complex structure, with a distribution much wider
than is implied in its name. After reaching the lower margin of the popliteus muscle the

ner\-e turns forward, ascends between the anterior aspect of the muscle and the tibia, and
enters the anterior surface of the popliteus. A branch supplies the periosteum of the tibia and
then enters the nutrient foramen of that bone. Anotlier, the interosseous branch (n. interosseus

cruris) courses first posterior to and then between the layers of the interosseous membrane
almost to its lower margin. Terminal fibres are distributed to the periosteum of the tibia and
to the inferior tibio-fibular articulation. Other filaments reach the tibialis posticus muscle and
the superior tibio-fibular articulation.

c. The cutaneous branch is the tibial comniii7iicating nerve.

The tibial communicating nerve or n. tibialis commiinicans (n. cutaneus surae medialis)

(Fig. 1119) arises in the upper portion of the popliteal space, through which it passes, posterior

to the internal popliteal nerve, to the fissure between the heads of the gastrocnemius. In

company with the external saphenous vein, the nerve descends in this interval to the tendo
Achillis and, after piercing the deep fascia at about the middle of the leg, is joined by the

peroneal communicating nerve, the fusion resulting in the external or short saphenous nerve
(n. suralis). This joint nerve (Fig. 1119) courses down the postero-lateral aspect of the lower
part of the leg, passes posterior to and beneath the external malleolus in company with the

external saphenous vein and follows a course obliquely downward and forward along the
lateral margin of the foot to the dorsal aspect of the outer side of the fifth toe. at the far end
of whose distal phalanx the nerve terminates. In its course through the leg and foot it supplies

sensory twigs to the postero-lateral part of the lower third of the leg, the region over the
external malleolus, the lateral portion of the heel (rr. calcanei lateraies), the dorso-lateral

portion of the foot (n. cutaneus dorsalis lateralis) and the outer half of the dorsum of the fifth

toe. Twigs are furnished to the ankle, and to the astragalo-calcanean and possibly other inter-

tarsal articulations. In the foot it communicates with the anterior tibial nerve.

Variations.—The point of union of the two tributaries of the external saphenous is subject
to wide variations, sometimes being high in the popliteal space and sometimes there being no
union at all, in the latter instance the nerve which reaches and supplies the foot usually being
the n. communicans tibialis. In one specimen found in the anatomical rooms of the University
of Pennsylvania the great sciatic nerve divided just below the margin of the gluteus maximus.
The n. communicans fibularis arose in the middle of the thigh and the n. communicans tibialis

in the popliteal space. Union took place 3 cm. below the origin of the n. communicans tibialis,

the n. communicans fibularis sending a few fibres across to the internal popliteal nerve before
entering the external saphenous. In another cadaver in the same laboratory the two tributa-
ries arose 3 cm. apart from each other about 10 cm. above the knee, the n. communicans tib-

ialis arising the higher and piercing the inner head of the ga.strocnemius before joining the n.

communicans fibularis. \'ariations in distribution may occur, the nerve sometimes supplying
the dorsal aspect of two and one-half digits, under such circumstances the n. communicans
fibularis usually being of increased size. The nerve may terminate in the foot and not have any
digital distribution.

d. The Posterior Tibial Nerve.

The posterior tibial nerve (n. tibialis) (Fig. 1119) is the direct continuation
of the internal popliteal and begins at the lower border of the popliteus muscle. It

extends downward, in a sheath shared by the posterior tibial vessels, between the
superficial and deep muscles of the posterior portion of the leg. Anterior to it are
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the tibia and the deep le^ imiscles and posteriorly he the soleiis and gastrocnemius

in the upper part of the lej^. Above the ankle the nerve becomes superficial, and is

covered only by inte.i,niment and the fasciie. Owing to the inward inclination of the

posterior tibial vessels the nerve, while pursuing a straight course, changes its rela-

tive |)osition to the vessels, in the ujjper |)art of the leg lying to the inner side, lower

down behind and above the ankle attaining the outer aspect of the vessels (Fig.

1 121). Passing posterior to and then bilow the internal malleolus, the posterior

tibial nerve divides, under cover of the internal annular ligament, into its terminal

branches, the internal and the extcniiil plantar.

Fk) 1 1 20.

Inteni.il ralcancan branch
of posterior tibial iierv

Digital branches of

internal plantar nerve

External saphenous nerve

—External saphenous nerve

Digital branches of external plantar

nerve

Superficial dissection of right foot, showing cutaneous ner\-es on plantar surface.

Branches of the posterior tibial nerve are : (aa) the muscular, {bb) the internal

calcanean, (rr) the articular, {dd) the internal plantar and {^ee') the externalplantar.

aa. The muscular branches (rr. muscnlares) supply the tibialis posticus, the soleus, the

flexor lon.2;us haliucis and the flexor longus digitorum.

The nerve to the tibialis posticus supplies that muscle and sends a branch to the flexor

longus digitorum and one to the lower part of the soleus. At the posterior aspect of the tibialis

posticus it gives off a long slender branch which accompanies the peroneal arter>- nearly to the

ankle, supplying twigs to the artery, to the periosteum of the fibula and a branch which enters

the nutrient canal of the fibula.

The ner\'es to \\\& flexores longus haliucis and longus digitorum leave the posterior tibial

about the middle of the leg and pass directly to their muscles.
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bb. The internal calcanean nerve (rr. calcanci mediales) arises from the posterior tibial at

the lower part of tlie lei; and becomes suiierticial by traversinj? an opening in the internal

annular ligament. Dividing into two sets of twigs, internal calcanean and calcaneo-plantar, it is

distributed to the integument of the internal aspect of the heel and posterior portion of the sole.

cc. The articular branches are two tiny twigs, given ofTi beneath the internal annular

ligament, which suj^jily tlie ankle joint.

dd. The internal plantar nerve (n. plnntaris medialis) (Fig. 1121), larger than the external,

resembles in its distribution the median nerve in tlie hand. From the point of division of the

posterior tibial nerve it courses forward in the foot in company with the internal plantar artery,

lying first above the internal annular ligament and the calcanean head of the abductor hallucis

and then between the abductor hallucis and the flexor brevis digitorum. Passing thence for-

ward between the flexor brevis hallucis and the flexor brevis digitorum it divides into two ter-

/

Fig. T121.

Calcaneo-plantar
cutaneous br. of tiliial nerve

Articular br. (usually a br.

of tibial nerve)

Br. to abductor hallucis

Int. plantar nerve

Brs. to flex, brevis digitorum

I. and II. lunibricales

Digital brs. of int. plantar nerve "'^—
' // -^^r^-^, „jL

Flexor brevis digitorum

Ext. plantar nerve

Br. to abductor minimi digitl

Abductor minimi digiti

Flexor accessorius

Br. to flex, accessorius
Superficial br. ext. plantar nerve

Brs. to flex. brev. minimi digitl

Deep br. ext. plantar nerve
Digital branch
Brs. to interossei of fourth space

Disrital branch

III. and IV. lumbricales

Dissection of right foot, showing internal aud external plantar nerves and their branches.

minal branches, an vmer^nd an outer. In addition to the terminal branches it gives off certain

collateral twigs.
• •- • -r\

The collateral branches are muscular, cutaneous and articular in distribution. The

muscular supplv tlie abductor hallucis and the flexor brevis digitorum. The cutaneous pass

between the muscles just mentioned to be distributed to the integument of the inner portion of

the*sole. The articular furnish innervation to the inner tarsal and tarso-metatarsal joints.

The terminal branches are an inner or mesial and an outer or lateral.

The inner or mesial terminal branch (Fig. 1121 ) courses forward upon the under surface of

the abductor hallucis, pierces the plantar fascia posterior to the tarso-metatarsal articulation oi

the great toe and terminates by extending along the mesial side of that toe as its inner plantar

digital nerve. In its course it furnishes filaments to the inner surface of the foot and a twig to

the mesial head of the flexor brevis hallucis.
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The outer or lateral terminal branch ( Pi^j. 1121) is larger than tlie inner and is situated
bflow tlic distal jiortion oi tlir llcxor l)revis di^qtoriiin ami above tlie(lei|) jjlantar fascia. After
a short forward course it sphls into two branches, llie lateral of which soon divides into two.
There are thus fornieil tliree plantar digital nerves (nn. dijjitales |)l.inl;irts communes), each of
which at the distal end of its metatarsal space divides into two dij^ital nerves (nn. diuitalcH

plantarcs pntprii), the inner supi)lyinji the conti^^uous sides of the Kreat and second t<ies, and the
niidille and outer beinj^ distributed similarly to respectively the seccjnd and third and third and
fourth toes. The inner of the three sends a filament to the first lumbricalis, the middle somt!-
times to the second lumbricalis, while the outer forms an inosculation with the external plantar
nerve. In addition to innervating the muscles enumerated and the integument of the plantar sur-

face of tlie mesial three and one-Iialf toes, each of the dij<ital nerves sends tiny filatixnts tc^ward
the dorsiun for the supply of the nails and the tips of the toes.

ee. The external plantar nerve ( n. plantaris lateralis) ( Fig. 1121 ) is a smaller nerve tlian the
internal and corresi)()nds in its arranj^ement and distribution with the palmar branch of the ulnar
nerve. After separatin.i,^ from tiie internal plantar beneath the internal annular ligament, it

follows a course in company with the external plantar artery (obliquely forward and outward
above the flexor brevis digitorum and below the flexor accessorius. Reaching the interval

between the abductor minimi digiti and the flexor brevis digitorum it divides near the head tA

the fifth metatarsal bone into sujierficial and deep terminal l>ranches.

Branches of the external plantar, like those of the internal, include : collateral AWiX tcrmitial

branches.

The collateral branches comprise muscular and cutaneous twigs. The muscular branches
are given off soon after the origin of the parent nerve and supply the flexor acce.ssorius and the

abductor minimi digiti. The cutancow; branches are a series of small twigs which follow the
septum between the flexor brevis digitorum and the abductor minimi digiti and become super-
ficial by piercing the deep plantar fascia. They supply the integument of the lateral portion of

the sole.

The terminal branches are : the superficial and the deep.

The superficial or cutaneous branch (r. superficialis) inosculates with a branch of the
internal plantar and continues forward in the interval between the flexor brevis digitorum and
the abductor minimi digiti, eventually splitting into an external and an internal branch.

The external branch (Fig. 1121) sends filaments to the flexor minimi digiti and the inter-

ossei muscles of the fourth metatarsal space, after which it becomes cutaneous near the fifth

metatarso-phalangeal articulation and continues forward as the plantar digital nerve for the

lateral aspect of the fifth toe.

The internal branch (Fig. 1121) courses forward in the fourth metatarsal space, at whose
distal end it separates into two filaments which sujiply the opposed surfaces of the fourth and
fifth toes. The digital branches send filaments dorsally for the nails and the tips of the toes.

The deep or muscular branch (r. profundus) accompanies the external plantar artery

in an obliquely forward and outward course above the adductor obliquus hallucis and the flexor

accessorius and below the interossei muscles. It forms an arch (Fig. 1121) whose convexity is

directed forward and outward, and terminates in the region of the base of the great toe. F>om
the conve.x aspect of the arch are given off the filaments which innervate the interossei muscles
of the first, second, third and sometimes the fourth interosseous space. Other muscular twigs

supply the adductores obliquus and transversus hallucis and the outer three lumbricales, the

branch to the second lumbricalis first passing beneath the adductor transversus hallucis. The
branches to all of these muscles enter their deep surface. In addition to the muscular distribu-

tion, articular twigs are furnished to the tarsal and tarso-metatarsal articulations.

THE PUDENDAL PLEXUS.

The pudendal ple.xus fple.xus pudendus) is the downward continuation of the

sacral ple.xus, and, whilst each retains more or less its individuality as a distinct

structure, there is no sharp line of demarcation between the two. Considerable
interlacing and overlapping is the rule, so that often some of the important branches

of the pudendal plexus are derivatives to a large extent from the elements giving rise

to the sacral plexus.

The pudendal plexus (Fig. 11 22) is situated on the posterior wall of the pelvis

and is formed by contributions from the anterior primary divisions of the first, second
and third sacral nerves, from the entire anterior primary divisions of the fourth and
fifth sacral and from the coccygeal nerve.

Communications.—The nerves helping to form the plexus receive gray rami

communicantes from the gangliated cord of the sympathetic, which join them shortly

after the nerves emerge from their intervertebral foramina.

85
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Branches.

Fig. 1 122.

The branches of the pudendal ple.xus are : (r) the visceral, (2)
the muscular, (3) the perforating cu-

taneous, (4) the small sciatic, (5J the

pudic ?ind (6) the sacro-coccygeal.

1. The visceral branches are

really white rami conimunicantes. They
are derived from the second and third or

third and fourth sacral nerves and are

distributed to the pelvic viscera by way
of the pelvic plexus of the sympathetic.

The details of these nerves are des-

cribed with the pelvic plexus of the

sympathetic (pasj^e 1374 1.

2. The muscular branches
furnish innervation to the levator ani,

the coccygeus and the external sphinc-

ter ani. They arise from a loop-like

interlacement of nerve-hbres, formed by
the third and fourth sacral nerves, with

sometimes the addition of fibres from the

second. The nerve to the external

sphincter pierces the great sacro-sciatic

ligament and the coccygeus muscle,

sending filaments to the latter, and enters

the ischio-rectal fossa, lying between the

edge of the gluteus maximus and the

sphincter ani externus. It supplies theDiagram illustrating plan of pudendal and coccygeal
plexuses.

Fig. 1123. From II. lumbar nerve

From I. lumbar nerve

From 111. lumbar
nerve

Cutaneous brs. post
divisions or -j

sacral ners-es

Coccygeal nerves,
posterior divisions

Coccygeal nerve,
anterior division

From ant. V. sacral

From ant. IV. sacral -J

Inferior hemor
rhoidal nerve;

' Iliac brs. of ilio-

r hyjKjgastric

Gluteal brs. of
small sciatic nerve

Inferior pudendal
nerve

Superficial dissection of right buttock and adjacent regions, showing cutaneous nerves.
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posterior portion of the external sphincter and (hsiributes sensory fibres to the

intej^unicnt over the

b;ise of the ischio- ^'k^- "24.

rectal f(»ssa and the tip ^*K^

of the coccyx. \

Variation. — T li i
--

nerve, iiisleacl of pien -

injj the cc>ccyj;:eus, may
pa.ss l)et\veen that iiius

cle aiul the lev.uor aiii.

The nerve to the

levator am' is derived

usually from the third

and fourth, sometimes

the second and third,

sacral nerves and en-

ters the muscle by
piercings its mesial
surface.

3. The perfo-

rating cutaneous
nerve (Fig. 11 26; is

an inconstant branch,

being found in about

two thirds of the

bodies examined. It

springs from the dor-

sal aspect of the

second and third sac-

ral ner\-es and at its

point of origin may
be associated with the

pudic or the small

sciatic. Passing
downward and back-

ward it pierces the

great sacro-s c i a t i c

ligament in company
with the coccygeal

branch of the sciatic

artery and winds
around the lower bor-

der of, or in rare in-

stances pierces, the

gluteus m a X i m u s .

Perforating the deep
fascia slightly lateral

to the coccyx, it be-

comes superficial and
is distributed to the

integument over the

inner and lower por-

tion of the gluteus

maximus.

^*^^-
Ml l4lcr;il cijt&nC'
' rofXllth'^arl.

I' njtn I. lumlnr
nerve

Cutnneniis hrs. from
imst- s.ioral nerves

Inf. piidcmial
nerve, .ind a glu-
teal cutaneous br.

of small sciatic

Small sciatic nerve -

A gluteal cuta-
neous br. of small
sciatic nerve

From lateral cuta-
neous br. of XII.

thoracic

'f/ From ext. cutaneous

An ext. femoral br.
" ^ of small .sciatic

From ext. cuta-
neous nerve

Superficial dissection of right buttock and thigh, showing cutaneous
nerves of posterior- surface.Variations. — I n -

stead of piercing the
ligament it may accompany the pudic ner\e or pass between the ligament and the gluteus

maximus. It may be replaced by a branch of the small sciatic or by a nerve, called by Eisler
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the n. perforans coccy^eus major, which arises from tlie third and fourth or fourth and
fifth sacral and pierces the coccygeus muscle.

Fig. 1 125.

From obturator nerve

From internal cutaneous

Internal saphenous nerve

Inner malleolus

External calcanean branches

From small sciatic nerv«

Small sciatic nerve

rem [jeroneal ner\'e

Peroneal communicating

['art of sural branch

communicating

External saphenous ner\-e

Ext. branch of musculo-cutaneous

Anterior branch of ext. saphenous

Cutaneous nerves of posterior surface of right leg.

4. The Small Sciatic Nerve.

The small sciatic nen-e (n. cutaneus femoris posterior) (Fig. 1114) is a purely

sensory structure. It originates from the back of the first, second and third, or
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from only the second and third, sacral nerves, the upper root usually being associ-

ated with one of the roots o! the inferior gluteal nerve, and the lower root with the

perforating cutaneous or the pudic nerve. Leaving the pelvis through the great

Siicro-sciatic foramen below the pyriformis, it descends in the glutexd region between
the tuber ischii and the great trochanter, jjosterior to the great sciatic nerve and
anterior to the gluteus maxinuis, accomj)anietl by the inferior gluteal nerve and the

sciatic artery. Emerging into the thigh at the lower border of the gluteus maximus
it continues downward beneath the deep fascia and superficial to the hamstring
muscles to a short distance above the knee, where it pierces the deep, and becomes
an occupant of the superficial, fascia. Thence it passes downward through the roof

of the popliteal space and through the upper part of the calf, in the latter situation

accompanying the external saj)henous vein and inosculating with the external

saphenous nerve. It rarely extends beyond the middle of the calf, tapering (jff into

tiny threads which are distributed to the skin of the posterior surface of the ujjper

half or two tliirds of the leg (Fig. 1125.)
Branches of the small sciatic nerve are : {a) the inferior pudenda/, (b) the

gluteal, (r) X\\<tfemoral 2t.\\6. id) ihc sural.

a. The inferior pudendal or perineal branch (rr. perineales) (Fig. 11 26) leaves the parent

nerve at the lower mari^in of the gluteus maximus, curves mesially below the tuberosity of the

ischium and over the ori^jin of the hamstrinj^s and courses through the groove between the

thigh and the perineum. Piercing the deep fascia lateral to the pubic ramus, it enters the
perineum and supplies the integument of the scrotum and base of the penis, or of the lalnum
majus and clitoris. Branches are distributed to the skin of the upper mesial portion of the

thigh and to the perineal body and anus. This nerve communicates with the ilio-inguinal

nerve and with the jierineal and inferior hemorrhoidal branches of the pudic nerve. It may
pierce the great sacro-sciatic ligament.

d. The gluteal cutaneous branches (rr. clunium inferiores) (Fig. 1124) consist of two,
three or more stout filaments which arise from the small sciatic a short distance above the

inferior margin of the gluteus maximus, around which they wind. Piercing the fascia lata

individually they turn upward over the lower portion of the gluteus maximus and are dis-

tributed to the skin of the inferior gluteal region, as far externally as the great trochanter and
internally almost to the coccyx. The outer branches overlap the terminal twigs of the posterior

branch of the external cutaneous nerve and the posterior primary divisions of the first, second
and third lumbar nerves. The inner branches sometimes pierce the great sacro-sciatic liga-

ment ; they reinforce or may replace the perforating cutaneous nerve.

c. The femoral branches (Fig. 11 24) consist of two series of twigs, an internal and an
external, which pierce the fascia lata of the posterior aspect of the thigh and supply the integu-

ment of that region.

d. The sural branches (Fig. 11 25) are usually two terminal twigs which innervate to

a varying extent tlie integument of the back of the leg, sometimes not extending beyond
the confines of the popliteal space and sometimes continuing all the way to the ankle. They
inosculate with the external saphenous nerve, and when they are lacking their place is taken by
the external saphenous.

Variations.—bi those cases in which the internal and external popliteal nerves are separate
from their incipiency, the small sciatic also is double. The ventral portion accompanies
the internal popliteal and gives off the inferior pudendal and internal femoral branches, while
the dorsal portion accompanies the external popliteal and gives off the gluteal and external
femoral branches. Sometimes the small sciatic is joined in the thigh by a branch from the great
sciatic.

5. The Pudic Nerve.

The pudic nerve (n. pudendus) arises from the front of the second, third and
fourth sacral nerves, its main root coming from the third and there being a doubtful

root from the first. Leaving the pelvis by way of the great sacro-sciatic foramen
between the pyriformis and the coccygeus and below the great sciatic nerve, it passes

forward, with the internal pudic artery and the nerve to the obturator internus, over

the base of the lesser sacro-sciatic ligament to the spine of the ischium (Fig. 1126).

Reaching the small sacro-sciatic foramen internal to the internal pudic arter\',

the ner\'e traverses this opening and enters the ischio-rectal fossa, where it gives off

the inferior hemorrhoidal ner\-e. The main trunk courses forward in a canal

(Alcock's) in the obturator fascia on the outer wall of the ischio-rectal fossa
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(Fig. 1126), at whose anterior jjortion the nerve approaches the base of the tri-

angular ligament and divides into its terminal branches, the perineal and the dorsal
nerve of the penis or clitoris.

Branches of the pudic nerve are : (a) the inferior hemorrhoidal nerve, (b) the
perinea/ nerve and (rj the dorsal neri'e of the peiiis or clitoris.

a. The inferior hemorrhoidal nerve ( nn. hemorrhoidales inferiores) (Fig. 1127) is usually
given off by the pudic upon filtering the ischio-rectal fossa, but it may be derived directly from
the plexus, its fibres being otislioots of the third and fourth sacral nerves. In company with the
inferior hemorrhoidal vessels it passes mesially across the base of the ischio-rectal fossa toward

Cocc>-geal nen-es. posterior divisions

CCKXVX

Fig. 1126.
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Supverficial dissection of right side of female perineum and adjacent region, showing cutaneous nerses ; obturator
fascia has been partly removtd to expose pudic nerve and accompanying blood-vessels in canal on outer wall of
ischio-rectal iossa.

the anus, on approximating which it splits into a number of filaments, which supply the external

sphincter and the integument of the anal region, and inosculate with the small sciatic,

pudic and fourth sacral nerves.

b. The perineal nerve (n. perinei) (Fig. 11 26) is one of the terminal branches of the pudic

and arises at the bifurcation of that nerve near the posterior margin of the triangular ligament.

Soon after its origin it splits into: [aa] a superficial and {bb) a deep branch.

aa. The superficial branch is entirely sensor}- and consists of two parts, a lateral or

posterior and a mesial or anterior. These pass forward toward the base of the scrotum

in company with the superficial perineal vessels.

The lateral, external or posterior branch courses along the lateral margin of the perineum,

distributing twigs in this region and sometimes sending branches to the inner aspect of the thigh

and a filament to the origin of the ischio-cavernosus muscle (Schwalbe).

The mesial, internal or anterior branch is larger than the lateral and is more deeply

placed. It pierces the posterior margin of the triangular ligament and runs forward either

beneath or through the transversus perinei muscle. It splits into two or more branches

(nn. scroiales vel labiates posteriores) which inosculate freely with each other and supply the

integument of the scrotum or labium majus. They communicate with the pudendal branch of

the small sciatic ner\-e and with the inferior hemorrhoidal.
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bb. The deep branch of the perineal nerve is mainly nuisc iilar and ctinsists of a single

trunk which breaks up inU> several branches, whose main cleslinati<»n is the muscles of

the perineum. Tassiiij; forward from tlie ischio-reclal fossa it enters the deep perineal

interspace and sends hlamenls to liie external sphincter ani, the levator ani, the transversus

perinei, the ischio-cavernosus, tin- builio-cavernosus or sphincter va>jin;e and the compressor

urethriu. One brancli, tiie nerve to the bulb, acc<)m|)anied by the artery of the same name,

enters the bulb, supplying its tissue and that of the corpus sponj^iosum, and innervating the

urethra as far forward as tin- glans penis.

c. The dorsal nerve of the penis ( n. dorsalis penis) { iMg. 1 127) a terminal branch and the

most deeply situated of all tlie branches of tlie pudic, accompanies the dorsal artery of the |>enis

through the deep perineal intersjiace. It lies beneath the crus penis, the ischio-cavernosus

muscle and the inferior layer of the triangular ligament and over the compressor urethra.-

Fic. I 127.

Dorsal ner\;e
of penis

Cr\is penis,
detached

Ischio-cavernosus.
detaclied

Nerve io ischio
cavernosus
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Nerve to biilb

Nerve to trans-
versus perinei

Muscular br. of perineal

division of piulic nerve

Dorsal nerve
of penis

Cutaneous hr. ofperineal
divibion of puiltc nerve

Pudic ner\-e

Inferior hemor-
rhoidal nerve

Sphincter an'
exteriius

olles' fascia,

reflected

Cms penis and
i.schio-cavernosu.i

Anterior (internal)
superficial
])erineal nerve

Inferior pudendal
ner\-e
Transversus
perinei
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cial perineal nerve
Dorsal nerve of ftenis
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of pudic ncTA'e,

muscular portion
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Inferior hemor-
ihoidal ner\'e
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From IV. sacral v
nerve \

Perforating cutaneous nerve and a branch of IV. sacral nerve

Dissection of male perineum, showing distribution of pudic nerve; on left side of body Colles' fascia has been

reflected to expose superficial perineal interspace ; dorsal nerve of penis is seen in deep interspace on right side.

muscle. Piercing the inferior layer of the triangular ligament and the suspensory ligament of

the penis it reaches the dorsum of the penis, along which it courses as far as the glans. It

gives off the nerve to the corpus cavcrnosiim, which pierces the triangular ligament and supplies

the erectile tissue of the crus penis and corpus cavemosum. The main nerve innervates the

anterior two thirds of the penis, including the glans, and sends off ventral branches which pass

around to the under surface of the organ.

The dorsal nerve of the clitoris (n. dorsalis clitoridis)(Fig. 1128), while much smaller than

the dorsal nerve of the penis, has a corresiwnding course and distribution.

The dorsal nerve of the penis or clitoris communicates with the inferior pudendal branch

of the small sciatic.

Variations.-The pudic mav receive a root from the fifth lumbar, in the high form of plexus.

A root from the fifth sacral is described by Henle. The inferior hemorrhoidal may pierce either

the great or the small sacro-sciatic ligament, and the former of these ligaments may be perforated

.by the lateral superficial perineal nerve.
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The Coccygeal Plexus.

6. The sacro-coccygeal nerves (nn. anococcygei) are derived from a small

nerve inosculation called the coccygeal plexus (plexus coccyyeusj, a structure formed

by the fifth sacral and the coccygeal nerve, with a contribution from the fourth sacral

which descends over or through the great sacro-sciatic ligament. The fifth sacral,

having been joined by this twig from the fourth, descends along the margin of the

coccyx and is joined by the coccygeal ner\e, the resulting nerve-bundle constituting

the coccygeal plexus. From it arise minute filaments which pierce the great sacro-

sciatic ligament and are distributed to the integument in the immediate neighbor-

hood of the coccyx (Fig. 1084).

Practical Considerations.—Of the branches of the sacral plexus, the great

sciatic nen'e is the most important, owing to its size, its extensive distribution and

its exposed position. The greater part of the sacral plexus is continued into the

Fig. 1 128.
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Dissection of female perineurn. showing nen-es ; anal fascia in position on right side of body, removed on
left ; Colles' fascia removed on right side, exposing superficial perineal interspace ; superior layer of triangular

ligament, denuded of muscular tissue, seen on left side.

ner\'e. Except in complete lesions of the spinal cord this ner\'e is rarely paralyzed

in all its branches. The paralysis may result from fractures of the lumbar vertebrae,

of the.sacrum or of the innominate bone, from pressure of tumors in the pelvis or of

the child's head in labor or from the use of forceps. It is the structure in greatest

danger in dislocation of the hip, since the head of the femur in the most frequent

varieties sweeps backward against this ner\-e. In the reduction of these posterior

dislocations the ner\-e has been hooked up by the head and made to pass across the

front of the neck of the bone. From its close relation to the head and neck, it

may be injured in violent movements of the hip joint without dislocation.

It passes out of the pehns through the greater sacro-sciatic foramen, below the

pyriformis muscle, and after curving outward and downward under the gluteus maxi-

mus muscle it continues its course, approximately, in a line from a point midway
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betwct-n the j^rc-alc-r trochaiULT ami the tulxrosity of the ischium abcn-e to the middle of

the popliteal sj)ace below. At about the iuncti(;n of the middle and lower thirds of

the thij^h it divides into the internal and external pojjliieal nerves. Below the eluteus
ma.ximus muscle it is comparatively superficial, so that tenderness of the nerve, as
from sciatica, is easily elicited by pressure. At the jjoint where it emerj^es from
under the Ljluteus maximus it is readily reached for operation. After a vertical in-

cision through the skin and fascia at this level, the biceps muscle is exposed. The
lower margin of the gluteus maximus is raised and the biccjjs drawn inward, when
the nerve can be easily hooked uj) with the fmj^^er. Ik-cause of the j^reat importance
of this nerve to the lower extremity it is not advisable to excise or divide it as this

would paralyze its whole area below. Stretching is the only justifiable operation,
althoujj^h the results obtained are often disapp(jintinji^, and the operation may cause
acute neuritis. Accordiny^ to Trombetta, it will require a tension ecjual to the weij^ht

of I S3 lbs. to break it, and it is more likely to yield at its attachment to the sjjinal

cord than elsewhere. It should, therefore, tolerate a stretchinj^ force of from 100 to

160 lbs. (Treves). A safe workinij;- rule is to use a force sufficient to raise the
affected limb from the tal)le, the patient lyiny- in the prone position.

It has been observetl that when the paralysis is due to some pressure upon the
nerves of the sacral plexus within the pelvis it is often confined to the peroneal ax ex-
(erual popliteal nerve, or is most marked in it. This has been explained by the fact

that the hbres for the peroneal nerve lie close together directly on the pelvic bones,
and are, therefore, particularly exposed to pressure. They arise for the most part

from the lumbo-sacral cord, formed by the fourth and fifth hnnbar and first sacral

ner\-es, which lie directly on the innominate crest, the rest (jf the j)lexus lying on the
pyriformis muscle.

In paralysis of the external popliteal or peroneal nerve the extensors of the foot

and toes, the tibialis anticus and the peronei muscles are involved. The foot hangs
down from its own weight (foot drop), and turns in from paralysis of the peronei.

In some cases the anterior tibial muscle escapes. In walking the knee must be un-
duly flexed to prevent the toes from dragging on the ground and the arch of the foot

is flattened from the loss of the support given to the arch by the peroneus longus.

If sensation is disturbed it will be only to a slight extent over the anterior part of the

leg about the shin, and outward from this on the dorsum of the foot and toes, but not

at the sides of the foot. The peroneal nerve may be di\ided accidentally in a sub-

cutaneous tenotomy of the biceps tendon for contraction at the knee, the nerve lying

close to the inner border of the tendon. It may be injured by external violence, as

it passes around the head and neck of the fibula, where if necessary, an incision will

easily expose it ; or it may be injured by pressure, as in prolonged kneeling.

In paralysis of the internal popliteal nerve all the other muscles of the leg, in-

cluding the superficial and deep flexors, the tibialis posticus, the plantar muscles and
interossei are affected. The patient cannot extend the ankle and therefore cannot
stand on his toes. The toes cannot be flexed or moved sideways. Sensation is dis-

turbed on the inner and posterior surface of the leg, the outer border of the foot, the

sole and the plantar surface of the toes.

In paralysis of the entire sciatic nerve the flexors of the knee also are in\-oh-ed,

so that the patient cannot bring the heel toward the buttock. If only one sciatic is

involved he can still walk by fixing the knee in extension, the whole limb being

brought forward by the quadriceps extensor, w-hich is supplied by the anterior crural

nerve.

THE SYMPATHETIC SYSTEM OF NERVES.
The sympathetic portion (systema nervorum sympatheticum) of the peripheral

nervous system diflers from that already described—the spinal and the cranial nerves

—in being particularly concerned in carrying efferent and afferent impulses to and
from the thoracic. and abdominal organs (collectively termed the splanchnic area),

in contrast to the great somatic (^skeletal) masses of voluntary muscle. Whilst the

paths for the afterent or sensory impulses conducted from the splanchnic area differ

in no important respect from those formed by the cerebro-spinal nerves, the efferent

or motor paths are peculiar (a) in supplying the involuntary and cardiac muscle and
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Fig. 1 1 29.

the glandular tissue and (b) in consisting of at least two, sometimes of more, links be-

tween the source of the impulse (the spinal cord) and the structure upon which it is

expended. It is these interposed links that constitute the sympathetic elements

proper—the sympathetic neurones. The cell -bodies of these neurones exhibit a

marked disposition to become aggregated into larger or smaller collections, which

constitute the innumerable ^a;/^//a that form a conspicuous feature of the symi)athetic

system, whilst their axones serve to connect the ganglia with the terminal structures

(muscles or glands) or with other neurones. It is evident, therefore, that the

sympathetic system consists of

a complex of spinal and sym-
pathetic fibres intermingled

with groups of ganglion-cells.

The latter are, for the most
part, stellate in form and pro-

vided with axones which, while

often pursuing h long course

as splanchyiic efferenls, acquire

only partially or not at all a

medullary coat and hence may
be classified usually as non-

medullated fibres. Since the

spinal fibres are provided with

this covering, the bundles of

such fibres present the whitish

color distinguishing meduUated
strands, in contrast to the gray-

ish tint of the strands of the

nonmeduUated sympathetic fila-

ments. It is upon this histolog-

ical variation of their predomi-

nating fibres that the difference

recognized in the white and

gray rami communicantes, pres-

ently to be described, depends.

Although the supply of the

thoracic, abdominal and pelvic

organs constitutes an important

part of the duty of the sympa-
thetic nerves, it is by no means
their entire concern, the inner-

vation of the involuntary muscle

of the vessels and of the skin

and the glands throughout the

body being likewise their task.

In order to meet their obliga-

tions to the structures within

the body cavities, the sympa-
thetic nerves naturally follow

the course of the blood-vessels,

with the result that every artery

of consequence within these re-

gions is surrounded by a more or less elaborate net-work, these plexuses in most

cases bearing the names of the arteries which they accompany. In order to provide

for the oudying tracts of involuntary muscle contained within the blood-vessels outside

the body-cavities and within the skin, as well as for the glands, the sympathetic fibres

join, by way of the gray rami communicantes, the somatic spinal nerves, which

they accompany to all parts of the body. For this reason the peripheral somatic

nerve-trunks contain three varieties of fibres—afferent and efferent spinal and efferent

sympathetic.

Diagram showing constitution of s\ mpathetic system ; spinal

efferents are black ; sympathetic eRerents are red; sympathetic ^vis-

ceral) afferents are blue; SC, spinal cord; AR, PR, anterior and
posterior root of spinal nerve ; SG, spinal ganglion ; AD, /'Z^, anterior
and posterior primary divisions ; VVR, GR, white and gray rami
communicantes. GC, gangliated cord; SyG, sympathetic ganglia;
CG, cervical sympathetic ganglion ; PvG, SubG, TVC, prevertebral,
subsidiary and terminal ganglia; SpE/\ splanchnic efferents; SoEf,
somatic efTerents ; V, vessels of the spinal meninges; /, intestine.
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Constitution and General Arrangement.— H„- sympathetic system serves
-•ceive, rearrange and distril.ute tlie visceral rilameiits of the cerebro-spinal nerves,

l-'ic;. 1 130.
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and to complete, by the interposition of one or more of its especial neurones, the
path for the impulses brought by such fibres to the objective organs. It comprises
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two principal parts, the gangliated cords and the plexuses, with their associated

ganglia.

The gangliated cord (truncus sympatheticus), one of a symmetricall" placed

pair of gangliated trunks situated anterior or lateral to the bodies of the vertebrae

(F'ig. 1 133), begins in the head and extends through the neck, thorax and abdo-

men to the lower portion of the pelvis. In the head it consists of a plexus of

fibres continued up from the neck in an intricate interlacement which follows the

internal carotid artery ; and in the pelvis it terminates by the two cords forming a

loop or fine inosculation, situated anterior to the coccyx and containing the coccygeal

ganglion or ganglion iinpar.

The plexuses (plexus synipathetici) are a series of more or less distinct col-

lections of groups of nerve-cells (ganglia) and fibres, situated mainly in the axial line

and giving off and receiving fibres connected with the various viscera of the trunk.

The component elements of the plexuses and, indeed, of the entire sympathetic

system, are the ganglia and the nerve-fibres.

The ganglia, whilst following a general plan of arrangement as to number, size

and position, are subject to wide individual variations and, moreover, where they

approach a segmental type, as in the gangliated cord, there is considerable deviation

from the arrangement presented by the cerebro-spinal system. A ganglion may or

mav not be connected with a spinal nerve, but it is always linked by association

cords with other ganglia. According to their position, three varieties of ganglia

are recognized. One group includes the prevertebral ganglia (w trunci syni'

pathetici), those found as nodes in the gangliated cord ; a second variety comprises

the collateral or intermediate ganglia (g. plexuum sympatheticorura), which

lie either on the peripheral branches of the gangliated cord or in a prevertebral

plexus ; whilst to the third set belong the innumerable minute terminal ganglia,

composed of nerve-cells which lie at or near the visceral distributions of the sympa-
thetic fibres.

Each ganglion consists of an indefinite number of multipolar neurones, which

possess one axone and a number of dendrites, the whole cluster of cells being

enclosed in an envelope of fibrous tissue. The axone is often medullated in the

immediate vicinity of its cell, but usually loses this sheath as it gets farther and

farther away from its origin. The course taken by the axone of a prevertebral gang-

lion-cell may be one of three : (
i
) it may pass by means of an association cord into

an adjoining prevertebral ganglion, (2) it may proceed as a constituent of a gray

ramus communicans to join a spinal nerve or (3) it may follow a splanchnic efferent

toward a viscus.

The nerve-fibres encountered within the sympathetic system include two sets :

(a) those derived from the cerebro-spinal system, which are usually medullated, and

(<^) the sympathetic fibres proper, for the most part nonmeduUated, although as

stated above, many of the axones possess a medullary sheath for a short distance

beyond their origin from the nerve-cell. This distinction between medullated and

nonmeduUated fibres is, however, somewhat indefinite, since the medullated spinal

fibres often become nonmeduUated before terminating, whilst the sympathetic fibres

occasionally are medullated throughout their course.

Rami Communicantes.—Where the typical segmental arrangement prevails,

as in the thoracic region, each spinal ner\^e is connected with the adjacent gangliated

cord by a pair of short nerve-trunks, known as the rami commiinicantes (Fig. 11 29).

These are divided into two groups, the white ?'ami and the^;^ra)' ?'ami, a distinction

depending primarily upon the difference in the appearance of the strands when seen

in the fresh condition ; this distinction, moreover, corresponds with the histological

difference above noted—white rami appearing so in consequence of the prepon--

derance of opaque medullated fibres, and the gray rami possessing the darker tint

on account of the absence of the refracting myelin coat. The rami communicantes

pass directly between the spinal nerves and the gangliated cord, in relation to the

latter joining either a ganglion or an association cord between nodes.

The •white rami communicantes are composed almost exclusively of the

visceral branches of certain of the spinal nerves which use the sympathetic system

as the pathway by which they arrive at their destination. They consist of fasciculi of
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nicdullatcd nerve-fihres derived from both the anterior and the posterior roots of

the spinal nerves. The fibres arisinj^ from the anterior root are called the splanch-

nic efferentfibres and those from the posterior root the splanchnic afferent. Not all

of the spinal nerves, however, ^ive of! white rami, these strands of communication
forniinij a thoraco-lumhar c^roup, from the first or second thoracic to the second

or third hunbar nerve inclusive, and a sacral ffroup, derived from the second and
tiiird, or third and fourth sacral nerves. The cervical nerves do not j^ive of?

white rami.

The splanchnic efferent fibres are the a.xones of cells located within the

lateral horn of the ^ray matter of the spinal cord. They furnish motor impulses to

the unstriped muscle of the vessels and viscera, and secretory ones to the glands of

the splanchnic area ; they also convey motor impulses to the heart. Leaving the

spinal cord l)y way of the anterior root, they pass peripherally, enter a white ramus
communicans and reach the gangliated cord. One of three courses is then pursued

by these fibres : \l) they may end at once by forming- arborizations around cells in

the ganglion wliich they first enter, (2) they may pass through this ganglion, thence

up or down through an association cord to end around the cells of a node of the

gangliated cord above or below the level of entrance, or (3 ) they may course through

the gangliated cord and one of its visceral branches, and terminate in arborizations

around the cells of a prevertebral or of a collateral ganglion. It is possible that in

some cases the spinal efferents may continue without interruption through the several

divisions of its path as far as the terminal ganglia. The jjalii connecting the spinal

cord with the involuntary muscle always consists of two fibres, the preganglionic

?in(\ postganglionic The latter is the a.xone of the sympathetic neurone and always

forms the last link of the path carrying the stimulus to the involuntary muscle.

The splanchnic afferent fibres are the sensory fibres of the splanchnic area

and consist of the dendrites of cells situated within the intervertebral ganglia on the pos-

terior roots of the spinal nerves. Whilst the greater number of these fibres are found

in the white rami, a few are thought to be constituents of the gray rami. Beginning

in the viscera, they nm centrally, without interruption, through the terminal and
collateral ganglia, through the gangliated cord and the white (or gray) rami to the

spinal ner\e, and thence after coming into relation with the cells of the ganglion of

the posterior root, they pass by way of the posterior roots into the spinal cord.

The gray rami communicantes are bundles of a.xones of sympathetic neu-

rones which pass from the gangliated cord to each one of the entire series of spinal-

nerves. The reason of this generous provision will be evident when the purpose of

the communications effected by the gray rami is recalled, namely, to provide sympa-
thetic filaments to the outlying muscles and glands by way of the convenient path

afforded by the distribution of the somatic nerves. Mingled with the gray fibres,

a few of the meduUated variety are often encountered ; these are probably partly

splanchnic afferent fibres and partly medullated sympathetic fibres. Variation in the

origin of the gray rami from the gangliated cord is not uncommon ; they may
arise either from a ganglion or from the association cord between two ganglia

;

after leaving the gangliated cord, a single ramus may divide and supply two spinal

nerves ; or the reverse may happen, two or more rami arising independently and
either separately or after fusing, joining a single spinal nerve.

The further course of the sympathetic fibres, after having joined the spinal nerves

by way of the gray rami, is as follows : ( i ) they may course peripherally along with

the anterior or posterior primary divisions of the spinal ner\-e and convey vasomotor,

pilomotor or secretory impulses to the involuntary muscle and glands of the somatic

area ; or (2) they may enter the spinal canal by way of the anterior or posterior

nerve-roots and be distributed to the spinal meninges, but not to the nervous column.

According to Dogiel, it is probable that a small number of a.xones of sympathetic

neurones enter the root-ganglia of the spinal nerves to end in arborizations around
cells of the ganglia.

The association cords (Fig. 11 30) are the longitudinally disposed bundles of

fibres comprising the interganglionic portion of the gangliated cord ; they contain both

white and gray fibres. The gray ones are the a.xones of sympathetic neurones which

are either passing bet^veen adjacent or more remote ganglia, or taking an upward or
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downward course before passing distally to their ultimate splanchnic distribution.

The white hbres are either spinal splanchnic efferent or afferent fibres.

The branches of distribution from the gangliated cord include the somatic
and the visceral. The somatic branches are the gray rami communicantes ; the
visceral branches comprise the splanchnic efferents, which consist of both white
and gray efferent fibres, as well as the white splanchnic afferents.

THE CERVICO-CEPHALIC PORTION OF THE GANGLIATED CORD.
The cer\'ico-cephalic portion of the gangliated cord Tpars c^phalica et cervicalis

systematis sympaihetici) consists of a series of ganglia, usually three, but often only

two, connected by composite association cords (Fig. 1131}. It lies posterior to the

Fig. 1 131.
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craniiiin. The small j^aii^lia connected with tlu: trij^eniinal nerve—the ciliary, the
sphenopalatine, the otic antl the submaxillary—are regarded as outlyinj^^ nodes be-
lon^ini; to the cephalic continuation of the j^anj^liated cord.

The dominant characteristic of this jjortion is the absour of 7chilc rami, the
spinal lii)res present reachinj^^ the cervical rej^ion from the upper thoracic nerves by
way of the association cord between the highest thoracic and lowest cervical ganj(-
lion, around whose cells, as well as those of the higher cervical j^anv^lia, the i)rf)cessc*s

of the spinal nc-urones end.

The distribution of the cervical portion of the cord includes pupilhj-dilator

fibres, cardio-accelerator fibres, vasomotor fibres to the arteries of the head, neck and
upper extremities, j)il()motor fibres to the intei^ument of the head and neck, motor
fibres to the involuntary muscles of the orbit and eyelids and secretory fibres to the
glands. The ])ianches consist, as elsewhere, of two t,rrou|)s, somatic and visceral, the
former reachinj^ their area of distribution by way of certain cranial and spinal nerves,

and the latter, either alone or in conjunction with other nerves, forming- plexuses
which accompany blood-vessels and supply various viscera and vessels of the head,
neck and thorax.

The ganglia of the cervical portion include a superior, a middle and an inferior.

The Superior Cervical Ganglion,—The superior cervical ganglion Cg. cervi'

cale supcrius) (Fig. 1077) is the largest of the entire sympathetic .series, measuring
2-3 cm. in length and 4-6 mm. in width. It rests posteriorly on the rectus capitis

anticus major muscle opposite the second and third cervical vertebrae, with the
internal carotid artery anterior to it and the vagus nerve to its lateral aspect. With
the tyj)ical reddish-gray hue of the sympathetic ganglia, it is fusiform in outline,

although it may present constrictions, usually three, which indicate its composition of

four fused ganglia.

The somatic branches consist of (i) rami eo)>i»iu>iicantes and (2) some of

the eomminiiratini^ branches to the cranial nerves.

1. The rami communicantes consist of four gray rami which join the anterior

primary divisions of the first four cervical nerves.

2. The communicating branches to the cranial ner\es are given off from the
upper portion of the ganglion, (i) one joining the petrous ganglion of the glosso-

pharyngeal, (2) others entering the ganglia of the root and trunk of the vagus and

(3) another joining the hypoglossal nerve. In addition to these there is frequently

given of! from the lower portion of the ganglion (4) a branch which joins the exter-

nal laryngeal ner\'e.

The visceral branches comprise : (i) the: pharyngeal
, (2) the superior cervi-

cal cardiac
, (3) the vascular A\\(\ (4) the vertebral.

1. The pharyngeal branch or branches (rr. laryngopharyngei) arises from
the antero-mesial aspect of the ganglion and courses obliquely inward and downward
posterior to the carotid sheath to reach the surface of the middle constrictor of the

pharynx. Here it unites with the pharyngeal branches of the glosso-pharyngeal and
vagus nerves to form the pharyngeal plexus (page 1269), from which fibres are

distributed to the muscles and mucous membrane of the pharynx, a few filaments

joining the superior and external laryngeal nerves.

2. The superior cervical cardiac nerve (n. card iacus superior) (Fig. 1131)
arises as two or three twigs from the ganglion, with sometimes an additional filament

from the association cord between the superior and middle ganglia. It courses down-
ward anterior to the longus colli muscle in the posterior part of the carotid sheath,

crosses the anterior or the posterior surface of the inferior thyroid artery, and then

descends in front of the inferior laryngeal nerve. At the base of the neck the course

of the ner\'e begins to differ on the two sides.

The right nerve enters the thorax either anterior or posterior to the subclavian

artery and accompanies the innominate artery to the aorta, where it enters the deep
cardiac plexus, a few fibres passing to the anterior surface of the aorta. On the way
down a few twigs join the inferior thyroid artery and with it enter and supply the

substance of the thyroid body.

The left nerve upon entering the thorax joins the common carotid artery, along

whose lateral and anterior surfaces it courses to the aorta, upon reaching which it
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joins the superficial cardiac plexus. In some instances the nerve remains behind the

carotid artery and joins the deep cardiac plexus.

A pretracheal branch, derived from the loop between the superior cervical

cardiac nerve and the inferior laryngeal, descends anterior to the trachea and is dis-

tributed to the pericardium and the anterior pulmonary plexus CDrobnik.

)

The superior cervical cardiac nerve communicates freely in the neck with the

middle cardiac and other branches of the sympathetic, and with the external laryngeal

and superior cervical cardiac branches of the vagus. In the thorax it inosculates

with the inferior laryngeal nerve.

Variations.—The superior, as well as the other cardiac nerves, presents a considerable
degree of variation, sometimes to so grea; an e.xtent as to show no resemblance to the accepted
typical plan of arrangement. It is .sometimes absent, especially on the right side, and in such
event appears to be replaced by a branch from the vagus or from the e.xternal laryngeal nerve.
It may have no independent course, but join one of the other sympathetic cardiac nerves and
reach its destination as a part of the latter.

3. The vascular branches comprise plexiform nerve-structures which accom-
pany the terminal dixisions (jf the common carotid artery. They consist of: (a) the

external carotid brayich and (b) the internal carotid branch.

a. The external carotid branch (n. caroticus externus) (Fig. 1061) joins

the external carotid artery and furnishes subsidiary plexuses which accompany the

branches of that vessel. In addition to supplying vasomotor fibres to the external

carotid tree, sympathetic filaments are furnished to two of the ganglia of the trigem-

inal nerve. A branch (radix g. submaxillaris) from the plexus on the facial artery

(plexus niaxillaris externus) joins the submaxillary ganglion as its sympathetic
root, and one or more, the smallest deep petrosal nerve, from the plexus on
the middle meningeal artery (plexus meningeus), forms the sympathetic root of the

otic ganglion.

Ganglia of microscopic size have been described on these vascular plexuses.

The most important of these, the temporal ganglion, is situated on the external

carotid at the point of origin of the posterior auricular artery and is said to receive

a filament of communication from the stylo-hyoid branch of the facial nerve.

b. The internal carotid branch (n. caroticus internus) is apparently an
upward, cranial extension of the superior ganglion (Fig. 1061). Ascending beneath
the internal carotid artery, it accompanies that vessel into the carotid canal, where it

divides into two plexuses, the carotid and the cavernous, the former ramifying on the

lateral and the latter on the mesial aspect of the artery. While the individuality of

these two is distinct, there are numerous fine fibres connecting them as they pass

upward into the cranium.

The carotid plexus (plexus caroticus internus) is located on the lateral or outer
surface of the internal carotid artery at its second bend. In addition to supplving
fine plexuses which accompany the branches of the artery to their ultimate ramifica-

tions, the following arise from the carotid plexus : (aa) the catotid branches, (bb)

the communicating branch to the abducent ?ierve, (cc) the communicating branches

to the Gasseria7i ga7igliofi, (^dd ) the great deep petrosal nerve and (^ee) the small
deep petrosal nerve.

aa. The carotid branches consist of numerous fine twigs which are supplied to the internal

carotid artery.

bb. The communicating branch to the abducent nerve consists of one or two twigs which
join the nerve as it lies in the wail of the cavernous sinus in close proximity to the internal

carotid artery.

cc. The communicating branches to the Gasserian ganglion comprise several small fila-

ments which pass to the ganglion ; they usually ari.se from the carotid but sometimes are derived

from the cavernous plexus.

dd. The great deep petrosal nerve courses forward to the posterior end of the \'idian canal,

where it joins the great superficial petrosal to form the Vidian nerve (page 1059), finally en-

tering Meckel's ganglion as its sympathetic root.

ee. The small deep petrosal nerve or «. carotico-tytnpanicus joins the tympanic plexus

(page 1075), a structure formed by the tympanic branch of the glosso-phar\'ngeal, a filament

*rom the geniculate ganglion of the facial nerve and the small deep petrosal ner\'e. In addition
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to furnishing; t\vij;s to tlic mucous nieniljranc of the niitldle car and vicinity, tliis plexus con-
tributes a larjje part of the svtall superficial petrosal m-rvc, which joins the otic gangUon as its

scMisory root (|>ai;e 1246).

The cavernous plexus (plexus cavcrnosus) lies inferi(jr ami internal to the
internal carotid artery and in intimate relation with the cavernous sinus. Its

branches are: (rta) the carotid branc/ics, (bb) the comtniDiiratim^ branch to the oculo-

motor ncn<e, (cc) the commuuicatitiir branch to the trochlear nerve, (dd ) the com-
municathii^ branch to the ophthalmic division of the triire?niniis nerve, {ee) a branch
to the ciliary j^'^ant; lion and (J/ ) branches to the pituitary body.

Fig. 1 132.
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aa. The carotid branches are distributed to the internal carotid artery.

bb. The communicating branch to the oculomotor nerve joins the latter about at the point

where it breaks up into its superior and inferior divisions.

cc. The communicating branch to the trochlear nerve, sometimes derived from the

carotid plexus, joins the trochlear in the wall of the cavernous sinus.

dd. The communicating branch to the ophthalmic division of the trigeminus nerve joins

the mesial surface of that nerve.

ee. The branch to the ciliary ganglion (radices sympatheticae g. ciliaris) arises in the

cranium and enters the orbit throujjh the sphenoidal fissure, either as an independent structure

or jointly with the nasal or with the oculomotor ner\e. As the sympathetic root (radix media),

it enters the upper posterior angle of the ciliary ganglion (Fig. 105S). either alone or as a

common trunk with the sensory root.

S6
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ff. The branches to the pituitary body consist of several tiny filaments which enter the

substance of that l>ody.

4. Tlie vertebral branches consist- of two or three filaments which pass

backward, pierce the prevertebral muscles and are distributed to the bony and liga-

mentous structures of the upper portion of the vertebral column.

The Middle Cervical Ganglion.—The middle cervical ganglion (g. cenicale

medium), a structure not infrequently absent, consists of one or two collections

of nerve-cells situated posterior to the carotid sheath in the neighborhood of

the inferior thyroid artery (Fig. 1131). It lies about the level of the sixth cervical

vertebra and represents the fusion of two primitive cervical ganglia.

The somatic branches are : (i) the gray ?'amt com miifitca?ifes and (2) the

sudc/az'/czn loop.

1. The gray rami communicantes arise either from the ganglion or from its

upper or lower association cord. They consist of two trunks which pass backward

and join the anterior primary divisions of the fifth and sixth cervical nerves.

2. The subclavian loop (ansa subclavia [Vieussenii] ) is a nerve, frequently

double, which passes over the subclavian artery and joins the inferior cervical gang-

lion sending twigs (plexus subclavius) to the subclavian artery and its branches and

to the phrenic nerve.

The visceral branches are: (i) the thyroid plexus and (2) the middle

cervical cardiac nerve. In case of absence of the middle cervical ganglion, these

branches arise from the interganglionic association cord between the superior and

inferior ganglia.

1. The thyroid plexus (plexus thyreoideus inferior) consists of several fine

inosculating twigs which accompany the inferior thyroid artery into the substance

of the thyroid body.

2. The middle cervical cardiac nerve (n. cardiacus medius) (Fig. 1131)

differs in its course on the two sides of the body. Descending in the neck, where

it inosculates with the superior cervical cardiac and inferior laryngeal nerves, it

passes, on the right side, either anterior or posterior to the subclavian artery, to

the front of the trachea where it receives filaments of inosculation from the inferior

laryngeal nerve. On the left side it enters the thorax between the common carotid

and subclavian arteries. On both right and left sides it terminates posterior to the

arch of the aorta by entering corresponding sides of the deep cardiac plexus.

Variations.—The gangliated cord, in the region of the middle ganglion, may lie posterior

to the inferior thyroid artery or may be bifurcated, the artery lying between the two portions.

The Inferior Cervical Ganglion.—The inferior cervical ganglion (g. cervicale

infcius) (Fig. 1079) is situated at the root of the neck, over the first costo-central

articulation, between the neck of the first rib and the transverse process of the

seventh cervical vertebra. In shape it is irregular, being flat, round or cres-

centic, and it is often fused with or only partially separated from the first thoracic

ganglion. Situated in the external angle between the subclavian and vertebral

arteries it is usually connected above with the middle ganglion by an association cord

and by the subclavian loop, the former, passing posterior to the vertebral artery,

but sometimes, especially on the left side, forming a nervous ring around that vessel.

The somatic branches consist of: (i) the gray rami commiinicayitcs, (2) the

subclavian loop and (3) a communicatino; branch to the inferior laryngeal nerve.

1. The gray rami communicantes consist of two nonmeduUated trunks

which join the anterior primary di\'isions of the seventh and eighth cervical nerves.

2. The subclavian loop (ansa subclavia [Vieussenii] ) has already been de-

scribed, as a branch of the middle cervical ganglion.

3. The communicating branch to the inferior laryngeal nerve frequently

accompanies the inferior cervical cardiac nerve ; it joins the inferior laryngeal pos-

terior to the subclavian artery.

The visceral branches comprise : (i) the vertebralplexus z.n6. (2) the inferior

cervical cardiac nerve.
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I. The vertebral plexus ( plexus vcrtchialis) is a closely woven net-work of
fibres which follows the course and disirilniiion of the vertebral artery in the neck
and cranium.

KiG. 1 133.
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2. The inferior cervical cardiac nerve (n. cardiacus inferior) (Fig. 1132).
Sometimes arising from the first thoracic ganglion, descends in the thorax posterior to



1364 HUMAN ANATOMY.

the subclavain artery, inosculates with the middle cervical cardiac and inferior laryngeal

nerves and terminates in the deep cardiac plexus.

THE THORACIC PORTION OF THE GANGLIATED CORD.

The thoracic portion of the gangliated cord (pars thoracalis systematis sympa-

thetici) consists of a series of eleven, twelve, ten or even fewer irregularly triangular,

fusiform or oval ganglia (gs- thoracalia), situated lateral to the bodies of the thoracic

vertebrae, covered by parietal pleura and interconnected by association cords which

lie anterior to the intercostal blood-vessels (Fig. 1133)- the largest of the ganglia

is the first, which is situated at the mesial end of the first intercostal space and is

not infrequendy fused with the inferior cervical ganglion. The location of the

thoracic ganglia corresponds usually to the heads of the ribs, the lowest being placed

anterior to the head of the twelfth rib and at the upper margin of the twelfth thoracic

vertebra.

A characteristic of the thoracic ganglia is the almost unva.ry'mg prese?ice of white

ramicommunicantes, all of the series, wi'th the possible exception of the first, receiving

these rami from the thoracic spinal nerves. They consist of an upper and a lo'wer

series, the former coming from the upper five nerves and coursing head-ward to enter

and be distributed mainly by way of the cervico-cephalic portion of the gangliated

cord ; and the lower arising' from the lower seven and being distributed to certain

thoracic and abdominal structures. As elsewhere, so here from each of the ganglia

is o'i\-en of? a gray ramus communicans to a thoracic spinal ner\-e.

The somatic branches of the thoracic portion of the gangliated cord are

chiefly the gray rami communicantes. These arise from each of the thoracic ganglia

and, in close proximity to the white rami, pass backward and join the anterior pri-

mary divisions of all the thoracic spinal nerves.

The visceral branches arise from the gangha and their association cords and

consist of gray splanchnic eflerent and white splanchnic efferent and afferent fibres.

The splanchnic afferent fibres have no sympathetic connections, and consist

merely of tracts which carry impulses from the splanchnic area through the thoracic

and spinal ganglia to the posterior roots of the spinal thoracic nerves.

The splanchnic efferent fibres, after passing through the gangliated cord or

its peripheral branches, form links with the cells of the collateral or terminal ganglia,

from which nonmeduUated axones are derived for the supply of various visceral or

vascular structures. Those of the upper series are distributed mainly as branches of

the cervical ganglia; while those of the lower series, from the sixth to the twelfth thoracic

nerves inclusive, in the thorax supply the aorta and lungs with vasomotor fibres.

Beloic the thorax their distribution is quite extensive, including, in conjunction with

the vagus, viscero-inhibitory fibres for the stomach and intestine, motor fibres for a

portion of the circular muscle of the rectum, vasomotor fibres for the abdominal aorta

and its branches and secretory and sensory fibres for the abdominal viscera. The

thoracic gangliated cord is peculiar in containing, along with the visceral fibres dis-

tributed by its splanchnic efferents, many efferents proceeding from the spinal cord

destined for regions supplied by way of the limb nerves arising from the cervical and

lumbo-sacral segments of the spinal cord. In order to provide gray rami at appro-

priate levels tojoin the spinal ner\'es the spinal efterents course both up and down

in the gangliated cord beyond the thoracic region. In this manner the thoracic

nerves, "in addition to giving ofT the splanchnic efierents, provide vasomotor, pilo-

motor and secretorv filaments for the greater part of the lower half of the body.

The visceral branches comprise : (i) \\\& pidmojiary branches, (2) the aortic

brayiches and (3) the splanchnic nerves.

1. The pulmonary branches (rr. pulmonales) are derived from the second,

third and fourth ganglia and proceed forward to join the posterior pulmonary plexus.

2. The aortic branches arise from the upper four or five ganglia and, after

furnishing a few fine twigs to the vertebrae and their ligaments, inosculate around

the thoracic aorta in the form of a fine plexus (plexus aorticus thoracalis).

3. The splanchnic nerves (nn. splanchnici) (Fig. 1133) are three trunks

which arise from the lower part of the thoracic cord and are distributed to structures

situated in the abdominal cavity.



THE S\'Ml'ArHKTIC SYSTEM OF NERVES. 1365

Th
Irom th

along th

le great splanchnic nerve (n. splanchnicus major; arises by a seiies of roots

e t,Mn|L;liati'(l conl frmn the fifth U) thcr ninth j^ani,'lia inciusivL-. Descending
he anlero-lateial aspect i)f the vertebral column, lliis nerve pierces the crus of

\

the diaphragm and enters the upper end of the semilunar ganglion, some of its

fibres being "traceable to the suprarenal body and the renal plexus. In the thoracic

portion of its course is developed the great splanchnicganglion (g. splanchnicum) from
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which, as well as from the nerve itself, are ^iven of! filaments for the supply of the

oesophagus, the thoracic aorta and the vertebrae. Sometimes in the thorax it is

divided and forms a plexus with the small splanchnic anfl in this event several small

ganglia are present. This nerve consists mainly (four-hfths, according to Riidinger)

of meduUated fibres, which are direct continuations of white rami from as far up as

the third thoracic nerve or even higher.

The small splanchnic nerve (n. splanchnicus minor) arises from the ninth and
tenth, or tenth and eleventh ganglia or innn adjacent portions of interganglionic cords.

Entering the abdomen by piercing the crus of the diaphragm either in association with

or in close proximity to the great splanchnic, it terminates in that {)ortion of the semi-

lunar ganglion called the aortico-rc7ial ga7is;Iio7i.

The least splanchnic nerve (n. splanchnicus imus) arises from the lowest of

the thoracic ganglia and may receive a filament from the small splanchnic, from which
it occasionally takes origin. Piercing the diaphragm in company with the gangli-

ated cord it terminates in the renal plexus.

A fourth splanchnic nerve is rarely present. It is described by Wrisberg as

having been found in eight cadavers out of a large number examined. It is formed
by filaments from the cardiac nerves, aided by twigs from the lower cervical and
upper thoracic ganglia.

THE LUMBAR PORTION OF THE GANGLIATED CORD.

The lumbar portion of the gangliated cord (pars abdominalis systematis sympa-
thetici) (Fig. 1 134) consists usually of four small oval ganglia connected by association

cords. There may be a decided increase in the number of the ganglia, as many as

eight having been found, and, on the other hand, occasionally there are fewer than

four, there being under these circumstances a compensatory increase in the size of the

ganglia present. The lumbar portion of the sympathetic lies nearer the median line

than does the thoracic, the cords being placed anterior to the bodies of the lumbar
vertebree and the lumbar vessels, along the mesial border of the psoas magnus, on
the left side being partially concealed by the aorta and on the right by the inferior

vena cava. It is connected with the thoracic portion by a small association cord,

which passes either through or posterior to the diaphragm, and with the sacral portion

by a cord which descends behind the common iliac artery. White rami communi-
cantes are received from the first, the second and sometimes the third lumbar nerve,

additional white fibres being derived from the lower thoracic nerves by way of the

gangliated cord.

The somatic branches comprise the peripheral distribution of the gray rami
communicantes . These are the longest to be found in the body, on account of the

distance between the ganglia and the intervertebral foramina. They accompany the

lumbar vessels and pass beneath the fibrous arches from which the psoas magnus
takes origin.

1. The white rami communicantes are derived from the upper two or

three lumbar nerves and join the upper ganglia or the adjacent portion of the inter-

ganglionic cord. They contain splanchnic efferent and afferent fibres, which continue

downward the distribution of the thoracic portion of the gangliated cord, including

vasomotor and secretory fibres for the lower extremities, pilomotor fibres, vaso-

motor fibres for the abdominal vessels, motor fibres for the circular musculature
of the rectum and inhibitory fibres for the longitudinal muscle of the rectum. Fibres

peculiar to the lumbar region include vasomotor nerves of the penis and motor fibres

for the bladder and uterus, those to the bladder supplying the sphincter as well

as the circular and longitudinal muscle-fibres, those to the last-mentioned group
being inhibitory.

2. The gray rami communicantes are irregular in number and arrange-

ment, sometimes a single one dividing and joining two lumbar nerves and sometimes
two to five passing to a single spinal nerve.

The visceral branches vary considerably in their distribution, some joining

the hypogastric plexus (plexus hypogastricus), others the aortic plexus (plexus aorticus

abdominalis) and still others supplying the vertebrae and their ligaments.
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THE SACRAL PORTION OF THE GANGLIATED CORD.
The sacral portion of the .i,Mn^diatc-(l cord (pars pclvina systematis sympathetici)

consists of four i^aiit,dia intcrconiu'ctcd by association cords, there hcinj^ a consider-
able deijree of variation in both the number and the size of the j^an^lia fFij^^. 1133).
Lyinji^ anterior to the sacrum and internal to the anterior sacral foramina, it is con-
nected above with the lumbar portion by a sinj^le or double association cord which
lies posterior to the common iliac artery, and below it gradually apj^roaches the
median line and is united in front of the coccyx with its fellcjw of the opposite side by
a loop or tine jjlexus in which is situatetl the sinj^le coccygeal ganglion or gang-
lion impar.

While this portion of the ^an^liated cord receives no white rami communicantes,
in the sense of trunks i)assin^ from the sacral spinal nerves to the sacral ^anjj^lia, the
visceral branches of the pudendal plexus pass directly to the pelvic ])lexus without
traversing- ganglia, and are considered as being homologous with white rami. In
addition to these, white fibres reach the sacral from the lumbar portion of the
gangliated cord.

The somatic branches are the gray rami communicantes. They arise from
the sacral ganglia and pass dorsally to join the anterior primary divisions of the sacral

and coccygeal s{)inal nerves.

The visceral branches are distributed through the medium of the pelvic
plexus (page I374j ^nd furnish motor fibres to the longitudinal and inhibitory

fibres to the circular musculature of the rectum, the chief motor fibres to the bladder
(probably to the longitudinal muscular fibres), motor fibres to the uterus, the ncrvi
en'gentes or vaso-dilators of the penis and secretory fibres to the prostate gland.

Additional strands, the parietal branches unite and ramify, anterior to the
sacrum, with similar twigs from the opposite side and furnish filaments to the sacrum
and coccyx and their ligaments, and to the coccygeal body.

THE PLEXUSES OF THE SYMPATHETIC NERVES.

The tendency of the sympathetic nerves to form intricate and elaborate plexuses

(plexus sympathetic! ) is a marked feature of this portion of the nerv'ous system.

They lie, in the main, anterior to the plane of the gangliated cord and consist of

fibres alone or of fibres and ganglia, from which smaller plexuses or branches pass

to the viscera. Some of them are of sufificient importance, size and individuality

to merit separate descriptions ; such are the cardiac, \.\\e puhnonary, the oesophageal,

the solar and the pelvic. The pulmonary and oesophageal plexuses have been

described in connection with the vagus nerve (page 1272).

The Cardiac Plexus.

The cardiac plexus (plexus cardiacus) consists of an interlacement of ner\e-fibres,

containing one well-marked ganglion, to which accessions are brought by the vagus

and sympathetic nerves and from which fibres are furnished to the heart and, to a

slight degree, the lungs. It comprises two portions: (i) the superjicial cardiac

plexus and (2) the deep cardiac plexus.

1. The superficial cardiac plexus (Fig. 1135) is much the smaller of the

two and consists of a fine inosculation of nerve-fibres in the meshes of which is con-

tained a small ganglion, the gaiiglioyi of Wrisberg (g. cardiacum [Wrisbergi]).

It is situated in the concavity of the arch of the aorta, between the obliterated ductus

arteriosus and the right pulmonary artery. Tributary to it are the superior cervical

cardiac branch of the left gangliated cord and the inferior cer\ical cardiac branch

of the left vagus, w^hilst its fibres of distribution contribute to («) the right coronary

plexus, {b') the left half of the deep cardiac plexus and, along the left pulmonary

artery, (r) the left anterior pulmonary plexus.

2. The deep cardiac plexus (Fig. 1135), considerably larger than the su-

perficial, is located above the bifurcation of the pulmonary artery, posterior to the

arch of the aorta and anterior to the lower end of the trachea. It comprises two
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distinct portions, a right and a left, united by numerous fibres around the lower end
of the trachea. The right portion receives as tributaries all of the cardiac branches

of the sympathetic, vagus and inferior lar\-ngeal ner\-es of the right side. The left

portion receives all of the cardiac branches of the left vagus and sympathetic ner\es,

except the two which enter the superficial ple.xus (^the superior cer\'ical cardiac branch

of the left gangliated cord and the inferior cer\ical branch of the left vagus), with the

addition of filaments from the left inferior laryngeal nerve and from the superficial

cardiac plexus.
Fig. 1 135.
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Froyyi the right portion of the plexus arises the right or anterior coronary-
plexus (plexus coronarius cordis anterior), to which fibres are sent from the superficial

plexus. This plexus reaches the heart by coursing along the ascending aorta and
then follows the right coronary arter}', in whose course it distributes fibres to adjacent
portions of the heart. Other branches from the right portion join the superficial

cardiac plexus and the right anterior pulmonary plexus.

From the left portion originates the left or posterior coronary plexus /'plexus

coronarius cordis posterior) which, reinforced by fibres from the superficial plexus,

follows the course and distribution of the corresponding arten,'. The left portion
contributes filaments to the superficial cardiac and left anterior pulmonary plexuses.

The Solar Plexus.

The abdominal and pel\-ic cavities are inner\-ated by the solar, hypogastric and
p>elvic plexuses, composed of the visceral branches of the lower thoracic, lumbar and
upper sacral portions of the gangliated cord, in conjunction with the central ner\ous
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axis by means of the rami commimicaiitcs of the lower thoracic and vijtper UimV)ar

nerves ami the visceral l)raiiches of tin- jjiuleiulal jjlexus.

The st)lar or epigastric plexus ( I'i^. 1136), the larj^est of the series, is situated

in the uj)per abdominal re^^ion, posterior to the stctinach, anterior to the aorta and
the crura of the dia|)hrai,rm, superior to the pancreas, between the su|)rarenal bodies

and aroimil the orii^ins of tin- coliac axis and the superior mesi-nteric artery. It is

continuous above with the (liaplnai^malic jjIcxus, laterally with the suprarenal and

Fig. 1136.
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renal plexuses, below with the superior mesenteric and aortic plexuses and, by

means of the aortic and hypogastric plexuses, with the two pelvic plexuses. Con-

tributory to it are the right vagus and the great and small splanchnic nerves. The

fully formed plexus consists of two portions: (i) the sonilunar ganglia and (2)

the cceliac plexus.

I. The semilunar ganglia (gg. coeliaca) (Fig. 11 36), the largest of the

ganglionic elements in the solar plexus, are situated upon the crura of the diaphragm

at the superior and lateral portions of the plexus, partly overlapped by the suprarenal

bodies and separated from each other by the cceliac axis and the superior mesenteric

artery ; the right one is partially covered by the superior vena cava and the two are
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connected by cords which pass transversely above and below the root of the coeliac

axis. The upper end of each is e.xpanded and receives the termination of the great
splanchnic nerve, while the lower portion, the aortico-renal ganglion, is partially

detached and receives the small splanchnic nerve. A third portion, located below
and to the right of the root of the superior mesenteric artery, is called the superior
mesenteric ganglion (g. mesentericum superius). From each semilunar ganglion
branches emerge in all directions to join those plexuses which are continuous with
the solar.

2. The coeliac plexus (plexus cocliacus) embraces the coeliac axis and consists

of a dense felt-work of nerve-fibres, in which are embedded numerous small ganglia,

and which is joined by branches from both semilunar ganglia and from the right

Fig. 1 137.
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vagus. Inferiorly it is continued into the superior mesenteric and aortic plexuses

and from it arise the coronary, hepatic and splenic plexuses.

The gastric plexus (plexus gastricus superior) accompanies the gastric artery

along the lesser curvature of the stomach, inosculates with both vagus nerves and
distributes branches which run for a short distance beneath the peritoneum and then

enter and supply the deeper coats of the stomach.

The hepatic plexus (plexus hepaticus ) traverses the lesser omentum in company
with the bile duct, the hepatic artery and the portal vein and, after inosculating with

fibres of the left vagus, enters the liver, in which it ramifies. In addition to its

terminal distribution it contributes filaments to the right suprarenal plexus and
furnishes offshoots which follow the collateral branches of the hepatic artery, sup-

plying the areas to which these arteries are distributed.

The splenic plexus (plexus lienalis), which surrounds the splenic artery,

receives accessions from the left semilunar ganglion and the right vagus and enters

the spleen. Branches of the plexus accompany the branches of the splenic artery

and are distributed similarly.
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Tlie diaphragmatic or phrenic plexus (plexus phrcnicus) is dcrivecl from the
upper portion ot iIil- sriniluiiar t;;m-^lioii and ai coiiipanics tlur phrenic branch of the
ahiloniinal aorta to the diaphra^Mii, the 'ij^dit beinj^^ larger than the left. After
siii)i)lyini,^ sonic filaments to tlu- suprarenal body, it enters the musculature of the
dia|)hramm and there unites with the phrenic nerve from the cervical spinal plexus.
At the point of inosculation, on the ri^ht side only, near the suprarenal body and on
the under surface of the diaphraj^nn, is a small ^^an^lion called the phrenic ganglion
(r. phrcnicum). From it are ^iven oil branches to the suprarenal body, the inferior
vena cava and the hepatic plexus.

The suprarenal plexus ( plexus siiprarcnalisj arisc-s from the lateral aspect of
the semilunar ganglion and is joined by filaments from the diaphragmatic and renal

Fic. 113S.
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plexuses. It consists mainly of meduUated fibres and, while very short, is made up
of a number of filaments and is of considerable size. Numerous tiny ganglia are
scattered throughout the meshes of this plexus.

The renal plexus (plexus renalis) is derived mainly from the aortico-renal

ganglion, additional fibres being contributed by the smallest splanchnic ner\e, some-
times by the small splanchnic, and by the aortic and suprarenal plexuses ; there is

occasionally present a twig from the first lumbar ganglion. Entering the hilum of

the kidney with the renal artery, the plexus splits up and ramifies in the renal sub-
stance. In its course along the artery a number of ganglia of varying size, called

the renal ganglia, are found. In addition to supplying the kidney, filaments are

furnished to the spermatic plexus and to the ureter, and on the right side to the

inferior vena cava.
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The spermatic plexus ( plexus spcrmaticus) follows the course of the spermatic

artery through the abdomen, inguinal canal and scrotum, inosculating with filaments

which arise in the pelvis and accompany the vas deferens and its artery to the

scrotum. It is derived from the renal and aortic plexuses, a small spermatic gang-
lion being situated at the point of origin of the fibres contributed by the aortic plexus.

The ovarian plexus (plexus ovaricus), arising similarly to the spermatic,

accompanies the ovarian artery and is distributed to the ovary, the oviduct, the

broad ligament and the uterus. In the broad ligament it inosculates with those

pelvic fibres which constitute the uterine plexus.

Fig. 1 139.
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The superior mesenteric plexus (plexus mesentcricus superior) (Fig. 1139),
firm in texture and containing a large admixture of medullated fibres, is continuous

with the coeliac plexus above and with the aortic below. Its fibres are derived from

the semilunar ganglia, the coeliac ple.xus and the right vagus. Situated in the root

of the plexus and lying below and to the right of the origin of the superior mesen-
teric artery is the superior mesenteric ganglion (<t. mcsentericum superius),

from which a number of the fibres of the plexus arise. Accompanying the superior

mesenteric artery, the plexus gives oR subdivisions which correspond to and follow

the course of the branches of that artery, supplying filaments to the small intestine,

the coecum, the vermiform appendix and the ascending and transverse colons. As
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the fibres appioarh the distal cdj^c of the incseiitLTy sonic oi thcin leave the vessels

and form miiuitt' iiidepentU-iit plexuses from which (ilaments pass to the j^ut.

The aortic plexus (plexus a(»rticiis altdomiiialis) (I'i^- i'3^) is the direct

dowiuvani extension of the solar. EnihraciniL; the aorta, it extends frc>m the orij.;in

of the superior mesenteric artery above to that of the inferitjr mesenteric below, and
is connected with the semilunar jj;anj^lia and with the renal and superi(jr mesenteric

plexuses superiorly and with the hypogastric inferiorly. It consists of a pair of

Fig.
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symmetrically placed nerve trunks situated at the sides of the aorta and connected

with each other by several branches which lie anterior to that vessel ;
filaments from

the lumbar ganglia join the main cords of the plexus. It gives off the inferior ines-

enteric plexus, sends contributions to the suprarenal, renal and spermatic or ovarian,

supplies filaments .to the aorta and inferior vena cava and terminates in the hypo-

gastric plexus.

The inferior mesenteric plexus (plexus mesentericus inferior) is derived

from the left portion of the aortic plexus and follows the course and distribution

of the artery for which it is named. Situated a short distance beyond its origin

is the small inferior mesenteric ganglion. From this plexus branches are
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distributed to the descending and sigmoid colons and to the> upper portion of the

rectum.

The hypogastric plexus (plexus hypogastricus) (Fig. 1140), the continuation

of the aortic, lies on the posterior wall of the pelvis in the angle between the
common iliac arteries, and enclosed in a firm investment of fibrous tissue. In
addition to the fibres derived from the aortic plexus, others are contributed by
the lumbar ganglia, and the resulting intricate interlacement, in which there are

no ganglia, constitutes the hypogastric plexus. It supplies the pelvic contents

and at its lower end divides into the two pelvic plexuses.

The pelvic plexuses (plexus hypogastrici ioferiores), (Fig. 1140) the terminal

divisions of the hypogastric, are situated lateral to the rectum and to the vagina

in the female. They comprise fibres derived from the hypogastric plexus and from

the upper part of the sacral portion of the gangliated cord, aided by^ the visceral

branc/ies of thepudendal plexus^ all of these forming an elaborate net-work, in which
are dotted numerous small ganglia. The completed structure follows the course

of the internal iliac artery, around whose branches it sends derivatives for the

supply of the pelvic contents.

The hemorrhoidal plexus (plexus hemorrhoidalis medius) arises from the

upper portion of the pelvic plexus and after inosculating with the superior

hemorrhoidal branches (nn. hemorrhoidales superiorcsj of the inferior mesenteric

ple.xus, are distributed to the rectum.

The vesical plexus (plexus vesicalis) consists of branches of the pelvic which
accompany the vesical arteries to the lateral and inferior portions of the bladder,

after reaching which they leave the vessels and split into small twigs for the supply

of the bladder, some filaments going to the ureter, the vas deferens and the seminal

vesicle.

The prostatic plexus (plexus prostaticus) comprises a number of nerves of con-

siderable size and is situated between the lateral aspect of the prostate gland and
the mesial surface of the levator ani muscle. After furnishing twigs to the prostatic

urethra, the neck of the bladder and the seminal vesicle, it continues forward as the

cavernous plexus.

The cavernous plexus (plexus cavernosus penis) extends forward through the

triangular ligament and the compressor urethrae muscle to the dorsum of the base of

the penis, where it receives some communicating filaments from the pudic ner\'e.

After supplying branches to the apex of the prostate gland and the membranous
urethra, the plexus terminates by breaking up into (i) the small and (2) large

cavernous nerves of the penis.

1. The small cavernous nerves (nn. cavernosi penis rainores) pierce the

fibrous envelope of the crus penis and end in filaments which supply the erectile

tissue of the corpus cavernosum.

2. The large cavernous nerve (n. cavernosus penis major), consisting mainly

of meduUated fibres, passes directly along the dorsum of the penis, giving of? fila-

ments which enter the substance of the corpus cavernosum. At about the middle of

the body of the penis it inosculates with the dorsal nerve of the penis, both of these

nerves sending twigs to the corpus spongiosum.

The utero-vaginal plexus (plexus uterovaginalis) corresponds to the prostatic

plexus of the male and consists of two portions : (i) the uterine plexus and (2) the

vaginalplexus.

1. The uterine plexus (plexus uterinus) is derived from the pelvic plexus and is

supplemented in its distribution by the visceral branches from the pudendal plexus.

These fibres accompany the uterine vessels along the side of the uterus, most of them
entering the cervix and the lower portion of the body of the uterus. They inoscu-

late with fibres from the ovarian plexus and in their meshes are found many small

ganglia, a collection of which is located near the cervix uteri and is called the gang-
lion cervicale.

2. The vaginal plexus (plexus vaginalis) arises from the lower part of the

pelvic and comprises mainly fibres derived from the visceral branches of the puden-

dal plexus. It supplies the vagina and the urethra and continues forward as the

cavernous plexus of the clitoris (plexus cavernosus clitoridis).
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Practical Considerations.— TIk- cervical sympathdic may be injured by deep
wouiuls of the neck, or may be compressed by tumors, abscesses or aneurisms. It

supplies motor fibres to the involuntary muscles of the orbit and eyelids, vasomotor
fibres to the face, neck and head, dilator fibres to the pupil, accelerator fibres to the
heart and secretory fibres to the salivary j^lands. If it is irritated, some or all of the
followinj^ symptoms will be i)resent: the palpebral fissure will open wider, the eyes
will be protruded, the skin of the face and neck will be pale and cold, the pupils
dilatetl, and the sweat, nasal secretion and saliva diminished. Section or destruction
of the cervical sympathetic will ^ive the opposite symptoms.

The cervical sympathetic has been removed for epilepsy, glaucoma and ex(jph-
thalmic goitre. The greatest success has been obtained in the last condition, espe-
cially by Jonncsco, who advises this procedure in hysteria, chorea, and tumors of the
brain, as well as in the above-mentioned conditions. It may be excised throuj^^h an
incision anterior to the sterno-mastoid, as it lies posterior to the carotid sheath
on the prevertebral fascia. The superior cervical ^anj^lion is the largest and lies

opposite the transverse processes of the second and third vertebra-. Branches of it

go upward along the external and internal carotid arteries, the ascending branch
passing along the internal carotid artery through its bony canal in the base of the
skull to form the carotid and cavernous plexuses, both of which are really parts of

one plexus arranged around this artery. Other branches communicate with the
cranial nerves, the pharyngeal nerves and the superficial cervical cardiac nerve.

The middle cervical ganglion is the smallest, lies on the inferior thyroid artery oppo-
site the sixth cervical vertebra and is in danger in the ligation of that artery. The
inferior ganglion, intermediate in size between the other two, lies in a depression
between the neck of the first rib and the transverse process of the seventh cervical

vertebra.

The branches of the upper four or five thoracic gayigHa of the sympathetic enter

into the supply of the thoracic viscera, but the branches of the lower seven or eight

form the splanchnic nerves and go to the supply of the abdominal viscera through the

solar plexus and its extensions into other sympathetic plexuses of the abdomen. It

is of interest and importance to observe that those intercostal nerves corresponding in

their origin from the spinal cord with the ganglia giving of? the splanchnics, together
with the first two lumbar nerves, the ilio-hypogastric and ilio-inguinal, supply the

abdominal wall with motor and sensory branches. In this way the same segments
of the spinal cord supply the abdominal viscera as well as the skin and muscles over

them. A similar arrangement of the nerves is seen in the joints, where the same
nerves supply the skin covering the joint, the muscles which move it, and the joint

structures. As a result of this, when necessary, all parts of the joint act in sympa-
thy. In an inflammation of the joint the skin becomes sensitive, tendi.-ig to ward ofif

interference, and the muscles become rigid, preventing motion and favoring rest. In

a similar manner the abdominal muscles become rigid to protect inflamed viscera

underneath, the muscles of one side only if the inflammation is localized to one side,

but the muscles of both sides if a general peritonitis is present.

DEVELOPMENT OF THE PERIPHERAL NERVES.

The manner in which the nerve-fibres composing the peripheral nervous system develop

from the primary cells, the neuroblasts, has been indicated in the previous sketch of their

histogenesis given on page loii. It remains, therefore, to describe briefly at this place the more
important features of their morphogenesis. The fundamental fact has been repieatedly empha-
sized, that efferent or motor fibres are outgrowths from neurones situated within the cerebro-

spinal axis, whilst all afferent or sensor}- fibres arise from cells placed outside this axis and
within the ganglia located along the course of the nerves. It is evident, furthermore, that the

efferent constituents of the peripheral nerves have their nuclei of origin within the spinal cord

or brain and grow outward, as axones, to their destinations. The afferent fibres, on the other

hand, proceed in both directions, the axones early growing centrally to join the nervous axis,

hence, having usually a short course, being represented by the entering sensorx' roots. The
dendrites grow in the opposite direction and contribute the sensory fibres that extend often to

remote parts of the body. Whilst in the lowest vertebrates, the amphioxus and the cyclos-

tomes, the ventral and dorsal roots of the spinal nerves remain distinct, in the higher types

they join to form the mixed nerve, which typically divides into the anterior, posterior and
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visceral divisions. Such typical division, however, is displayed only by those spinal nerves dis-

tributed to that part of the trunk in which the primary segmentation is retained, namely, the

thoracic region, where the skeletal muscular, and vascular segments, as well as the nerves,

retain their identity. In the other parts of the spinal series, the cervical and the lumbo-sacral,

where provision is made for the supply of the highly differentiated musculature of the ex-

tremities from a number of cord-segments, the nerves early unite to form plexuses from which

the limb-trunks grow out, an arrangement well adapted for the distribution of fibres from

different sources without undue multiplication of nervous paths. Concerning the factors which

guide the young nerve to its destination with such remarkable constancy, nothing is known,

but it may be assumed that these are probably influences of a physical character, the developing

nerve taking the path offering least resistance. The visceral division of the spinal nerve, to

which reference has been made, corresponds to the white ramus communicans given off by

certain of the thoracic and lumbo-sacral nerves. These splanchnic fibres differ from the

somatic efferent ones in taking their origin from cells which occupy a more lateral position

within the gray matter of the spinal cord than do the root-cells giving rise to the motor fibres

destined for the skeletal muscles. Whilst the great majority of the splanchnic fibres reach the

ramus of communication by way of the anterior root, some few perhaps traverse the posterior

or sensory root and its ganglion before continuing their course to the sympathetic. The sensory

fibres described within the anterior roots of the spinal nerves are not actual constituents of these

roots, which are exclusively motor, but recurrent meningeal twigs destined for the membranes

of the cord.

The Cranial Nerves.—From the preceding account of these nerves, it is evident that the

optic nerve differs morphologically widely from an ordinary nerve, since it may be regarded as

a modified outlying portion of the brain. Its development may be omitted, therefore, from

this series and appropriately considered in connection with the development of the eye (page

1482). There is sufficient reason, as will appear later, for regarding the hypoglossal ner\-e as a

cranially displaced member of the spinal series. Of the remaining nerves, only the olfactory

and auditory are purely sensory ; the third, fourth, sixth and eleventh are exclusively motor
;

and the fifth, seventh, ninth and tenth are mixed, the motor strands taking origin from the neu-

rones within the brain-stem, while the sensory ones are derivations from the neurones lying

within the ganglia connected with the afferent fibres. Although at first sight the trigeminus

closely corresponds to a spinal nerve in the possession of a gangliated sensory and a

motor root, critical examination of the origin of its motor fibres discloses an important differ-

ence, namely that they arise from the lateral nuclei and not from the mesial, which correspond

to collections of ventral root-cells. A similar difference also appears between the efferent

trigeminal fibres and those of the eye-muscle ner\es, the latter arising from groups of root-cells

occupying a position close to the mid-line. In order to appreciate the significance of this differ-

ence, reference must be made to the primary division of the musculature of the head already

referred to in connection with the grouping of the muscles (page 472 ). It was there pointed

out that it may be assumed that the segmented condition of the trunk musculature, as expressed

by the metameres, is continued into the cephalic region but with subsequent suppression of the

middle members of the possible nine or ten segments which constituted the original quota of

head-metameres. Of those persisting two groups are recognized—one including the first three

metameres, giving rise to the ocular muscles and being supplied by the third, fourth and sixth

nerves ; the other including the last three or four, producing the tongue-muscles, and being sup-

plied by the tv\elfth nerve. To these groups of cephalic metameres is added a third, the

branchiomeres, which are regarded as representing a supplementary series connected with the

branchial arches and not present in the trunk. The branchiomeres receive the mixed cranial

nerves, whose motor filaments supply muscular masses surrounding the visceral tubes (digestive

and respiratory), and arise from the lateral motor nuclei. It follows that none of the cranial

nerves contain fibres from all these sources, in the case of the fifth, seventh, ninth and tenth, the

fibres being derived from the lateral motor and the sensorj- nuclei, and in the case of the third,

fourth and sixth, from the mesial (ventral) nuclei alone. From the primary conditions, as

revealed by studies on the lower vertebrates, it is probable that the dorsal fibres also are by no

means of similar morphological value, since some represent a somatic sensory system, as those

distributed to the integument, and others belong to a visceral sensory one, as those distributed

to the walls of the mouth, pharynx and larynx. Following the principle already emphasized,

the motor fibres of the cranial nerves grow from the brain outward, while the sensory ones extend

centrally from the ganglia of the nerves associated with the brain. The cranial and spinal nerves

appear on the surface of the neural tube at a very early period, their presence being conspicuous

by the end of the fourth week (Fig. ii4i)'

The olfactory nerve is developed in connection with the epithelial lining of the primary'

olfactory- pit (page 1429). As early as the end of the first fcttal month, in the human embr>o,

cells corresponding to neuroblasts appear in the anlage of the olfactorj' organ. From these

elements processes soon grow brainward, nucleated tracts indicating the formation of the later

olfactory fibres. The cell-bodies of the young neurone migrate so that for a time their position
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is no longer will>in the primary cpilhdium, but deeper and w.dnn a cell a««reKat,on knoun

as ^hJo//i/<>ryjr.n.,/u>n The neurones, however, retan. co.u>ecl.on w.th the oUaclory ep.tl c--

Uuml.y meatus ot ihtir peripl>erally directed processes, which correspond to dendrites, and . h

he b ain by means of their axones. With the thickening of the olfactory epithehum which sub-

seuuJn IV occurs the peri,.heral fibres and their .n.clei comes to he entirely wuhin the epithelial

s'r tun uuh^rs St as\lJ olfactory cells, whose centrally directed processes form the oUactury

fila "us that end as arb<,ri/.ations within the characteristic oltact.^ry glomeruli. 1 he first

c ^Vl nerve ^^ in the superficial position of its cell-b.>dies and in the extreme shortness

of rden irite .^which are represented by the rod-like fibres of nn.roscopic '-^^^ e;^^-;;^'">5

?rom the cell-bodies toward the free surface of the olfactory mucous meml,rane. This superhua

prti n of he olfactory neurones is regarded as an unusual persistence <.f the primary condition

Sral sensory elements and as evidence of the archaic nature of the ol.actory nerves.

Fio. 1 141.

Superior colliculus
Mid-braiij

Ileal body
piencephalon

Mc(li.->n jteniculate lx)dy

I'alliuiu

Inferior colliculus

Oculomotor nerve

Trochlear ner\-e

Cerebelhnn

Trigeminal nerve

Auditor^- nerve

Glosso-pharyngeal nerv

Vagus nerve

Spinal accessor}' ner\'e

Rhinencephalon

\ Optic stalk

Inferior part of III. ventricle

Facial nerve

Alxiucent nerve

Hypoglossal nerve

T.e op«c „„ve is- i">--;^>,^-;;;*^^-;°' ^''^^f^rZ^^^.f^:^
mf^nt k ni->nronriatelv considered wiln tliat 01 me e>e u-"*»'' m-j^j

,

• ^ j r
'

c ,^u^r

SgniVcare Srso at variance with that of the other nerves, it may be omitted from farther

discussion in the series now being described. _ ^„ :„ ;tc tnoHp of

The oculomotor nerve being strictly a motor nerve has nritichm common m '^s "^^^e of

root that early entirely disappears, thus ^^^-^^-^'^'^^^^^^^^

rorrespondence with those of the spinal series, it is doubtful .^^
Aether sucn struc y

present, the suppression of the dorsal portion ot the "^-^ ^e-? ^"^lete. Soon^^^^^^^^^

mation the main trunk undergoes division mto a ^7^/ "P^^; ';"<;4
^^'^'' ^°''

which foreshadow the superior and interior divisions of the n^aturenen^
neuroblasts in close

The trochlear nerve, although spnng.ng from a central
J^^";^

°\ "f^^^'^^^ Instead

proximity with those giving rise to the third, is peculiar '" ^^e coui^e of it. axones
1

of maintaining a ventral course, these proceed f/f ' ^
^^^^^^^^^^Tc^^

rdorsal) aspect of the hind-brain, piercmg the plate which later becomes m f
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lary velum. As in the case of the third, so for the trochlear an abortive transient dorsal

ganglion and root have been described (Martin). If present these must be regarded as ex-

ceptional and not constant ft-atures.

The trigeminal nerve is a mixed nerve and therefore takes its origin differently for its

two roots. Tlie motor one is developed from a series of neuroblasts, which lie at some distance

from the mid-line within the wall of the neural tube, at a position corresponding to the junction

of the dorsal and ventral zones of the mid-brain and metencei)halon. The axones of these

neuroblasts grow forward and converge to the surface of the later pons at a position close to

where the ingrowing sensory fibres join the neural tube. The sensory fibres are the axones of

neurones located within the Gasserian ganglion. The latter is derived as a ventrally directed

outgrowth from the ectoblast of the roof of the hind-brain, with which it remains attached for a

short time, but later becomes entirely separated. The neuroblasts acc|uire a bipolar form, one
set of processes, the axones, growing centrally to establish secondary connections with the

hind-brain as the large sensory root, while the others, the dendrites, extend i)erii)herally into

the substance of the fronto-nasal and maxillary processes to form the ophthalmic and maxillary

nerves and into the mandibular process to form, in conjunction with the smaller motor root.

Fig. I 142.

Reconstruction of brain and cranial nerves of pig embryo; cranial nerves indicated by figures; CI-C3, cervical
spinal nerves ; in coiniection with seventh nerve., / s.fi, large superficial petrosal ; ch.ty., chorda lympani ; /a., facial

;

J., n., vagus ganglia of root and trutik ; com., commissural extension of ganglion of root ;
/', Froriep's hypoglossal

ganglion. [JF. T. Lewis.)

the mandibular division of the trigeminus from the ganglion ridge. Provision for the ciliary

ganglion is made early by the migration of cells from the major ganglion along the de-

veloping ophthalmic division. Similar migrations along the other divisions give rise to the

spheno-palatine, the otic and the submaxillary ganglia. The later histological characteristics

of these cells, as well as their mode of origin, warrant the view that the ciliary ganglion, as well

as the others connected with the trigeminus, belong to the sympathetic system. On entering

the wall of the brain-tube, the bulk of tlie sensory trigeminal fibres assume a longitudinal course

and early establish the tract of the spinal cord.

The abducent nerve developes, in a manner identical with the third and fourth, from a

median group of cells occupying the ventral zone of the upper part of the hind-brain. In the

human embryo of about four and a half weeks (Fig. 1141), the nerve appears at its super-

ficial origin mesial to the Gasserian ganglion. The root-fibres early consolidate into a compact
strand.

The facial nerve being a mixed one also arises from a double source, its motor fibres

taking origin from efferent neuroblasts situated in the ventro-lateral wall of the metencephalon.

In contrast to the direct ventral course of the axones of the mesial motor nerves, those of the

facial pursue a path to the surface of the brain-stem even more indirect than that taken by the

lateral motor fibres of the other mixed nerves. Proceeding as the axones of neurcjblasts lying

within the lateral part of the ventral zone of the wall of the hind-brain, they are directed dor-

sally, then grow forward, turn outward and, finally, ventrally to gain emergence from the brain.

The sensory portion of the facial is topographically closely connected during its development
with the auditory, the nuclei of the two nerves often being designated the facial-acoustic com-
plex. The three components of this aggregation—the geniculate, the cochlear and the vestibu-

lar ganglia—are primarily derived from an ectoblastic cell-mass in the vicinity of the otic vesicle.
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The neuroblasts ut llic facial consliuicnl, the K<-'i'Culatc k.iiikIioii, send their centrally directed
processes to tlie hrain-sleni as the pars intermedia, wiiilst their peripherally ;;rouin;j dendrites
contribute the sensory fibres, i)assinK' by way of the ciiorda tynipani and the ;creater and lesser
superficial petrosal nerves. The genicul.ite KanKlii>u aiul the i>ars intermedia correspond,
therefore, to a ilorsal n>t)l.

The auditory nerve, althoiij,^! for a time closely related in position (I-'i^;. 1103) with the
facial (ijeniiuiate) jjan-^Hit)!!, tlevelopes entirely inde|)endeiuly and ;it no time has more than an
inciiiental relation. Tlie primary auditory nucleus is defined in iium.m embryos by the In^in-
ninj: of the fourth week as an elon^^ated ellipsoidal mass in contact with the anterior wall of the
otic vesicle. Accordinj,' to Streeter ', the nucleus very shortly exhibits a differentiation into
a superior and an inferior part, from tlie latter of which soon ajipears a third portion. This
third portion, the later j^an^lion spirale, early manifests a tendency to coil in conse<iuence of
its close relations with the

Fh;.

Vagus root gaii)^.

II43-

Accessory root gati^f.

IX. root gang-

Froriep

Gang, nodos.

N. Jaryg. sup.

XII. with r. descend.

ductus cochlearis. The
major jxirt of the primary
acousvic comi)le.\, incliKiin^

the superior and most of

the inferior part, becomes
the vestibular g a n jj 1 i o n,

from the neuroblasts of which
centrally directed a.xones
pass to the young brain-

stem as the vestibular nerve,

while the dendrites become
connected at certain places

with the semicircular canals,

the utricle and the saccule.

The groujiing of the vestibular

rami seen in the adult is early

foreshadowed in the develop-

ing nerx'e, since from the

upper part of the vestibular

ganglion grows out the su-

perior division of the vestib-

ular nerv^e which, supplies

the utricle and the ampulhe
of the superior and e.xternal

semicircular, canals (Fig.
1070) . The lower part of the

ganglion, in addition to fur-

nishing the anlage for the

cochlear nerve, gives off the

inferior division of the vestib-

ular nerve, by which the

saccule and the posterior

canal are supplied. During
the subsequent growth of the

structures, the neurones of

the spiral ganglion send a.x-

ones towards the brain which become the cochlear nerve, whilst their dendrites-grow peripherally

into the ductus cochlearis and are represented by the minute filaments extending from the

cells of the spiral ganglion to the auditory cells of Corti's organ.

The glosso-pharyngeal nerve is a mi.xed nerve and has, therefore, a double origin. Its

motor fibres arise from neuroblasts situated in the dorsal part of the ventral zone of the wall of

the hind-brain just posterior to the otic vesicle. The sensory part of the nerve, along with

that of the vagus, offers greater complexity, since it is developed, as shown by Streeter -, from
two sources. The ganglion of the root (g. superius or jugular ganglion) arises verj- early as

a small mass of cells derived from the ganglion-crest of the hind-brain. It varies in size and
soon ceases to grow, which behavior, in connection with the preponderating ingrowth of the

motor fibres, accounts for the well-known inconstancy of the structure. The ganglion of

the trunk (g. petrosum) arises, according to Streeter, not from the neural crest, but in

relation with the ectoblast of the second visceral furrow. At first ununited with the smaller

ganglion superius, the ganglion of the root stibsequently becomes joined to it, the two nodes.

' Amer. Jour, of Anatomy, vol. vi., 1907.

*Amer. Jour, of Anatomy, vol. iv., 1904.

Sympathetic

\'agus

Reconstruction of peripheral nerves of human embryo of five weeks
(14 mm.) >; 13. (Streeter.)
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being later closely related, both as to position and fibres. An outgrowth of distally directed

fibres establishes the main trunk of the nerve, while a forwardly growing strand represents the

later tympanic branch.

Tlie vagus and spinal accessory nerves are so inseparably related in their development

that their origin must be regarded as proceeding from a common vagus complex. The latter

comprises three elements: {a) a series of mentor roots, which arise from the ventral zone of

the hind-brain and extend from near the glosso-pharyngeal anlage in front as far as the third or

fourth spinal segment below
;

(d) a partially subdivided, but at first continuous, ganglicjnic

mass, which arises from the ganglion-crest of the hind-brain and represents the root-ganglia;

(r) a secondary ventral cell-mass, the primitive ganglion of the trunk, which, as in the case of

the glosso-pharyngeal nerve, is developed in close relation with the ectoblast of the posterior

branchial furrows. Whilst the motor rootlets persist and become the efferent root-fibres of the

later vagus and accessory nerves, the dorsal or crest-ganglia soon exhibit differences in their

growth, the one situated farthest forward outstripping the others and becoming the vagal gang-

lion of the root, and the remaining ones becoming the accessory root -ganglia. These latter

constitute a chain which below meets with the spinal dorsal ganglia. Primarily, therefore, the

entire length of the vagus complex is occupied by a series of mixed nerve strands possessing

both motor and sensory elements. The head-end of the series later becomes jiredominatingly

sensory, while in the tail-end of the same the motor character prevails. The ventral vagus

nucleus is attached secondarily to the dorsal nucleus by centrally growing fibres, while from its

distal end extend the dendritic processes which constitute the trunk of the vagus and its

branches. In consequence of the intergrowth of these afferent and efferent fibres, the definite

tenth nerve in the usual sense, with its two ganglia, becomes established. Although for a short

period ihe accessory part of the complex is j^rovided with both motor and sensory parts, the

latter are subsequently overpowered by the efferent fibres, so that the i:)resence of the rudimen-

tary ganglionic elements within the accessorius can be demonstrated only by microscopic exam-

ination (Streeter) . From the preceding facts it is evident that the estimate of the eleventh nerve

as an integral part of the vagus is well founded.

The hypoglossal nerve appears in the human embryo, towards the close of the third week,

as several strands which grow from the ventral zone of the wall of fhe hind-brain and are in

series with tlie ventral root-fibres of the upper cervical spinal nerves. Soon the separate root-

lets converge and consolidate into a common trunk, from which, by the end of the fifth week,

the chief branches of distribution arise. The production of the wide-meshed net-work which

distinguishes the communications between the upper cervical and hypoglossal nerves results

from the separation of fibres which are at first closely adjacent, the subsequent migration of the

growing tongue-muscles drawing the hypoglossal fibres away from the spina! nerves, except at

such points where they have become enclosed in a common sheath. There is good reason for

regarding the hypoglossal nerve as representing the ventral roots of trunk-nerves, which have

been cephalicly displaced and drawn within the cranium. Moreover, the observations of

Froriep and others upon adult mammals and of His ujion the human embryo have shown the

presence of a rudimentary dorsal ganglion and abortive dorsal root-fibres. The occasional

presence of a rudimentary ganglionic mass, known as Froriep's ganglion, attached to the

fibres of the adult hypoglossal nerve in man is to be interpreted as the persistent dorsal

element which ordinarily disappears.

F"rom the preceding sketch it is evident that in no instance, as observed in the usual adult

condition in man, is there complete correspondence between the members of the cephalic

series and those of the trunk. The group of purely sensory nerves—the olfactory, optic and

auditory—includes one, the optic, which is so exceptional in its fundamental relations as to lie

without the pale of peripheral nerves in their strict sense. The remaining two sensory nerves

are held to be primarily the equivalents of constituents of a peculiar system of sensory

organs, best developed in fishes, known as the organs of the lateral line. Tlit- third, fourth,

sixth and twelfth, the ventral motor nerves, are undoubtedly associated wilh head-somites,

although the exact number and nerve relations of such mesoblastic segments are uncertain

;

in fundamental significance, therefore, these nerves agree with those of the trunk-series,

although modifiedby the suppression of their dorsal or sensory constituents. The mixed

nerves—the fifth, seventh, ninth and tenth (the eleventh being reckoned as part of the vagus)

—

are unrepresented in the spinal series and belong to the branchiomeres represented by the

visceral arches. Of these nerves, the trigeminus most nearly accords in constitution with a typical

spinal nerve, since, with the exception of ventral motor constituents which are wanting, it pos-

sesses as does the typical spinal nerve, botii somatic (general cutaneous) sensory and visceral

sensory fibres. A further resemblance is found in the ciiaracter of the gray matter constituting

the reception-nucleus for the sensory fibres of the trigeminus, since this column is composed of

• substantia gelatinosa continuous with the Rolandic substance capping the posterior cornu of the

cord. A similar, although less intimate, arrangement is seen in the column of gray matter accom-

panying the descending root (funiculus solitarius)of the facial, glosso-pharj-ngeal and vagus nerves.



THE ORGANS OF SENSE.

Thk cells directly receiving the stimuli producinj^ the sensory impressions of

touch, smell, taste, sight and hearintf are all derivations of the ectoblast—the jjreat

primary sensory layer from which the essential parts of the orj^ans of special sense
.are differentiations. The olfactory cells— nervous elements that corresp<jnd to

ganglion cells— retain their primary relation, since they remain embedded within

the iinaginated perii)heral epithelium lining the nasal fossu-, sending their ilendriles

towartls the free surface and their axoiies into the brain. I'sually, however, the

nerve cells connected with the special sense organs abandon their superficial position

and lie at some distance from the jieriphery, receiving the stimuli not directly, but

from the epithelial receptors by way of their dendrites. In the case of the most
highly specialized sen.se organs, the eye and the ear, the percipient cells lie enclosed

within capsules of mesoblastic origin, the stimuli reaching them by way of an
elaborate path of conduction.

THE SKIN.

Since the extensive integumentary sheet that clothes the exterior of the entire

body not only serves as a protectixe investment, an efihcient regulator of body
temperature and an important excretory structure, but also contains the special end-

organs and the peripheral terminations of the sensory nerves that receive and convey
the stimuli producing tactile impressions, the skin may be appropriately considered

along with the other sense-organs of which it may be regarded as the primary and
least specialized. On the other hand, the correspondence of its structure with that

of the mucous membranes, with which it is directly continuous at the orifices on the

exterior of the body, emphasizes the close relation of the skin to the alimentary and
other mucous tracts.

This general investment, the tegmentum commune, includes ihc skin proper,

with the specialized tactile corpuscles, and its appcndai^es—the hairs, the nails and
the cutaneous glands. Its a\erage superficial area is approximately one and a half

square meters.

The skin C cutis), using the term in a more restricted sense as applied to the

covering proper without its appendages, everywhere consists of two distinct portions

—a superficial epithelial and a deeper connective tissue stratum. The former, the epi-

dermis, is devoid of blood-vessels, the capillary loops of which never reach farther than

the subjacent coriiim, as the outermost layer of the connective tissue stratum is called.

The thickness of the skin, from .5-4 mm., varies greatly in different parts of

the body, being least on the eyelids, penis and nympha, and greatest on the palms
of the hands and soles of the feet and on the shoulders and back of the neck. In

general, with the exception of the hands and feet, the skin is thicker on the extensor

and dorsal surfaces than on the opposite aspects of the body. Of the entire thick-

ness, the proportion contributed by the epidermis is variable, but in most localities

it is about . i mm. Where exposed to unusual pressure, as on the palms of laborers

or on habitually unshod soles, the epidermis may attain a thickness of 4 mm.
As seen during life, the color of the skin results from the blending of the in-

herent tint of the tissues with that of the blood within the superficial vessels. When
the latter are empty, as after death, the skin assumes the characteristic pallor and
ashen hue. Where the capillaries are numerous and the overlying strata thin, the

skin exhibits the pronounced rosy color of the lips, cheeks, ears and hands. Where,
on the contrary, the contents of fewer vessels shimmer through the epidermis, the

paler tint of the limbs and trunk is produced.

In certain localities—especially over the mammary areolae after pregnancy, the

axillse, the external genital organs and around the anus—the skin presents a more or

less pronounced brownish color owing to the unusual quantity of pigment within the

1381
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Imprint of dorsal surface of left hand near ulnar border;

radiating lines are produced by creases connecting points at

which hairs emerge.

Fig. 1145.

epidermis. The amount of skin-pii^ment not only differs permanently among races

(white, yellow and black; and indi-

FiG. 1 144. viduals (blond and brunette;, but
also varies in the same person with

age and exposure, as contrasted by
the rosy tint of the infant and the

bronzed tan of the weather beaten

mariner.

Unless bound down to the

underlying tissues, as it is over the

scalp, external ear, palms and soles,

the skin is freely mo\able. Its

physical properties include con-

siderable extensibility and marked
elasticity. By \irtue of the latter the

temporary displacement and stretch-

ing produced by movements of the

joints and muscles is overcome and
the smoothness of the skin, so con-

spicuous in early life, is maintained.

With ad\ancing age the elasticity

becomes impaired and folds are no
longer effaced, resulting in the perma-

nent wrinkles seen in the skin of old

people. Certain folds and furrows, however, are not only permanent and ineffaceable,

appearing in the fcetus, but are fairly constant in position and form. One group,

produced by flexion of the joints, includes the conspicu-

ous creases "on the flexor surface of the wrist, palm and

fingers, and the similar markings on the soles of the feet.

The other group, more extensive but less striking,

includes the fine grooves that connect the points of

emergence of the hairs and cover the trunk and extensor

surface of the limbs with a delicate tracery (Fig._ii44).

The surface modelling of the skin covering the

palms, soles and flexor aspects of the digits is due to

the disposition of numerous minute ridges ( cristae cutis)

and furrows (sulci cutis i. The cutaneous ridges, about

.2 mm. in width, correspond to double rows of papillae

which they cover, the sweat glands opening along the

summit of the crests. The patterns formed by the

cutaneous ridges (Fig. 1145) remain throughout life

unchanged and are so distinctive for each individual

that they aft'ord a reliable and practical means of identi-

fication. In addition to the various longitudinal, trans-

verse and oblique ranges of ridges that cover the greater

part of the hand, groups of concentrically arranged

ridges occupy the volar surface over the distal phalanges,

the pads between the metacarpo-phalangeal joints and

the middle of the hypothenar eminence. These highly

characteristic areas, the so-called tactile pads (toruli

tactiles) are most strikingly developed over the bulbs

of the fingers, where the ridges are often disposed in

whorls rather than in regular ovals. The markings of

corresponding areas of the two hands are symmetrical

and sometimes identical.

Structure.—The two parts of which the skin is

evervwhere composed—the epidermis and the connec-

tive tissue stratum—are derivatives of the ectoblast and

of the mesoblast respectivelv. The connecti\e tissue portion includes two layers,

Imprint of palmar surface of left

middle finger, showing arrangement
of cutaneous ridges ; transverse in-

terruptions are produced by flexion

creases over joints.
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the coriiim and the tela suhcutanea, which, however, are so Ijjeiulecl with each other

as to be without sharp (kinarcatioii.

The corium or derma, tlu- iiujre'superlicial and compact of the connective

tissue strata, lies inunediately heneath the ej)iderniis from which it is always well

detined. With the exception of within a few localities, as over the ftjrehead, external

ear and perineal raphe, the outer surface of the corium is not even hut beset with

elevations, ridj^es, or papilhe, which produce correspjjiulini; modelling of the opposed
under surface of the overlyinj^ epidermis. The pattern resultinjj; from these eleva-

tions varies in tlifferent retjions, l)einj^^ a net-work with ehjntjated meshes over the

back anil front of tlu- trunk, with more re^ularl)' polN^onal lields over the extremi-

I''io. 1 146.

wm'm
IB

I

Portion of corium from palmar
surface of hand after removal of epi-

dermis ; each range includes a double
row of papillpe, which underlie the
superficial cutaneous ridges and en-
close openings of sweat glands ; latter

appear as dark points along ranges
of papillje. X 5.

Fig. 1 147.

Small p :..„:. .; ,:.^;.:.., ,.^.;..^:i,

showing papilla; under higlicr magnifica-
tion ; orifices of torn sweat glands are seen
between papillae. X- 24.

ties and with small irregular meshes on the face (Blaschko). The best de\eloped

papilke are on the tle.xor surfaces of the hands and feet, where they attain a height

of .2 mm. or more and are disposed in the closely set double rows that underlie the

cutaneous ridges on the palms and soles above noted. The papillae afford favorable

positions for the lodgement of the terminal capillary loops and the special organs of

touch and are accordingly grouped as vascular and tactile.

In recognition of the elevations, which in \'ertical sections of the skin appear
as isolated projections, the corium is subdivided into an outer papillary stratum

(corpus papillare), containing the papillfe, and a deeper reticular stratum (tunica

propria), composed of the closely interlacing bundles of fibrous and elastic tissue

that are continued into the more robust and looselv arranged trabecuKe of the tela

subcutanea. These two strata of the corium, however, are so blended that they

pass insensibly and without definite boundary into each other. Although composed
of the same histological factors—bundles of fibrous tissue, elastic fibres and con-

nective tissue cells—the disposition of these constituents is much more compact in

the dense reticular stratum than in the papillary layer, in which the connective

tissue bundles are less closelv intenvoven. While the general course of the fibrous

bundles within the corium is parallel or oblique to the^ surface, some strands,

continued upward from the underlying subcutaneous sheet, are vertical and
traverse the stratum reticulare either to bend o\-er and join the horizontal bundles

or to break up and disappear within the papillary stratum. The elastic tissue.
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which constitutes a considerable part of the corium, occurs as fibres and net-works,

which within the reticular stratum form robust tracts corresponding in their

disposition with the general arrangement of the fibrous bundles. Towards the

surface of the corium, the elastic fibres become finer and more branched and beneath

the epidermis anastomose to form the delicate but close subepithelial elastic net-work

that is present over the entire surface of the body with the exception, possibly, of

the eyelids (Behrens;.

The tela subcutanea, the deeper layer of the connecti\e tissue portion of the

skin, varies in its thickness, and in the density and arrangement of its component
bundles of tibro-elastic tissue, with the amount of fat and the number of hair-follicles

and glands lodged within its meshes.

The latter are irregularly round and enclosed by tracts of fibrous tissue, some
of which, known as the retinacula cutis, are prolonged from the corium to the deepest

parts of the subcutaneous stratum. Here they often blend into a thin but definite

sheet, i\\^ fascia subcutanea, which forms the innermost boundarj- of the skin and is

Fig. 1
1 48.
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—; Papillary stratum
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Retinaculum

f
'€
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Section of skin, showing its chief layers—epidermis, corium and tela subcutanea. X 17.

connected with the subjacent structures by strands of areolar tissue. Where such

loose connection is wanting, as on the scalp, face, abdomen (linea alba), palms and
soles, the skin is intimately bound to the underlying muscles or fasciae and lacks the

independent mobility that it elsewhere enjoys. The integument covering the eye-

lids and penis is peculiar in retaining to a conspicuous degree its mobility although

devoid of fat. Where the latter is present in large quantity, the term paiiniculus

adipos7is is often applied to the tela subcutanea.

In places in which the skin glides over unyielding structures, the interfascicular

lymph-spaces of the tela subcutanea may undergo enlargement and fusion, resulting

in the production of the subcutaneous mucous bursae. These are found in many
localities, among the most constant bursae being those over the olecranon, the patella

and the metatarso-phalangeal joints of the little and the great toe. The bursie in

the latter situation, when abnormally enlarged, are familiar as bunions.

In addition to the strands of invohmtaj-y miisclc associated with the hairs as the

arrectores pilorum, unstriped muscular tissue is incorporated with the skin in the

mammary areolae and over the scrotum and penis (tunica dartos). The facial

muscles having largely cutaneous insertions, the skin covering the face is invaded

by tracts of striated muscular tissue that penetrate as far as the corium.
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The epidermis or cuticle, the outer portion of the skin, consists entirely ol

epitlieHiini aiul, lieiiii; parti)- horny, atlorcjs prcjtection to ihc underl)in^ coriurn with
its vessels antl nerves. The thickness of this layer varies in different parts of the
body. Usually from .oS-. 10 mm., it is greatest on the flexor surfaces of the hands
and feet, where it reaches from .5-9 mm. and from 1.1-1.3 mm. respectively

(DrosdofT).

The cuticle consists of two chief layers, the deeper slralum gcrminativum, con-
taining; the more active elements, and the stratum corntuni, the cells of which undergo
cornilication. Between these layers lies a third, the stratum intermedium, that is

KiG. 1 149.

:ic:

^-T

Stratum corrieum

.Spiral duct of
sweat gland

Stratum lucidutn
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. /' /;/-.' • ,',*,•,

'.iff'
germinativum

Portion of section of skin from sole of foot, showing layers of epidermis. X 70.

ordinarily represented by only a simple row of cells to which the name, stratum

granulosum, is usually applied. This layer marks the level at which the con\ersion

of the epithelial elements into horny plates begins and also that at which the

separation effected bv blistering usually occurs.

On the palms and soles, where the epidermis attains not only great thickness

but also higher differentiation, four distinct layers may be recognized in vertical sec-

tions of the cuticle. From the corium outward, these are: (i) the stratinn germina-
tivum, (2) the stratum granulosum, (3) the stratum lucidum and (4) the stratum

corncum. The first two represent the portion of the epidermis endowed with the

greatest vitality and powers of repair and the last two the horny and harder part.

The stratum germinativum, or stratum Malpighi, rests upon the outer sur-

face of the corium, by the papillae of which it is impressed and, hence, when
viewed from beneath after being separated, commonly presents a more or less

evident net-work of ridges and enclosed pits, the elevations corresponding to the
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Portion of preceding preparation, showing in more detail layers of epidermis;

only deeper part of stratum corneum is represented. X 280.

intei'ijapillary furrows and the depressions to the papillae. In recognition of this

reticulation the name, rcie Malpii^hi, is sometimes applied to the deepest layer of

the epidermis. As in other epithelia of the stratified squamous type, the deepest cells

are columnar and lie with
Fig 1 150. their long axes perpen-

dicular to the supporting
connective tissue. The
basal ends of the colum-
nar cells are often slight-

ly serrated and fit into

corresponding indenta-

tions on the corium.

Their outer ends are

rounded and received

between the super-
imposed cells. Succeed-
ing the single row of

columnar elements, the

cells of the stratum
germinativum assume a

pronounced polygonal
form, but become some-
what flatter as they

approach the stratum
granulosum. The num-
ber of layers included

in the germinal stratum

is not only uncertain,

but varies with the rela-

tion to the papillae, being greater between than over these projections. The finely

granular cytoplasm of the cells of the stratum germinativum contains delicate but

distinct fibrillcs, which, longitudinally disposed in the deep columnar cells, in the

polygonal elements (Fig. 1151), radiate from the nucleus towards the periphery

(Kromayer). The fibril'lae are not confined to the cells, but extend beyond and pass

across the intercellular lymph-clefts as delicate protoplasmic bridges that connect

the units of the various layers of the stratum and confer upon them the character-

istics of the so-called " prickle cells."

The stratum granulosum is exceptionally well marked on the palms and soles

and in these localities includes from

two to four rows of polygonal cells, Fig. 1151.

somewhat horizontally compressed,

that stand out conspicuously in stained

sections by reason of the intensely

colored particleswithin theircytoplasm.

The nature of the peculiar substance,

deposited within the body of the cells

as particles of irregular form and size,

is still uncertain. To it Ranvier gave
the name of eleidin and Waldeyer that

of keratohyalin. Since the nuclei of

the cells in which the deposits occur

always exhibit evidences of degenera-

tion, it is probable that keratohyalin

is in some way derived from disintegra-

tion of the nucleus (Mertsching) ai'I'd

represents a transition stage in the

process endint; in cornification of the succeeding layers of the cuticle (Brunn).

The stratum lucidum, usually wanting in other localities, in the palm and

sole appears as a thin, almost homogeneous layer, separating the corneous from the

Fibrillne

IiitLrrellular ^--^S^
tlcft _

'*»*,»sir

Portion of horizontal section of skin, showing intracellular

fibrillae within cells of stratum germinativum. X 800.



TIIK SKIN.
1387

Fig. 1 152.

Pi;;me:ita1

epidermis

Duct of
"sweat gland

granular layer. With tlu- latk-r it constitutes the stratum interinefniim. As indicated
by us name, the stratum hi. idum ajjpears clear and without distinct cell boundaries
althou-h suutjestions of these, as well as of the nuclei of the component elements are
usuall\- distin.uuishai)le. The cells of the stratum lucidum are but little cornifled'and
difTer, therefore, from those of the overlyin^^ layers ; moreover, the eleidin within the
cells of the stratum lucidum probably is in a fluid condition.

The stratum corneum includes the remainder of the epidermis and consists
of many layers .)f horny epithelial cells that form the e.\leri(jr of the skin. Where
no stratum lucidum exists, as is usually the case, the corneous layer rests up.jn the
stratum .^lanulosum, from which its horny elements are being continually re« ruited.
During their migration towards the free surface, the cells lose their vitality and
become more fattened until the most superficial ones are converted into the dead
horny scales that are being constantly displaced by abrasion.

The pigmentation of the skin, which even in white races is conspicuous in
certain regions (page 13S1), depends upon the presence of colored particles chiefly
within the epidermis, although, when the dark hue is pronounced, a few small
branched liigmental conncctixe
tissue cells may appear within
the subjacent corium. The dis-

tribution oi the pigment particles

varies with the intensity of color,

in skins of lighter tints being
princi])ally, and sometimes en-
tirely, limited to the columnar
cells next the corium. With
increasing color the pigment
particles invade the neighi)oring
layers of epithelium until, in the
dark skin of the negro, they
are found within the cells of the
stratum corneum but always
in diminishing numbers towards
the free surface. Even when
the cells are dark and densely
packed, the colored particles

never encroach upon the nuclei,

which, therefore, appear as con-
spicuous pigment free areas.

The source of the pigment within the epidermis is uncertain, by some being found
in an assumed transference of the colored particles from the' corium, by means
of wandering cells or of the processes of pigmented connective tissue cells that
penetrate the cuticle, and by others ascribed to an independent origin in silu
\yithin the epithelial elements. While it may be accepted as established that at
times the connective tissue ceils are capable of modifying pigmentation (Karg), it

is equally certain that the earliest, and probably also 'later, intracellular pigmenta-
tion of the epidermis appears without the assistance of the connecti\e tissue or
migratory cells.

The blood-vessels of the skin are confined to the connective tissue portion
and never enter the cuticle. The arteries are derived either from the trunks of the
subjacent layer as special cutaneous branches destined for the integument, or indi-
rectly from muscular vessels. When the blood supply is generous,' as in the palms
and soles and other regions subjected to unusual pressure or exposure, the arteries
ascend through the subdermal layer to the deeper surface of the corium where,
haxing subdi\-ided, they anastomose to form the subcufivieous plexus (rete arteriosurn
cutaneum). From the latter some twigs sink into the subdermal laver and contribute
the capillary net-works that supply the adipose tissue and the sebaceous glands.

Other twigs, more or less numerous, pass outward through the deeper part of
the corium and within the more superficial stratum unite into a second, siibpapillary
plexus (rete arteiiosum subpapillare\ that extends parallel to the free surface and

^>^r J'-;'^;;
ih\

Section of skin, surrounding anus, showing; pigmentation of deeper
layer of epidermis. X 50.
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beneath the bases of the papillae. The latter are supplied by the terminal twigs which

ascend vertically from the subpapillary net-work and break up into capillary loops

that occupy the papillae and lie close beneath the epidermis (Fig. 1153). With the

exception of the loops entering the hair-pajMllie, the capillaries enclosing the hair-

follicles arise from the subpapillary plexus.

The arrangement of the cutaneous zrins, more complex than that of the arteries,

includes four plexuses (retia venosum) lying at difterent levels within the corium and
extending parallel to the

Fig. 1 153. surfaces. The first and
most superficial one is

formed by the union of

the radicles returning the

blood from the papillae.

,^
The component veins lie

I below and parallel to the

-r rows of papilke and im-

^ mediately beneath the

bases of the latter. At

Papillary ^ slighdy lower level, in

loops the deeper part of the

stratum papillare, the ve-

nous channels proceeding

from the subpapillary net-

s work join to form a second
= plexus with polygonal

u meshes. A third occurs

about the middle of the

corium, while the fourth

shares the position of

a--
"^^j ^XN' ^^'^'11^'"*^^ '^^'^^r^""^^

t^^^ subcutaneous arterial

^,.,c;3^C^^* ^^ r^y^^ .'"^r\f^>^-^ plexus at the junction of

the corium and subdermal

strata. The deepest plexus

receives many of the

radicles returning the

blood from the fat and
the sweat glands, the re-

mainder being tributary

to the veins accompany-
ing the larger arteries

as they traverse the tela

subcutanea.

The lymphatics of

the t^kin are well repre-

sented by a close stipcr-

ficial plexus within the

papillary stratum of the

corium into which the

terminal lymph-radicles of

the papillae empty. The

relation of these channels to the interfascicular connective tissue spaces is one only

of indirect communication, since the Ivmphatics are provided with fairly complete

endothelial walls. It is probable that the lymph-paths within the papillae are closely

related to the intercellular clefts of the epidermis, according to Unna,_ mdeed, direct

communications existing. Migratorv leucocytes often find their way into the cuticle

where thev then appear as the irregularly stellate cells of Laii,o^er/iajis seen between

the epithelial elements. A wide-meshed V^^/) />/rjr?^.f of lymphatics is formed within

the subdermal layer, from which the larger lymph-trunks pass along with

subcutaneous blood-vessels.

Section of injected skin, showing general arrangement ol blood-vessels. X 4°-

the
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The numerous nerves within the hij^^hly sensitive intcj^ument are chiefly the
peripheral processess of sensory neurones which terminate in free arborizations between
the ephithelial elements of the cuticle, or in relation with special endinj^s located, for

the most part, within the corium or subdermal connective tissue. Some sympathetic
fibres, howe\er, are present to su])ply the tracts of involuntary muscle that occur within
the walls of the blood-vessels or in association with the hairs and the sweat j.(lands.

( )n enteriiii^ the- skin the medullated nerves traverse the subdermal layer, to

which they iji\e otf twi^^s in their ascent, and, passini^ into the c(jrium, within the
papillary stratum di\ide into a number of branches. Those destined for the epitlermis

beneath the latter break up into many fibres which, losinj.; their medullary substance,
enter the cuticle and end in arborizations that ramify between the epithelial cells as far

as the outer limits of the stratum ^erminativum. The ultimate endinj,'s of the fibrillie,

whether tapcrinporslit^htly knobbed, always occupy the intercellular channels and are
never directly connected with the substance of the epitlu-lial elements. Accfjrding to

Merkel, sjK'cial tactiVc cells, (I''it>;'. 867) occur in the hiunan e[jidermis, particularly

over the abdomen and tlie thimlis. Tliese cells, spherical or pyriform in shape and
composed of clear cytoplasm, occupy the deeper layers of the cuticle and, f)n the side

directed towards the corium, are in contact with the end-plate or meniscus (jf the nerve.

The nerve-fibres particularly concerned with the sense of touch terminate within

the connective tissue portion of the skin, either within the corium in special end-organs
—the tactile bodies of Meissner, the end-bulbs of Krause, the genital corpuscles and
the end-organs of Rufifini, or within the subdermal layer in the \'ater-Facinian cor-

puscles, or their modihcations, the Golgi-Mazzoni corpuscles. The structure (jf these

special end-organs is elsewhere descrilx:d (pages 1018, 1019), their chief locations

being here noted.

Meissner's corpuscles (Pig. 872) are especially numerous in the tactile

cushions on the tiexor surface of the hands and feet. While much more plentiful in

all the tactile pads than in the intervening areas, the touch corpuscles are most
abundant in those on the volar surface of the distal phalanges, where they appro.xi-

mate twenty to the square millimeter (Meissner). Their favorite situation is the

ape.x of the papillae, where they appear as elongated elliptical bodies, sometimes in

pairs, whose outer pole lies immediately below the epidermis. These corpuscles are

additionally, although sparingly, distributed on the dorsum of the hand, the flexor

surface of the forearm, the lips, the eyelids, the nipple and the external genital organs.

The Vater-Pacinian corpuscles (Fig. 874) are well represented in the hands
and feet and usually occupy the subdermal tissue, although sometimes found within the

corium. Their distribution corresponds closely to that of Meissner's corpuscles, they

being most numerous beneath the tactile cushions in the order above described.

The Golgi-Mazzoni corpuscles are modifications of the Pacinian bodies and,

like the latter, are found within the subdermal tissue.

The end-bulbs of Krause (Fig. 869) occur within the corium, either slightly

below or within the papillae, on the lips and external genital organs, as well as

probably in other regions.

The genital corpuscles (Fig. 870) lie within the corium of the modified skin

covering the glans penis and the prepuce and the clitoris and surrounding parts of

the nymphee.
The end-organs of Rufifini resemble the sensory terminations in tendons

(page 1017) and lie within the deeper parts of the corium, often associated with the

Pacinian bodies.

The mode of ending of the nerves supplying the hairs and sweat glands will be

described in connection with those structures (pages 1394. 1400).

THE HAIRS.

The appendages of the skin—the hairs, nails and cutaneous glands—are all

specializations of the epidermis and are. therefore, exclusively of ectoblastic origin.

The hairs (pili) are present over almost the entire body, the few localities in

which they are absent being the flexor surface of the hands and feet, the extensor

aspect of the terminal segment of the fingers and toes, the inner surface of the



I390 HUMAN ANATOMY.

prejjuce and of the nymphae and the glans penis and chtoridis. With tlie exception of
those regions in which the growth is sufficiently long to constitute a complete cover-
ing—the scalp, bearded parts of the face in the male, axilla; and mons j:)ubis—the
hairs are for the most part short and scattered, although subject to great individual
variation and sometimes to remarkable redundance.

The hairs in various locations are known by special names ; those of the scalp
being capilli ; of the eyebrows, supcrcilia ; of the eyelashes, cilia; of the nostrils,

vibrissce ; of the external ear, tragi ; of the beard, barba ; of the axillae, hirci ; of
the pubes, pttbes ; while the fine downy hairs that cover other parts of the body are
designated layuigo.

The closest set hairs are on the scalp, where, according to Brunn, on the vertex

they number from 300-320, and in the occipital and frontal regions from 200-240
per square centimeter. On the chin 44 were counted, on the mons pubis 30-35,

Epidermis

Sebaceous gland

Erector muscle

Sweat gland Inner root-sheath

Hair-papilla

Outer root-sheath

Bulb

Papilla

Section of scalp, showing longitudinally cut hair-follicles. X 14.

on the extensor surface of the forearm 24 and on the back of the hand 18 for like

areas. Even where their distribution is seemingly uniform, close inspection shows
the hairs to be arranged in groups of from two to fi\'e.

The length of the hairs includes the extremes presented by the lanugo, only a
few millimeters long, on the one hand, and by the scalp-growth, sometimes meas-
uring 150 cm. (59 in. ) or more, on the other. Their thickness, likewise, shows
much variation, not only in different races, individuals and regions, but also in the
same person and part of the body, as on the scalp where fine and coarse hairs may
lie side by side. The thickest scalp-hairs have a diameter of .162 mm. and the
finest one of .011 mm., with all intermediate sizes. The hairs of the beard vary
from .101-203 r""i- ^iTid those on the pubes from .054- 135mm. (Falck). In a
general way hairs of light color are liner than dark ones, the respective diameters of

blond, brown and black hairs being .047, .054 and .067 mm. (Wilson). On
attaining their full growth without mutilation, hairs do not possess a uniform thick-
ness throughout their length, since they diminish not only towards the tip, where the
shaft ends in a point, but also towards the root. This feature is most evident in

short hairs, as in those of the eyebrows.
The color of the hair, which varies from the lightest straw to raven black, is

closely associated with racial and individual characteristics, being usually, but by no
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means always, in harmony with the dej^ree of general pigmentation. The latter is

commonly uniform throuj^^hout the lentjth of the hair, hut in rare cases it may be so
variable that the shaft presents a succession of alternalinj^ li^ht and dark zones
(lirunn). The straij,dit ami curly varieties of hair dej^end chiefly upon differences in

the curvature of the follicle ' and the form of the hair. In the case of straij^ht hairs

the follicle is unbent and the shaft is cylindrical, and therefore circular in cross-

section ; hairs that are wavy or curly spring from follicles more or less bent and are
flattened or grooved, with correspontling o\al, reniform, irregularly triangular or
indeiUi-(l outlines when transversely cut.

Arrangement of the Hairs.—Since the buried part of the hair, the root, is

never vertical but always oblique to the surface (jf the skin, it follows that the free

part, the shaft, is also inclined. The direction in which the hairs ]Kjint, however, is

by no means the same all over the body, but varies in different regions although
constant for any given area. This disposition depends upon the p<culiar placing

of the hair-roots which in certain localities incline towards one another along
definite lines, an arrangement that results in setting the shafts in opposite directions.

As these root-lines are not straight but spiral, on emerging from the skin the hairs

diverge in whorls (vortices pilorum;, the position and number of which are fairly

definite.

Such centres include : (i ) the conspicuous vertex whorl on the head, usually single but

sometimes double; (2) Xh^ faeiat whorls surrounding the openings of the eyelids; (3) the

auricular zchorls at the e.xternal auditor}* meatus ; (4) the axillary whorls in the armpits ; and

(5) the inf^uinal whorls, just below the groin ; additional (6) but less constant lateral whorls

may be located, one on each side, about midway between the axilla and the iliac crest and
somewhat beyond the outer border of the rectus muscle.

These whorls, all paired except the first, apportion the entire surface of the body into

certain districts, each covered by the hairs proceeding from the corresponding vortex. The
whorl-districts, moreover, are irregularly subdivided into secondary- areas by lines, the hair-

ranges I flnmina pilorum I. along which the hairs diverge in opposite directions. Additional lines,

the converging hair-ranges, mark the meeting of tracts pointing in different directions and in

places also assume a si^iral course. In consequence of these peculiarities the body is covered
with an elaborate and intricate hair-pattern, that is most evident on the fcetus towards the close

of gestation ; later in life the details of the pattern are uncertain o\\ ing to its partial effacement

by the constant rubbing of clothing.

Structure.— Each hair consists of two parts, the shaft, which projects beyond
the surface, and the root, which lies embedded obliquelv within the skin, the deepest
part of the root expanding into' a club-shaped thickening known as the bii/b. The
root is covered with a double investment of epithelial cells, the inner and outer 7-oot-

sheaths, which, in turn, are surrounded by a connective tissue envelope, the theca.

The entire sac-like structure, consisting of the hair-root and its coverings, constitutes

the hair-follicle ( foUiculus pill). At the bottom of the latter, immediately beneath

the bulb, the wall of the follicle is pushed upward to give place to a projection of

connective tissue, the hair-papilla, which carries the capillary loops into close relation

with the cells most active in the production of the hair. Save in the case of the

finest hairs (lanugo), which are limited to the corium, the hair-follicles traverse the

latter and end at varying levels within the fat-laden subdermal layer ( panniculus

adiposus). In a general way the follicle mav be regarded as a narrow tubular invagi-

nation of the epidermis, at the bottom of which the hair is implanted and from the

entrance of which the shaft projects. The most contracted part of the follicle, the

neck, lies at the deeper end of the relatively wide funnel-shaped entrance to the sac.

Closely associated with the hair-follicle, which they often surround, are the sebaceous

glands that pour their oily secretion at the upper third of the follicle into the space

between the shaft and the wall of the sac.

The Hair-Shaft.—In manv thick hairs, but by no means in all. three parts

can be distinguished—the cuticle, the cortex and the medulla. The latter, however,

is usually wanting in hairs of ordinary diameter, being often also absent in those of

large size.

' Frederic : Zeitschr. f. Morph. u. Anthropol., Bd. ix., 1906.
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Fig. I I 55.

Tlie cuticle of the hair appears as a transparent outermost layer marked by a net-work of

fine sinuous lines, the irregular- meshes of which have their longeiit diameter placed oblicjuely

transverse. These lines correspond to the free borders of extremely thin glassy cuticle-plates

that overlie the hair as tiles on a roof, the iml)rication involv-

ing from four to six layers. Seen in j^rofile (Fig. 11 55), the

contour of the hair-shaft, therefore, is not smooth but serrated,

tlie minute teetli formed by the free margins of the scales

being directed towards tlie tip of the hair. After isolation by

suitable reagents, the cuticular elements appear as transparent

structureless cells, quadrilateral in outline and curved to con-

form to the hair-shaft wliich they cover.

The cortical substance, often indeed constituting practi-

cally the entire sliaft, consists of elongated fusiform cells so

compactly arranged that the individual elements are only dis-

tinguishable after the action of disassociating reagents. In

addition to the remains of the shrunken nuclei the hair-

spind/cs, as these modified epithelial cells are called, possess

fibrilte that pass between adjacent cells similar to the inter-

cellular bridges in the epidermis. A variable amount of

pi'^mcfit, present either as a diffuse tint of the spindles, or as

granules within or between the same, is a constant constituent

of the cortical substance. In blond hair the color is chiefly

diffuse, the pigment granules being often entirely wanting ; in

hair of darker shades, the granules predominate and increase in intensity of color as well as

in quantity. As the hair grows outward from the bulb, it loses much of its moisture, and in

consequence later contains minute air-vesicles that replace the fluid previously occupying the

clefts between the hair-spindles. Even when conspicuous, the medulla does not extend the

entire length of the hair, often being interrupted and always disappearing before reaching the tip.

The medulla, when well represented, is seen as an axial stripe, somewhat uneven in outline,

that varies with illumination, with transmitted light appearing as a dark band and with reflected

light as a light one. This peculiarity depends upon the presence of air imprisoned between the

shrunken and irregular medullary ^-t'/A—dried and cornilied epithelial elements which are con-

nected by branching processes into a net-work incompletely filling the medulla. The air within

the shaft is a factor "modifying the color of the hair, since the resulting reflex tends to lessen the

intensity of the tint directly

Portion of shaft of hair; //, shaft

covered with cuticle ; j, cuticle re-

moved to expose cortical substance

;

>«, medulla ^\ 125. a, 6, isolated cells

of cuticle and of cortical substance
respectively. X 240.

referable to the pigment

;

this diminution affects par-

ticulary the lighter shades,

as in dark hairs the large

amount of pigment masks

the reflex.

Fig. 1156.

*.-^. Outer ^oot-'^heath
Hair surrounded by
inner loot-sheath
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Adipose tissue

The Hair-Folli-
cle.—This structure

consists essentially of

( 1 ) a connective tissue

sheath, the t/icca, con-

tributed by the corium

;

(2) an epithelial lining,

the 02iter root-sheath^

continued from the

deepest layer of the

epidermis; and (3) the

inner root-sheath, an
epithelial investment

probably differentiated

within the follicle, and
not a direct prolong-a-

tion from the cuticle.

The theca folliculi includes three strata : an outer, composed of loosely dis-

posed longitudinal bundles of fibrous tissue with few cells and elastic fibres
;
a middle

one, made up of closely placed circular bundles ;
and a very thin, homogeneous

inner coat, the glassy monbrane, which represents an unusually well developed

Fibrous tissue

V

/'^i-'

Horizontal section of scalp, showing group of transversely cut

hair-follicles. > 65.
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basement ineiuhrane se|)aratinjf coriiiin from cuticle. Greatly attenuated, it is

prolonged ()\LT the hair-papilla, which, as a sjjccial vascularized thickeninj.^ (jf the
connecti\c tissue of llu- follicle, carries nutrition to the bulb of the j;rowinj.( hair.

The outer root-sheath is the continuation of the stratum germinalivum alone,

the other layers of the epiilcrmis thinning out and disappearinj^ before reachinj.j the
neck of the follicle. Its cells present the characteristics of those ol the j^erminating
layer, with exceptionally well marked fibrilhe. On approaching the level of the
papilla, the outer root-sheath, which farther above consists of numerous layers,

rapidly diminishes in thickness until, on the sides of the jiapilla, it is reduced to a

single row of low colunuiai' cells.

The inner root-sheath, which is best developed over the middle third dI the

hair-root and fades away on reaching the upper third, includes three layers. The
outer, known as Ilcnlc s layer, consists of a single r<jw of flat pcjlygonal cells, often

partially separated by oval spaces. Their nuclei are very indistinct or invisible

Fig. 1 157.

Theca folliculi

Middle layer

Glassy membrane

Hair

Henle's layer
of inner root-sheath

Outer root-sheath

Transverse section of hair-follicle, showing hair surrounded by internal and external root-sheaths. X 285.

-within the cornified cytoplasm. The middle or Huxley s layer, also horny in

nature, often comprises only one stratum of nucleated cuboidal cells, but in the

thicker hairs two or even three rows of irregularly interlocked cells may be present.

The third layer, known as the sheath cuticle, resembles the external coat of the hair,

against which it lies, in being extremely thin and composed of flat horny plates.

The latter, however, are ahvays nucleated and so disposed that they are opposed to

the serrations of the thicker hair-cuticle.

Traced towards the bottom of the follicle, the root-sheaths and the hair, which above are

sharply defined from one another, become more and more alike until, in the immediate vicinity

of the hair-papilla, they blend into a still imperfectly differentiated mass of cells. The deepest

elements of this complex, however, are cuboidal or low columnaT and form an uninterrupted

tract over the papilla, continuous with the outermost cells of the outer root-sheath. It is from

the proliferation of these deepest cells that the formative material, or matrix, is provided

to meet the requirements of growth and replacement of the hairs. Without anticipating the

account of the detailed changes described in connection with the development of the hair

(page 1401), it may be here noted that of the three parts of the hair, the medulla is produced by

88
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the cells overlying the summit of the papilla, while thcjse converted into the cortical substance,

cuticle and inner root-sheath occupy the sides of the papilla and deepest part of the follicle.

With few exceptions, the hair foUicles are associated with two or more

sebaceous glands, rarely with only one, the ducts of which open into the

sac in the vicinity of the neck. The glands usually lie on the side towards which

the hair inclines, but sometimes, especially in the case of the smaller hairs, they may
completely surround the follicle. Since these glands are outgrowths from the same

tissue that lines the follicles, their ducts pierce the outer root-sheath, bringing their

oily secretion into direct relation with the hairs.

The structure of the sebaceous glands is described with the cutaneous glands

(page 1397).
Most of the larger hair-follicles, particularly those of the scalp, are provided with

ribbon-like bundles of involuntary muscle, called the arrectores pilorum in recog-

nition of their effect on the hairs. They arise from the superficial part of the corium,

passobliquelydownwardto be inserted
Fig- 1 158. into the sheath of the hair-follicle near

the junction of corium and subdermal

tissue and on the side corresponding

with the inclination of the hair and
the situation of the sebaceous glands.

Since the latter are closely embraced
by the muscular bands, contraction oi

the muscles exerts pressure upon the

glands and facilitates the discharge of

their secretion (sebum)—hence these

muscles are sometimes also designated

cxpi'cssorcs sebi. The effect of con-

traction of the arrectores pilorum is

oftenconspicuouslyseen on the surface

in the condition known as "goose-

flesh' ' {cutis anscrina) ,\\\iftrft\\\& hairs

and surrounding tissue appear to be

unusually elevated owing to the

upward pull on the hair-follicles and

tlie consequent erection of the hairs

in the opposite direction.

The blood-vessels supplying

the hair-follicle, which in a sense con-

stitute a special system for each sac, include the capillary loops ascending within the

hair-papilla and the net-work of capillaries surrounding the folhcle immediately outside

the glassy membrane. The first are derived from a small special twig that ascends

to the follicle, and the second from the subpapillary net-work of the corium. With

the exception of those draining the papilla, which are tributary to the deeper stems,

the veins join the subpapillary plexus.

The nerves distributed to the follicles follow a fairly definite arrangement. As
shown by Retzius, usually each hair-sac is supplied by a single fibre, sometimes by

two or more, which approaches the follicle immediately below the level of the mouth

of the sebaceous glands. After penetrating the fibrous sheath as far as the glassy

membrane, the nerve-fibre separates into two divisions that encircle more or less

completely the follicle and on the opposite side break up into numerous fibrillae

constituting a terminal arborization. The nerve-endings usually lie on the outer

surface of the glassy membrane within the middle third of the follicle and only

exceptionally are found within the outer root-sheath or the hair-papilla.

THE NAILS.

The nails (ungues), the horny plates overlying the ends of the dorsal surfaces of

the fingers and toes, correspond to the claws and hoofs of other animals and, like

them, are composed exclusively of epithelial tissue. They are specializations of the

Portion of section of injected scalp, showing capillary

net-works surrounding hair-follicles and twigs entering
papillae. X 20.
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epidermis and, therefore, may be removed witlioiil mutilation when the cuticle is

taken oH aflrr maceration.

The entire nail-plate is divided into the body (corpus unijuis), wliich includes
the e.\posed i)ortion, anv\ the root (radix iinijuis), which is embedded beneath the
skin in a pocket-like recess, the nail-groove (sulcus unyuis). The modified skin
sup|)ortiiiL; the nail-plate, both the body and the root, constitutes the nail-bed
( sohnii unguis), the cutaneous fold overlying the root beinj^ the nail-wall > vallum
unguis ).

The sides «>( the (luatlrilateral nail-plate are straij^ht and parallel and at their

distal ends connected by the convex free marj^dn ( marijo Hl»cr; th.ii projects for a
varial)le distance beyond the skin. The pro.ximal buried border ( martjo occuitusj is

straight or slii^htly concave, more rarely somewhat convex, and often beset with
minute serrations (Brunn). Both surfaces of the transversely arched nail are smof^th
ami e\'en, with the exception of the lonjj^itudinal parallel ridj^cs that often mark the
upper aspect. Insj)ection of the latter durin_i( life shows color-zones, the translu-

cent whitish crescent formed by the j)rojectin}j;^ portion of the nail beini,'^ iinmediately
followed by a very narrow yellow band that corresponds to the line alonjLi;- which the

stratum corneum of the underlying skin meets the under surface of the plate. The

Fig. 1 159.

£ c

Distal portions of fingers, showing relations of nail ; A was drawn from living subject ; B and C are lateral and
under views respectively of inner surface of cuticle with nail ; nothing but the epidermal structures are present, the
cuticle and nail having been removed together, a, b, distal and proximal borders of nail ; c. under surface of nail

;

rf, nail in section ; e, line of deflection of cuticle to under surface of nail
; /, lunula

; ^, nail-wall ; h, cuticle in section.

succeeding and larger part of the nail is occupied by the broad pink zone which owes
its rosy tint to the blending of the color of the blood in the underlying capillaries

with that of the horny substance. On the thumb constantly, but on the fingers often

only after retraction of the cuticle, is seen a transversely oval white area, the
so-called lunula, which marks the position of the underlying matrix. Additional
white spots, irregular in position, form and size, are sometimes seen as temporary
markings.

The thickness of the nail-plate—greatest on the thumb and large toe and least

on the last digits—diminishes towards the sides, but in the longitudinal direction,

between the lunula and the free margin of the nail, is fairly uniform ; beneath the

white area, however, the under surface of the nail shelves of? towards the buried

border, where it ends in a sharp edge.
Structure.—The substance of the nail-plate (stratum corneum unguis) consists

entirely of flattened horny epithelial cells, very firmly united and containing the

remains of their shrunken nuclei. These cornified scales are disposed in lamellae,

which, in transverse section, pursue a course in general parallel with the dorsal sur-

face. In nails which possess the longitudinal ridges, however, the latter coincide

with an upward arching of the lamellae dependent upon the conformation of the

nail matrix (Brunn). In longitudinal section the lamellation is oblique, extending
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from above downward and forward, parallel to the shelving under surface beneath the
white area that rests upon the matrix. Minute air-vesicles, imprisoned between the
horny scales, are constant constituents of the nail-substance. When these occur in
unusual quantities, they give rise to the white spots in the nail above mentioned.

Corresponding respectively to the colored zones—the white, rosy and yellow

—

seen on the dorsal surface of the nail, the nail-bed is divided into a proximal,

P^iG. 1160.

Subcutaneous tissue

Stratum germinativum

Stratum cortieum

Epouychium

Nail-plate—

;

Epidermis

Matrix

Longitudinal section of proximal part of nail lying within the nail groove. X 30.

a middle. and a distal region, each of which exhibits structural differences. The
most important of these regions is the proximal, known as the matrix, which lies

beneath the white area and alone is concerned in the production of the nail.

The coriiim of the nail-bed w?ir\e?, in the different regions in the arrangement and size of its

elevations. Within the proximal third of the matrix, these elevations occur in the form of low
papillae, which decrease in height and number until they disappear, a smooth field occupying
the middle of the matrix. This even field is succeeded by one possessing closely set, low,
narrow longitudinal ridges, that at the distal margin of the lunula suddenly give place to more
pronounced, but less numerous broader, linear elevations. These continue as far as the distal

end of the nail-bed and are then replaced by papillae. Owing to the strong fibrous bands and
the absence of the usual layer of fatty subdermal tissue, the corium of the nail-bed is closely

attached to the bone. The fibrous reticulum formed by the interlacing of the longitudinal with
the vertical bundles contains few elastic fibres, since these are entirely wanting beneath the body
of the nail and only present in meagre numbers within the matrix.

In view of its genetic activity, the relations of the epidermis under/ying the nail are of
especial interest. While the stratum germinativum of the skin covering the finger tip pas.ses

directly and insensibly onto the nail-bed, the entire extent of which it invests (stratum germina-

tivum unguis), the stratum corneum ends on reaching the under surface of the nail-plate, the line

of apposition corresponding to the narrow yellow zone which defines the distal boundary of the

rosy area. Beneath the latter, therefore, the epidermis of the nail-bed consists of the stratum
germinativum alone, which, without cornification of any of its cells, rests against the under sur-

face of the nail. Beneath the white zone, that is, within the matrix, the epidermis includes a half

dozen or more layers of the usual elements of the stratum germinativum, surmounted by a like

number of strata of cells distinguished by a peculiar brownish color. On reaching the nail these

modified epithelial elements, which appear white by reflected light, are not circumscribed, but

pass over into the substance of the nail, into the constituent cells of which they are directly con-

verted. Their cytoplasm presents a marked fibrillation to which, according to Brunn, the light

appearance of the cells is referable as an interference phenomenon and not as a true pigmenta-
tion. This peculiarity of the cells, coupled with the relatively small size of subjacent capillaries,
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Vn,. 1 161.

Nail-bed Nail-|>lale

\

Stratum loriiciiiii

;ii»l

Slr.Uinii

gerniiiiativimi

of nail-wall

Epoiiychium—r'

Margin of nai

Corium

Transverse section of nail-wall and adjacent part of nail-plate and nail-bed.

probably accounts for the tint .lislinniiishinjc tlu- white- area. Sin.e the Iransforn.ation of the

cells of the stratt.m K«--nuinativvnn into those of the nail-plate isciml.ned to the matrix, it >s evi-

dent that the continiu)iis

jjrowth of the nail takes

place along the lloor and

bottt>ni of the nail-groove,

the last formed increment

of nail-siibstance pushing

forward the previously dif-

ferentiated material aiul

thus forcinj; the nail to-

wards the end of the tligit.

The relation of the </>/-

dcniiis of the luxil-rcall to

the substance of the plate

is one of apposition only,

production of the nail oc-

curring:: in no part of the

fold. Over the greater

extent of the latter all the

typical constituents of the

cuticle are represented, but

witliin the most prt)ximal

portion the stratum germi-

nativum alone is present,

the stratum corneum fad-

ing away. Where the

horny layer exists, it rests

directly upon the nail, but

is dilTerentiated from the

latter by being less dense

and bv its response to . . r 1 -i n •

stains As the nail leaves the groove, a part of the stratum germinativum of the nail-wall is

prolon<^ed distally for a variable distance over the dorsal surface of the nail-plate as a delicate

membrlinous sheet, the eponychium, which usually ends in a ragged abraded border.

THE CUTANEOUS GLANDS.

These structures include two chief varieties, the sebaceous and the siceat

elands together with certain modifications, as the ceruminous gLinds within the

external auditory canal, the circumanal glands, the tarsal and ciliary glands

within the eyelid and the mammary glands. In all the epithelial tissues—the

secreting elements and the lining of the ducts—are derivatives of the ectoblast

and, therefore, genetically related to the epidermis.

The Sebaceous Glands.

Although these structures (glandulae sebacae) are chiefly associated with the

hair-follicles in which relation thev have been considered (page 1394). sebaceous

dands also occur, if less frequently, independendy and in those parts of the skin m

which the hairs are wanting, as on the lips, angles of the mouth, prepuce and labia

minora The size of theseVands bears no relation to that of the hairs, since among

the smallest (.2-.4 mm.) are those on the scalp. The largest, from .5-2.0 mm.,

are found on the mons pubis, scrotum, external ear and nose. Conspicuous aggre-

gations, modified in form, occur in the eyelid as the Meibomian glands.

Depending upon the size of the glands their form varies. The smallest ones are

each little more than a tubular diverticulum, dilated at its closed end. In those ot

larger size the relativelv short duct subdivides into several expanded compartments,

which in the largest glands, mav be replaced by groups of irregular alveoli, witn

uncertain dUcts that converge into a short but wide common excretorv Passage.

Structure.—The structural components of these glands include a fibrous

envelope, a membrana propria and the epithelium, the first two bang continuous

with tiie corresponding coverings of the hair-follicle. The epithelium continued
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Fig. 1 162.

Sebaceous glands from skin covering nose. X 6°.

into the ducts and alveoli of the sebaceous glands is directly prolonged from the

outer root-sheath of the epidermis, where associated with the hair-follicles, or from
the epidermis where the hairs

are wanting. The periphery

of the alveolus is occupied by a

single, or incompletely double,

layer of flattened and imper-

fectly defined basal cells, that

rest immediately upon themem-
brana propria and are distin-

guished by theirdark cytoplasm
and outwardly displaced oval

nuclei. Passing towards the

centre of the alveolus, the next

cells contain a number of small

oil drops which, with each suc-

cessive row of cells, become
larger and appropriate more
and more space at the expense

of the protoplasmic reticulum

in which they are lodged. In

consequence, the cells occupy-

€'•' f? .
. ^^^'W ingtheaxisof the alveoli, which

\ ^^-"^^^^ip^)^- i^r'^^&'j^' ^^^ completely filled and with-
?. wsSl-,: >-:

:
'^j; -i.^^. :.ii-r-:.>, --^^^^

^^^ ^ lumen, contain little more
than fat. As the cells are

escaping from the glands they

lose their nuclei and individual

outlines and, finally, are merged

as debris into the secretion, or sebum, with which the hairs and skin are anointed.

The necessity for new cells, created by the continual destruction of the glandular

elements that attends the activity of the sebaceous

glands, is met by the elements recruited from the

proliferating basal cells, which in turn pass towards

the centre of the alveolus and so displace the

accumulating secretion.

The Sweat Glands.

These structures (»landulae sudoriferae), also

called the siidoripaj-ozis glands, are the most important

representatives of the coiled glands Tt^landulae ^lomi-

formes; often regarded as constituting one of the two

groups Tthe sebaceous glands being the other) into

which the cutaneous glands are divided. They
occur within the integument of all parts of the body,

with the exception of that covering the red margins of

the lips, the inner surface of the prepuce and the glans

penis. They are especially numerous in the palms and soles, in the former locality

numbering rnore than iioo to the square centimetre (Horschelmann), and fewest on

the back and buttocks, where their number is reduced to about 60 to the square

centimetre ; their usual quota for the same area is betAveen two and three hundred.

Modified simple tubular in type, each gland consists of two chief divisions, the

body (corpus ) or glayid-coil, the' tortuously wound tube in which secretion takes

place, and the excretory duct (ductus sudoriferus 1 which opens on the surface of the

skin, exceptionally into a hair-follicle, by a minute orifice, the sweat pore (poms

sudoriferus ). often distinguishable with the unaided eye.

The body of the gland, irregularly spherical or flattened in form and yellowish

red in color, consists of the windings of a single, or rarely branched, tube and com-

monly occupies the deeper part of the corium, but sometimes, as in the palm and

Fig

t^^jjsiij'

Cells from alveoli of sebaceous gland,
showing reticulated protoplasm due to

presence of oil droplets. X 700.
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scrotum, lies within the siilKkrmal connective tissue. The coiled portion of the

j^lancl is not entirely formed by the secretory se^'ment, since, as shown by the recon-

structions of Huber, about one fourth is contributed by the convolutions of the firs*

part of the duct.

On kavinjf the ijland-coil, in close j)ro.\imity to the blind end of the ^land, the

duct ascends through the coriinn with a fairly strai^du or sli>;htly wavy course as

far as the epiilennis. On enterini; the latter its further path is marked by conspicu-

ous cork-screw-like windings, which, where the cuticle is thick as on the palm, are

close antl number a dozen or more and terminate on the surface by a trumpet-shaped

orifice, the sweat-pore.

In its course through ^'^'- '^^4-

the corium the duct

never traverses a

papilla or ridi^e. but

always enters the cuti-

cle between these ele-

vations. On the palms

and soles, where the

pores occupy the sum-
mit of the cutaneous

ridges, the ducts enter

the cuticle between the

double rows of papillae.

Structure.—The
secreting portion of

the gland-coil, called

the a?/ipii//a on account

of its greater diameter,

possesses a wall of

remarkable structure.

The thin externa/
sheath, composed of a

layer of dense fibrous

tissue and elastic fibres,

supports a well defined

ynembrana p rop ria

.

Immediatelywithin the

latter lies a thin but

compact layer of invol-

luitarv muscle whose
longitudinallydisposed

spindle - shaped ele-

ments in cross-section

appear as a zone of

irregularly nucleated
. .

cells that encircle the secreting epithelium and displace it from its customary position

against the basement membrane. This muscular tissue enjoys the distinction, shanng

it" with the muscle of the iris, of being developed from the ectoblast. The secreting

cells constitute a single row of low columnar epithelial elements, that lie internal to

the muscle and surround the relatively large lumen. Their finely granular cytoplasm

contains a spherical nucleus, situated near the base of the cell, and in certain of the

larger glands, as the a.xillary, includes fat droplets and pigment granules. These

are liberated with the secretion of the gland and when present in unusual quantity

account for the discoloration produced by the perspiration of certain individuals. In

the case of the ceruminous glands, the amount of oil and pigment is constantly great

and confers the distinguishing characteristics on the ear-wa.x.

The sudden and conspicuous reduction in the size of the tube which marks the

termination of the secreting segment and the beginning of the duct, is accompanied

by changes in the structure of its wall. In addition to a reduction of its diameter to

— . Fat-cells

Coiled part of
sweat-gland

Section of skin from palm, showing different parts of sweat-glands extending from

surface into tela subcutanea. x 65.
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one-half or less of that of the ampulla, the duct loses the layer of muscle and
becomes flattened, with corresponding changes in the form of its lumen. The single
row of secreting elements is replaced by an irregular double or triple layer of
cuboidal cells, which exhibit an homogeneous zone, sometimes described' as a
cuticle, next the lumen. On entering the epidermis, the duct not only loses its
fibrous sheath and membrana propria, but the epithelial constituents of its wall are
soon lost among the cells of the stratum germinativum. so that its lumen is continued
to the surface as a spiral cleft bounded only by the cornified cells of the cuticle.

Apart from mere variations in size, certain glands—the cirnananai the ciliary
and the ccniminous—depart sufficiently from the typical form of the coiled glands to
entitle them to brief notice. The circumanal glands, lodged chiefly within a
zone from 12-15 !""">• '^^ide and about the same distance from the anus, are not

all the same, but include,
Fig. 1 165.

^

Section of deeper coiled portion of sweat-gland, y 325.

according to Huber, four
varieties. In addition to f i )

the usual sweat glands and
(2) some (Gay's) of e.xcep-

tional size, (3) others have
relati\ely straight ducts that

end in expanded saccules,

from which secondary alveoli

arise : finally (4) branched
glands of the tubo-alveolar

type are present. The cili-

ary glands (Moll's ) of the
eyelid are not typical coiled

structures, but belong to

the branched tubo-alveolar

groups. The ceruminous
glands, distinguished by
the large amount of oil and
pigment mingled with their

secretion, are likewise refer-

able to the branched tubo-
alveolar type.

The blood-vessels of

the sweat glands include

arterial twigs given oft from
the cutaneous rete, a capillary

net-work outside the mem-
brana propria, best developed

nd the veins that join the deeper plexus

Basement
y membrane

— Muscle-cell

Secreting-cells

Parts of duct

Parts of coiled
secreting
segment

^~;—. Muscle-cells

AA-ithin the coiled portion of the tube
within the corium.

The nerves are especially numerous and consist of nonmedullated sympathetic
fibres that traverse the fibrous sheath and form a close ple.xus on the outer surface

of the membrana propria. From this net-work fibrillae penetrate the basement
membrane and end in close apposition with the gland-cells and muscle-elements.
Their termination on the secreting cells is, according to Arnstein, in the form of

peculiar endings consisting of groups and clusters of minute terminal knobs with
which the ner\e fibrillae, without or after division, are beset.

THE DEVELOPMENT OF THE SKIN AND ITS APPENDAGES.

The Skin.—The integximent consists of two genetically distinct parts—the

epithelium ( epidermis) developed from the ectoblast. and the connective tissue

(corium and tela subcutanea) from the mesoblast. During the earliest stages of

development the ectoblast is represented by a single layer of cells, which, by the end
of the first month, is in places reinforced by an external second layer, that by the

seventh week has appeared over the entire surface. This double layer now consists
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Sections of developing

skill, showing earliest stages
in formation of hair-follicles;

in D epithelial cylinder is

invading mesoblast. / 90.

of a deeper row of cuboitl or low columnar cells, covered by a superficial sheet,

known as the fpHrichium, composed of flattened elements tjften lackinj^ in definition,

and nuclei. Durinj^ the succeeding weeks the epitrichial cells become swollen and
vesicular and differentiated from the underlyinj^ elements, which meanwhile are

entjajj^cd in producin^^ the epidermis. The epitrichiiim

persists until the sixth month, when it becomes loosened and
IS cast ofl Durimj;^ the thirtl and fourth months the ectoblastic

cells have so multiplied, that frt)m four to five layers are

present, those next the mesoblast beinj.^ columnar and rich in

protoplasm, while the more superficial are irrej.,'^ular and
clearer. By the middle of the fifth month, by which time

the layers have increased to almost a dozen, the outer cells

become horny and assume the characteristics of a stratutn

corncum, while the deepest ones represent the stratum s;crt)ii-

nativum, with an intervenint;;' transitional zone. About the

sixth month dcsciuamation of the surface cells bejj^ins, the

discarded e])itrichial and other scales mingling with the secre-

tion from the sebaceous glands, which meanwhile have been
developed, as consiituents of the white unctuous coating, the

vcrnix cascosa (smegma embryonum), that covers the surface

of the fcEtus, especially in the folds and creases. During
the last weeks of gestation the epidermis acquires considerable

thickness and a sharper differentiation of its component strata.

The connective tissue part of the skin is developed as

a superficial condensation of the mesoblast, that during the

first month consists of closely placed spindle cells. Coinci-

dentlv with the appearance of the fibrous fibrilke, in the

third month, differentiation takes place within the condensed
mesoblastic tissue, which so far exists as a uniform zone, into

a superficial and more compact layer and a deeper and
looser one ; the former becomes the corium and the latter the tela subcutanea.

Within the last layer soon appear larger or smaller groups of round cells in which

oil drops, at first minute and then of increasing diameter, indicate the beginning

of their conversion into adipose tissue. By the sixth month the panniculus adiposus

is established. About the fifth month the line marking the junction of cuticle

and corium becomes uneven in consequence of the development of the papillae

and ridges of the corium and the attendant invasion of the epidermis. Certain of

the mesoblastic cells are transformed into the component elements of the involuntar\'-

muscle that occurs either associated with the hair follicles as the arrectores pilorum,

or as the more extended tracts of the dartos.

The Hairs.—The primary development
of the hair begins about the end of the third

month of foetal life as localized proliferations

of the epidermis. In section these appear as

lenticular thickenings and on the surface as

slight projections. \'ery soon solid epithelial

cylinders sprout from the deeper surface of

/>7^<-^fcv\'^.V ' ?afttf''H
'' '-" these areas and invade the subjacent corium

i(^'^^\\'^^^!^^— Papilla to form the anlages of the hair-foUiclcs. The
original uniform outline of these processes is

early replaced by a flask-shaped contour in

consequence of the enlargement of their ends

which in their growth surround connective

tissue processes to form the hair-papiUce.

The embryonal connective tissue immediately surrounding the epidermal ingrowth

differentiates into the fibrous sheath and the glassy membrane.
Meanwhile and even before the formation of the papilla the epithelial contents of

the young follicles differentiate into an axial strand of spindle cells that later undergo

keratinization and become the hair-shaft that grows by subsequent additions

Fig. 1 167.

>WA "3ir-folli

Developing skin, showing later stages of forma-
tion of hair-follicles; surrounding mesoblast is

forming hair-papilla and fibrous sheath of follicle.

X 90.
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Fig. ii6S.

from the matrix surmoimtin«- the papilla. In addition to forminu^ the outer root-
sheath the peripheral elements contribute the matrix-cells that occupy the fundus of

the follicle and surround the papilla. The cells covering the summit and adjacent
sides of the papilla are converted into elongated spindles that later gradually become
horny and assume the characteristics of the cortical substance of the hair. When
present, the medulla is developed by the transformation of the cells occui)ying the
summit of the papilla, which enlarge, become less granular and grow upward as an
axial strand that invades the chief substance of the hair and accumulates kerato-
hyalin within its cells. At first present as minute drops, this sul)stance increases
in quantity until it occupies the cells in the form of large vesicles. The subsequent
disappearance of these, followed by shrinkage of the cells and the introduction of

air, completes the differentiation of the medulla. The pigment particles, which
appear later, are first evident in the hair-bulb and probably arise within the epithelial

tissue. The elements of the hair-cuticle and of the inner root-sheath are differentiated

from the matrix-cells at the sides of the papilla. The tall columnar elements become
elongated and converted into the cornified plates of the cuticle both of the hair and

of the inner root-sheath. The layers

of Huxley and of Henle are derived

from cells that soon exhibit granules of

keratohyalin, so that on reaching the

level of the summit of the papilla the

process of cornification has been estab-

lished. This is especially marked in

the elements of Henle' s layer, in which
the deposit takes the form of a longi-

tudinal fibrillation.

The growth of the hair takes

place exclusively at the lower end of

its bulb, where, so long as the hair

grows, the conversion of the matrix-

cells into the substance of the hair is

continuously progressing. By this pro-

cess the substance already differentiated

is pushed upward by the cells under-

going transformation and these in

turn are displaced by the succeeding

elements. In this way, by the addition

of new increments in its bulb, the hair is forced onward and, in the case of those

first formed, through the epidermis that still blocks the mouth of the follicle. This
eruption begins on the scalp and regions of the eyebrows about the fifth fcetal month
and on the extremities about a month later.

Sebaceous gland

Root-sheath

Papilla

Developing skin, showing later stae
is now differentiated.

of hair-follicle; hair
N So.

The hairs covering the fcetus are soon shed, during the last weeks of gestation and immedi-
ately following birth, and are replaced by the stronger hairs of childhood. These latter, too, are

continually falling out and being renewed until puberty, when in many localities, as on the scalp,

face, axillce and external genital organs, they are gradually replaced by the much longer and
thicker hairs that mark the advent of sexual maturity. Even after attaining their mature growth,

the individual life of the hairs is limited, those on the scalp probably retaining their vitality for

from two to four years and the eyelashes for only a few months (Pincus).

During the years of greatest vitality not only are the discarded hairs replaced by new ones,

but the actual number of hairs may increase in consequence of the development of additional

follicles from the epidermis after the manner of the primary formation. When from age or other

cause the hair-follicles loose their productive activity and, therefore, are no longer capable of

replacing the atrophic hairs, more or less conspicuous loss of hair results, whether only tem-

porary or permanent evidently depending upon the recuperative powers of the follicles.

The change of hair that is continually and insensibly occurring in man, in contrast to the

conspicuous periodic shedding of the coat seen in other animals, includes the atrophy of the old

hair on the one hand, and the develoi:)ment of the new on the other.

The earliest manifestations of this atrophy, as seen in longitudinal sections of the hair-

follicle, are reduction in the size and differentiation of the mass of matrix-cells at the bottom of

the follicle and the diminution of the hair-papilla. The progressive reduction of the matrix is
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Fig. 1169.

I

acconipaiiietl by the pnuliiclion of a club-shaped eiilarj^enieiU of the hair, l>etHeen which and
the shrunken matrix a strand of atrophic epithehal cells for a time remains. With tiie continued
proj(ress of these chan^;es, the root of the i/u/>-/iiiir, as the dejjeneratinjj liair is termed, shortens

so that the bull)us enlarjjement recetles from the bottom of llie

hair-sac, until it lies just below tlie narrow neck of the f(j|licle,

where it remains for a longer or sht»rter periotl until the hair

is dislodj^ed anil hnally discarded, A hair that has fallen out

in conse<iuence t)f these atrt)|ihic changes i)resents well-marked

ditTereiices in the appearance and structure of its rocjt from a

growing hair removed by force. In the discarded hair the root

possesses the characteristic club sha|)e, with contours broken by

irregular processes composed of the splintered C(jrtical substance,

which alone forms the terminal i)ull) that is always solid and has

neither cuticle nor medulla.

While the old hair is still lodged in the upper part of the

follicle, the first steps towards its rei)lacement are initiated by the

stratum germinativum of the old hair-sac. Whether surrounding
a new pajiilla, as held by many, or capping the revived original

one (Hrunn), the deepest follicle-cells contribute by proliferation

the material from which the new hair is developed in a manner
agreeing essentially with that in which its predecessor was evolved.

'^ ' Scliatcoun

Hair

Bulb

Section ni fn-tal skin, show
ing sebaceous gland developing
from hair-follicle. ,' 90.

The Nails.—Tlie first appearance of a definite naii-

area on tlie dorsum of the distal phalanx is seen towards the

end of the third foetal month (KoUiker), although Zander
has described a local thickening of the epidermis co\'ering

the tip of the digit at the ninth week. By the fourth month the nail-area shows
as a slightly depressed field that is defined pro.ximaily and laterally by a curved
swelling, the earliest suggestion of the nail-wall. Distally the field is limited by a
transverse elevation. Shortly after the nail-area has been thus defined, the outer
cells of its stratum germinativum exhibit deposits of keratohyalin which, by the end
of the fourth month, lead to the formation of a thin overlying layer of nail-substance.

For a time this gains in thickness by additions to its under surface alone, the primary
nail being produced by the progressive conversion of the cells of the stratum granu-
losum, which is present throughout the nail-area.

At this stage the young nail lies completely buried within the epidermis, lying

between the most superficial elements of the epidermis and the epijrichial cells above,
and the deeper layers of the cuticle below. The overlying epithelial mass, composed
of the epidermal and epitrichial elements, constitutes the cponvchium, the remains

of which, after the disappearance of its middle and
distal parts, are subsequently seen as a thin mem-
brane covering the proximal part of the nail-plate.

As yet the young nail-plate has not come into

relation with the epidermis of the nail-groove, since

it is still confined to the primitive area. But during
the fifth month the proximally growing root invades

more and more the sulcus until it attains its definite

relations with the nail-wall. Meanwhile the nail-bed

beneath the developing root undergoes thickening
and becomes the matri.x, while the cells containing

keratohyalin gradually disappear from the distal

region of the nail-area in consequence of their com-
pleted conversion into the nail-substance. Subse-

quently these cells are limited to the proximal

nail-producing zone of the matri.x from which, after

the initial formation of the primarv nail-substance,

the nail alone receives the additions necessary- for its

continued growth. In consequence of the resulting

forward growth the nail pushes its way through the elevated distal boundarv* of the

nail-field, the epithelium lying above the nail-plate being lost, while that below remains

as the representative of the sole-plates that are well marked in many other animals.

Section of foetal skin, showing develop-
ing sweat-glands ; a, is less advanced than
b and c. X 100.
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The Sweat Glands,—The development of these, the most important members
of the group of coiled glands, begins during the fifth fcetal month as solid epithelial

sprouts from the under surface of the epidermis. At first cylindrical in form,

these processes soon acquire a club-shaped lower end and for a time resemble

developing hair-follicles. The terminal segment of the gland-anlage enlarges in

diameter and thus early differentiates the later ampulla. With subsequent increase

in length, the characteristic coils soon appear, after which a lumen makes its

appearance in the ampullary segment and gradually extends to the surface.

Practical considerations of the skin find mention in connection with the

various regions, to which the reader is referred.

THE NOSE.
Although only a small part of the nasal chambers is occupied by the

peripheral olfactory organ in man, the greater part forming the beginning of the

respiratory tract, comparative anatomy and embryology establish the primary

significance of the nasal groove and its derivations as the organ of smell, the

relation of the nose to respiration being entirely secondary. The nose, therefore,

is appropriately grouped with the organs of special sense, notwithstanding its relation

to the proper production of voice and to taste and the role that it plays in varying

facial expression.

The nose consists of two portions, the outer nose (nasus externus) and the inyier

chamber (cavum nasi), which is divided by the median partition into the right and
left nasal fossae

The outer nose forms the prominent triangular pyramid that projects from the

glabella forward and downward, supported by a bony and cartilaginous framework

and covered by muscles and integument. Its upper end or 7'oot (radix nasi) springs

from below the glabell?. from the frontal bone, with which it usually forms an angle

and from which, in consequence, it is separated by a groove. When the latter is

wanting and the rounded median ridge, or dorsum, of the nose continues the plane

of the forehead, the nose is said to be of the Grecian type. The dorsum ends below

in a free angle or point (apex nasi), the upper or bony part of the dorsum, often

termed the bridge, in the aquiline type of nose forming a more or less conspicuous

angle with the cartilaginous part.

The sides of the nose (partes laterales nasi) descend from the root with increas-

ing obliquity until they reach the broadest part of the nasal pyramid, or base, which

is pierced by the openings of the nostrils or anterior Jiares (nares). Just before

meeting the base, each lateral surface expands into the mobile and rounded wiyig ( ala

nasi) that forms the outer wall of the nostril and is limited above by a shallow

groove, the alar sulcus. Under the influence of the attached muscles, the alae are

subject to dilatation, compression, elevation and depression and thereby participate

in modifying facial expression.

In addition to the endless minor variations of form that the outer nose presents,

which, apart from individual distinction, have litde significance, the relation of its

greatest breadth across the alee to its total length, from root to tip, is of sufficient

anthropological importance to receive attention in the classification of the races of

/greatest breadth X ioo\
mankind. This relation, the cephalometnc nasal index \r- —ttttttt )

varies with different races, according to Topinard the index of the white races being

below 70 (leptorhines^, that of the yellow and red races between 70 and 85
{mesorhines) , and that of the black races above 85 {platyrhiyies).

THE CARTILAGES OF THE NOSE.

The cordiform nasal opening Tapertura pyriforrais) of the facial skeleton, bounded

by the free margins of the nasal and superior maxillary bones, is enclosed and

continued to the anterior nares by the nasal cartilages and contiguous fibrous tissue.

These cartilages are usually considered as including five chief plates, the unpaired

septal and the paired upper and lower lateral, and a variable number of smaller
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supplemental jiieccs ( carlilaijiiics miiiorcs). TIil- ioiiveiuional division of the tjrst

three, however, is unwarranted, since einbryolo^ically and niorpholoj^ically they

constitute one piece (cartilaijo iiicdiana nasi), which even in the adult is represented

by the connected septal and upjx-r lateral plates.

The cartilage of the septum (cartilaijo septi nasi) (Fig. 1171) completes the

median partition that diviiles the right antl left nasal fossre from each other and
represents the anterior extremity of the primordial cartilaginous cranium. It is

irregularly rhomlxiidal in form and so i)laced that its superior angle lies above,

received In-tween the nasal bones and the median plate of the ethmoid, and its

inferior angle below, resting upon the incisor crest of the maxilhe. The anterior

angle is directed forwartl and the i)osterior, much the more pointed, is prolonged

as the sphenoidal process (processus splicnoidalis scptl cartilanincij for a variable

distance between the mesethmoid and the vomer towards the body of the sjihenoid,

which exceptionally it may reach. The antero-superior margin of the septal carti-

lage, thickest above, is attached to the vmder surface of the intcrnasal suture for a

Frontal sinus

Septal cartilage

Mesial crus of left

lower lateral cartilage

Vomerine cartilag

Perpendicular plate of ethmoid

Sphenoidal sinus

Posterior naris

Sphenoidal process Vomer

Nasal septum viewed from left side ; mucous membrane has been partially removed.

distance of from 12-15 mm. Below the nasal bones, the margin of the septal

cartilage is continuous with the upper lateral cartilages which form ring-like expan-

sions (alae) of the median plate. Still lower, the free-margin of the latter extends

between the lower lateral cartilages to within about a half inch from the tip of the

nose which, however, it does not reach, the medial crura of the lower lateral plates

intervening. The postero-superior margin, the thickest part of the cartilage, is

attached to the free margin of the perpendicular plate of the ethmoid bone. The
postero-inferior margin rests upon the anterior part of the upper margin of the

vomer and the incisive crest as far as the anterior nasal spine, where the border

passes into the rounded antero-inferior margin that joins the nasal spine with the

anterior angle. This border is always convex and does not reach the lowest part of

the partition between the nostrils, which being devoid of septal cartilage, is freely

movable and constitutes the septum mobile.

The upper lateral cartilages (cartilagines nasi laterales) (Fig. 1172) are two

triangular plates, one on either side, that by their median .and longest border are

attached to the septal cartilage, with which in their upper part they are directly

continuous. The upper margin of each is joined to the free border of the nasal bone,

which it slightly underlies, and. exceptionally, the adjacent edge of the maxilla. The
lower margin is embedded in fibrous tissue which connects it with the adjoining plates.

The median parts of the cartilages are markedly convex and separated by a slight

groove that is, for the most part, obliterated by fibrous tissue.
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Fig. 1172.

Upper lateral

cartilage

Lower lateral

cartilage

Nasal
aperture

Cartilage
at tip

Nasal bone

Septal
cartilage

Lower lateral

cartilage

Mesial crusof
lower lateral

cartilage

Bony and cartilaginous framework of nose, front aspect.

The lower lateral cartilages ( cartila^ines alares majores) CFig. 1172) area
pair of thin curved phites that encircle the apertures of the nosirils anteriorly and
constitute the framework of the tip of the nose. Each cartilage consists of an hi7icr

plate {zxvi% mediale). from 6-7 mm.
broad, which, with its fellow of

the opposite side, embraces the

lower and anterior part of the

septal cartilage and aids in com-
pleting the partition separating

the nares. In front it narrows,

bends sharply outward, and passes

more or less abruptly into a
broader outerplate (crus laterale),

which is of very uncertain form

and size, although of a general

elongated oval shape and some
12 mm. broad. The triangular

space between the varyingly

prolonged posterior end of the

lateral plate, the maxilla and the

upper lateral cartilage is filled

out by fibrous tissue in which
are embedded two, three or
more small cartilaginous pieces

(cartilagines alares rainores). These vary greatly in size and form, but in a general

way tend to complete the ring of cartilage surrounding the lateral wall of the

nares. They do not, however, reach the lower border of the nasal ring, which,

as well as the remaining part of the lower boundary of the aperture of the nostril,

is devoid of cartilage and composed of integument and fatty connective tissue.

The rounded anterior angles of the lower lateral cartilages occupy the tip of the

nose, close together when this is pointed, but separated by a space that shows
externally as a more or less evident groove when the tip of the nose is blunt

and broad. The median plates approach the septal cartilage closer in front than

behind, where they curve outward to end in a rounded and upward curving hook.

The fibrous tissue uniting the median borders of the lower lateral plates with the

anterior edge of the septal cartilage usually contains two small sesamoid cartilages

(cartilagines sesamoideae nasi ) that pardy fill the triangular intervals on either side of

the median line.

The vomerine cartilages (cartilagines vomeronasales) are two narrow strips,

from 1-2 mm. wide and from 10-15 "''n^- ^o^g' ^'^'^ ^^^' *^"^ °" either side, along the

lower border of the septal cartilage

in the vicinity of the nasal crest.

They are attached to the carti-

lage and bone by fibrous tissue

and situated beneath the mucous
membrane lining the nasal fossae.

Their chief interest is their rela-

tion to the rudimentary organ
of Jacobson (page 141 7) below
which they lie. In animals in

w^hich the organs are well devel-

oped these cartilages form protect-

ing and supporting scrolls ; in

man, however, both organ and
cartilage are so feebly developed
that they loose their close relation.

The integument covering the outer nose is in general thin and closely bound

down to the underlying fibrous tissue, being particularly unyielding over the tip and

alse. With the exception of within the alae and lateral borders of the nostrils, the

Fig. 1 173
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I'RACTICAL COXSIDICKATIOXS: THE KXTERNAL XOSK. 1407

fatty tissue is very meaj^rc. The sebaceous j^laiuls, on the otlier liand, are well

developed and open in many instances in conjuiiction with the follicles of the delicate

hairs that coverall parts of the surface. On the ala- the closely placed glands are ol

exceptional size and ojK'n by ducts readily seen as minute depressions.

Vessels.— in order to compensate for the exposed i>osition, the external nose
is jreiierously supplied with a/icrus, derived chiefly from the facial and (Ophthalmic,

which are imite(l by lunnerous anastomoses with each other as well as with branches
from the infraorbital. The xri'ns are all tributary to the anj^ular vein, whic h begins
at the inner canthus and descends alonj^-- the side of the nose to the facial trunk,

receivintj in its course the dorsal, latc-ral, and alar branches. The angular vein

commimicates with the ophthalmic and tlie veins of the nasal fossa.

The lyoiphatics are arranj^^ed in three .sets (Kiittner). The first, lK.-j^Mnninj.( at

the root of the nose, passes above the ujiper eye-lid and alon^ the supracjrbital rid|^e

to the parotid nodes. The second ji^roup, formed by the superficial and deej) lym-
phatics at the nasal root, skirts the lower mart^in of the orbit and ends in the lower
parotid nodes. The third and most important set includes from 6 to 10 trunks that

follow the blood-vessels and end in the submaxillary nodes.

The nerves supplyinL,^ the outer nose include the motor branches of the facial

to the muscles and the sensory twin's from the trifacial to the skin, distributed by the

infratrochlear and nasal branches of the ophthalmic and by the infraorbital of the

superior maxillary.

PRACTICAL CONSIDERATIONS : THE EXTERNAL NOSE.

The Nose may be congenitally absent, or bifid, or imperfect, as from absence
of the septum or of one nostril, or—very rarely—of both nostrils. As to its external

aspect it may be of various types, e.g.: Grecian, when the dorsum is on a practi-

cally continuous straight line with the forehead, with no marked naso-frontal groove

;

aquiline, with the dorsum slightly arched ; rounded, with the arch much more
pronounced; foetal

—"pug"—with the bridge depressed and the nostrils directed

somewhat forward.

The fcetal type is simulated in the new born by the subjects of inherited

syphilis in whom the bridge of the nose is often much depressed as a result

either of {a) imperfect development following the severe specific coryza that

affects the nasal mucosa and, through the close apposition of the latter to the

periosteum of the fragile nasal bones, interferes with their nutrition ; or {b^ by
actual caries or necrosis of those bones or of the septum favored by the same
conditions. In acquired syphilis the similar nasal deformity is practically always
the result of the destruction of the septum, or, less frequently, of the nasal bones, by
late (tertiary) lesions.

As a consequence of faulty development in the anterior mid-portion of the

frontal bone the membranes of the brain may protrude, forming a meningocele,

which is more common at the naso-frontal junction than elsewhere. Occasionally

the defect permitting the protrusion exists in the cribriform plate of the ethmoid,

and the meningocele occupies the nasal fossa, having under these circumstances

been mistaken for a nasal polyp and removed, death resulting from subsequent septic

meningitis.

The cosmetic importance of the nose is so great, the diseases producing
deformity so frequent, and the susceptibility of the organ to injury so marked, that

much ingenuity has been expended upon devices to restore it when lost, or to

improve its appearance. In the Tagliacotian operation a cutaneous flap is taken

from the arm which is held close to the nose by a complicated dressing until the flap

is firmly united in its new position, when its pedicle is detached from the arm. The
Indian method is more particularly anatomical, since the flap taken from the fore-

head is so fashioned that it receives intact the blood from the frontal branch of the

ophthalmic artery from the internal carotid, the ophthalmic receiving at the origin

of the frontal an important anastomosis from the angular branch of the facial arter)%

which is given off from the external carotid artery. For partial deformities flaps

may be taken from the sides according to the size and situation of the deficiency.
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As upon other parts of the face, plastic operations are very successful owing to

the free blood supply. Acne rosacea is common on account of the ready response

in vascularity of the nose to external irritating influences, and to internal disturbances

of the circulation, as from heart and lung disease, chronic gastritis, and alcoholism.

Furuncles and superficial infections are frequent because of the number of sebaceous

and sweat glands present. Lupus and—in the alar sulcus—rodent ulcers are com-
mon because of the constant exposure of the nose to external irritation and to

lowering of temperature, depressing its vital resistance. Frost-bite of the nose is

also common, especially about the tip, because of its exposed position and the lack

of protection to the delicate vessels from overlying tissues.

The ner\e supply to the nose is likewise very free, as is shown in a practical

manner by the pain which accompanies inflammatory conditions, especially those

involving the lower cartilaginous portion where the skin and subcutaneous tissues

are very adherent. The resulting exudate is therefore much confined, pressing

upon the nerves ; this accounts also for the frequency with which gangrene occurs

under these circumstances.

Watering of the eyes from irritation of the skin or mucous membrane of the

nose is due to the free nerve supply, and to the fact that the same nerve, the tri-

geminal, supplies the nose and the lachrymal apparatus ; as a portion of the nasal

chamber is supplied by a branch of the ophthalmic nerve, raising the eyes to the sun

will often give the added irritation necessary to precipitate a sneeze when the nasal

stimulus suggests one, but is not quite strong enough unaided. Cough and bronchial

asthma ha\'e resulted from nasal affections due to the indirect relations between

the fifth cranial nerve and the pneumogastric. As the olfactory portion of the

nasal fossa is in the upper portion of the cavity, an earnest effort to recognize

an odor or to enjoy one to the utmost, is accompanied by a deep inspiration

through the nose with dilatation of the nostril. In paralysis of the facial nerve,

the involvement of the dilatores naris has been thought to explain the lessening of

the olfactory sense sometimes seen in this condition. Paralysis of the levatores

alae nasi muscles has permitted the nostrils to close during inspiration, causing stridor

and mouth-breathing. The loss of the sense of smell is a not uncommon result

of severe blows, especially on the forehead, and may be due to (a) concussion of

the olfactory bulbs
;

(d) fracture of the cribriform plate of the ethmoid
;
(c) injury

to the olfactory roots where they cross the lesser wing of the sphenoid ; or (d)

lesion of the olfactory nerves where they traverse the cribriform foramina. Sneezing

from irritation of the nose is probably due to the indirect relationship between the

fifth pair and the vagus and may be so violent that serious injury may result, as in

cases in which a subcoracoid luxation of the shoulder, a fracture of the ninth rib,

and the rupture of all the coverings of a large femoral hernia were produced by
this act (Treves).

The abundant sweat and sebaceous glands in the skin of the nose account for

the frequency with which acne vulgaris attacks it. The alae, the only movable por-

tions, take part in the movements of expression, as in contempt and scorn.

Fractures of the nose are common because of its exposed position, and of the

frequency of blows and other forms of violence applied to the face. Their chief

importance depends upon the prominence of the nose as a feature of the face, any
change in its shape attracting general attention. The fracture occurs most com-
monly in the lower part, because of the greater weakness of the bones and their greater

prominence at that level. In its upper part, the relative depression of the dorsum,

the greater thickness of the bones, and their more firm support, make fracture less

common. On the other hand, the higher fractures are more dangerous because of

their possible relation with the cribriform plate and sinuses of the ethmoid bone, the

frontal sinuses and the nasal duct. Involvement of the cribriform plate is in effect a

compound fracture of the base of the skull, exposing the meninges to the danger of

infection. Fractures of the nose are almost always compound, because of the

intimate adhesion of the mucous membrane to the bone, with little intervening

tissue, so that when the bone breaks the overlying adherent tissue is torn through.

This accounts for the practically uniform occurrence of epistaxis, on account of which

it is often difficult to detect the presence of escaping cerebro-spinal fluid when the
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cribriform plate is also frailurcd. On the other hand, the rich glandular su[)i)ly of

the mucous niemWrane, which makes the usual mucous secretion exc(i)lionally free,

may, in a i>ost-traumalic coryza, result in a watery dischar^^e of such <|uantity as to

su^i^est the escape of the cerehro-spinal fluid. ICmphysema within the orbit and
under the skin may result from the communication of the nose with the ethmoidal or

frontal sinuses. in the effort to keep the nose clear of blood by blowinj^, the air is

forced into the subcutaneous tissues.

In fractures at the lower part, the deformity is fre(iuently lateral, because of

the Linater exposure to side l)lows, and the tendency of the cartila_t;in(nis alo.* and
septum to avoid crushini^. In the upper ])art depression is more likely, becuise of

the tendency to escape any but forces from in front, the greater force necessary to

j^roduce the fractun-, and the presence of a bony septum underneath, whicli crushes

rather than bends.

When the deformity has been replaced there are no stroni^ muscles to rej>ro-

duce it, so that little or no effort is necessary tf) maintain the fraj^jments in position.

The deformity must be reduced early and the reduction maintained, because owing
to the free blood supply, union is usually raj^id, sometimes occurrintif in a week.

One must bear in mind in reducins^ the deformity that the roof of each nasal fossa is

not more than 2-3 mm. wide, and that, therefore, a narrow rii^id instrument is

necessary to press the fragments upward into their normal positions.

THE NASAL FOSS^..

The cavity of the nose is divided by the median septum into two nasal fossae

which extend from the anterior to the posterior nares, or choaiiiz, through which

they open into the naso-pharynx. They communicate more or less freely with the

accessory air-spaces within the frontal, ethmoid, sphenoid and maxillary bones, into

which, as a lining, the mucous membrane of the nasal fossce is directly continued.

Seen in frontal section (Fig. 1 176), each fossa is triangular in its general outline,

the apex being above at the narrow roof and the base below on the floor. The
smooth median wall is approximately vertical and meets the floor at almost a right

angle, while the sloping lateral wall is modelled by the projecting scrolls of the three

turbinates, which overhang the corresponding meatuses.. In sagittal sections

(Fig. 1 174) the contour of the fossa resembles an irregular parallelogram from which

the upper front corner has been cut oflf, so that in front the upper border slopes

downward to correspond with the profile of the outer nose. The greatest length of

the fossa, measured along the floor, is from 7-7. 5.cm. (23/^-3 in.) and its greatest

height from 4-4.5 cm. The width is least at the roof, where it is less than 3 mm.,
and greatest in the inferior meatus a short distance above the floor, where it expands

to from 15-18 mm.
The Vestibule.—The anterior part of the fossa, immediately above the open-

ing of the nostril and embraced by the outer and inner plates of the lower lateral

cartilage and adjoining portion of the septum, is somewhat expanded and constitutes

the vestibule (vestibulum nasi), a pocket-like recess prolonged towards the tip being

the ventricle (recessus apicis). These spaces are lined by delicate skin, directly con-

tinuous with the external integument and tightly adherent to the underlying cartilage,

and, in the low^er half of the \estibulc, containing numerous sebaceous glands and

hairs. In the vicinity of the nostril the hairs, known as vibrissa', are coarse and

long and curved downward to at^'ord protection to the nasal entrance. Over the

upper part of the vestibule, the skin is smooth and closely attached to the lower

lateral cartilage, the upper margin of the outer plate projecting as a slightly arching

ridge, the li>ne?i vestibuli, w-hich forms the superior and lateral boundary of the vesti-

bule and marks the line of transition of the skin into the mucous membrane that lines

the remaining parts of the nasal fossa.

Above and beyond the vestibule, the nasal fossa rapidly expands into a

triangular space, the atrium nasi, that lies in advance of the entrance into the middle

nasal meatus. Above and in front the atrium is bounded by a low and variable

ridge, the agger nasi, that represents a rudimentary naso-turbinate, which in many
mammals attains a large size. The space lying in front of the agger, extending
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from the Hmen to the cribriform plate of the ethmoid and roofed in by the forepart
of the arched upper boundary of the fossa, is long and narrow in consequence of
the ajjproximation of the median and lateral walls. It leads from the nasal aperture
to the summit of the nasal fossa and to it Merkel applied the name carina nasi.

The Nasal Septum.—The median wall consists of the partition formed chiefly
by the perpendicular pkrte of the ethmoid, the vomer and the septal cartilage, cov-
ered on both sides by mucous membrane. The extreme lower and anterior part of
the septum, consisting of the alar cartilage and the integument, is flexible, and there-
fore called the membranous portion, or septum mobile ; tlie terms bony and cartilagi-
nous portions are applied to the remaining ])arts of the septum supported by bone
and cartilage respectively.

While during early childhood its position is median, in the great majority of
adults the septum presents more or less asymmetry and lateral deflection, most often

Fig. I I 74.
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to the right. This de\iation may affect the septal cartilage alone, may be limited to
the bones (in 53 per cent, according to Zuckerkandl), or may be shared by both.
The most common seat of the deflection is the junction of the ethmoid and \-omer, in

the vicinity of the spheno-ethmoidal process, or along the union of the vomer and
the septal cartilage. The asymmetry may in\'olve the entire septum, which then is

oblique
; or it may take the form of a simple bulging towards one side, a double or

sigmoid projection ; or be an angular deflection resembling a fold, crest or spur that
projects into one, sometimes both, of the fossae (Heymann).

Although the mucous membrane covering the nasal septum is generally smooth
and of fairly constant thickness, its surface is marked by inequalities caused chiefly

by variations in the amount and development of the glandular and vascular tissue.

One such accumulation, the tuberculuni septi, is relatively constant and on the septum
about opposite the anterior end of the middle turbinate. During early life a series

of from four to six or more oblique ridges, plica; septi, often model the lower and
posterior part of the septum, extending from below upward and forward. Slightly

above the anterior nasal spine, the septal mucosa presents the minute openings lead-

ing into the rudimentary organ of Jacobson. Behind, the margin of the bony septum
is covered by mucous membrane of unusual thickness which, therefore, forms the
immediate free edge of the partition separating the posterior nares.

The Lateral Wall.—The lateral wall of the nasal fossee is characteristically

modelled by the projecting scrolls Tconchae nasi) of the three turbinates. The latter

partly subdivide each fossa into three lateral recesses, the superior, middle, and
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inferior yyicatuscs. These arc t)\crlumj; l)y ihc correspondinj^ bony concha, the

superior incalus l)ein_i,^ roofed in by the ii])|)er turbinate and the inferior lyinj^ between
the lower turljinate and the floor of the fossa. That part of the nasal fossa between
the conchie and the se|)tum, into which the recesses ojjcn medially, is sometimes called

the meatus nasi communis. The details of the nasal fcjssa as seen within the macerated
skull have been described in connection with the skeleton ( pa^e 223 j. \\\ the recent

conilition, when the soft i)arls aic in ])la(e, while their j^eneral contour is preserved,

the coni])artnK-nls of the fossie are materially reduced in size by the thickness of the

mucous membrane and the erectile tissue that cover the bony framework.
Tin- Superior Meatus.—Corres|)ondin^ to the small size of the upfjer turbinate,

the superior meatus (meatus nasi superior j, or etiimoidal fissure ^ is narrow and
groove-like and little more than h ilf the length of the middle one. It is directed

downward and backward and is floored by the convex upper surface of the middle
concha. When the upper turbinate is replaced by two scrolls (conchte superior

et suprema)—a condition that Zuckerkandl regards as very frequent, if indeed, not
the more usual—the meatus is accordingly doul)led. Into the upi)er and front part

of the superior meatus the posterior ethmoidal air-cells open l>y one or more orifices

Fig. 1 175.
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of variable size. Above and behind the upper turbinate and in front of the body of

the sphenoid bone lies a diverticulum, the spheno-ethmoidal recess, into the posterior

part of which opens the sphenoidal sinus.

The Middle Meatus.—The recess beneath the middle turbinate (meatus nasi

medius) is spacious and arched to conform with the contour of the middle and
inferior conchcC which constitute its roof and floor respectively. On elevating,

or still better removing close to its attachment, the middle turbinate bone, a deep
crescentic groove, the infundibulum, is seen on the outer wall of the fossa o\-erhung

by the anterior half of the concha. The crescentic cleft leading from the middle

meatus into the infundibulum is the hiatus semilu7iaris,^ which extends from abo\-e

downward and backward, with its convexity directed forward. Its anterior boundary
is a sharp crescentic ridge due to the uncinate- process _of the ethmoid covered

with thin mucous membrane, while behind it is limited by a conspicuous elevation

produced by the corresponding underlying bony projection of the ethmoidal bulla.

^ Some confusion exists in the use of this term, since it is often applied to the entire groove and
not merely to the cleft which leads from the meatus into the groove. The name is here employed
as indicating the lunate cleft and not the groove (which is the infimdibulum), as originally used
by Zuckerkandl, who introduced it. See Antomie der Nasenhohle, Wien, 1882, page 39.
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When the infundibulum does not end blindly above, which it often does (page

194), its upper extremity, usually somewhat expanded, receives the opening of the

frontal sinus, ostium frontale. The sinus is, however, not dependent upon the

infundibulum for its communication with the middle meatus, since, as pointed out

by Zuckerkandl, between the front of the attachment of the middle turbinate bone

and the uncinate process of the ethmoid there exists a passage which leads to the

ostium frontale. Into the ujiper part of the infundibulum usually open some of the

anterior ethmoidal air-cells ; lower in the groove lies the oval or slit-like ostium

maxillarc, the chief communication of the antrum of Highmore. When the latter

is provided with an additional orifice, as it is in 10 per cent. (Kallius), the smaller

accessory communication opens into the infundibulum a few millimeters behind

the principal aperture. Above the hiatus semilunaris, either on or above the

bulla, is usually seen the slit-like opening through which the middle ethmoidal cells

communicate with the meatus.

The Inferior Meatus.—This passage (meatus nasi inferior), the largest of the

three, measures from 4. 5-5. 5 cm. in length, its anterior end lying from 2.5-3.5 cm.

behind the tip of the nose. At first relatively contracted, it abrupdy expands, not

I'"i(; 1
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only in height, in correspondence with the arched attached border of the lower

turbinate, but also in width. Farther backward, it gradually diminishes and is again

reduced at its choanal end. On the lateral wall of the inferior meatus, usually from

3-3.5 cm. behind the posterior margin of the nostril, after removal of the lower

turbinate, may be seen the opening of the naso-lachrymal duct. The position and

form of the orifice are subject to much variation. When close to the arching attached

border of the concha, the aperture is usually oval or even round ; when its position

is lower, it is narrow and slit-like, obliquely verdcal, and often guarded by a fold of

mucous membrane, the so-called valve of Hasner.

The arched roof of the nasal fossa is divisible into a naso-frontal, an

ethmoidal and a sphenoidal part in accordance with the bones over which the
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mucous membrane stretches. Tlie lower part of the nasofrontal division, below tiie

nasal bone, is cutaiK-tJUs 'and cartilaginous. Anteriorly the roof is reduced U) little

more than a groove on account of the appro.ximalion of the lateral and median

walls, but posteriorly broadens towards the choana. The median jxirt of the roof,

formed by the cribriform plate of the ethmoid, is very thin and makes a sharj) angle

with the steeply descending sjjhenoidal division. Between the latter and the superior

turbinate bone lies the spheno-ethmoitlal recess.

The floor of the nasal fossa, much broader than the roof antl suj)p(jrted by

the palatal prt)tess of the maxilla and the horiz(jntal plate of the palate b<;ne, fn^m

before backward is approximately horizontal, but fr(jm side to side is distinctly con-

cave. Anteriorly this wall is robust, but rapidly diminishes in thickness as it passes

backward. About 2 cm. behind the posteri(jr margin of the nostril and close to the

septum, the floor of each nasal fossa presents a slight depression, sometimes narrow

and funnel-shaped, that leads into a small canal lined with a i)rolongation of mucous
membrane. This canal con\erges towards the septum with its fellow of the opposite

fossa, descends almost vertically, and passes through the incisive foramen in the hard

palate to end on the roof of the mouth as a minute slit at the side of the incisive pad

or papilla jxilatina. Although the two tubes of mucous membrane may join to form

a single incisive lanaL they usually retain their independence (Leboucq,' Merkelj.

Thev are often closed and impervious ;' sometimes, however, even in the adult

communication is retained between the nasal and oral ca\ities.

The posterior nares or choanae, the apertures through which the nasal fossse

communicate with the naso-pharynx, one on either side of the septum, resemble in form
somewhat a Gothic arch (Fig. 1354). They are relatively much lower in the new-
born child than in the adult, in which they measure about 3 cm. in height and
1.5 cm. in breadth (Zuckerkandl), although indix'idual variation is considerable.

Each ojjening is bounded below by the horizontal plate of the palate bone ; laterally

by the inner surface of the internal pterygoid plate of the sphenoid ; above by the

vaginal process of the sphenoid and the ala of the vomer ; and mesially by the

vertical posterior borders of the vomer. Over this bony arch the nasal mucous
membrane is continuous with that lining the pharynx. Laterally the posterior

limit of the nasal fossa in the recent condition is indicated by a furrow (sulcus nasalis

posterior ) that extends from the under surface of the sphenoid downward to about
the junction of the hard and soft palates. Behind this furrow, about on a level with

the lower border of the inferior turbinate, lies the opening of the Eustachian tube
(Fig. 1174). Since the turbinates end approximately 12 mm. in advance of the

choanae. the outlines of these openings are unbroken by the scrolls that model the

lateral wall of the nasal fossae, all three conchae, howexer, being visible through the

posterior nares.

THE NASAL MUCOUS MEMBRANE.

Beyond the limen that marks the limit of the integument clothing the \estibule

(page 1409), the nasal fossa is lined by mucous membrane continuous with that of the
naso-pharjm.x through the choanar^. Since in addition to lining the tract over which
the respired air passes the nasal mucous membrane contains the cells receiving the
impressions giving rise to the sense of smell, it is appropriately divided into a respir-

atory and an olfactory part.

The Olfactory Region.—The highly specialized regio olfactoria is quite
limited in extent and embraces an area situated over the middle of the upper tur-

binate and the corresponding part of the septum. According to Brunn, ' whose
conclusions are here presented, the olfactorv area of each fossa includes only about
250 sq. mm. , the septum contributing something more than one-half of the entire surface.

Accordingly the specialized held is by no means coextensive with the upper turbinate

bone, as it reaches neither its lower nor posterior border (Fig. 1177). The anterior

margin of the area, which lies about i cm. behind the front wall of the nasal fossa, is

irregular in outline owing to the invasion of the specialized region by the adjacent

' Archiv f. mikros. Anat.. Bd. 39, 1S92.
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Fig. 1177.

respiratory mucous membrane, tongues or even islands of the latter projecting into

or being surrounded by the former. Upon the evidence derived from careful dissection

of the olfactory mucous membrane, however, it is difficult to avoid the conclusion

that Brunn's areas are too limited, as nerve-fila-

ments clearly attached to the olfactory bulb are

usually traceable onto the upper part of the middle
turbinate bone. In fresh preparations the olfactory

area usually, but not always, can be approximately
mapped out by the yellowish hue, lighter or

darker, that distinguishes it from the respiratory

region in which the mucous membrane exhibits

a rosy tint.

The epithelium contains two chief con-

stituents—the sujjporting and the olfactory cells.

The sjipportiyig cells are tall cylindrical elements,

about .06 mm. in height, that extend the entire

thickness of the epithelium. Their outer and
broader ends are of uniform width and contain

the oval nuclei which, lying approximately at

the same line and staining readily, form a
deeply colored and conspicuous nuclear stra-

tum at some distance beneath the free margin.

Between the latter and the row of nuclei, the

epithelium presents a clear zone de\'oid of

nuclei. The inner part of the supporting cells

is thinner and irregular in contour and often

terminates by splitting into two or more basal processes that rest upon the tunica

propria. Between these ends lie smaller pyramidal elements, the basal cells, that

Right nasal fossa, septum (s) has been
partially separated and turned upward ; dark
field shows olfactory area on lateral and mesial

walls of fossa, as mapped out by Brintn..

Fig. 1178.
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Section of olfactory mucous membrane; epithelium displays outer nuclei-free and nuclear layers formed by
supporting cells and broad stratum containing nuclei of olfactory cells. X 3oo-

probably represent younger and supplementary forms of the sustentacular cells.

The granular protoplasm of the basal processes often contains pigment particles.

The olfactory cells, the perceptive elements receiving the smell-stimuli, con-

sist of a fusiform body, lodging a spherical nucleus enclosed by a thin envelope of

cytoplasm, and two attenuated i)rocesses, a peripheral and a central. The olfactory

cells are in fact sensory neurones that ha\'e retained their primitive position within

the surface epithelium, as in many invertebrates, instead of receding, as is usual in
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tlic hij^hcr aniiiKils, to siluiiiioiis more remote Uom the exteri(jr. The slender

periplural process of the olfactory cell, which corresponds to the dendrite of the

neurone, is of uniform thickness and ends at the surface in a small hemispherical

knol) that projects slightly beyond the general level of the e|)ithelium and bears from

6-S minute stifT cilia, the olfactory luiirs. The length of the peripheral processes,

l)eini; dependent upon the position of the nuclei, varies, since the latter occuj^y

different le\els within the ei)itlulium in order to accommodate their greater number

—

about 60 per cent, in excess of those of the su[)porting cells ( Hrunnj. The central
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Section of human olfactory mucous
membrane, silver preparation ; two
olfactory cells are seen, one of which
sends nerve-fibre towards brain. X 335-
{Bt unn.)
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Isolated elements of epithelium of olfactory
mucous membrane; a, olfactory cells; d, sup-
porting cells. X 1000. (Brunn.)

processes of the olfactory cells, much more delicate than the peripheral, are directly

continued, as the axis-cylinders, into the subjacent nonmedullated nerve-fibres witliin

the tunica propria, from which they pass through the cribriform plate to enter the

brain and end in the arborizations within the olfactory glomeruli of the bulbus

olfactorius (page 1152).

The tunica propria is differentiated into a superficial and a deep layer by
the adenoid character of the stratum immediately beneath the epithelium. The
superficial layer, from .015 -.020 mm. thick, consists of elosely packed irregularly

round cells, resembling lymphocytes, and meagre bundles of delicate connective

tissue. The deep layer, on the other hand, contains robust bundles of fibro-elastic

tissue and relatively few cells. A distinct membrana propria is wanting within the

olfactory region.

The glands of Bowman (glandulae olfactoriae) are characteristic of the olfactory

region and probably elaborate a specific secretion (Brunn). They open onto the

free surface by very narrow ducts that lead into saccular fusiform dilatations, into

which the tubular alveoli open. The ducts possess an independent lining of flattened

cells that extend as far as the surface and lie between the surrounding epithelial ele-

ments. The dilatations are clothed with flattened or low cuboidal cells, which are

replaced by those of irregular columnar or pyramidal form within the tubular

alveolar. From the character of their secretion the glands of Bowman are probably

to be reckoned as serous and not mucous (Brunn, Dogiel).

The Respiratory Region.—The mucous membrane lining of the respirator^'

region differs greatly in thickness in various parts of the nasal fossa. In situations

where the contained cavernous tissue is well represented, as over the inferior turbinate,

it may reach a thickness of several millimeters, while when such tissue is wanting, as

on the lateral wall, it is reduced to less than a millimeter.
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The epithelium is stratified ciliated columnar in type, from .050 -.070 mm.
thick, and includes the tall surface cells, bearing the cilia, between the inner ends of
which lie the irregularly columnar basal cells. Numerous elements exhibit various
stages of conversion into mucous-containing goblet cells. The current produced by
the cilia is toward the posterior nares.

Beneath the epithelium stretches the membrana projiria or Irasement membrane
that varies greatly in thickness

; although in certain localities feebly developed, it is
usually well marked and measures from .010-. 020 mm. in thickness (Brunn).

Fig. 1181.
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Under pathological conditions its thickness may increase fourfold or more. In many
places the membrana propria is pierced by minute vertical channels, the dasa/ rana/s,
m which connective-tissue cells and leucocyctes are found, but never blood-capillaries
(Schiefferdecker).

The tunica propria consists of interlacing bundles of fibro-elastic tissue which
are most compactly disposed towards the subjacent periosteum. The. looser super-
ficial stratum is rich in cells and here and there contains aggregations of lymphocytes
that may be regarded as masses of adenoid tissue (Zuckerkandl). In certain parts
of the nasal fossa the stroma of the mucous membrane contains vascular areas com-
posed of numerous intercommunicating blood-spaces that confer the character of a
true cavernous tissue. These specialized areas, the corpora cavernosa, as they are
called, are especially well developed over the inferior and the lower margin and
posterior extremity of the middle conchae, and less so over the posterior end of

the upper turbinate and the tuberculum septi; When typical, they occupy practically
the entire thickness of the mucous membrane from periosteum to epithelium, the
interlacunar trabeculae containing the glands and blood-vessels destined for the sub-
epithelial stroma. The blood-sinuses, the general disposition of which is vertical

to the bone (Zuckerkandl), include a superficial reticular zone of smaller spaces
and a deeper one of larger lacunae. The engorgement and emptying of the cavernous
tissue is controlled by nervous reflexes and probably has warming of the inspired air

as its chief purpose (Kallius).

The glands of the respiratory region are very numerous, although varying in

size, tubo-alveolar in form and, for the most part, mixed mucous in type. The
chief ducts open on the free surface by minute orifices barely distinguishable with the
unaided eye. Their deeper ends branch irregularly into tubes that bear the ovoid
terminal alveoli. The latter are lined with mucous-secreting cells, between which lie
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Fig. 1 182.
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Exceptionally exihisivi-ly serous i^laiuls are also eiuxninten-d ( Kallius).

Jacobson's Organ. Meiuion lias Ix-cu made of the rudiiiuntary structure

(oruanoii vomcroiiasaic ) found in nuui. almost constantly in the new-horn child and

freciuently in the adult, as a rejjresentative of the orj^an of Jacobson that is present,

in \-.ir\in|L; decrees of perfection, in

all amniotic vertebrates ( Peter). In

many animals possessintj in hii^h

dcji^ree the sense of smell ( macros-

matic), the orjj^an is well develojjed

and functions, serving- possibly as an

accessory and outlying surface by

which the first olfactory impressions

are received (Seydel).

In man the origan is represented

by a laterally compressed tubular

diverticulum, from 1.5-6 mm. in

length, that passes backward and

slightly upward to end lilindly be-

neath the mucous membrane on each

side of the septum. The entrance

to the tube is a minute aperture

situated near the lower border of

the septum, above the anterior nasal

spine and the rudimentary vomerine

cartilage. The median wall of the

diverticulum is clothed with epithe-

lium composed of tall columnar cells

resembling those of the olfactory

region, but the characteristic olfac-

tory cells are wanting. The epithe-

lium covering of the lateral wall

corresponds to that of the respiratory region. In macrosmatic animals branches of

the olfactory nerve are traceable to Jacobson's organ in which are. found olfactory cells.

Portion of frontal siction through nasal fossae of kitten, showing
organ of Jacobson. X 20.

PRACTICAL CONSIDERATIONS : THE NASAL CAVITIES.

The nasal cavities have certain important clinical relationships which may be

classified as (i) physiological

—

(a) respiratory, phonatory and olfactory
;
(d) sexual

;

(2) topographical

—

(a) the nasal chamber and the vestibule
;
(d) the premaxillary,

maxillary, and palatal portions
;
(c) the septum, and the turbinate bones.

I. (a) The air passing out from the pharynx, being confined to the plane of

the posterior nares, is not carried up to the olfactory region, so that the odors on the

expired breath are not appreciated. When the communication between the respira-

tory and olfactory portions is cut off, as by swelling of the mucous membrane at

the region of union of these portions, loss of smell supervenes. Discharge which may
accumulate about the middle turbinate bonfe or in the upper portion of the vestibule

cannot be removed by the act of blowing the nose, for the reason above assigned that

the air of expiration cannot pass within the olfactory portion. The act of blowing

the nose, or the process of washing out the nose by a current thrown in from the

naso-pharynx, will wash out the inferior meatus with ease, provided the discharge is

not inspissated, and the parts of the floor of the nose are normal (Allen). An
abnormal width or patency of the respiratory portion of the fossa—especially of the

inferior meatus—due to imperfect development of the inferior turbinates, has

been thought (Lack), by diminishing the v?s a ter_Q;o in blowing the nose and thus

favoring the retention and decomposition of the nasal mucus, to contribute to the

occurrence of atrophic rhinitis (ozsena). The value of the nose as an accessory

organ of phonation consists in its action as a resonating cavity which adds quality,

color and individuality to the voice. This function of the nose becomes strikingly
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apparent when, as durin_^ an acute coryza, the fossce are more or less completely
obstructed and the voice becomes flat and entirely without resonance.

{d) The relations between the nasal chambers and the sexual apparatus are of

practical importance and have as an anatomical basis the analogy between the mucosa
covering much of the turbinates and jxirt of the septum, and the erectile tissue of the

penis, and the sympathy between the erectile portions of the generati\'e tract and
erectile structures

—

c. o-.
, the nipple—in other parts of the body.

2. (a) The distinction between the nasal chamber and the vestibule is, in the

main, based upon the diflterence in their lining membrane, that of the vestibule

being simply a continuation inward of the external integument to the line (/ime?i

nasi) at which the nasal fossa proper begins. The vestibular ca\ ity is provided with

rigid hairs (to aid in arresting foreign particles carried in with the air current), and
sebaceous glands, and is especially susceptible to eczematous or furuncular affections.

Diseases of the vestibule may, therefore, be dealt with as though they were affections

of the skin ; while diseases of the mucosa of the nasal chambers are to be treated on
the same principles as those of the mucous membranes generally, with special refer-

ence to its erectile character and to its close relation to the underlying periosteum

and bone.

(b) The sutural lines of the premaxilla, of the maxilla, and of the palatal bones

aid in determining the boundaries of the subdi\'isions of the nasal chamber, which

are indicated to some degree by the production of the planes of the sutures of the

roof of the mouth, ^'ertically upward through the nasal chambers.

(c) The morphological significance of the septum, placed as it is in the median
line of the face of the embryo, with the turbinate bones lodged to its right and left

sides, remains the same in the skull of the adult, notwithstanding the fact that, with

cultivated races at least, the septum is usually deflected through the greater part of

its course from the median line. This deflection has been said to be due to the

persistent growth of the septal bones in a vertical plane after their edges ha\-e

united—the apex of the deflection being often found at the junction of the ethmoid

and vomer ; any preponderance in strength of one of these bones will cause bending

of the weaker—usually the perpendicular plate of the ethmoid. The usual direction

of the deflection is to the left, and this has been thought to be due to the habit of

using the right hand in blowing the nose. Asymmetr}- of the nasal chambers is a

result of the deflection. One of these chambers, commonly the left, is much smaller

than its fellow of the opposite side, and may be occluded, when the right chamber

will be larger than normal and possess both osseous and erectile structures which

have undergone physiological hypertrophy. Care should be taken to distinguish

between such hypertrophy and the effects of diseased action (Allen).

The anterior nares are directed downward and are on a lower plane than the

floor of the nose. To examine the interior of the nose the movable nostril must

therefore be elevated and the head thrown backward. The speculum shaped for the

purpose should not be passed beyond the dilatable cartilaginous portion. With good

light one mav see the anterior part of the middle turbinate bone, a larger portion of

the inferior turbinate, the beginning of the middle meatus, and get a freer aIcw of the

inferior meatus, the septum and the floor of the nose. The lower orifice of the nasal

duct cannot be seen, although it is only about an inch from the orifice of the nostril,

and three-fourths of an inch above the floor of the nose. This is due to the fact

that it is concealed behind the attached and depressed anterior end of the inferior

turbinate.

To expose better the structures in the external wall of the narrow and rigid

nasal fossa, various procedures have been adopted. Rouge made an opening into

the anterior nares from the mouth, by incising in the angle between the upper lip and

the gum. Bv separating the alar cartilages from the bones and dividing the cartilag-

inous septum the movable anterior portion of the nose can be turned upward, giving

a full exposure of the nasal foss.ne, without leaving an unsightly scar.

To permit a freer exploration with the finger. Kocher divided the septum as far

back as possible with scissors. He also di\ided the roof of the nose near the septurn,

turning the divided parts aside. An osteoplastic flap may be made by extending this

incision upward, dividing the bone in this line and making a second incision around
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the aUe :ind alonj^ the side of tlie nose, ajj^aiii dixidiiii,^ the hone. The flap thus
formed can be tuinetl upward, after breakini^ the l)riil}4e of bone between the upper
ends of the two incisions, exposinj^ the nasal fossa.

The fin,u;'er can l)e passed backward through the ncjstril far enou^di to meet the
finj^er of the other hand passed to the posterior nari-s through the mouth.

The posti'rior nares can be examined by the rhinoscojiic mirror or by tlie hn^er
introchiced throui^h the mouth. Posterior rhinoscopy, hke larynj^^jscopy, is carried

out witli dittiiiilt\-, because the rej^ion of the naso-pharyn.x is sensitive and is intol-

erant of intrusion. In the act of swallowing, the ei)iglottis protects the larynx by
closing the laryngeal opening, and the soft palate rises against the jjosterior wall of

the pharynx, prexenting regurgitation into the nose. When the rhinoscopic mirror
is useil the same thing occurs, so that the view of the larynx and naso-pharynx is

shut ofi. Consideral)le difficulty is sometimes ex]:)erienced in training the jjatient to

overcoiue this tendency. The employment of the nasal douche is based upon the

same mechanism. When the stream of fluid ])asse(l through one nostril reaches the

posterior part of the nose, its progress toward the mouth is obstructed by the elevated

soft ])alate, and it therefore passes around the posterior edge of the septum and back
through the opposite nasal fossa.

With the rhinoscopic mirror in good position, and the soft palate quiet, one
may see the posterior nares divided by the septum, the turbinated bones, and the
meati (especially the middle turbinate and the middle meatus), the roof of the naso-

pharynx and the orifices of the Eustachian tubes. The finger introduced through
the mouth can feel the same structures, and can recognize naso-pharyngeal adenoids,

tumors, or abscesses.

The mucous membrane over the turbinates, owing to the presence of a rich

venous plexus, is one of the most vascular in the body, and resembles erectile tissue

(page 196S). This and the general vascularity of the nose partly explain the great

frequency of epistaxis. The excessive supply of blood to the mucosa may be (a) for

the purpose of enabling it to raise the temperature anci add to the moisture of the

inspired air ; (S) to favor the activity of the numerous mucous glands, the free secre-

tion of which together with the action of the cilia of the epithelial cells is required to

remove the dust and the micro-organisms that are filtered from the air during inspi-

ration by the vibrissae and the cilia themselves
;
(c) to endow it with sufificient vitality

to resist the pathogenic action of such micro-organisms. In spite of this defensive

quality, the constant exposure to atmospheric irritants often leads to congestions and
coryzas, which if long continued and frequently repeated result in hypertrophy of

the mucous membrane. This may require removal by cauterization or excision to

relieve the consequent obstruction. The mucous membrane is somewhat less closely

attached to the septum than to the neighboring parts, and hence h^nematomata of the

septal submucosa are not infrequent after an injury to the nose. Such hcematomata
are almost invariably infected and proceed to suppuration forming septal abscesses,

the constitutional symptoms (toxaemia) of which may give rise to anxiety if their

local cause is o\-erlooked.

Epistaxis is common not only because of (a) this vascularity of the mucosa, but
also by reason of (d) the frequency of trauma to the nose ; the relation of its veins

(r) to the general venous current so that they may be congested in cardiac or in pul-

monary disease, or in straining, or in paroxysms of coughing, as in whooping cough
;

and (d) to the intracranial sinuses, so that nose-bleed mav be a symptom of cerebral

congestion or tumor
;
(e) the bleeding may be vicarious, as in cases of suppressed

menstruation (an illustration of the sexual relations of the nasal apparatus); (/)
it not uncommonly follows ulceration—simple, tuberculous or syphilitic—and in

obstinate cases such ulcers should always be sought for.

The source of hemorrhage from the nose is most frequefitlv in the anterior part,

particularly on the septum, and is then ordinarilv controlled with ease. Usually the

patient should be kept upright, with the head back, (not in the usual position lean-

ing over a basin, increasing the tension of the vessels of the neck and head) and
should be made to take deep breaths with the arms raised, thus fully expanding the

thorax and depleting the cervical veins and, indirectly, the facial and ophthalmic into

which the veins of the nose empty. If ordinary means fail, and this is more likely



1420 HUMAN ANATOMY.

if the bleeding point is posterior, the posterior nares may be plugged. For this

purpose a long silk ligature is passed through the nose to the pharynx and out

through the mouth, by means of a Bellocq's cannula or a soft catheter. To the

middle of the ligature is attached a plug of gauze slightly larger than the posterior

nares, which is then drawn by the anterior end of the ligature into the nasal fossa,

which it should tighdy fill.

Postnasal adenoids originate in the normally excessive lymphoid tissue—pharyn-

geal tonsil—of the postnasal space, of which tissue they are a simple hypertrophy.

The growth forms a mass in the vault of the naso-pharynx and often extends down-

ward and forward, filling up Rosenmiiller's fossae and involving the orifices of the

Eustachian tubes. The tonsils are commonly also enlarged.

The symptoms produced are : {a) obstructed nasal respiration, more marked

during sleep, when the mouth is closed by the approximation of the tongue to the

palate ; (/^) as a result of this, broken rest and " night terrors" ; and {c) as a further

consequence (and also from deficient oxygenation), deterioration of the general

health, delayed or arrested growth, and aneemia
;
{d) intermittent partial deafness

and recurrent attacks of catarrhal or suppurative otitis media ; {^c ) pigeon-breast from

inequality of intra- and extra-thoracic atmospheric pressure.

The' early removal of adenoids that produce any or all of these symptoms is

usually indicated, and is facilitated by their friability and by the toughness and den-

sity of the submucosa on which they lie, circumstances which permit of their usually

easy enucleation either with the fingers or with the adenoid forceps and curette.

Naso-pharyngeal growths may be either simple fibromata or fibro-sarcomata.

Thev are usuallv dense, and contain large venous channels, which have no definite

sheath and thus do not retract when severed. Incision into them may therefore be

followed by severe hemorrhage with no tendency to spontaneous arrest. Ulceration

or abrasion of the surface of these growths is not infrequent, and is also attended by

repeated and often dangerous loss of blood.

The nasal fossae, already very narrow, are frequently further obstructed by path-

ological conditions, such as deviations of the septum, hypertrophy of the mucous
membrane covering the turbinates, spurs on the septum, polypi and tumors. The
septum is rarely straight after the seventh year, in about se\'enty-fi\e per cent, of

cases being turned to one or the other side, most frequently the left {vide supra').

Both the bony and cartilaginous portions, more especially the anterior cartilaginous,

are in\-olvcd. The deflection is sometimes due to a fracture from blows or falls. The
Avhole nose usually deviates more or less to one side. Spurs on the septum com-

monly occur at the junction of the bony and cartilaginous portions. A deviation of

the septum does not necessarily mean that the narrowed nasal fossa is seriously

obstructed. It frequently, however, comes in contact with the surface of the turbin-

ates, and may result in an adhesion or synechia from the irritati\-e inflammation which

is set up. Operations are often necessary to correct the difificulties arising from

deviation of the septum. The concavity on the opposite side will differentiate it from

a tumor.

Hvpertrophy of the ethmoidal labyrinth, or bulla ethmoidalis, is sometimes so

far advanced as to obstruct the nasal fossa on that side. The middle turbinate over-

lies and yields before this expanded cell, and may even press against the septum

to such an extent as to make it bend and obstruct the opposite nasal fossa to

a greater or lesser degree. The removal of the middle turbinate is sometimes

practiced in these cases" (Taylor), or the bulla itself may be obliterated by means of

the cutting forceps or curette. Over-development of the bulla ethmoidalis may at

times be so great as to occasion obstruction of the upper portion of the corresponding

nasal fossa.

The floor of the nose is the widest part, and slopes gradually backward and

downward in the upright position, so that collecting mucus tends to run backward

and drop into the throat. Rhinoliths, which are incrustations usually about a foreign

bodv, are most frequendy found in the inferior meatus, which is the largest The
posterior nares are below the level of the respiratory portion, so that any discharge

above the middle turbinate cannot be blown from the nose. The anterior portion of

the inferior turbinate slopes downward and forward, and its anterior end is attached
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so near the floor of the nose that the roomiest portion of the inferior meatus is

posterior. Therefore, the entrance of air into the lower part of the nasal fossa is

obstructed, and is favored toward the u])per— "respiratory"— (x^rtion, especially
throu).;h the wide anterior openinj,^ of the middle meatus, which reaches as hi^di as
the tendo-oculi. This anatomical arran.i,^ement is the explanation of the fact already
mentioned, that odors on expired air are not rec(}jrnizcd.

The relations of the nasal chambers explain why a corvza may cause (a) lach-
rymation, by atTectint,^ the tear duct, lachrymal sac, and conjunctiva

; (d) dyspha^da,
by extendiiiij to the pharynx by way of the posterior nares ; (rj hoarseness or couj'h,
by further extension to the respiratory tract ; id) fnjntal headache, by involvini^ the
frontal sinuses

; (r) "face ache," by implicating the antrum
; (/) ^nxvii intraorbital

or intracranial disease, by way of either the ethmoidal cells or the sphenoidal sinuses •

basal meningitis by extending alont; the perineural or perivascular sheaths, or by
way of the lymphatics throuj^^h the cribriform foramina to the floor of the anterior
cranial fossa; (,^) extension to the retropharyngeal lymph node <" page 955), into
which certain of the nasal lymjihatics empty, may result in a retropharyngeal ab-
scess ; or (/^) infection (pyogenic or tuberculous) of the submaxillary, i>reauricular,
or deep cervical nodes may follow nose diseases. The gra\er of these complications
are, of course, associated with the severer infecti\e f(jrms of rhinitis. Malignant
growths—commonly sarcomatous—may begin in the nasal chambers and may extend
in any of the directions abo\e mentioned.

THE ACCESSORY AIR-SPACES.

The nasal fossee communicate with a nuniber of remarkable ca\-ities, hollowed
out within the surrounding bones, which are tilled with air and lined by mucous
membrane directly continuous with that of the meatuses. These pneumatic spaces
include the ynaxillary, the frontal, the sphc7ioidal and the palatal simcses and the
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ethmoidal air-cells, all paired and within the corresponding bones. Since the
mucous membrane is thin and intimately adherent to the bones, the form of the cavi-

ties as observed in the recent condition corresponds closely to that seen in the
macerated skull. The size and extent of the spaces vary not only at difTerent periods
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of life, but also often on the two sides of the same individual ; their communications
with the nasal fossae, however, are fairly constant.

The Maxillary Sinus.—This space, Csinus maxillarisj, or the antrum of
Highmore, the largest of the pneumatic cavities, lies to the outer side of the nasal

fossa and resembles in its general form a three-sided pyramid (Fig. 1184). It

occupies the greater part of the superior maxillary bone, so that its walls, with the
exception of the postero-inferior one, are very thin and often in places of papery
delicacy TFig. 256 ). The median wall, or base, is directed toward the nasal fossa, from
which it is separated by a thin osseous partition in the formation of which the vertical

plate of the palate bone, the uncinate process of the ethmoid, the maxillary process
of the inferior turbinate and a small part of the lachrymal bone assist. The apex lies

at the zygomatic process of the maxilla. The upper or orbital wall is thin and often

Fig. 1 184.
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modelled by the ridge containing the infraorbital canal. The anterior wall presents

towards the face and is varyinglv impressed by the canine fossa. The postero-

inferior wall is normally the thickest, but is sometimes reduced by extension of the

sinus into the adjacent alveolar border. The sinuses are often so modified by local

enlargements that the typical pyramidal form is lost and their dimensions materially

influenced. As an indication of the size of the average sinus, a sagittal diameter of

35 mm. (i^ in.), and a vertical and frontal one of 27 mm. ("about i in.) each

(Kallius), may be taken as approximate measurements. Not infrequently, however,

considerable asymmetry exists even to the extent of one antrum being almost twice as

large as the other. The usual capacity of the antrum is between 12-18 cc. (3^-4^
fl. dr.) with an average of approximately 15 cc. , or 4 fl. dr. (Braune and Clasen).

The antrum communicates indirectly with the middle meatus by means of an

aperture rostium raaxillare; that pierces the upper and anterior part of the base to

open into the infundibulum, and thence by way of the hiatus semilunaris, into the
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meatus. The ostium, wliich is usually in the lateral wall of the infiiudiljulum,

ahoiU one centiinetc-r from the upjx-r end of the hiatus, is an cn'al or ellijHieal eleft

of variable size, with extrenus of length from 3-19 mm. ( Zuckerkandl ;, and from
2-5 mm. in wiilth. An additional ecjmmunication (ostium accessoriuiu;, present
in about 10 per cent., likewise opens into the infundibulum, lying behind the chief

aperture. It is ordinarily small, its diameter being only a few millimeters. The
mucous membrane lining the maxillary sinus is directly continuous with that

co\ering the lateral wall of the nasal fossa. With the exception of being thinner, it

corres])onds in structure with the mucous membrane of the respiratory region, Ixjing

in\'ested with ciliated columnar epithelium and possessing numerous, although small

and scattered, tubo-alveolar glands.

Variations. Tin- iiivcstipatioiisof ZuckerkaiKJl (Kallius) have shown tnat enlargement of

the maxillary sinus maybe produced by: (i) hollowinj^ out of the alvec^lar process (alveolar

recess) ; (2) excavation of the floor of the nasal fossa by extension of the alveolar recess

between the plates of tlie hard palate (palatal recess); (3) encroachment of the sinus into the

frontal process of the maxilla
; (4) hoUowinti; out of the zygomatic process of the malar bone

(malar recess); (5) extension to and appropriation of an air-cell within the orbital process of

the palate bone (palatal recess). Contraction of the maxillary sinus, on the other hand, may
follow : (i) imperfect absorption of the cancellated bone on the floor of the sinus, or secondary
thickenint;: of its walls

; (2) encroachment due to approximation of the facial and nasal walls,

unusual depression of the canine fossa, excessive bulging of the lateral nasal wall, or imperfectly

erupted teeth.

The cresceniic projections which quite commonly are seen protruding from the walls into

the interior, occasionally are replaced by septa that completely divide the sinus into two cavities,

each having its independent opening into the nasal fossa, but not being in communication with each
other. These partitions vary in position and direction, sometimes subdividing the antrum into an
anterior and a posterior compartment, and at others, into an upper and a lower chamber. In

the last case the lower space may communicate with the inferior meatus (Zuckerkandl, Briihl).

Fig. 1 185.
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The Frontal Sinus.—The air-spaces between the outer and inner tables of

the frontal bones (sinus frontales) are very variable in extentand form. The relative

development and general position of these cavities are usually indicated by the

degree of prominence of the superciliary ridges, but by no means invariably, since

numerous exceptions to this correspondence occur. The sinuses are frequently

quite asymmetrical (Fig. 1 185), one cavity being enlarged, sometimes at the expense
of the other, with accompanying displacement of the intervening septum. The
latter, usually approximately median in position, is often very thin, but only rarely
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incomplete; so that the spaces very seldom communicate. Numerous instances have

been observed in which one sinus was entirely wanting. The average dimensions of

the h-ontal sinus, as given by A. L. Turner, include a height of 31 mm. (i}{ in.), a

width of 30 mm., and a depth of 17 mm. The capacity varies from 3-8 cc. (Hriihl).

These spaces are not recognizable in the new-born child, first appearing about the

seventh year, after the absorption of the cancellated bone. It is not until after

puberty, however, that they attain their full size. . They are usually larger in the

male than in the female.

•The typical pyramidal fonii of the space is often moditic-d by the enlargement

of the sinus beyond its usual limits, since when exceptionally developed it may
extend into the orbital plate of the frontal bone, at times reaching as far as the

lesser wing of the sphenoid, or into the median orbital w^all, or laterally into the

external angular process, or, exceptionally, into the nasal spine beneath the root of

the nose. On the other hand, the frontal sinus may be encroached upon by

projecting ethmoidal cells.

The frontal sinus communicates with the middle nasal meatus through either the

infundibulum, or a passage between the anterior attachment of tlie middle turbinate

and the uncinate process, or both. Its aperture (ostium frontalis) lies from 2-10

mm. from the upper end of the hiatus semilunaris. The frontal sinus is lined by a

prolongation of the respiratory nasal mucous membrane, diminished in thickness but

otherwise of its usual structure.

Fig. 1 186.
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The Ethmoidal Air-Ceils.—These spaces (cellulac ethmoidales) include a

series of pneumatic cavities, very variable in number and size, that from birth lie

between the upper part of the nasal fossae and the orbits, from which they are separated

by osseous plates of papery thinness. They are all lined with mucous membrane

which covers the thin bony partitions that separate the spaces from one another.

When these partitions are deficient, as they often are in old subjects, the intervening

septa are entirelv membranous. The ethmoidal air-spaces, completed by the articu-

lation of the ethmoid with the frontal, maxillary, lachrymal, sphenoid and palate

bones, usually form three groups, the anterior, the middle and the posterior eelh.

Every space communicates with the nasal fossa, either direcdy by means of an

independent aperture, or indirectly through one or more cells of the same group.

Sometimes the cells are so fused that two general cavities, an anterior and a poste-

rior, replace the corresponding groups. When typically arranged, the anterior cells

communicate with the middle meatus by means of apertures that open into the

upper part of the infundibulum. The middle cells also open into the middle meatus,
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usually by a crescentric ck'ft u|)()ii or above tlic ethmoidal bulla, but sometimes into

the iufuiidibulum. The /xw/rvvV/' alls communiiate with the su|)erior meatus by one
or more openiniis overhung by the upper concha. Very exceptionally the ethmoidal

cells may communicate with the sjjhenoidal or the maxillary sinuses, or may extend

into the substance of the micklle turbinate bom-. 'Ihe mucous membrane clothing

the ethmoidal cells is exceedini^ly thin, but corresponds in its general structure,

even in possessing glands, with that lining the respiratory region of the adjacent

nasal fossa'.

The Sphenoidal Sinus.—The paired air-spaces (sinus splK'noifialcsj j»roducetl

by the absorption of the cancellated tissue within the body of the sphenoid b(jne are

separated by an osseous partition and seldom conuiumicate. They are very variable

in size and often asynunetrical, with corresponding displacement of the septum. A
length of 22 mm., a width of 15 nun., and a height of 12 mm., are the approximate
dimensions of the average sinus. The capacity of the latter, as determined by Briihl,

is fnMU 1-4 cc. When large, the spaces may appropriate not only a large part of

the sphenoid, extending into both wings, the i)terygoid jjrocesses and the rostrum,

but also include the basilar process of the occipital bone. Not infrequently one (jr«

Fig. 1 1 87.
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more of the posterior ethmoidal air-cells projects or opens into the sphenoidal sinuses.

Very exceptionally these spaces may come into close relations with or even open into

the maxillary antrum (Zuckerkandl)—a condition normally found in some apes.

The sphenoidal sinus of each side communicates with the nasal fossa by means of

the spheno-ethmoidal recess, above the superior turbinate and close to the roof of

the fossa, by an aperture that pierces the upper part of the anterior wall of the sinus.

Through this opening, reduced in the recent condition, the respirator}- mucous
membrane is prolonged into the sinus which it lines.

The palatal sinus, the small air-space within the orbital process of the palate

bone, communicates indirectlv with the nasal fossa by either the posterior ethmoidal

cells or the sphenoidal sinus into which it opens.
Vessels.—Of the arteries supplying the nasal fossa the spheno-palatine branch

of the internal maxillary is the largest and most important. Entering the nose

through the spheno-palatine foramen, it divides into external (posterior nasal) and
internal (naso-palatine) branches, which supply an extended tract reaching from the

posterior to the anterior nares. The external branches are distributed to the turbinate
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bones and the mucous membrane of the meatuses, including the lower part of the

olfactory region, and in addition send twigs to the ethmoidal cells and the frontal

and maxillary sinuses. The naso-palatine artery supplies the septum and upper part

of the olfactory region. Numerous smaller, and for the most part collateral, twigs

derived from the anterior and posterior ethmoidal branches of the ophthalmic pass to

the upper part of the fossa; from the descending palatine, branches are distributed

to the posterior part; and from the lateral nasal and septal, branches from the facial

twigs supply the nostril. In addition to those from the posterior nasal, the antrum

receives branches from the infraorbital. The sphenoidal sinus is supplied chiefly

by the pterygo-palatine artery. The ultimate distribution is eftected by capillary

net-works which supply the periosteum, the glands and the tunica propria.

The veins returning the blood from the rich venous plexuses and the cavernous

tissue within the nasal mucous membrane follow three chief paths passing {a) for\vard

to the facial vein, {b) backward to the spheno-palatine, and {c) upward into the

ethmoidal veins. The latter communicate with the ophthalmic \ein and the \eins

and superior sagittal sinus within the dura mater. A communication of greater

importance, however, is established by a vein that accompanies the anterior ethmoidal

artery through the cribriform plate into the anterior central fossa and empties either

into the venous plexus of the olfactory tract or into one of the larger veins on the

orbital surface of the frontal lobe (Zuckerkandl).

The lymphatics within the mucous membrane are represented by an irregular

plexus of lymph-vessels in addition to perineural lymph-sheaths surrounding the

olfactory ner\e-bundles. Both sets may be filled by injection from the subarachnoid

space. The larger lymphatics pass backward toward the posterior nares and join

two trunks, oneof which is continued to the prevertebral node and the other to the

hyoid nodes. According to Schiefferdecker, the basal canals (page 951 ) communi-

cate with the Ivmphatics and probably facilitate the escape of fluid which aids the

glands in keeping moist the epithelium lining the nasal fossae.

The nerves include the special olfactory fibres concerned in the sense of smell,

and those of common sensation derived from the ophthalmic and superior maxillary-

divisions of the trigeminal ner\e. The lateral wall of the nasal fossa is supplied from

several sources, including the upper posterior nasal branches from Meckel's ganglion

and the lower posterior nasal branches from the larger palatine nerve behind, and,

in front, the external di\ision of the nasal wQVxe and the nasal branch of the anterior

superior dental which also distributes twigs to the floor of the fossa. The septum

receives its chief supply from the naso-palatine ner\e, supplemented by branches

from Meckel's ganglion behind and by the internal division of the nasal nerve

in front. The mucous membrane lining the antrum receives filaments from the

infraorbital nerxe by means of its superior dental branches. The frontal sinus is

supplied by twigs from the supraorbital and the nasal nerves ; the ethmoidal air-cells

by minute branches from the nasal, and the sphenoidal sinus by filaments from the

spheno-palatine ganglion.

PRACTICAL CONSIDERATIONS : THE ACCESSORY AIR-SPACES.

Trauma of the accessory sinuses—with the exception of the maxillary antrum,

which may be involved in extensive (crushing) fractures of the face—usually takes

the form' of perforating wounds, commonly from falls on sharp objects. The

thinness of their walls, and the ease with which they may be traversed by such a

vulnerating body, are well illustrated by a case in which a fall forward on to the tip

of an umbrella resulted in a wound which began on the face above the bicuspid

teeth, passed through the maxillar)^ sinus, the sphenoidal sinus, and entered the

cranium, the ferrule of the umbrella being found embedded in the pons (Treves).

Inflammation of the accessory sinuses is not infrequent, on account of the con-

stant exposure of the nasal mucosa to atmospheric sources of infection. It has a

tendency to become chronic because (a) the openings of the sinuses are small and

—

with the exception of the frontal—are badly placed for drainage
; (<5) the ciliated

epithelium, on the activity of which the removal of the sinus contents depends, is apt

to be so damaq;ed bv the primary inflammation that retention of secretion occurs ;

(<:) the mucosa around the different ostia is so loosely attached that it readily
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becomes iju'dcinatous and is thrown into folds which later arc oljstructive
; (d ) foreign

bodies (as a carious tooth, in the case of tlu- antrum; lia\i' Httle chance for escape,

anil mucous cysts, polyps, and lesions of the sinus walls (pyogenic, syphilitic or

tuberculous caries or necrosis) are not uncommon
;
{c) one cavity may be infected

frf)m another, pus from the frontal sinus entering the ethuKjidal cells, or pus from
either of these entering the antrum through its normal f)pening, or through a

perforation of its wall in the \i(iiiii\- of the infundibulum (Lack).

In tlu- gri-ater number of cases, the chief—(jften the only—sym|jtom of chronic

suppuration of the accessory sinuses, is a purulent nasal discharge. .S]jontane(His

recovery is practically impossible, and in the great majority of cases, operation—for

disinfection anil drainage—becomes necessary. The ca\'ities ( as one may act as a

reser\-oir of pus coming from another) may have to be attacked in a definite order.

Ordinarily it is possible to determine whether the pus comes from the sinuses that open
into the same passage within the middle meatus—the anterior group—or from those

which open more posteriorly, above the middle turbinate bone—the posterior

group. If no definite evidence can be obtained as to which of the anterior group is

involved, it would be well to attack first the antrum, then the ethmoidal cells, and
then the frontal sinus. If the posterior group is affected it is usually jiroper to

remove the posterior portion of the middle turbinate and open the posterior ethmoidal
cells, later, if necessary, ojjening the sphenoidal sinus. Occasionally, as in ozairna

(on account of the width of the inferior meatus and the atrophy of the inferior and
middle turbinates), the opening of the sphenoidal sinus can be seen from the front,

and then this sinus may be explored first (Lack).
The frontal sinuses do not appear as distinct spaces until about the se\enth

year, and are dex-elojjed by a separation of the two tables of the skull, with more
qr less resulting j)rominence above the superciliary ridges. There may be a
greater relatixe bulging toward the interior of the cranium, so that the prominence
of the superciliary ridges is no indication of the size of the cavities of the sinuses.

They are often very irregular in size, one being larger at the expense of the other,
the septum deviating to one or the other side accordingly. It is therefore, difficult,

at times, to decide which side is involved by disease.

Fracture of the skull over a frontal sinus does not imply that the cranial cavity is

opened, even when depression exists. The frequent presence in these fractures of em-
physema within the orbit and in the subcutaneous tissue, results from the entrance of air

through the communication with the nose, when the latter is blown. The dependent
position of its opening into the middle meatus or the infundibulum, provides better
drainage for discharges than is the case in the other sinuses, and probably accounts for

the relative infrequency of empyema of this sinus, although this adx-antage is partly off-

set by the length, narrowness, and tortuosity of the canal, which render it easily liable

to obstruction. Swelling of the mucous lining of the oudet of the frontal sinus may
thus occlude the canal, and result in abscess (empyema). If this remains undrained the
pus would tend to burrow through the weakest point of the wall, which usually leads it

through the floor of the cavity into the orbit, giving rise to an orbital cellulitis, and to
displacement of the eyeball. It later tends to escape through the inner portion of the
upper eyelid. In some cases it extends through the posterior wall of the sinus into
the cranial ca\ity, causing a septic meningitis, or an extradural or brain abscess.

Extensive necrosis of the frontal bone may follow sinus disease, as the frontal
diploic vein, which empties into the frontal vein at the supraorbital notch, recei\es
blood from the sinus.

If free drainage is maintained these complications are very rare, but if drainage
is defective it is imperative to open the sinus early. This may be done externally,
the anterior wall being remo\'ed by a chisel or trephine. The incision may be verti-

cal or along the superciliary ridge from the inner end to- the supraorbital notch,
sometimes dividing the supraorbital vessels. The thinness of the nasal portion of
the floor of the sinus is marked—as well as that of the orbital portion—and therefore
frontal sinus suppuration is, as a rule, associated with infection of some of the anterior
ethmoidal cells, which- surgically—may perhaps be considered as forming a part
of that sinus (Lack), although Kiimmel notes that he has seen the ethmoidal cells

perfectly intact in a series of cases of frontal sinusitis.
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Attempts have been made to pass a probe into the ostium frontale from the nose,

but this is exceedingly difficult because of the concealed position of its orifice behind

the anterior end of the middle turbinate bone, and sometimes because of its tortuous

course. Efforts to reach the sinus through the nose are usually made by removing

the anterior end of the middle turbinate bone, at the same time opening the

anterior ethmoidal cells which are frecjuently involved by the same inflammatory

process. By this method an aperture is left for the permanent discharge of the

sinus into the nose, whereas by the external method the opening into the nose may
remain closed.

The maxillary sinus, or antrum of Highmore, is the largest and most

important of the accessory sinuses of the nose. It is most frequently the seat of

pathological processes, as infections and tumors.

Infection mav reach it from the nose through the opening in the middle meatus,

when it may be secondary to disease of the frontal and anterior ethmoidal sinuses,

the openings into all three being closely associated ; or it may be caused by caries of

the teeth, especially of the first and second molars, the roots of which frequently

produce prominences in the floor of the antrum, or may very exceptionally extend

into its cavity. Occlusion of the small orifice with retention of the pus frequently

causes great pain from pressure on- the infraorbital nerve in the roof of the antrum.

The pus may burrow into the nose, the ethmoidal cells, or the orbit.

The normal orifice is too high on the internal wall for drainage, and is too small

for effective irrigation, which may be provided for (a), if the cause is a carious tooth,

by removing a tooth and making an opening through the roof of the socket into the

antrum ; this affords dependent drainage, but permits the entrance of food from the

mouth
; (/) by perforating the bony wall between the antrum and the inferior meatus

with or without removing the anterior end of the inferior turbinate ;
or (c) by

making an opening through the thin anterior wall, above the roof of the second

bicuspid tooth, at the level of the canine fossa.

A tumor of the maxillary sinus may be either benign or malignant. Its growth

will lead to enlargement of the cavity, and to the following symptoms, one or more

of which will predominate, according to the direction it takes : (a) imvard, through

the thin inner wall of the sinus, causing epistaxis, obstructed respiration, epiphora

from pressure on the nasal duct
;

{b') mward and backward, involving the naso-

pharynx and interfering v/ith both respiration and deglutition
;
{c) forward, pushing

the anterior wall—also thin—before it and obliterating the inframalar depression in

the cheek; (^) iipzvard, causing infraorbital neuralgia (as the infraorbital nerve

runs in the roof of the sinus), toothache from compression of its middle and anterior

superior dental branches, face ache from involvement of the other branches of the

superior maxillary, and later exophthalmos and diplopia ;
(^e) doumward, pushing

down the arch of the hard palate so that the roof of the mouth on the affected side

becomes convex, and, by pressure on the superior dental nerves, causing severe

odontalgia in the upper teeth, which later become loosened. Benign growths may

be removed through an opening made by cutting away the anterior wall. Malignant

growths necessitate excision of the superior maxilla.

In diseases of the sphenoidal sinuses their intimate relation with the brain

above, the optic nerve and ophthalmic artery above and to the outer side, and, along

the outer wall, with the internal carotid artery, the cavernous sinus and the nerves

passing through the sphenoidal fissure, should be borne in mind. Such diseases

may lead to (a) optic neuritis and blindness, if the optic nerve is_ involved
;
{b)

to general ophthalmoplegia if the third, fourth, the ophthalmic division of the fifth,

the sixth, and the sympathetic filaments from the cavernous plexus (all transmitted

through the sphenoidal fissure) are implicated
;
(r) to cavernous sinus thrombosis

if the ophthalmic vein—passing through the same fissure—is infected.

Tumors of the pituitary body—resting in the pituitary fossa in the sella turcica

and just above the roof of the sinus—may penetrate its cavity. The opening of each

sinus is in the upper part of the anterior wall, a very unsuitable position for drainage,

in the presence of infection. Encroachment on any of the surrounding structures

might lead to serious results. The anterior wall may be exposed and attacked by the

surgeon, but only with considerable difficulty, because of its deep situation and its
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rc'stricttcl avenue of approach throuj^h the nasal fossa. The chief obstacle is the

middle tiii"l)inate hone, which must Ijc removed before the orifice can be seen or the
anterior wall removed. Any elTorts at cleanini( pathological tissue from the sinus

must be madt' with due- rei,^ard for the important structures just outside and the thin

intciAH-iiinn bone
Intlannnation of the ethmoidal cells is most Irecjuently associated with the

presence of my.xomatous poly|)i within the nose. Infecti(jn may e.xtend (a) upward
to the cranial cavity, either ilirectly or by way of the ethmoidal veins, or into the
cavernous sinus \ia the ophthalmic vein, or to the longitudinal sinus—especially in

children—by the small vein traversing the foramen ciecum ; (d) outward to the

orbit, causing an orbital cellulitis; (c) to the lachrymal sac (on account of the

contiguity of the lachrymal bone) causing dacryo-cystitis.

A valuable, but not always reliable, sign of involvement of the ethmoidal cells,

is localized pain at the inner canthus of the eye (Klimmel), and swelling (jf the

mucous membrane around the middle turbinate may in this—as in infection of the

other sinuses—be considered an important symptom, in order to evacuate the

diseased cells, the middle turbinate (as in the case of the sphenoidal sinus) must be
removed before the ethmoidal cells can be exposed. As, in the large majority of

cases at least, the condition is coincident with similar infection of the frontal sinus,

the anterior cells may be easily reached from the floor of the latter after it has been
opened. The optic nerve, the trochlear nerve, the superior oblique ocular muscle
and the anterior and posterior ethmoidal arteries, are the most important structures

endangered during this operation.

DEVELOPMENT OF THE NOSE.
The earliest trace of the nasal anlage appears about the beginning of the third

week of foetal life as a thickening of the ectoblast to form the nasal area at each
side of the anterior portion of the head. About one week later the convexly cres-

centic outline of this area gives place to a slight depression that deepens into the

olfacto)-}' pit or fossa in consequence of the increased thickness of the surrounding
mesoblast. The encircling ridge thus produced is best marked on the mesial and
lateral boundaries of the fossa (Kallius), where the resulting elevations foreshadow
the development of the inner and outer nasal processes. With the forward growth
and union of the maxillary process of the first visceral arch with the median nasal

process, or processus glol)ularis, to complete the upper boundary of the primiti\e

oral cleft ('page 62), the m irgin of the entrance of the nasal pit becomes closed in

below. Subsequently, ho\vev£r, the lateral nasal process extends medially above
the maxillary process until it meets the median nasal process and thus becomes the

immediate lower and lateral boundary of the opening of the fossa. The latter grows
and dee;iens chieily upward, towards the brain, and backward and in consequence
the olfactory organ for a time consists of two blind pouches, separated by the frontal

process, lying above the primitive oral cavity. These pouches invade the mesoblast
until their blind posterior ends reach the primitive oral cavity between which and the

olfactory diverticula a thin partition, composed of the two abutting layers of epithe-

lium, alone intervenes. This septum, biicco-nasal membrane of Hochstetter, becomes
attenuated and finally ruptures, the resulting openings, the primitive choanal, estab-

lishing communication between the nasal fossae and the primitive oral ca\-ity. That
part of the roof of the latter which extends from the choanae to the nasal apertures

constitutes the primitive palate, and contributes not only the anterior portion of the

definite palate, but also the tissue forming the lips (Hochstetter). The primitive

palate includes contributions from different sources, its middle portion being from the

median nasal process and its lateral portions being derived from the lateral nasal

process in front and from the maxillary process behind (Peter).

Subsequent to the formation of the primitive palate, about the fifth week, the

primitive nasal fossae increase in size, sink deeper into the head between the median
plane and the eye, and come into closer relation with the brain. The nasal fossae,

however, in acquiring their definite expansion additionally approjjriate a considerable

portion of the primitive oral ca\itv which becomes separated from the remainder of

that space by the formation of the definite palate.



I430 HUMAN ANATOMY.

Fore-brain

Nasal area

Fore-brain

The first step in the production of the latter is the appearance, about the ninth

week, of the palatal ridges, wedge-shaped ele\ations that grow downward and in-

ward from the maxillary processes. In front these ridges begin at the primitive

choan^e, where they are continuous with the primitive palate, and extend backward

as far as the tympanic pouches. At first almost sagittal in their plane, the palatal

ridges become gradually con\-erted into horizontal plates that come into contact

and finally unite along their

Fig. ii88. opposed median edges to com-
Fore-brain plete the roof of the mouth and

the floor of the nasal fossae and
the definite ox secondary e/ioance,

this fusion being accomplished
by the end of the third month.

Coincidently with these
changes the primitixe choanae

elongate and come to lie on
either side of the posterior por-

tion of the nasal septum to

which the frontal process has

now become reduced. The
union of a pair of outgrowths

from the palatal plates, beyond
their point of fusion beneath

the choana;, produces the uvula,

while the remaining ununited

portions of the ridges give rise

to the palato-pharyngeal arches.

For a time the nasal sep-

tum is still incomplete, since it

has not yet reached the palate,

and the nasal fossae communi-
cate by means of a cleft between

the septum and the palate.

With the downward growth of

the partition this communica-
tion is obliterated, the septum
joining the palate along the line

of the median suture.

The formation of the ante-

rior part of the floor of the nasal

foss£e is more complex since,

according to Peter,' in this

region the palatal processes do
not come in contact with each

other owing to the interposi-

tion of a portion of the partition

that separates the primitive

choanae. The palatal plates,

however, fuse with this wedge
of tissue along the line of appo-

sition except at one point on

each side, where the epithelium persists as a solid strand leading downward and inward

from the fore part of the floor of the nasal fossa to the roof of the oral cavity. These

strands acquire a lumen and become the incisive canals (page 141 3) that may persist

throughout life and establish communication between the nasal and oral chambers.

The further differentiation of the nasal fossae of man follows the same funda-

mental plan that applies to other mammals, but is modified by the reduction that

Lateral nasal
process

Nasal fossa

Fore-brain

Nasal fossa

Naso-frontal process Processus globularis

Frontal sections of fore-brain of rabbit embryos, illustrating early
stages in development of nose ; in A. nasal area shows as thickening
of ectoblast ; in B, nasal area is slightly depressed ; in C and D, nasal
fossae are forming. X 30.

' Anatom. Anzeiger, Bd. .\x., 1902.
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occurs in the production of li^.e relatively feebly developed luunan olfactory apparatus.
""^' '''' '"

:
•:

- : associattrd the formation of the turbinates and the

CartilaKirious cajjsu

Elhinoturbinul

Fig. liKg.

Maxillij-tiiiliiiK

Nasal fossa

jacf)lis< Ill's ofRan

Palntal process

Oral cavity

Tongue

Frontal section through developing nasal fossae and oral cavity which
communicate; palatal processes arc forming. X 15.

With this dirteriiiliation

inter\eninj4 clefts (the

meatuses) and of the acces-

sorv air-spaces. I he stiul-

iesofZuckerkandl, Killian,

Schoenemann, Petc-r' and

others have shown lliat

the tvpical dex-elopineiit of

the conchie proceeds from

three primary outgrowths
from the lateral nasal wall in

rei^ions later corresjjond-

in^'tothe maxilla, ethmoid
and nasal bones. These
elevations, appropriately

known as the maxillo-tur-

binal, the ethmo-lurbinal

and the naso-turbinal, un-

ders^o differentiation that

leads to the simple or com-
ple.x definite arrani^ement

of the conchie found in

various animals.

In man the maxillo-turbinal, later the inferior turbinate, first appears and pre-
cedes the ethmo-turbinal plate that later is supplemented by a second scroll, thus
producing the middle and superior turbinates respectively. The naso-turbinal,
always rudimentary in man, is represented by a small ridge that appears in front of

the ethmo-turbinal and above the maxillo-turbinal plates and persists as the agger
nasi. The ethmo-turbinal is most intimately related to the true olfactory area and
undergoes, even in man, conspicuous subdivision. Although finally reduced to two
(the upper and middle turbinates), in the human foetus, just before birth, five ethmo-
turbinal plates defined by six grooves are present (Killian). Persistence in excess
of the usual complement accounts for the presence of the supernumerary ethmoidal
turbinates so often observed.

As interpreted by Killian, the subsequent modifications of the ethmo-turbinals
and the intervening furrows, either by further expansion or by fusion, are not only
intimately concerned in producing details modelling the lateral wall of the nasal fossa,

as the uncinate process, ethmoidal bulla, hiatus semilunaris and infundibulum, but
also associated with the first appearance of the acccsso7'y air-spaces. The earliest

establishment of these spaces pre-

cedes the appearance of the carti-

lage that later encloses them, their

relations to the skeleton being,

therefore, secondary (Kallius).

The ethmoidal air-cells and the

sphenoidal sinus are primarily con-

strictions from the nasal fossae, while

the maxillary and frontal sinuses

are more or less direct extensions

from the same cavities.

The maxillary sinus ap-

pears about the middle of the third

foetal month as a minute epithe-

lium-lined sac within the mesoblast at the side of the nasal fossa, from which it

has been evaginated ; by the sixth month it measures some 5 mm. , and at birth

has acquired the size of a pea. Until the eruption of the milk teeth provides the

Fig. I 190.

Fore-brain

Nasal aperture

Lateral nasal process

Maxillary process

Primitive choana

Palatal process

Part of head of foetus 15 mm. in length, .showing primitive choanae
and palate. X 8. ( Pet'- )

' In Hertwig's Handbuch d. Entwikelungslehre, Lief. 4 and 5, 1902.
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necessary room for expansion, its u^rowth is retarded. After the sixth year, when
the eruption of the permanent teeth begins, the antrum loses its general spherical

outline and gradually accjuires the definite pyramidal form.

The frontal sinus formed as an extension of the nasal fossa during the third

foetal month, is for a time so small that it is usually regarded as absent at birth.

Although indistinctly seen during the third year, not until about the seventh is the

sinus a definite space ; it remains small, how-
ever, until puberty, after which its adult

proportions are gained.

The sphenoidal sinus, primarily arises

by the constriction and partial isolation of a

part of the primitive nasal fossa. Although

J,^^
^ T̂^Wir'^^W.^^ "^^^,' '''^°'^^^^

its dex'elopment begins during the third
>^*'' W ^^^—-Median nasal process ' "

. ^ ,.M Sr^'m „ foetal month, the space remains so rudimen-

tary that not until the seventh year has

absorption of the cancellous bone progressed

sufficiently to make the sinus apparent.

Notwithstanding its rudimentary condi-

tion in man, the organ of Jacobson devel-

ops at a very early period, beginning as a

groove-like depression on the median wall of the nasal pit. This groove is converted

into a tubular pouch that soon becomes laterally compressed and, by the middle of

the third month, measures about .5 mm. in length and receives twigs from the olfac-

tory nerve (Kallius). After the fifth foetal month the organ suffers regression and
becomes rudimentary and variable in comparison with the perfection it attains in

animals possessing olfactory sense in a high degree.

The development of the outer nose is closely associated with the changes

affecting the median and lateral nasal processes—prominences considered in connection

with the formation of the upper boundary of the primitive oral cleft (page 62).

Reference to Fig. 11 92 shows the median nasal processus, separated by a distinct

furrow that soon becomes filled and partially obliterated by ingrowth of young
connective tissue, as does likewise

Fig. 1191.

Fore-brain

Infranasal area

Nasal fossa

Lateral nasal process

Median nasal process

Processus globularis

Maxillary process

Mandibular process

Anterior end of head of foetus 10.5 mm. in length,

showiiiK early development of external nose. X 8.

(Peter!)

Fig. 1 192.

Fore-brain

V-

the groove between the globular and

maxillary processes. 'At first sepa-

rated by a relatively wide interval,

the infranasal nasal area of His. the

nasal apertures are brought nearer

together by the rapid narrowing of

the interposed portion of the frontal

process. Eventually the tissue be-

tween theglobular processes becomes
the philtrum of the upper lip and
that between the nasal openings
persists as the partition between the

nostrils. By the end of the second
month the external nose is defined,

but is very broad and flat and lim-

ited above by an arched furrow that

separates the convex nasal margin
(His) from the forehead. The nos-

trils, originally placed high and for

a long time directed forward, grad-

ually descend and assume a hori-

zontal plane as the middle of the arched nasal margin grows downward and forward

to become the point of the nose. These changes, however, are not accomplished

until near the end of gestation and at birth the bridge of the nose is still small and

flat which, in connection with the general breadth of the organ, imparts to the

infantile nose its peculiar stumpy appearance. Not until long after birth, and, indeed,

not until after puberty, does the outer nose acquire its definite individual form in

nfranasal area

Nasal aperture
Lateral nasal process
Medial nasal process
Processus globularis

Mandibular process

Head of fcetus of about 20 days, showing developing nose:

\ 13. (Rabl.)
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which family and racial characteristics arc often so strikinj^ly reproduced, hroni the
secoiul until the sixth nioiilh the nostrils are »cc!uded by epithelial i)luys which
subsecpiently undergo j^nadual resolution, so that before birth the nasal apertures are
unobstructed. The carti/ui^cs 0/ i/iv outer nosr are derived from the conunon carti-

laj^iiious capsule that constitutes the primary nasal skeleton. .Subdivision int*^ the
iiulividual plates is probably effected by inj^rowth (A the surroundinj^ connective
tissue (Mihalkovics, Kajlius).

THE ORGAN OF TASTE.
In the description of the ton.t>:uc and its papilUe (paj(e 1575), reference is made

to tlie presence of specialized epithelial structures, the taste-buds, that serve for the
reception of gustatory stimuli. These bodies collectively constitute the peripheral

sense-organ of taste and as such will be here considered.

As implied by their name, the taste-buds (calyculi gustatoriij are irregular ellij)-

soidal or conical bodies, sometimes broadly oval but more c)ften slender in outline,

and in the adult measure from .070-. 080 mm. in length and about half as much or

Fig. ire3.

/^v^iA
Lymphoid nodules

Foramen caecum

Anterior palatine
arch

Folia linguae

Fungiform papilla

Part ol dorsum of tongue, showing papilla;.

less in breadth. Since they lie entirely within the epithelium clothing the mucous
membrane, the necessary access to the interior of the buds is afforded by minute

pore-canals, each of which, beginning on the free surface at the outer taste-pore, leads

through the interv^ening layer of epithelium to the inner pore that caps the subjacent

pole of the bud. By means of these canals the sapid substances dissolved in the

fluids of the mouth reach and impress the gustatory cells within the taste-buds.

Pore-canals are not, however, invariably present, since, as pointed out by Graberg,

certain taste-buds remain immature and retain their embryonal form and relations,

being broad and conical and in contact with the free surface. In such buds the

gustatory cells are few, only two or three, and so superficially placed that a dis-

tinct canal is absent. Occasionally double buds are encountered tin which two

gustatory bodies are implanted by a common base, but partly retain their inde-

pendence in ha\'ing separate distal poles, each provided with its separate taste-pore

and canal.

The chief position of the taste-buds is within the epithelium lining the sides o?

the annular groove on the circumvallate papillae, the buds being more numerous and

closely placed on the median than on the lateral wall of the furrow. Their number
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has been \ariously estimated, but it is probable that from loo to 150 represents the

maximum for a single papilla, in many cases the quota being less than one half

Fio. 1 194.
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The locality of next importance numerically is the

of the tongue in the furrows of which, e\-en in man,

Fig

Taste-bud

Taste-pori

of these figures (Graberg).
papillae foliatae on the sides

the taste-buds are plentiful.

Additional situations, in which, however, the taste-buds are very sparingly and
uncertainly distributed, include the fungiform papillae, the soft palate, the posterior

surface of the epiglottis and the mesial surface of the arytenoid cartilages. Within

the fungiform papillae a few buds may be found on

the free surface, where the epithelium is thinnest.

Over the soft palate their distribution is irregular

and uncertain, while in the larynx the buds are lim-

ited to the areas covered by squamous epithelium.

According to Davis, between fifty and sixty taste-

buds of varying size may be counted on the

epiglottis within an area 3 mm. in diameter.

Structure.—Wherever found, the taste-buds

consist exclusively of epithelial tissue and, in cor-

respondence with other sense organs, include two

chief \'arieties of elements—the supporting cells

and the more highly specialized neuro-epithelium.

the gtistatory cells, among which lie the terminal

fibrillae of the ner\e of taste.

The supporting cells are represented prin-

cipally by elongated epithelial elements that occupy

both the superficial and deeper parts of the taste-

buds of which they contribute the chief bulk. They
vary in their individual contour, being lanceolate,

wedge-shaped or columnar, according to the model-

ling to which they are subjected by the neighboring

cells. They possess large, clear, vesicular nuclei

that contain litde chromatin and, therefore, stain

faintly. The position of the nucleus is inconstant, in some cells being near the

base and in others in the middle or nearer the apex. The peripheral ends of the

Epithelium

Taste-bud

^^^^mr^^^^
Taste-buds in section ; upper one shows

gustatory hairs projecting into pore-canal.

X 44°-
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KiG. 1 196.

' Inter taste-pore

supporting cells, somewhat biiinicd ami liatleiud and jjcset with a narrow cuticular
zone, are closely j^rouped to bounti tiie annular (jpeninj^ of the inner taste-pore,

ihroui^h which project the stiff hair-processes of the j4Ustatory cells. Their deeper
or central ends are prolonj^etl into one or more protoj)lasmic processes whicli unite
with similar extensions of the basal cells, as the peculiar supportinj^ cells at the base
of the bud are called.

The /uisa/ cy//s are mudilicd sustenlacular c-icments, probably epithelial in nature,
which ()((ii|)y ihr lower fourlii of the buds, resting' upon the subjacent epithelium
anil, in liuii, .itfordinin- support for the elongated cells. Allhouj^h differing in size

and details of form, the basal cells are pro\ided with oval nuclei and are generallv
more or less branched. By means of their pnjloplasmic jjrocesses they are united
with the central ends of the longitudinally disposed supporting and gustatory cells,

with one another and with the surrounding epithelial cells. The number of basal

cells in each bud is small, often only two or three and seldom more than half a
dozen being present ((iraberg", Kallius'').

The percipient elements, the gustatory cells, are irregularly arranged between
the more deeply j^laced sui)])orting cells and enclosed within a shell formed by the
more superficial ones. They are long and fusiform, reaching from the base of the
bud to the inner taste-pore, through which
the stiff hair-like processes that cap their

outer ends project. Their slender nuclei,

rich, in chromatin and deeply staining,

occupy the thickest parts of the cells,

which beyond the nucleus are continued

in either direction as thin processes. The
peripheral ones, as noted, extend not only

as far as the inner taste-pore, but througli

the latter and into the canal by means of

the gustatory hairs into which the taste

cells are prolonged. The centrally directed

ends are usually much the shorter and
join the processes of the basal cells. The
number of gustatory cells within a single

taste-bud varies, in exceptional cases only

two or three being present, but more
often they are almost as numerous as the

supporting cells (Graberg).

The capillary clefts observed within

and around the taste-buds—the intra- sub- and peri-bulbar juice-spaces described

by Graberg—are regarded by some as existing during life and, therefore, not as

artefacts. To these intercellular clefts the last-named authority attributes the func-

tion of insuring and facilitating an active lymph-circulation within and around
the taste-buds, whereby is effected the prompt removal of foreign substances that

might prove deleterious if too long retained in close relation with the delicate

sensory elements.

Hermann has shown that the taste-buds are the seat of continual degeneration

and repair, sometimes, indeed, entire buds undergoing regression. Whether such

destructive processes are to be ascribed directly to the invasion of leucocytes, al-

though the latter are normally found in insignificant numbers within the buds, is still

a subject of discussion.

The nerves distributed to the gustatory bodies are the fibres of the glosso-

pharyngeal, the nerve of taste. From the rich subepithelial plexus numerous twigs

ascend into the epithelium, one set going directly into the.taste-buds and the other

ending within the surrounding tracts of epithelium. Since the last set—the intcr-

bn/ba?' fibres—probably have no concern with the impressions of taste and serve to

convey sensory stimuli of other value, it sulftces to note that after repeated division

Peripheral
supporting cell

Gustatory cell

Central
supporting cell

Lymph-space

Basal cell

^"Sba
Diagrammatic section illustrating architecture of

taste-bud. (Graberg.)

1 Anatomische Hefte, Bd. .\ii., Hf. 2, 1S99.
* Bardeleben's Handbuch d. Anatomie des Menschen, Lief. 13, 1905.
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the ultimate fibrillae terminate in minute bead-like endings that lie free between the

epithelial cells, either near the free surface or at a deeper level.

The nerves distributed to the taste-buds— the intrabulbar fibres—enter at the

basal pole. Usually numbering from two to five for each bud, on gaining the

interior of the latter they undergo rapid division and become numerous. A majority
of the resulting fibrillie ascend in tortuous windings

Fig. 1 197.
.^^ towards the apex of the bud in the vicinity of which

some end, while others recurve and end at lower levels.

The tibrillai terminate in free, usually minute knob-like

endings, that lie between and often in close contact with

the supporting and gustatory cells. It is probable that

in no instance do the nerve-fibrillae actually unite with

the gustatory cells, the relation being one of apposition

and not of continuity.

Partially separated cells ot taste- Development.—The earliest evidences of the

K nei^-e" xTio.*^'"'/^^^^^^ tastc-buds ' appear, about the third fcetal month, within

the deepest stratum of the immature epithelium as groups

of ectoblastic cells that are distinguished by their large size and elongated form from

the surrounding epithelial elements. The anlage tends to become conical, the ape.x

gradually reaching the free surface and the base resting or slightly encroaching upon

the subjacent connective tissue, from which it is only indistinctly defined. The
primary slender form of the dexeloping bud is later replaced by one of broad conical

proportions in which the wide base is supported directly by the connective tissue

without the interposition of epithelium.

For a time the height of the young taste-bud equals the entire thickness of the

epithelium, the position of its apex being marked by a slight depression on the free

surface. In consequence of the rapid increase of the surrounding epithelium, this

depression gradually deepens until the bud, which meanwhile has grown but slightly,

lies at the bottom of a narrow funnel-shaped passage, the pore-canal (Graberg).

Previous to the fifth month, the constituents of the taste-bud are apparently of

the same character and not until towards the end of gestation is the differentiation

between the supporting and gustatory cells clearly established. The definition of

the taste-buds from the surrounding tissue is sharpened by the appearance of the

so-called extrabulbar cells, flattened protecting epithelial elements in which partial

cornification probably takes place TKallius). Coincidently many of the conical

embryonal buds gradually assume their more slender and ovoid mature form. Before

birth the taste-buds are present not only on the sides but also over the summit of

the circumvallate papillee. While exceptionally some of those in the latter situation

may remain, as a rule they disappear and, hence, in the adult the gustatory bodies

are usuallv confined to the sides of the papillae. Likewise the complement of taste-

buds on the fungiform papillae is much larger at birth than later (Stahr"), giving to

these papillae an importance during early childhood that subsequently is lost.

THE EYE.

Although the organ of sight Torganoo visus), strictly regarded, consists only of

the eyeball or globe of the eye, it is closely associated with other structures, as the

eyelids, the lachrymal apparatus, the orbital fascia and fat and the ocular muscles,

which serve for its protection, support and change of axis. The description of some,

at least, of these accessory structures therefore appropriately here finds place.

THE ORBIT AND ITS FASCIA.

The walls of the orbit have been described in connection with the skull (page

222) ; suffice it here to point out that in its general form the orbital cavitv' resembles

a pyramid, so modified by the rounding of its angles that it approximates an irregu-

lar cone. The base corresponds with the orbital opening on the face and the apex

^ Graberg: Srhwalbe's Morpholog. Arbeiten, Bd. viii., 1898.

''Zeitschr. f. Morphol. u. Anthropol., Bd. 4, 1901.
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with the optic foranicn. 'Ihc median walls of tlic t\v(j orl)its arc slij^htly divcrj^eiit

behind, but ahiiost parallel with the sagittal jilaiie and with each other ; the lateral

walls arc obliquely jjlaced and with the saj^ittal plane form an an^le of about 48**

and, therefore, with each other one of sometliin^ more than a rij^ht anj^le. The axis
ol the orbit is directed inward and uj^ward, forming an angle of from J5°-20*' with

the horizontal plane, and one of about 45° with the orbital axis of the opposite side,

which it intersects in the vicinity of the sella turcica. The width (jf tiie orbital en-

trance is al)out 4 cm. and the height about 5 inm. less, while the depth of the orljit is

ap})ro.\imately 4 cm. The sjxice, therefore, is much more capacious than necessary

to accomodate the eyeball and the associated muscles, blood-\essels and nerves.

The interspaces thus left are occupied by the orbital fat (corpus adiposum orl)itac j, sup-

pi^rted by a framework of connective tissue lamella; prolonged from the orbital fascia

which, in turn, is continuous with the periosteum lining the orbit. The latter, also

known as \\\i^ periorbita, is thin but resistant and at the various openings in the walls of

the orbit continuous with the periosteum covering the adjacent surfaces of the skull.

Fig. iiq8.
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The eyeball does not rest directly in contact with the fatty cushion forming the

walls of the cup-shaped, recess in which it lies, but is separated from the surrounding

adipose tissue by a fascial investment, the capsule of Tenon (page 504). This

sheet covers the posterior three-fourths of the eyeball and encloses, between it and
the eye, the space of Tenon. The latter in front begins beneath the conjuctival

sac, close to the corneal margin, and behind ends in the vicinity of the optic nerve.

It does not, however, quite reach the latter, but terminates where the eyeball is

pierced by the posterior ciliary vessels and nerves, thus leaving an irregular oval area

uncovered (Merkel). Farther backward the space of Tenon communicates with the

subdural lymph-channel prolonged along the optic nerve and thus establishes relations

with the intracranial lymph-paths (page 949).
The eye muscles, which together with the elevator of -the upper lid have been

described (page 502), are invested by fascial sheaths prolonged from the orbital

periosteum. These sheaths increase in thickness as they approach the eyeball until,

at the points where the tendons of the ocular muscles meet the fascial sheet investing

the posterior part of the eye—the capsule of Tenon—the muscle sheaths blend with

this capsule on the one hand, and, on the other, are attached at certain points to the

orbital wall as robust pointed processes of considerable strength. One such process,
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attached to the upper lateral wall, is fonnetl by the fusion of the fascial lanulla' con-
tributed by the sheaths of the levator i)alpebrie sui:)erioris and of the sujjerior and
external strait^ht muscles. Another and broader process, inserted alonj,^ the median
wall, includes tiie blended extensions from the in\'estments of the internal rectus and
superior oblique

; whilst a third process, formed by the union of prolongations from
the fascitc covering- the inferior and internal recti and the inferior oblique, is attached
to the lower and median orbital wall. These fascial extensions, passing as they do
from the tendons of the eye-muscles to the orbital wall, restrain excessive muscular
action and hence the name, check ligatnoits, has been applied, especially to those
limiting the action of the internal and external recti. The processes also materially

assist in maintaining the position of the eyeball within the orbit. This function is

particularly exercised by the robust fascial expansion which stretches across the orbit

below the eyeball and as the suspensory ligament of Lockwood ser\'es to sui)port the

bulbus oculi.

The orbital fat is prevented from projecting forward beyond a certain limit and,

therefore, from encroaching unduly upon the eyelid, by a sheet of fibrous tissue, the

Fig. 1 199.
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palpeh'al fascia or septum orbitale (Henle), which stretches across the orbital

entrance and materially strengthens and aids the eyelid in closing this aperture.

Above, the septum is attached to the border of the orbit, just behind the margin,
from which it extends downward to become firmly united with the common fascial

investment of the levator palpebrje superioris and superior rectus and, still lower,

with the upper convex border of the superior tarsal plate. On each side the septum
blends with the corresponding palpebral ligament, while below it passes from the

orbital margin to the inferior tarsal plate, after becoming united with the sheath

of the inferior rectus. The septum orbitale is not of uniform thickness, but is

strongest above, especially towards the sides, and weakest beneath the lower eyelid ;

further, in a general way, the sheet is more robust near its peripheral bony attach-

ment than where it joins the tarsal plates. In conjunction with the palpebral liga-

ments, it is so strong behind the angles of the eye that in these localities, particularly

medially, it is very unyielding and capable of resisting forward displacement. The
internal union of the levator palpebrae superioris with the septum orbitale enables

this muscle when it contracts to tense the fascial diaphragm.

Practical Considerations.—The orbital cavity is somewhat pyramidal in

shape and its anterior or basal portion is occupied chiefly by the eyeball, which lies

slightly nearer the roof and the outer wall than the lower and inner walls. Its diameter
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is greatest just back of its aiitcfior niarj^in, which is tliickciud and oficrs the best

protection to the eye from injury. The upjjer niarj^in is inrjst marked and with the

eyeftrow olTers a good protection to the eye in that direction. Tlie inner margin is

not iirominent. but is well reinforced by the briilge of the nose. The outer edge is

least prominent, and on that side pal|)ation is j^ossible as far back as the ecjuator of

the glol)e. h'or this reason, and l^ecause the (niter walls converge Ijackward while

the inner walls are parallel, incisions for reaching the interior of the orbit are liest

matle on the outer side. The walls are thin and easily fractured by direct violence,

as from canes and similar objects, which sometimes enter the adjacent cavities, as

the ethmoidal. Tumors may encroach upon the orbital si)ace either by causing the

absorption of the thin intervening bone, or by growing through one or more of the

openings in its wall, as through the optic foramen and sphenoidal fissure from the

cranialcavity, the nasal duct from the nose, or the spheno-maxillary fissure from the

temporal or zygomatic fossa-.

The eyeixiU occupies about one- fifth of the orbital cavity, the remaining sjiace

being filletl by nerves, vessels, muscles, the lachrymal gland, fat, and a system of

fasciie. In the ordinary case a straight edge placed against the upper and lower

margins of the orbit will just touch tlie closed lids covering the apex of the cornea,

but will not compress the eye. A straight line between the two lateral margins

would pass back of the cornea, on the outer side posterior to the ora serrata and on

the inner side at the junction of the ciliary body and iris.

An exophthalmos is a protrusion forward of the ball, and is usually due to

pressure from behind, more rarely to paralysis of the recti muscles. .Some of the

more common causes of retrobulbar pressure are orbital cellulitis or abscess, tumors,

distension of the orbital \'essels, and excess of fat.

EnophtJialmos, due to exhausting disease, is more apparent than real, biit a true

sinking of the globe may be due to paralysis of MUller's muscle due to lesion of the

sympathetic, to atrophy of the retro-bulbar cellular tissue caused by trophic dis-

turbance, to fracture and depression of the orbital bones with cicatricial adhesion

and contraction, and to injury of Tenon's capsule and the check ligaments.

Inflainmation of the eapsule, or Tenonitis, may be due to constitutional poison

or to infection following operations involving it, as in tenotomy of the ocular

muscles. It may be an extension from an inflammation of the eyeball. The inflam-

matory exudate in the capsule and adjacent tissues will sometimes cause a slight

exophthalmos, and the eye will be immobile. All the extrinsic muscles of the eye

pierce the capsule about the equator of the globe to reach their insertions in it.

Each muscle receives a tubular investment from the capsule, which fuses with the

proper sheath of the muscle and leaves a small bursa on the anterior surface of

each. To open the capsule for a tenotomy, the incision is made just back of the

cornea, and goes through only the conjunctiva and outer layer of the capsule. The
desired tendon is easily found and brought out with a hook, when it is divided. The
capsular prolongation about? the tendon prevents retraction of the stump after the

division, and so preserves the function of the muscle. This is aided by expansions

of the capsule passing to the margins of the orbit and continuous with the perios-

teum. Those passing from the internal and external recti are stronger than the

others and are called the internal and external check li^^anients. They are united

by a layer of fascia (suspensory ligament of the eyeball) passing under the eyeball

so that the eye is supported after the bony floor of the orbit has been removed, as

after excision of the superior maxillary bone. If the outer layer of the globe is left

after enucleation of the eye. the muscles will still have an attachment and be capable

of moving an artificial eve fitted to the stump.

While the movements of the eyeball are free in all directions, as in a ball and

socket joint, no change in position of the eyeball, as a wJiole, takes place, as the

centre of rotation is about in the centre of the globe. By these movements the

image of the object to be especially seen is fixed upon the most sensitive part of the

retina.

The internal rectus draws the ball directly inward and the external rectus

directlv outward. The other four muscles, the superior and inferior recti and the

two oblique, have a complicated action. The upward and downward movements
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are controlled chiefly l>y the superior and inferior recti respectively, but each has a
slight adducting and a slight rotating movement

—

i.e., the superior rectus will move
the upper extremity of the vertical meridian slightly inward (intorsion), and the
inferior rectus will move the same part slightly outward (extorsion). The suj^erior

oblique is attached to the globe behind the equator, and lower than its pulley, so that
in addition to its chief or internal rotating action upon the upper limit of the ball it

has also an elevating eli'ect upon the posterior portion, the cornea mo\ing down-
ward. Since its pull is inward, the cornea also moves inward. The chief move-
ment of the inferior oblique is rotary in the opposite direction (extorsion of the upper
part). It is likewise inserted into the posterior half of the globe, which is depressed
by it, and the cornea is raised and mo\ed outward. In elevation of the cornea by
the superior rectus the internal rotation of this muscle is counteracted by the inferior

oblique, and in a similar manner when the cornea is moved downward by the inferior

rectus, its external rotation is opposed by the superior oblique. The upward and
outward movement is produced chiefly by the superior and external recti, the infe-

rior oblique opposing the intorsion of the superior rectus. Motion downward and
outward is due to the external and inferior recti, the superior oblique opposing the
outward wheel action of the inferior rectus. The downward and inward motion is

due to the internal and inferior recti, the superior oblique opposing the inferior

rectus.

When one muscle is weaker or larger than its opposing muscle, the eye is turned
to the side of the stronger, i)roducing strabis)}iiis or squint. It is usually turned
laterally, most frequently to the inner side producing internal or convergent strabis-

mus. All the recti except the external are supplied by the oculomotor ner\e. If

that ner\e is paralyzed only the external rectus can act, and an external squint will

result. If the sixth cranial nerve (abducens) which supplies the external rectus is

paralyzed, the eye will turn inward, the superior and inferior recti opposing each
other.

Paralysis of one or more muscles may occur. If a single muscle is involved it

is usually the superior oblique or external rectus, as each of these is supplied by a
separate cranial nerve, the fourth and sixth respectively.

Although the third or oculomotor has a much wider distribution than these, sup-

plying all the other extrinsic muscles, as well as the ciliary muscle and sphincter of

the iris, when it is completely paralyzed the clinical picture is definite. Ptosis is

present and is due to paralysis of the levator palpebrse. External strabismus and
slight depression of the eye are produced by the unopposed action of the external

rectus and superior oblique, while the eye is otherwise motionless. The pupil is

dilated from paralysis of the sphincter of the iris, and accommodation for near objects

is lost from paralysis of the ciliary muscle. Slight exophthalmos appears from paral-

ysis of all but one of the recti muscles.

The fourth nerve alone is rarely paralyzed. There will be little disturbance

of function, since the motion of the superior oblique fe performed partly by the

other muscles. The eye will turn inward when the object looked at is lowered,

and upward only when the object is turned far toward the healthy side. One eye

must be closed to prevent double vision or diplopia.

Of the single paralyses, that of the sixth 7ierve is most frequent on account of

its extended course from its origin in the brain to its peripheral termination in the

external rectus, rendering it liable to involvement by adjacent pathological processes,

as meningitis, tumors, or hemorrhages. Such lesions may in\olve it alone, or

together with a series of cerebral ner\'es, paralyzed one after another from a progress-

ing pathological condition, which would then probably be at their central origin, or

in the wall of the cavernous sinus, where they are close together. The sixth nerve

may be paralvzed bv a fracture of the base of the cranium in the middle fossa.

When the ophthalmic division of the fifth nerve is paralyzed, there follows

anesthesia of the conjunctiva of the globe and upper lid, and of the other parts supplied

by this nerve. The lids do not respond reflexly, as usual, for protection of the

cornea, which is liable then to troublesome ulceration.

The cervical sytnpathctic sv\\)\A\Qs the dilatator muscle of the iris, and reaches the

cranium along the internal carotid artery. .When the cervical sympathetic is paralyzed
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till' pupil contracts. There will be some drooping of the upper lid due to paralysis
ol the superior pal|)el)ral muscle of Mijiler which passes from the under surface of the
levator |)ali)ehne muscle to the upi)er margin of the upper tarsal cartilage, and is

supplied by the cervical sympathetic. There will be slii^ht enophthalmos from paral-

ysis of a thin layer of imslri|)ed muscle j)assini,'^ across the splieno-maxillary fissure

(orbitalis muscle of Miiller).

The normal pupil will contract for accommotlation and convergence to near
objects and from stimulation by a bri^dit li.uhi. An Argyll- Robertson \n\\y\\ is one
which does not react, either directly or indirectly (consensuallyj to the influence of

lii^ht, but contracts promptly on convergence of the visual a.xes. The exact situati(jn

of the lesion is imcertain ; it may involve the fibres which pass from the proximal
end of the optic nerve to the oculomotor nuclei ; it may be nuclear in its position

;

or it may be in the spinal end of the floor of the fourth ventricle.

Ovvinjr to the relatively lart^e amount of fat and loose connective tissue in the
orbit, infection may leatl to an extensive orbital abscess, so that an early opening is

imperative to prevent disturbance or loss of si^ht. The muscles may be impaired
by the process, leading; to the lessened mobility of the eye. The optic nerve may
be inflamed with resultiny^ atrophy and permanent impairment of si^ht, and the other
ocular nerves may also be paralyzed. From the exophthalmos the optic nerve may
be stretched, althoujj;-h the degree of stretching- permitted without disturbing sight is

often remarkable. Pus may enter the cranial cavity through the optic foramen, and
set up a meningitis or a brain abscess.

Injuries of the orbital tissues are usually the result of penetration by foreign

bodies. The eye has been pried out by the finger, or thumb, on the outer side by
insane people, or in fights, the finger being readily forced back of the equator of

the globe. There are cases in which the eye has been replaced and vision regained
after such accidents, although it is usually lost.

Fracture of the bony wall of the orbit ordinarily leads to hemorrhage into the

soft tissues, showing later under the conjunctiva of the ball (subconjunctival ecchy-
mosis). If the neighboring air cavities, as the ethmoidal and sphenoidal sinuses, are

involved, emphysema of the orbit may result. The exophthalmos from air behind
the eye, can be reduced by backward pressure, the air being forced back into the air

sinuses. A collection of blood would not disappear by such pressure. In cases of

emphysema the patient should be instructed not to blow the nose, as by that act

additional air is forced into the orbit.

Tumors of the orbit are comparatively common. They may begin in the adja-

cent cavities and invade the orbit secondarily. The most important symptom in all

cases is exo[)hthalmos. Pain and paralysis from pressure on the nerves, and con-

gestion and edema of the lids from pressure on the veins frequently occur.

THE EYELIDS AND CONJUNCTIVA.

The eyelids (palpebrae) are two movable folds of integument—an upper
and a lower—strengthened along their free margins by a lamina of dense fibrous

tissue, the tarsal plate, and modified on their deeper aspect so that this surface

resembles a mucous membrane, the conjunctiva. When in ap[)osition or closed they
completely cover the orbital entrance and the eyeball ; at other times, when open,

they cover the periphery of the orbit but allow a variable portion of the anterior part

of the eye to remain exposed.

The palpebral fissure (rima palpebrarum) is bounded, above and below, by
the free margins of the lids and at the ends, where the lids join, by two fibrous

bands, the median and lateral palpebral ligaments. Of these the inner and
stouter springs from the nasal process of the superior maxillary bone and the narrow
outer one is attached to the mala.r bone. The palpebral fissure is an oval cleft of

not quite symmetrical form, since the curvature of its upper boundary is somewhat
greater than that of the lower ; further, the points marking the summit of the

two curves neither correspond to the middle of the arches nor lie opposite each

other, that of the upper arch lying nearer the mid-line and that of the lower nearer

the lateral wall Neither is the palpebral fissure strictly horizontal, since the inner

91
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Fig. 1 200.

rttfA^imO'

of its ends, the angles or canthi, lies slightly (from 4-6 mm. ) lower than the other one.

The free borders of the lids meet at the outer canthus without change of curvature,

but on approaching the inner canthus they alter their direction and extend medially

for several millimeters before meeting. In this manner immediately external to

the inner canthus the lids bound a shallow

D-shaped recess, about 5 mm. long, known
as the lachrymal lake (lacus lacriraalis).

The palpebral fissure, which possesses an
average length of 30 mm. and a height of from

12-14 mm. , is subject to considerable individ-

ual variation in size, thereby exposing a vari-

able amount of the eyeball. In consequence,

the appearance of a larger or smaller eye

is produced, an impression, however, that

depends upon the size of the opening between

the lids and not upon differences in the eyeball

itself, the diameters of which, under normal
conditions, are practically constant. The
height of the palpebral fissure in young
children is relatively greater than in the adult,

a peculiarity that confers the characteristic

wide-eyed appearance in early life.

The upper lid is not only much the

broader, its height being about double that

of the lower one, but also the more movable
and the chief agent in closing the palpebral

opening. When the latter is closed the free

edges of the two lids are in contact through-

out their length, the anterior margin of the

upper one overlapping slightly the corre-

sponding edge of the lower. The line of

apposition is somewhat arched, with the

convexity directed downward, and falls below

a horizontal line passing through the inner

canthus. When the eyelids are separated

to the usual extent, the free edge of the

upper lid lies just below the upper margin
of the cornea, a narrow crescentic area of

which it masks, while the corresponding

border of the lower lid falls slightly below

the inferior corneal margin. The position

of the pvipil is about midway between the

two canthi. When the eyelids are closed,

the upper fold covers the entire cornea, its

lower border lying opposite the correspond-

ing margin of the cornea.

Viewed in sagittal section (Fig. 1201),

the free border of the lid presents a well-

defined posterior margin, along which open
the minute ducts of the tarsal glands,

whilst the anterior margin is rounded and passes insensibly into the adjoining

external skin-surface and is beset with the eyelashes. The latter, the cilia, are stil?

outwardly curving hairs, which number from 100-150 in the upper lid and about half

as many in the lower. With the exception of about 5 mm. next the inner angle,

where the lids border the lachrymal lake and the eyelashes are absent, the cilia are

arranged in a double or triple row^ with the longest (8-12 mm.) in the centre of the

upper series. Although their follicles occupy a zone of from 1-2 mm. in width, the

free ends of the cilia lie practically in a single row, the longer and more closely set

upper lashes either crossing or overlying the shorter ones of the lower lid.

Conjiinctiv

Three views of living eye, showing relations of
eyeball to palpebral fissure and details of inner
canthus.
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The palpebral fissure- k-ads into tin- conjunctival sac, which, when the lids are
in contact, is a rloscd capillary space hctwi-en the lids ami the anterior surface of the
eyeball. When the cleft is open, the conjunctival sj)ace becomes an annular j^roove
of une(|ual depth, its heimht beint^ from 22-25 '"'"• bt-hind the upper lid and only
about half as much behind the lower, and bein^ shallowest at the inner anj^le.

That part of the sac which covers the posterit^r surface of the lids constitutes the
palpebral conjunctiva and that rcHected (jnto the eye ball is the bulbar con-i
junctiva, while the bottom of the i,froove, where these two portions are continuous,
is known as tlu- fornix conjunctivae, the superior and inferic)r beinj^ distinguished.

The lachrymal lake ( laciis lacrimalis) is the shallow bay intf) which the con-
junctival sac is prolonged for about 5 mm. between the medial t-nds of tin- ey<li<ls. It

contains an irreyularly oval or comet-shaj)ed elevation, the lachrymal caruncle.
Tlu- latter (carunciila lac-

rimalis) consists of an is- Fic;. 1201.

let of modified skin from
which project usually
about a dozen minute
and scarcely visible hairs,

providetl with lare;^e seba-

ceous and smaller sweat

Inlands and embedded in

a cushion of fatty tissue.

Just to the outer side of

the caruncle, a vertical

crescentic fold, the plica
semilunaris, indicates

the limit of the bulbar

conjunctiva. The fold is

of interest as probably
representing in a very
rudimentary way the

nictitating membrane, or

third eyelid, of the lower

animals. The semilunar

fold frequently contains

a minute plate of hyaline

cartilage as the vestige of

the stronger bar in the

nictitating membrane.
Likewise the small group
of alveoli sometimes
found within the base of

the fold is regarded as

the homologue of the

Harderian gland of the

lower types. The points

at which the slightly
curved boundaries of the

lachrymal lake pass into

the more arched edges of the eyelids are emphasized by litde elevations, the lach-
rymal papillae, each of which is pierced by a minute aperature, the punctum
lacrimalis, that marks the beginning of the canals by. which the tears are normally
carried of? from the conjunctival sac.

Structure of the Eyelids.—The eyelid comprises five layers which, from
without inward, are: (i) the sh'n, (2) the sudcufaneous fissue, (3) the mttscular
layer, (4) the tarso-fascial layer :m^ (5) the conjunctiva.

The skin covering the outer surface of the eyelids is distinguished by its unusual
delicacy, being thin and beset with very fine downy and widelv scattered hairs, pro-
vided with sebaceous follicles ; small sweat glands also occur. It presents numerous

Meibomian gland

Conjunctiva

Duct in tarsal plate

of tarsal arch

Meibomian duct

Glands of Moll Cilia "Ciliary bundle

Vertical section of upper eyelid of child.
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ineffaceable transverse creases which, witli advancing years, are supplemented by
vertical furrows. Towards the inner canthus, j^articularly in the lower lid, pis^nient

exists in variable quantity, often in amount sutificient to confer a distinct brownish
hue to the intei^ment.

The subcutaneous tissue is distintj-uished by the entire absence of fat, its loose

texture and great extensibility and elasticity. In consequence of these properties, it

sometimes becomes the seat of extensive swelling after edema or hemorrhage.
The niusculur layer, for the most part consisting of the annular bundles of the

arbicjilaris palpebrarum, is in fact so blended with the subcutaneous tissue as to be
practically embedded within the latter. Reference to the description of the orbicu-

laris palpebrarum (page 484) will recall the general division of the muscle into

an orbital and a palpebral portion, and the relations of the deeper or lachrymal slip

{tensor tarsi) to the tear-sac and the tarsal plate. In vertical sections of the eyelid

(Fig. 1 201) the circularly arranged bundles of the palpebral portion show as

transversely cut groups of muscle-fibres enclosed by condensations of the surround-
ing areolar tissue. A distinct annular tract, known as the ciliary bundle (w. ciliaris

Riolatii) lies close to the free border of the lid, chiefly between the tarsal plate and
the hair follicles, but in part often also between the conjunctiva and the tarsus. In

the upper lid, in addition to the circular bundles of the orbicularis palpebrarum, the

terminal strands of the longitudinal fibres from the levator palpebrse superioris

descend along the deeper surface of the first-named muscle. Some of these

penetrate between the circular bundles and end in the deeper layer of the skin :

others descend more vertically to find their insertion in the upper border of the

tarsal plate.

Under the name, tarsal muscles or muscles of Miiller, are described the un-

certain bundles of involuntary muscle that are found in the vicinity of the convex
border of the tarsi. Those within the upper lid arise from the tendon and inter-

mingle with the fibres of the levator palpebrae, with the course of which they

agree, and end either by insertion into the upper border of the tarsal plate, or into

the adjacent fibrous tissue. In the lower lid, they are less numerous and regular,

and extend from the fornix conjunctivae to the adjacent border of the tarsus. The
tarso-fascial layer is represented next the margins of the lids by the tarsal plates and
beyond the latter by the septum orbitale.

The tarsal plates (tarsi) are two lamellae of dense fibrous tissue, one in each

lid, that occupy the margins of the eyelids, to the maintenance of whose form they

largely contribute. They are crescentic in outline, the borders next the lid-cleft

being only slighdy curved and almost straight and the thinner distal borders mark-
edly convex. Their ends are joined to the palpebral ligaments which branch into

upper and lower limbs for the attachment of the tarsal plates. The upper tarsus is

the more arched and broader, measuring about 10 mm. or about double the lower

plate, in both cases the median ends of the crescents being blunted and less pointed

than the lateral. The plates are approximately i mm. in thickness and consist of

densely felted fibrous tissue, and are blended in front and below with the subcu-

taneous tissue, above with the septum orbitale and the insertion of the lid-muscles,

and behind with the conjunctiva.

In addition to preserving the curvature of the lids, the tarsal plates lodge the

linear series of the Meibomian or tarsal glands (glandulae tarsales). These struc-

tures, between thirty and forty in number in the upper lid and about one-third less

in the lower one, consist of a chief tubular duct, placed vertically and lined by stratified

squamous epithelium, which is beset with numerous simple or branched, irregular,

flask-shaped alveoli. The latter contain cuboidal epithelial elements that resemble

in appearance and condition those found in sebaceous follicles, to which class, in fact,

the tarsal glands belong. They secrete an oily substance, sebum palpebrarum, which

is discharged through the minute punctiform orifices of the ducts that, on everting

the edges of the lids, are seen as a row of dark points just external to the sharp con-

junctival border of the eyelid. In this manner the latter is kept lubricated, and thus,

under usual conditions, maintains an effective barrier against the overflow of the

tears from the conjunctival sac. Within the free edge of the eyelids, just in advance
of the tarsal plates, lie the glands of Moll, and the glands of Zeiss. The former



Tin: i:vi:Lin.s and conjunctiva. 1445

arc coilid tubules, rcsenibliiij^ luodirud suimI glands, the latter sebaceous glands,
the ducts of which usually open close to or into the mouths of tlu- follicles of the
eye-lashes.

The palpebral conjunctiva lines the ocular surface of the eyelids. .Since the
latter are de\il(»|)ed as iiilimiinentary folds, at first the conjunctiva resembles the
skin, but after the temporary closure of the lids, from the middle of the third month
until shortly before birth, it lo.ses its orij^inal character, and later, bathed ccjutinu-

ously with the secretion of the tear-^land, assumes the transluccntly ro.sy tint and
general ajjpearance of a mucous membrane, as which the conjunctiva is often
rej^ariled. Over the tarsi the palpebral conjunctiva is so tightly adherent to the
underlyini^ fibrous plate, that the tunica propria is reduced to an insij.(ni(icant layer
and the Meibomian glands shimmer throuj.(h the smooth translucent conjunctiva and
a|)pear as parallel yellowish stripes. On tj^aining the nirotarsal fossa, along the
coinex border of the tarsal plates, the conjunctiva becomes loose and movable and
uKuketl by circular folds since the tunica proj)ria, which here cfjnnects the eijilhelium
with the underlying fascial tissue, is j)lentiful. Small tubules, the glands of Henle,
often occupy the sul)-epithelial tissue of this part of the conjunctiva. In the fornix
and its \icinity minute lyniph-nodiclcs occur normally, either discrete or in small
groups. In the same locality and at the convex borders of the tarsi, small nests of

tubular alveoli, known as accessory tcar-s;lands, ox glayids of Krause, are found, being
much more numerous in the upper than in the lower lid.

The bulbar conjunctiva passes from the fornix onto the anterior part of the

eyeball, o\er which it extends, unwrinkled but gradually thinning, as far as the

corneal margin, at which point {limbus corneoe) the tunica jjropria ends and the

epithelium alone continues uninterruptedly over the cornea. During its passage from
the free edge of the eyelid to the cornea, the character of the conjunctival epithelium

varies in different parts of the sac. Thus, at the border of the lids and for a few
millimeters over the tarsi, it resembles the epidermis in being stratified squamous.
Towards the convex border of the tarsal plates the squamous type gives way to the

cylindrical ; in the retrotarsal fossa, throughout the fornix and for a short distance

(.5-1 mm.) over the eyeball, the epithelium is exclusively columnar, varying in

thickness and in the number of its layers ; whilst over the cornea and adjacent parts

of the sclera, the epithelium is again stratified squamous.
Vessels of the Eyelids.—The arteries chiefly supi)lying the eyelids are the

superior and inferior palpebral branches from the ophthalmic and from the lachrymal

arteries. These form the first source, the internal palpebral, which arise either sepa-

rately, or by a short common stem, pierce the septum orbitale a short distance above
or immediately below the internal palpebral ligament, and, in addition to sending
twigs to the lachrymal caruncle, canals and sac, pursue a tortuous course near the

free margin of the lids towards the external canthus. On nearing the latter the

superior and inferior internal branches join the corresponding branches from the

external palpebral and from the lachrymal, as well as anatomosing with twigs from the

superficial temporal and transverse facial arteries. In this manner a tarsal arch is

formed in each lid along the base of each tarsus, between the latter and the orbicu

laris muscle, from which perforating twigs penetrate the tarsal plates for the supply of

the Meibomian glands and the adjacent conjunctiva. In the upper lid a less regular

secondary tarsal arch is formed along the convex border of the tarsus by the anasto-

mosis of the palpebrals and the frontal and supraorbital branches. A similar, but less

constant and complete, arch occurs in the lower lid.

In consequence of the double path of escape of the blood from the orbit—through
the ophthalmic and the facial veins—the veins of the eyelids are tributaries of two
systems. Those from the deeper structures (conjunctiva. Meibomian glands), the

retrotarsal veins, empty into the branches of the ophthalmic, while those draining the

more superficial parts of the exeWd, pretarsal veins, are tributary to the frontal and facial

veins medially and to the supraorbital and superficial temporal laterally. Since not

only the supraorbital, but also the frontal veins communicate with the ophthalmic

system, the blood is carried of? by way both of the orbital and facial channels.

The IvDiphatics of the eyelids are arranged in two sets, a pretarsal and a post-

tarsal, the net-works of which are connected by vessels which pierce the tarsi. The
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former receives lymph from the skin and muscles, the latter from the Meibomian
glands and the conjunctiva. The larger vessels on the outer side pass to the pre-

auricular and parotid lymph-nodes, and those on the inner or mesial side follow the

trilnitarics oi the facial vein and enter the subma.xillary lymph-nodes.

Nerves of the Eyelids.—The sensory nerves are branches of the ophthalmic

and superior ma.xillary divisions of the trigeminal. The upper lid is supplied mainly by
the frontal and supraorbital ner\'es, the lower lid by the infraorbital nerve. On the

nasal side these nerves are supplemented by twigs from the supra- and infratrochlear

branches of the ophthalmic, and on the outer side by terminal filaments from the

lachrymal nerve. The main branches lie between the tarsi and the orbicularis

muscle, sending branches forward to the skin and backward through the tarsi to the

conjunctiva and Meibomian glands. In addition a marginal plexus is formed near

the edge of each lid, which supplies the adjacent parts and the follicles of the cilia.

The motor nerve to the levator palpebrae is a branch of the superior division of

the oculomotor ner\e ; the orbicularis palpebrarum is supplied by the facial, and the

involuntary muscle of the lids by fibres from the syuipathetic.

Practical Considerations.— The Eyebrows.—The hair of the eyebrows may
be absent, dark brows may show white patches (piebald eyes), or they may be

entirely white, as in albinos. Incisions in this area, as for neurectomy in supra-

orbital neuralgia, should be made in the line of the brow and within the limits of the

hair, so that the scar which results may be hidden.

Dermoid cysts occur in the line of the orbito-nasal fissure of the foetus, and are

most frequent near the outer end of the brow, under the orbicularis palpebrarum,

next to the periosteum. Usually they are no larger than a cherry, and in some
instances lie deep in the orbit, when they would be difficult of diagnosis. More
rarely they occur at the inner angle of the orbit, when they may be connected with

the dura. In such cases they would be difificult of removal and might be confused

with meningoceles.

Epicanthns is a crescentic fold of skin lying over the inner canthus and the

inner end of the palpebral fissure. It may be associated with a congenital defect in

the bridge of the nose. In many children a slight tendency to it is seen before the

bridge of the nose has reached its full development, while in those races which have
little or no bridges to their noses, a slight epicanthus is normal. Until this condition

is suspected, these children are often thought to have convergent squint, because

the cornea is nearer to the skin than in a normal eye.

Ver\- rarely the lids may fail to develop fablepharia) ; less rarely a cleft in the

margin of the lid is seen, usually to the median side of the centre of the lid (colo-

boma), and most frequently in the upper lid. Sometimes the eye has a uniform

covering of skin which replaces the lids, no palpebral fissure being present. This

is probably due to a persistence of the early foetal condition, in which the two lids

are adherent. It is called a7ikylo-blepharon.

Lagophthabmis is an incomplete closure of the lids, and is sometimes congenital,

sometimes the result of paralysis of the facial ner/e which supplies the orbicularis

muscle. Voluntary contraction of this muscle will usually close the lids in the lesser

degrees of the congenital variety, but in sleep they are not closed. Since the eye
turns up as the lids are brought together, the cornea is in large part concealed.

Ptosis is a drooping of the upper lid, and when congenital is usually associated

with epicanthus, and is bilateral. The forehead is often wrinkled from the efifort of

the occipito-frontalis muscle to aid the orbicularis in lifting the lid. The head is

usually thrown back and the eyes depressed to bring the sensitive part of the retina

and pupil in line with the object to be seen.

Blepharospasm is an irritable spasm of the orbicularis closing the lids, and is

usually due to disease of other parts of the eye.

The skin of the lids is the thinnest in the body and is ver}' loosely applied,

through the loose areolar subcutaneous tissue. It therefore wrinkles easily, is readily

deformed by scars, and is a favorable field for plastic operations. If cicatricial con-

traction everts the lower lid, as it often does, the condition is known as ectropion.

More rarely contraction of the conjunctiva after ulceration or injury inverts a lid.
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producing entropion. The eyelids Ijecoine cjedematous or ecchymotic from slight

causes, and in erysipelas are markedly swollen, closint( the lids, or in severe cases

may become ji^anj4renoiis, the exudate intcrferinj^ with the hlootl-supply.

IItrf>is zostfr is sometiims seen alonj^ the cutaneous distribution of the frontal

and na^al branches of the trij^eminal nerve. It is found on the forehead, lids, nose,

and even the cornea. The iris, ciliary body, or choroid may be invcjlved, since

throuj^h the lenticular j^antjlion, the nasal nerve supplies these structures. The
cause is an inflammation of the trunk of the tri^^eminal nerve, the Gasserian ganglion,
or the lenticular ganglion.

^/onii'o/nm or stye is a suppuration of one of the sebaceous glands ( Zeiss'

s

glands) associated with the follicles of the eyelashes. A chalazion is an affection of

t)ne of the Meibomian glands, with occlusion of the duct and retention of the secre-

tion. There is often no inflammation j)resent. For this reason, and because of

its situation on the under surface of the tarsal cartilage, it is often not noticed
until it reaches considerable size and shows through the lid. Normally the cilia or

eyelashes curve away from the surface of the eyeball. Sometimes from inflammation,

most commonly in trachoma or granular lids, they take the opposite direction and
irritate the cornea (trichiasis or wild hairs).

The Conjunctiva.—Congenital fatty growths occur rarely in the outer part of

the upper conjunctival sac. Dermoids and naevi have also been seen in the con-
junctiva. This membrane covers the anterior third of the eyeball, and where it passes

to the lids forms the fornices. Because the upper fornix is deeper than the lower,

being therefore turned less easily, foreign bodies are removed from the upper sac

with greater difficulty. These particles strike first on the surface of the globe, and
are usually brushed down into the lower sac by the upper lid. They frequently,

however, catch in the conjunctiva of the ball or of the upper lid, and are held in the

conjunctival sac only when they get above the upper retro-tarsal fold, where, if not

removed, they may set up a chronic inflammation, or remain unnoticed. They
have been found there months or even years afterward, entirely embedded in the

outgrowths of the inflamed conjunctiva (Fuchs).
A pterygium is an elevated layer of conjunctiva and subconjunctival tissue,

triangular in shape with its apex near the edge of the cornea, and its base usually

towards the inner canthus. It tends to progress towards the pupil, but may stop

anywhere short of it.

A Pinguecula is a yellowish elevation of conjunctiva, to the inner side of the

cornea, sometimes to the outer side. It corresponds to the part of the conjunctiva

constantly exposed in the interpalpebral fissure, which therefore undergoes a change
in structure. That at the inner side is most marked and may become a pterygium later.

The scleral portion of the conjunctiva is loosely applied to permit of free motion
of the ball. Near the margin of the cornea it becomes more fixed, and should be
caught there by the forceps in the effort to fix the eye when operating upon it. The
palpebral portion is more firmly attached, especially at the back of the tarsal plates

where it is more vascular, and where paleness is taken to indicate a general anaemia.

In fractures of the base of the skull involving the roof of the orbit the hemor-
rhage into the orbital tissues shows first under the conjunctiva of the globe (subcon-
junctival ecchymosis). It finds its way under the conjunctiva of the lids later because
that is more firmly attached, and unless the lid is lifted, it will first be noticed at the

margin of the lid, after which it may grow upward under the skin. This is due to

the fact that the orbito-tarsal or palpebral ligament passes between the margin of the

orbit and the upper edge of the tarsal plate like a curtain and prevents the progress

of the blood forward to the skin until it has first passed down behind the tarsal plate

and under its lower margin. Owing to the thinness of the conjunctiva, o.xygen per-

meates it more readily than it does the skin, so that blood-under it retains its redness
instead of becoming dark, as under the skin of the lid in ordinary " black eye."

THE EYEBALL.
The eyeball is situated in the anterior part of the orbit, about 2 mm. nearei

!he lateral than the nasal wall, and slightly nearer the superior than the inferior

ivall. A line drawn from the superior margin of the orbit to the inferior is tangent to
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the surface of the cornea. The axes of the eyeballs are practically parallel, when
fixed on a distant object, but the optic nerves converge considerably, so that they
enter the eyeball from 2-3 mm. to the nasal side of the posterior pole of the eye.
The general form of the eyeball is that of a sphere, but in sagittal section it is found
to be composed of the segments of two spheres, an anterior smaller segment, corre-
sponding to the transi)arent cornea, which has a radius of from 7-8 mm. and a pos-
terior o[)aciue segment, corresponding to the sclera, with a radius of 12 mm. The
jimction between the two segments is marked externally by a broad, shallow groove,
the sulcus sclcrce, which is filled by the scleral conjunctiva.

The dimneters of the eyeball measure approximately as follows : the antero-pos-
terior, 24.2 mm. ; the vertical, 23.2 mm. ; and the transverse, 23.6 mm. Its shape
is, therefore, that of a spheroid somewhat flattened from above downward, and from

Fig. 1202.
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side to side. The diameters are slightly greater in the male than in the female, and
vary according to the refractive power, being longer in nearsighted or myopic, and
shorter in oversighted or hyperopic eyes.

The eyeball consists of three concentric coats or tunics : ( i ) the external or
fibrous tmiic, composed of the sclerotic and the cornea; (2) the middle or vascular
tunic, which is pigmented and pardy muscular, and is composed, from behind for-

ward, of the choroid, the ciliary body, and the iris ; and (3) the inner ov nervojis

tunic, the retina, an expansion of the brain, which contains beside the nerve-cells
and the nerve-fibres the specialized neuroepithelium for the reception of visual stimuli.

Within these tunics are enclosed the refracting media, the crystalline lens, the
aqueous humor and the vitreoiis body.

Practical Considerations.— Congenital anomalies may af!ect the whole eye,

the appendages, or the individual structures of the eye.

The eye may be congcnitally absent, on one or both sides (anophthalmos). In
some cases of apparent absence the eyeball has been found to be exceedingly smalJ



THE FIHROrS TUNIC. 1449

(microphthalmos") and situated deep in the orbit near the optic foramen. The patient
.Tiay otherwise be entirely normal ; or other developmental errors, as hare-lip or
cleft-palate may be jiresent. In some instances where no eyeball was f(jund, the
optic neive had not entered the orbit, and in others the chiasm had not formed, the
primary optic vesicle ha\inm failed to develoj).

Multiple eyes occur in some monsters. As dibits sometimes bifurcate t(j form
supernumerary dij^ils, so the cephalic end of the embryo may di\ide, jrivin^ rise to
two heads. These may fuse, when, according: to the extent of fusion, there will be
four, three, or two eyes ; or if both the orbits and the eyes fuse there may be
only one eye (cyclopia).

The actual size of the eye in man varies little, the apparent size dependinj^
chiefly upon the projection from the orbit and the part exposed between the lids.

The variation in different animals depends rather uiion the necessity for acuteness of

\isi()n than upon the size of the animal. The larj,^er the globe the farther the cornea
and lens from the retina, and

Fk;. 1203.

— Fibre layer
" Ganglion cells

— Pigment layer

therefore the larger and
more distinct the image on
the retina of the object seen.

The more active the animal

the greater is the necessity

for acuteness of vision, and
therefore the larger the eye.

The eves of birds are j^ro-

portionally larger than those

of other animals. Nocturnal

animals, such as the owl,

have large eyes. The large

retinal image probably com-
pensates for the scarcity of

light, to which they are

accustomed.

--— Lamina fusca

The Fibrous Tunic.

The Sclera.— The
sclera, or sclerotic coat, is

a firm, dense fibrous coat

which forms the posterior

four-fifths of the outer coat

of the eye, being closely con-

nected with the sheaths of

the optic nerve posteriorly,

and joining in front with
the cornea. In the neigh-

Fibrous tissue
of sclera

Episcleral
endolhelium
Space of Tenon
between sclera
and capsule
of Tenon

Section of three coats of eyeball, about five millimeters from optic papilla!
capsule of Tenon seen below sclera. X 40.

borhood of the optic nerve it measures i mm. in thickness, and gradually becomes
thinner toward the equator, until, just posterior to the attachment of the tendons
of the ocular muscles, it measures only .4 mm. After receiving the expansions
of these tendons it again becomes thicker and reaches a thickness of .6 mm. In
children and in individuals who have thin sclerae and deeply pigmented eyes,

the sclera possesses a bluish white color, while in old age it assumes a yellowish

tinge. The optic nerve passes through this tunic at a position i mm. below and
from 2.5—3 "''ni- to the inner side of the posterior pole of the eye; the canal is

partially bridged over by interlacing fibrous bundles, the lamina cribrosa, which
are intimately associated with the supporting tissue of the nerve. Grouped around
the nerve entrance are small openings for the ciliary nerves and posterior ciliary

arteries, and toward the equator four or five for the veyiee vorticosce which emerge
from the choroid.

Structure of the Sclera.—The sclera is composed of interlacing bundles of

white fibrous tissue, which on the outer and inner surface have chiefly a meridional

direction, while the central bundles form a fairly regular alternation of circular and
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Epithelium

meridional lamellae. The tissue yields gelatine on boiling. With the fibrous bundles

is associated a rich net-work of fine elastic fibers. The clefts between the lamellae

contain irregularly stellate connective tissue cells—the scleral corpuscle... On the

inner surface of the sclera many of these cells are pigmented and give it a brownish

color. This layer—the lamina fusca—forms with the underlying choroid a narrow

lymph-space, the suprachoroidal lymph-space, both walls of which, together with the

fine connecti\e tissue trabecuht whicli cross it, are lined with endothelial cells. The
outer surface of the sclera, from the optic nerve entrance to the attachment of the

ocular muscles, is similarly covered with endothelial plates, and forms part of the lining

of Tenon's lymph-space. Anterior to the muscle-insertions it is covered with a

loosely meshed connective tissue, the episcleral tissue, which is richly supplied with

blood-vessels, nerves and lymph-
FiG. 1204. vessels, and is continuous with

the subconjunctival tissue of the

coyijunctiva sclercc.

The blood-vessels of the sclera

arise from the arteries which per-

forate it to supply the vascular coat

of the eye, viz : the anterior and
posterior ciliary arteries. They
form a wide meshed net-work on
the surface of the sclera, which
sends anastomosing vessels to a

deeper lying set in the substance of

the membrane. In the neighbor-

hood of the optic nerve entrance

the branches of the short posterior

ciliary arteries form an arterial

circle, the circtdus Zinjii, which
sends branches to the optic nerve

and choroid, and is therefore of

great importance in establishing

an anastomosis between the cho-

roidal circulation and the arteria

centralis retinae which supplies the

retina.

The veitis of the sclera empty
into the anterior and posterior

ciliary veins, and into the venae

vorticosae. At the junction of the

cornea and sclera is an important circular Aenous channel, the ca}ial of Sclile?um,

which will be described later. The lymphatics of the sclera are represented by
the intercommunicating cell-spaces, which communicate with the suprachoroidal

and suprascleral lymph-spaces, and anteriorly with the spaces of Fontana, at the

sclero-corneal angle.

The nerves of the sclera are derived from" the ciliary nerves during their course

between the sclera and the choroid, their terminal filaments being distributed to the

vessels, and also as a fine tortuous net-work between the bundles of the scleral tissue.

The relations of the sclera to the optic nerve sheaths will be considered in the

description of the optic nerve entrance (page 1470).
The Cornea.—The cornea forms the anterior one-fifth of the fibrous tunic of

the eyeball, and, although composed, like the sclera, of bundles of connective tissue,

is transparent and allows rays of light to enter the eyeball. Its anterior surface

is nearly but not quite circular, measuring 11.9 mm. in its greatest transverse

diameter, and 1 1 mm. in its vertical diameter. The posterior surface is circular and

measures 13 mm. in diameter. The sclera therefore encroaches more upon the cornea

anteriorly than posteriorlv, so that the cornea fits into a groove in the sclera. The
radius of curvature of the anterior corneal surface is about 7.7 mm., that of the hori-

zontal meridian being slighdy greater (7.8 mm.) than that of the vertical. The

Posterior
limiting
membrane
Endothelium

Section of human cornea.



THK FIBROUS TUNIC. i45t

1 205.

Corneal corpuscles (coiitieclive tissue cells), surface view.

radius of curvature of tiic posterior surface is only 6 mm. ; the cornea is consequently
thicker in the perijjhery than at the center, in the pr()])(>rtii)n of i.i mm. t<» .8 mm.
The clej.jree of curvature varies in ditlerent individuals and at different periods of life,

l>iint; greater in youth than in

old ajLje. As the radius of curxa- I'k;

ture of the sclera, with which its

bundles are continuous, is 1

2

N
mm., the cornea rests upon the

sclera as a watch-i^lass upon a

watch. At the junction of the

two memhranrs, on the outer

surface, is the shallow tJi^roove,

the s/t/(/(S Si // rtr.

Structure of the Cor-
nea.—The cornea is composed
of hve distinct layers, which
from without in are: (i) the

unterior epithcliian, (2) the an-

terior /h)iiti?iir membrane, (3)
the substantia propria, (4)
the posterior liwiting uiem-
branr, and (5) the posterior

^endothelium.

The anterior epithelium
of the cornea is continuous

with that covering the surface

of the adjacent conjunctiva sclerae. It is of the stratified squamous variety, usually

five cells deep in man, and measures .045 mm. in thickness at the center, and
.080 mm. at the peripherv. The deepest cells are columnar in form, with broad
basal plates resting upon the anterior limiting membrane, to which they are firmly

attached by means of minute projections which roughen the anterior surface of

the latter. The outer parts of the basal

cells contain the nucleus and fit into corre-

sponding depressions in the cells of the

superimposed layers. The middle layers are

composed of irregular polyhedral cells,

which usually present fine protoplasmic

denticulations, and resemble prickle cells.

The superficial layers consist of flattened

cells which lie parallel to the free surface

and contain well-staining nuclei.

The anterior limiting membrane, or

Boii'man s membrane, is situated immedi-
ately below^ the epithelium, and appears as a
homogeneous band, about .02 mm. in thick-

ness at the center and thinner at the periph-

ery, where it terminates without extending

into the conjunctiva of the sclera. The mem-
brane may be split into fine fibrillae by
the use of suitable reagents, is connected
firmly with the cornea proper by delicate

filaments, and is to be considered a special condensation of the latter. It contains

no elastic tissue.

The substantia propria constitutes the main portion of the cornea, and is

made up of interlacing bundles of connective tissue, which are directly continuous

with those of the adjacent sclera. The bundles are composed of fine fibrillae, have
a flattened form, and are so disposed as to produce regular lamellae, about sixty

in number, running parallel with the surface. The alternating lamelke have a direction

approximately at right angles to each other and are frequently joined together by

Fig. 1206.

Corneal spaces, after action of argentic nitrate
;

surface view. X 350.
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bands, which are especially numerous in the anterior lamella-, to which the name
fibr(C arcuatcz has been given. The librilhe and bundles are held together by an
amorphous cement substance, and embedded in it are the cellular elements, the
corneal corpuscles. These are fattened connective tissue cells, with faintly granular
protoplasm, the nuclei of which in the adult are irregular and show nucleoli. The
cells are provided with branching processes which anastomose with those of other
cells both on the same le\el and with those between adjacent lamellae, and so con-
stitute a continuous net-work of protoplasm, upon which the nutrition of the cornea
largely depends. They have been described as occupying part of a regular system
of cell-spaces and canaliculi, but most recent in\estigations seem to indicate that
during life they fill out the spaces completely, and leave no gaps through which
fluid can pass. Occasionally leucocytes or wandering cells are found between the
fibrous elements.

The posterior limiting membrane, also known as DesccmcV s membrane, the
membrane of Demotirs, or the posterior clastic membrane, is a practically homo-
geneous band, w^hich varies in thickness from .006—.012 mm. at the center and
at the periphery respectively. It is less firmly united to the substantia propria than
is the anterior limiting membrane, and is less easily affected by acids, alkalies, boiling

water and other regents. It resembles
Fig. 1207. elastic tissue and is very firm and resist-

Canai of Schiemm
^j^^. ^^ injury or perforation from inflam-

mation. At the periphery, Descemet's
^ membrane splits up into bundles of tine
.~ fibres, which are graduallv strengthened

^i_ and form a series of firm connective

i^ tissue trabeculae, some of which form
the point of attachment of the ciliary

muscle ; others run into the iris, and still

others constitute the outer wall of a
1/ TrabecuUe of circularly disposed venous channel, the

spaces of pectinate .
-. ' 11.

Fontana ligament smus circularis iFidis, or canal of
Schiemm. These fibres are known as

Bundles of ciliary muscle the Hgamentum pectinatum iridis

Meridional section through angle of anterior chamber and forill the OUtCr boundary of the angle
showing spaces of Fontana between relaxed fibres of r>f tVi(=> an<-f>rir>r (~ViamVif>r Tl-if^ir ave^
pectinate ligament and canal of Schiemm. X 65. ^

anterior Cnamoer. 1 ne> ai e

incompletely covered with endothelial

cells and enclose between their loose meshes the spaces of Fontana. These,

better developed in lower animals than in man, directly communicate with the anterior

chamber, and thus form an important path for filtration of fluid from the interior of

the eye, by way of the canal of Schiemm, into the anterior ciliary veins.

The posterior endothelium covers the inner surface of Descemet's membrane.
It is composed of a single layer of flattened polygonal cells, the nuclei of which often

e.xtend above the le\'el of the cell body. The cells are connected together by deli-

cate protoplasmic processes and are continuous with the cells lining the spaces of

Fontana and the anterior surface of the iris. With Descemet's membrane they con-

stitute a barrier to the filtration of fluid from the anterior chamber into the cornea,

although its passage by diffusion is possible.

The blood-vessels of the normal cornea are limited to a peripheral zone,

from 1-2 mm. in width, where the terminal twigs of the episcleral branches of

the anterior ciliary arteries end in loops (Fig. 1215), from which the blood is

carried to the anterior ciliary \eins. The remainder of the cornea is free from

blood-channels.

The nerves of the cornea are exceedinglv numerous. They are branches of

the long and short ciliary nerves, from 40 to 45 in number, and form a plexus which
surrounds the margin of the cornea (plexus annularis). Those which supply the

anterior part of the cornea anastomose first with the conjunctival nerves. Entering

the cornea, they are accompanied for a distance of i mm. by a perineural lymph-

sheath, and then losing this and their medullary sheath, they form within the corneal

stroma a number of plexuses at various depths. A few of the fibres pass backward

w
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and sii|)|)ly tlu- postnior layers. I'liUy two-thirds, however, after forming a funda-
nuntal pUxus, push forward ami '^cw^X pftforating byanclus throuj^h Bowman's inein-

brane and form on its surface a sulnfyitlulial plexus, the minute fibres of which pass

in a radial maniui toward the center of the cornea. I'Vom this jilexus fine fibrils

ascentl between the epithelial cells, antl entl either as variccjse fibrils, or in c(jnnection

with special end-bulbs (the intraepithelial plexus). In the substantia propria the

branches from the fundamental ple.xus, after forming complex secondary plexuses,

end as naked fibrilUe between the lamellce, probably in close connection with the

corneal corpuscles.

Practical Considerations.—The external or fibrous covering of the ej'eball

consists of the sclera and cornea, and is the protective covering. The posterior five-

sixths is made up of sclera, which in some animals becomes cartilaginous or even
bony. In the human eye the average normal tension within the globe is equivalent

to a column of mercury 26 mm. high. Excessive intraocular tension occurs under
pathological conditions (glaucoma) and may reach 70 mm. or more. The more
delicate structures then suffer severely and unless the pressure is relieved they are

functionally destroyed. The sclera is thickest and strongest i)osteriorly and grad-

ually grows thinner as it passes forward. Immediately behind the insertions of the

recti muscles it is thinnest (.4 mm.). Here bulging is most likely to occur from
internal pressure (anterior scleral or ciliary staphyloma), or pus within to burrow
through. In front of this zone it is reinforced by expansions from the insertions of

the muscles, and would seem therefore to be stronger, although it is in this region,

just back of the margin of the cornea, that ruptures are most likely to occur from
external violence.

Ruptures of the sclera occur close to—within 3 mm. of—the corneal margin and
concentric with it, because in most cases, as Fuchs points out, the application of the

force does not lie in the centre of the cornea, but in the sclera below and to the outer

side of the cornea. The greatest expansion of the sclera takes place in its upper half

near the margin of the cornea, at which place, therefore, the sclera ruptures.

This region is the so-called dangerous zone of the eyeball, because the iris and
ciliary body correspond to it, and in wounds involving these structures, sympathetic
ophthalmia frequently results, often leading to destruction of both eyes. Besides the.

anterior staphylomata of the sclera, we may have the equatorial and the posterior

The equatorial develops at the spots where the veuce vorticosai penetrate and thus

weaken the sclera about the equator of the globe.

The posterior is assumed to be the result of a congenital weakness of the sclera.

The anterior or eqicatorial can be seen or palpated, while the posterior is recognized

only by demonstrating the existence of a high degree of short-sightedness, which is

due to an increase of the sagittal axis of the eyeball.

Rupture of the sclera is usually the result of a blow on the eye. The ciliary body
and anterior portion of the choroid are frequently forced into the wound, the vitreous

and aqueous chambers contain blood, while the lens may find its way through the

rent and lie under the conjunctiva, which may or may not be torn. Rarely the rup-

ture will be in the posterior portion of the globe.

Congenital opacities of the cornea may occur and may be complete or partial.

In some of the cases reported of the complete variety the anterior elastic lamina

was absent, and the anterior layers of the stroma were not laminated as usual, but

crossed each other, and among them were found blood-vessels. The partial

varieties may consist of a dense white opaque ring at the margin of the cornea,

as though the sclera had extended into the cornea, or they may resemble an arcus

senilis in which a perfectly clear strip of cornea divides the opaque line from the

margin of the sclera.

The cornea in health is transparent, and almost all pathological lesions render it

opaque. It is the most exposed and therefore the most frequently injured part of the

eye. Wounds of the cornea heal readily under favorable circumstances, showing that

its nutrition is good, although there are no vessels in it, except within 1-2 mm. of

its margin. When the cornea is inflamed, however, new vessels may form from
those at the margin and extend a variable distance inward. Under the influence of
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irritating conditions a superficial inflammation may develop, covering the cornea with

a new vascular tissue (pannus), the deeper layers still being bloodless. Owing to a

very free nerve-supply the cornea is very sensitive.

As in the sclera, weakness of the cornea leads to bulging, from internal pressure.

The causes of weakness may be congenital and acquired. Congenital conical cornea

or kerataco7ius may occur, and it is believed that some congenital defect predisposes

to the same condition that occurs in the adult. It is not due to weakening from pre-

vious ulceration or injury of the cornea, and the exact cause is not known.

A staphyloma of the cornea is a similar condition in which the protuberance is

due to the distention of a cicatrix, to the posterior surface of which the iris may be

attached (anterior synechiae of the iris). The cicatrix involves all the layers of the

cornea, and is the result of a perforating ulcer. If the ulcer had been a non-per-

forating one, and the iris did not adhere to its posterior surface, the protrusion of the

cornea would then be called a keratectasia.

If all the layers of the cornea to the posterior elastic lamina had been destroyed

bv the ulcer, and this layer had bulged through the weakened spot like a hernial

pouch it would be called a keratocclc.

Arciis senilis is usually a sign of old age. Modern investigation indicates that it

is due to a fatty degeneration of the substantia propria, the exact nature of the fatty

material being unknown. It first appears as a crescent above, then below, and finally

a complete circle is formed; It never interferes with sight. It is occasionally seen

in children.

The Vascular Tunic.

The middle or vascular coat of the eye (tunica vasculosa ocull), or uveal tract,

consists of a vascular connective tissue sheath, which lies internal to the outer fibrous

Fig. 1208.

Anterior chamber
Pupil

Circulus arteriosus minor

Artery joining ring

Vena vorticosa

Short post, ciliary
artery

Ciliary nerve

Long posterior ciliary artery

Circulus arteriosus major

Anterior ciliary artery

- Ciliary ner\-es

Venous whorl

Optic nerve

Injected eyeball, showing arrangement of ciliary arteries and of choroidal veins. X 3. Drawn from
preparation made by Professor Keiller.

tunic. It extends from the entrance of the optic nerve to the pupil and includes

three portions, which from behind forward are the choroid, the ciliary body and the

tfis. The choroid and ciliary body are in contact with the sclera, but the iris bends
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sharply inward and tloats in the aciiuons luniior, incompletely dividinj^ the
anterior to tlic rryslallin*.' lens into a posterior and an anterior eliamher.

The Choroid.— The choroid (tunica chorioidca ) forms the j)osterior two-
of the vascular coat. It lies between the sclera and the retina and <xtends fn,

optic nerve entrance to

the anterior limit of the ^'"'- '209.

visual part of the retina

at the ora serrata, its

main function beings to

supply nutrition to the

ner\'ous tunic. It is

a delicate coat, which
has a thickness of . i

mm. near the nerxe and
gradually diminishes in

thickness towards the

ora serrata, where it

measures only .06 mm.
The outer surface is

roughened by the tra-

beculae of connective

tissue which cross the

suprachoroidal lymph

space

thirds

m the

Mciiil>r:in;i

vilrci

Cliorio-
capillaris'

Large vein

Choroidal
stroma

Lamina sii-

prachorioidea
Suprachoroi-

dal space
Lamina i'usca

of sclera

Section of choroid. X 275.

space and connect the choroid with the overlying sclera. The connection is

tained partly also by the larger vessels and nerves, which lie within this

during their course forward and send branches to supply the choroid. The

main-

space

inner

Fig. 12 10.

Large vein

Artery

Surface view of injected human choroid, showing venous radicles converging to form larger veins. X 18.

surface of the choroid is smooth and covered by the pigmented cells of the retina,
which are so closely attached that they frequently adhere to the choroid when the
membranes are separated. Posteriorly, the choroid helps to form the lamina crib-
rosa, the fenestrated membrane through which the optic nerve-fibres pass ; anteriorly
it is continuous with the ciliary body.
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Fig. I2II.

Portion of injected clioriocapillaris layer of

human choroid. X I30-

Structure of the Choroid.—The choroid consists of four layers, which from

without inward, are : (i) the lamina siipracJiorioidca, (2) the choroid proper, which
contains the larger vessels, (3) the clioriocapillaris, or layer of tine capillaries, and

(4_) the membrana vitrca.

The lamina suprachorioidea forms the outer boundary of the choroid and
connects it with the sclera. It is composed of interlacing bundles of fibrous connec-

tive tissue, which are strengthened by a rich net-

work of elastic fibres. The cellular elements

consist of (a) flattened endothelial plates, which
line the lymph-clefts and co\er the connective

tissue trabecuUx' connecting the choroid and the

sclera by traversing the suprachoroidal lymph-
space ; and (<^) large, irregularly branched con-

nective tissue cells, the chromatophores, which
,

are conspicuous on account of their deeply
pigmented protoplasm. The lamellae of the

suprachoroid continue, without definite boun-
dary, into the subjacent choroidal stroma.

The choroid proper, as the choroidal

stroma is called, has the same general structure

as the suprachoroidal layer, but the connective

tissue elements are denser and support a large

number of blood-vessels, between which are

placed the stellate chromatophores. The largest

vessels occupy the outer part of the coat, and
are chiefly venous. They are surrounded with

perivascular lymph-sheaths, and converge in peculiar whorls to form four or five

large trunks, the vence vorticosce, which pierce the sclera in the equatorial region and,

running obliquely backward, drain not only the choroid, but partly also the ciliary

body and iris. The arteries are derived from the short ciliary \'essels, which pass

through the sclera near the optic nerve.

They lie internal to the veins and their

walls contain longitudinally disposed muscu-
lar fibres in addition to the customary cir-

cular ones.

The choriocapillaris, or vionbrane of
Ruysch, is composed of the fine capillaries

of the choroidal vessels, which form an

extremely fine mesh-work embedded within

a homogeneous, nonpigmented matrix.
Between the choriocapillaris and the layer of

larger vessels is a narrow boundary zone of

closely woven fibro-elastic strands, which is

nearly free from pigment. In some animals

this layer possesses a peculiar metallic reflex

and is known as the tapetiim fibrosiuu ; in

carnivora its iridescent ap{)earance is due to

the presence of cells containing minute crys-

tals {tapciiim ccllnlosnm').

The membrana vitrca, or viembrane

.of Bruch, the innermost layer of the choroid,

measures only .002 mm. in thickness. It

separates the choriocapillaris from the

retina and is composed of two strata, an

inner homogeneous one, probably an exu-

dation product of the retinal pigment cells, and an outer highly elastic portion.

The lymphatics of the choroid are represented ( i ) by vessels which begin in the

lymph-spaces between large blood-vessels, and are in communication with the spaces

.'between the suprachoroidal lamellae, and (2) by the perivascular lymph-spaces of

Fig.

Cornea

Ciliary ring

Ora serrata
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Anterior part of sagittally sectioned eye-ball,

showing iris, ciliary processes and ring and ora
serrata. X 3-
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the veins, which be^iii betuecn the meshes of the choriocapillaris, the two systems
being separate.

The nerves of the choroid arise from the lonj^ and short cihary nerves during
their course on the inner surface of the sclera. They form a jjlexus within the
lamina suprachorioidea, which contains grouj)s of ganglic^n cells, and sends numerous
nonmedullated fibres chiefly to the muscular coats of the arteries. A few ganglion
cells are found along the blood-vessels. The choroid contains no sensory nerve-fibres.

Fig. 1213.

Choroidal stroma

Pigmented cell

Clear cells

Blood-vessels

Choroidal
stroma

Pigmented
ells

Sections of ciliar>- processes; A, from anterior; B, from posterior part ; two epithelial layers, pigmented and clear.
of pars ciliaris retinae cover choroidal stroma. X 80.

The Ciliary Body.—The ciliary body (corpus ciliare), the middle portion of

the vascular tunic, extends from the ora serrata to the sclero-cbrneal junction.

Sections through the eyeball in a meridional direction (Fig. 12 14) show that it has
a triangular form. The outer side is in apposition to the sclera, the inner is covered
by the pigmented extension of the retina, and the short anterior side, at right angles

to the outer, extends inward from the pectinate ligament toward the lens.

The ciliary body presents three subdivisions ; the ciliary ring, the ciliary pro-
cesses and the ciliary muscle.

Cornea

Fig. 1214.

Canal of Schlemm

Pectinate ligament

Pars iridica

ret in*

Ciliary muscle (radial fibres)

clera

Meridional fibres

Ciliary processes Circular fibres Choroid Pars ciliaris retina:

Meridional section of ciliary region, showing ciliary body with its muscle and processes. X 40.

The ciliary ring, or orbiculus ciliaris, consists of a smooth band of tissue, 4
mm in width, in advance of the ora serrata. It differs in structure from the choroid
in the absence of the choriocapillaris, its vessels running in a longitudinal direction
and returning the blood from the iris and ciliar>^ body to the venae vorticosae. On
its inner surface, delicate meridionally placed folds make their appearance, by the
union of which the ciliary processes are formed.

The ciliary processes constitute the remainder of the inner portion of the
ciliary body. They form an annular series of folds, between 68 and 80 in number,
which surround the lens and act as points of attachment to its suspensory ligarrient.

92
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Commencing by the union of several plications of the orbiculus ciliaris, they rapidly

increase in heii^ht and breadth, until they reach an elevation of from .8-1 mm., and
then fall suddenly to the iris level. They consist of a rich net-work of vessels em-
bedded in a pigmented connective tissue stroma, like that of the choroid. The inner

surface is covered with a homogeneous membrane, which is continuous with the

membrana vitrea of the choroid, on the inner surface of which is placed the double
layer of cells representing the ciliary portion of the retina {pars ciliaris retince).

Each ciliary process is composed of a number of irregularly projecting folds which
increase in height as the iris is approached.

Cornea

Fig. 1 215.

Canal of Schlemm
» Corneal loop

Greater arterial ring

Iris

Lesser arterial ring

Ciliary process

Perforating branch

Conjunctival vessels

Communication between

Anterior ciliary vessels

Sclera

Episcleral vessels

choroidal and optic vessels

Central retinal vessels

-Vena vorticosa

Supplying choroid

Short posterior ciliary artery

Long posterior ciliary artery

Communicating twig

Inner sheath vessels

Outer sheath vessels

Communication between optic
and sheath vessels

Diagram illustrating circulation of eyeball. {Leber.)

The ciliary muscle occupies the outer portion of the ciliary body, lying

between the sclera and the ciliary processes. It forms an annular prismatic band

of involuntary muscle, which in meridional sections has the form of a right-angled

triangle, the hypothenuse being the outer side, next to the sclera, and the right

angle facing the lens. Its main fibres arise from the sclera and pectinate ligament,

at the corneo-scleral junction internal to the canal of Schlemm, and run in a

meridional direction backward along the sclera to be inserted into the choroidal

stroma (hence their name, tensor chorioide^). The inner angle of the triangle, at

the base of the iris, is occupied by a band of circularly disposed fibres, which consti-

tute the circular ciliary muscle of Midler. Between the circular and meridional

portions, the fibres assume a radial direction and are separated by considerable

connective tissue, which in the deeply pigmented races may contain many branched
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pij^MiK-ntt'd cells, but in the whiir races is free from pigment. In hypcropic eyes the

circular i)uiulles are usually better tieveloped than in myopic ones.

The i)/oiyd-vfsst/s of the ciliary body arise from the anterior and the lonj^ ciliary

arteries. They form a rin^ around the root of the iris, the circulus arteriosus iridis

ma/or, from which vessels are sent inward to su|)ply the iris, ciliary muscle and
ciliary processes. The veins from the ciliary muscle empty chiefly into the anterior

ciliary veins; those from the ciliary processes, and a few from the ciliary muscle pass

backward and become tributary to the vencr vorticoscr.

The nen>fs oi the ciliary body are derived from the anterior branches (;f the lon^
and short ciliary nerves, which form an annular plexus within the ciliary muscle.

Four sets of fibres probably exist : (i) sensory fibres, largely subscleral in distribu-

tion
; (2) vasomotor fibres runninij to the blood-vessel walls

; (3) motor fibres su]j-

plying the muscle bundles
; (4J fibres terminating within the interfascicular tissue of

the ciliary muscle.

Practical Considerations.— Conge^iital coloboma of the choroid, as of the

iris, usually occurs in the lower part, along the line of the foetal ocular cleft. In the

defect the sclera shows pearly white through the ophthalmoscope, with here and
there a little pigment and a few ciliary vessels. The retina is frequently absent, but

its occasional presence explains why this area is not always blind.

In acute exudative inflammation of the choroid, foci of inflammation are seen

scattered over the fundus, and are characteristic. They form yellowish spots between
the choroid and retina, and are later converted into connective tissue, binding the

choroid and retina together. The two layers become atrophic finally, the layers of

rods and cones disappearing. The exudate may extend into the retina and even into

the vitreous, producing opacities.

Sarcoma is the common tumor of the choroid and is usually pigmented.
Carcinoma of the choroid is always a metastatic growth, usually a metastasis from

a carcinoma of the breast. Adenoma, angioma, and enchondroma of the choroid
have been described.

Pupillary margin Anterior endothelium Stroma of iris

The Iris.—The iris forms the anterior segment of the vascular tunic and is

visible through the cornea. Slightly to the inner side of its centre is placed an
approximately circular
opening, the pupil. The F'g. 1216.

periphery of the iris, or

ciliary border, is attached

to the ciliary body behind
and receives fibres from
the pectinate ligament an-

teriorly. The free border,

which forms the margin
of the pupil, rests upon
the anterior surface of the

lens. The iris measures
1 1 mm. in diameter and
about .4 mm. in thick-

ness. The pupil varies from 1-8 mm. in diameter. The color of the iris, viewed
from in front, varies in different indi\iduals and gives the color to the eyeball. It is

dependent partly upon the amount of pigment within the iris stroma, and partly

upon the density of the pigmentation of the cells on its posterior surface. In light

blue eyes, the stroma contains very little pigment and the posterior pigment layer,

seen through it, gives it a bluish tint ; whereas in brown eyes the stroma contains so

much pigment that the posterior pigment layer is totally obscured and the iris appears

brown. The anterior surface is marked by a number of fine, radiating lines, or ridges,

which indicate the position of the blood-vessels. Concentric to the pupillary margin,

at a distance of from 1-2 mm., is an irregular ridge, the circidiis arteriosus iridis

minor, which divides the iris into a pupillarv and a ciliary zo?ie which are often differ-

ently colored. The pupil is surrounded by a narrow black border. The posterior

Sphincter muscle Pigmented pars iriiica rctiux

Section of pupillary end of iris. X 210.
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i'upillary border of iris

Lesser arteria

Ciiiarj' arterj

I'iiscuiar plexus in
ciliary processes

surface of the iris presents a series of delicate converging folds, which are intersected

by concentric lines.

Structure of the Iris.—Radial sections of the iris show the stroma to be com-
posed of numerous thick-walled blood-vessels, running in a radiating manner from the

ciliary border toward the pupil. They are supported by a delicate connective tissue

framework, which contains irregularly shaped, branching pigmented cells, many
nerves and Ivmph-spaces. The anterior surface is covered with a single layer of polyg-

onal eyidothclial cells, continuous with those lining Descemet's membrane. Beneath
these cells is a condensation of the connective tissue stroma

—

the anterior boundary
layer, in which the cells are closely placed. Minute clefts in the tissue form a direct

communication between the anterior chamber and the interfascicular lymph-clefts.

In verv dark irides pigment is found not onlv within the branched cells, but heaped
in irregular masses within the stroma. The muscular tissue of the iris consists

of two distinct masses, the
Fig. 12 17. sphincterpiipillcc 2i.x\ii\}:i^ dila-

tator pi<pill(£.

The sphincter muscle, is

a band of involuntary muscle
measuring about .7 mm. in

width, which surrounds the

pupil and is situated in the

vascular stroma, back of the

blood-vessels, and separated

from the pupil edge by the

narrow border constituted by
the posteriorpigmented layer.

The dilatator muscle is

formed by a sheet of smooth
muscle-fibres in the position

formerly described as the

posterior limiting lamella, or

membrane of Bruch. The
in\estigations of Grynfeltt

and Heerfordt have settled

definitely the question of its

existence, and shown that its

fibres arise from the outer cells

of the retinal pigment layer,

on the posterior surface of the

iris. They do not reach quite

to the pupillary border.

The posterior surface of

the iris is covered by y}i\& pig-
mented layer, which morphologically represents the anterior segment of the atrophic

nervous tunic, or pars iridica retina". This is continuous with the pigmentary layer

covering the ciliary processes, but the cells, disposed as a double layer, are so deeply

pigmented as to be indistinguishable without bleaching the tissue. The dilatator

muscle is developed from the outer layer of fusiform cells, so that it represents an
epithelial (ectoblastic) muscle. The inner cells are larger polygonal elements, which
gradually lose their pigment as they approach the ciliary processes. Over the latter

they contain no pigment, whereas the outer cells remain pigmented.
The blood-vessels of the iris pass radially inward from the cirailus arteriosus iridis

major at the periphery. Near the pupillary border, they form a second ring, the cir-

ctilus arteriosus iridis miyior, branches from which supply the sphincter muscle and the

pupillary zone. The veno2is ?'adicles unite to form trunks which accompany those

from the ciliary processes to empty into the ve7ice vorticosee.

The lymphatics are represented by the interfascicular clefts which communicate
with the anterior chamber, with the spaces within the ciliary body, and with the

spaces of Fontana.

Veins draining
ciliary processes

Choroidal v

Injected ciliary processes and iris; vessels are seen from the
posterior surface. X 30.



PRACTICAL CONSIDERATIONS : THE IRIS. 1461

The 7U'rvi'S of the iris are branches of the cihary nerves. They follow the course

of the blood-vessels and, branching, form a ])le.\us of communicating^ nonmedullated

fibres, which supply sensory, motor and vasomotor impulses. The human iris prob-

ably contains no j^anj^lion cells.

Practical Considerations.—The iris may be- partially or completely absent,

wlu-n by brin^inu;^ down the eyebrows and ])artially closiiij^ the lids, the patient

will make an effort to shut oil the excess of lij4ht, as in albinism, and the eye will

frequently be nysta^niic.

A cona^cnital coloboma or deficiency in the iris is usually in the lower part, and
may be associated with a corresponding defect in the ciliary Ixjdy and choroid. The
pupil may be eccentric in position (corectopia), unusually small (microcoria),

irregular in shape (discoria), or it may be represented by several pupils (polycoria).

The pupillary membrane of the foetus, covering the pupil, not infrecjuently persists

for a short time after birth. A jiortion of it persisting permanently is one of the

commonest congenital anomalies of the eye.

The color of the ins varies according to the amount and location of the pigment
in it. When the coloring matter is absent from the stroma, and present only in the

posterior layer of epithelium, the eye is blue. If such an iris is thicker than usual

the opacity will be greater and the eye will tend to be grayish. When there is pig-

ment only in slight amount in the stroma, the eye is greenish, and when in marked
quantity in the stroma, the eye is brown or even black, as in negroes. The deepest

tints of brown are usually called black.

In albinis))i there is an absence of pigment in the iris, and in the other parts of

the body where pigment is usually found. The eyes are pinkish in color, because
the light enters through the tunics and is not absorbed by the choroid and retina,

owing to the absence of pigment in it. The retina is therefore intolerant of light,

so that the patient tries to shut it out by screwing up the eyebrows and lids, and by
contraction of the iris. He will frequently show nystagmus or oscillation of the

eyeball, and amblyopia, or subacuteness of vision.

The two eyes are not always of the same color, and even in the same eye, one
part of the iris may be blue and another brown (piebald iris). One eye may have
its color permanently changed as the result of inflammation, so that the difference in

color may be an important diagnostic sign of previous disease.

The iris acts as a colored curtain to shut off excess of light, as more or less

light is necessary for the definition of images. Too much light impairs the defini-

tion and injures the retina. The pupils are usually of equal size in health, and any
marked inequality has a pathological significance. The iris does not hang in a verti-

cal plane, but is pushed slightly forward and supported at its pupillary margin by the

lens. If the lens is absent or dislocated, the pupillary margin of the iris may be
seen to quiver with the movement of the eyes. The iris in spite of its great vascu-

larity may not bleed much when wounded, probably because of the contraction of

its abundant muscular fibres. The iris is continuous with the ciliary body, and
through the latter with the choroid, the three taken together making up the uveal

tract, or middle tunic of the eye. Any inflammation of the one may easily spread

to the others. This usually occurs, but as the inflammation is predominant in

one, we speak of an iritis, a cyclitis, or a choroiditis, and not of th.e whole pro-

cess as a uveitis. In an iritis the exudation which affects the stroma as well as

the anterior and posterior aqueous chambers can be studied by inspection. It

thickens and discolors the iris, renders the aqueous fluid turbid, and leaves a

deposit on the contiguous surfaces of the cornea and' lens. Since the pupillary

margin of the iris is in contact with the lens on the posterior surface the exudate
causes adhesions of this margin to the lens (posterior synechire). Since the pupil

is contracted in inflammation, when these adhesions form, dilatation of the pupil

normally or under the influence of atropine, gives rise to a very irregular pupil,

the unattached portion dilating, the attached portions not. Sight need not be
affected if the pupil is large enough. If the whole margin of the pupil is attached

to the lens, or the pupil is occluded by exudate, the normal flow of fluid from
the posterior to the anterior chamber cannot take place, and glaucoma (^vide supra)

^
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a disease due to increased intraocular tension from retention results. It is neces-

sary, therefore, in iritis to keep the pupil dilated, so as to prevent such adhesions

as far as possible.

The Nervous Tunic.

The Retina.—The retina, the light perceiving portion of the eye, with its con-

tinuation, the optic nerve, in contrast to the other sense organs represents a portion

of the brain itself, and develops in close connection with it. It is a delicate mem-
brane, which extends from the optic nerve entrance to the pupillary border. The
functionating portion, or pars optica reti7ia, reaches as far forward as the ora serrata,

where it terminates as an irregular, wavy line ; anterior to this the retina is repre-

sented by an atrophic portion, consisting of the double layer of cells covering the

Cerebral layer

Sustentacular cell

Neuroepithelial layer

Pigmented layer

Fibre layer

Ganglion cells

Inner plexifonn layer

Inner nuclear layer
(bipolar nerve-cells)

\ ( T T f
*^'^^^'" plexiform layer

Outer nuclear layer
(bodies of \-isual cells)

Rods and cones

Pigmented layer

Choroid

Diagram illustrating structure of retina and relations of three fundamental layers. (Greeff.)

ciliary body and the iris, already referred to in the description of these structures,

and known respectively as the pars ciliaris retuKZ^ and pars iridica 7'ctince.

The pars optica retinae is closely applied to the inner surface of the choroid
and is in contact with the hyaloid membrane investing the vitreous body. It grad-

ually diminishes in thickness from .4 mm. at the posterior pole to .1 mm. near the

ora serrata. During life the membrane is transparent and possesses a purplish red

color, owing to the presence in its outer layers of the so-called visualpurple ; after

death the retina rapidly becomes opaque and has the appearance of a grayish veil.

The inner surface is smooth and presents at the posterior pole of the eye, a small

circular or transversely oval yellow spot, the macula lutca, from 1-2 mm. in diam-
eter. At the centre of the macula is a small depression, X.\\q fovea centralis, from
.2-4 mm. in diameter, in which position the retina is reduced in thickness to .1 mm.

The entrance of the optic nerve forms a conspicuous spot of light color, situated

3 mm. to the nasal side of the macula lutea. This area, called the optic papilla or

poms opticus, is in form of a vertical oval, about 1.5 mm. in its horizontal and
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1.7 nun. in its vi-rliial dianutcr. At it.s centre is often seen a well-marked excavation,

the optic cup, from the bottom of which emerge the blooil-vessels which supply the retina.

Heinii;^ insinsihU- to visual impulses, the optic entrance corresponds to the "blind-spot."

Structure of the Retina.—The retina is composed of nervous elements which
are suj)ported by a specialized sustentacular tissue or neuroglia. Morphologically it

must be consiilered as composetl of two lamella-, which correspond U) the outer and
inner walls of the ojjtic vesicle (page 14.S2) from which it is developed. These hin-

damental di\isit)ns of the retina are: ( i ) the external lamella, the piirmrnlcd layer

on the outer surface ; and ( 2 ) the internal lamella, which includes the remaining layers

of the retina. The inner lamella may be subdivided further into the 7ieiirocpithclial

anil the cerebral layers. Sections of the retina, made perpendicularly to its surface

(Fig. 1220), show under the microscope from without inward the following layers:

—

Layers ov the Retina.

I. OUTER i.AYKR OF OPTIC f I. Pij^tiieiUed layer
VESICLK \

11. INNER LAYKR OK OPTIC
VESICLE

2. Layer of rods and cones
3. Layer of bodies of visual cells or outer nuclear

layer

4. Outer ple.xiform layer

5. Layer of bipolar cells, or inner nuclear layer

6. biner plexiforni layer

7. Layer of jjanglion cells

^ 8. Layer of nerve-fibres

\ Pigmented layer

Xeuro-
epithelial

. layer

Cerebral
layer

Fig. 1219.

To these nervous layers must be added two delicate membranes, (
i
) the membrana

liniila?is interna, which bounds the inner surface of the retina, and (2) the membrana
limitans externa, which lies between the outer nuclear layer and the layer of rods

and cones. These membranes represent the terminal portions of the supporting neu-

rogliar fibres, ox fibres of Miiller.

The pigmented layer, formed of deeply pigmented cells, constitutes the most
external layer of the retina and represents the outer wall of the foetal optic vesicle.

It is composed of hexagonal cells, from .012-018 mm.
in diameter, the protoplasm of which is loaded with fine,

needle-shaped crystals of pigment (fiisciti). The outer

portion of the cells is almost free from pigment and con-

tains the nucleus. From the inner border fine proto-

plasmic processes extend inward between the rods and
cones of the neuroepithelial layer. Lender the influence

of light, the pigment particles wander into these processes

and, under such conditions, the pigmented cells may
remain attached to the retina when the latter is separated

from the choroid. Ordinarily, the pigmented layer ad-

heres to the choroid and, hence, was formerly considered

to be a part of that membrane. The pigmented cells are

separated by a distinct intercellular cement substance and in some of the lower

animals contain colored oil droplets and particles of a highly refracting myelin-Iike

substance (ymyeloid grannies of Kiihne).

The layer of rods and cones, although usually described as a distinct stratum,

is only the highly specialized outer zone of the layer of visual cells and, therefore,

constitutes the outer portion of the neuroepithelial division of the retina. It is com-
posed, as its name indicates, of two elements, the rods and the cones, which are the

outer ends of the rod and cone visual cells. They are closely set, with their long

axes perpendicular to the surface of the retina. The rods far outnumber the cones,

except in the fovea centralis, in which location cones alone are found. In the macula
each cone is surrounded by a layer of rods ; elsewhere the cones are separated by
intervals occupied by three or four rods.

The rods of the human retina (Fig. 1221) have an elongated, cylindrical form,

and measure approximately .060 mm. in length and .002 mm. in diameter. Each rod

Pigmented cells from outer layer of
retina; surface view, a 250.
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Fig.

Fibre of Mii

/s composed of an outer and an inner segment, of about equal length. The outer

segment possesses a uniform diameter, is doubly refracting, and readily breaks up into

minute disks. It is invested with a delicate covering of neurokeratin, contains

myeloid (Kiihne) and is the situation of the visiial purple or rhodopsiti. The inner

rod segment is somewhat thicker and has an ellipsoidal form. It is singly refracting,

homogeneous in structure ( raj)idly becoming granular after death) and from its innei

extremity sends the delicate rod-fibre through the external limiting membrane into

the outer nuclear layer where the nucleus of the rod visual cell is found.

The cone vistial cell is composed of the same general divisions as the rod-cell,

including the specialized outer part, the cone, and the body within the external nu-
clear layer. The cones are shorter than the rods, and, except in the fovea, have a
length of .035 mm. Each one (Fig. 1221) is composed of an outer narrow cone-

shaped segment, and an inner broader segment, which is distinctly ellipsoidal in

iorm, with a diameter of .007 mm. The inner segment is double the length of the
outer, and is continued inward as

^^'^°-
the cone-fibre with its nucleus in

the outer nuclear layer. In the
fovea, where the cones alone are

found, they are of approximately
the same length as the rods, and
possess about one half the usual

diameter.

The outer nuclear layer,
the inner portion of the neuroepi-
thelial layer, is composed of the

bodies of the rod and cone visual

cells, which show chiefly as the
nuclei, the so-called rod- and cone-

granules. The rod-g7'amdes oc-

cupy an elliptical enlargement of

the attenuated rod-fibres. They
exhibit a transverse striation and
are placed at varying levels within

the layer. The rod-fibres are con-

tinued as a thin protoplasmic pro-

cess into the outer reticular layer,

where they form small end-knobs
which are associated with the outer

terminals of the small nerve-cells,

the rod-bipolars. The cone-grayi-

ules are less numerous than those

of the rods, display no transverse

markings, and are found only in the

outer portion of the nuclear layer,

near the external limiting mem-

Internal limitin

membra II

Ganglion cell

Fibres of Miiller

Bipolar nerve

Blood-vessel

Layer of visual
cells

Nucleus of cone-
cell

Pigment layer

Section of human retina from near posterior pole. X 230.

brane. The cotie-fibres, the attenuated bodies of the cone visual cells, are broader
than the corresponding parts of the rods and are continued through the outer nuclear
layer as far as the outer portion of the external plexiform layer, where they end with
a broad base, from which delicate processes extend inward to interlace with the
terminal arborizations of the cone-bipolars. The outer nuclear layer is about .05
mm. in thickness.

The outer plexiform layer is a narrow granular looking stratum, between the
outer and the inner nuclear layer, and constitutes the first of the cerebral layers
of the retina. It is composed of the dendritic arborizations of the bipolar nerve-cells
of the succeeding layer, which lie in close relation with the centrally directed proces-
ses from the foot-plates of the cone-cells and with the end-knobs of the rod-fibres.

In addition to these constituents of the plexiform layer, numerous fibres arising from
the protoplasmic processes of the horizontal cells of the inner nuclear layer also take
part in its formation.
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The inner nuclear layer, ilu- most c()mi)licatecl of the retinal strata, measures
.035 mm. ill tliickiuss near the optic disc. It contains nervous elements of three
main types—the horizontal cells, the bipolar cells, and the amacrinc cells—and,
associated with these, the nuclei of the sustetitacular cells.

The horizontal cells form the external layer, and were formerly included in the
outer j)lexiform layer. They have flattened cell-bodies and send out from five to

seven dendrites, which divide into innumerable branches and, passinjj^ into the outer
ple.xiform layer, terminate in chxse association with the bases of the rod and cone
visual cells. Each horizontal cell possesses also an axone, which is directed outward
through the outer ple.xiform layer, and ends in a richly branched arborization ab(jut

the visual cells. A second type of lai;u;-e horizontal cells

is also described, some of which send axis-cylinder pro-

cesses through the inner nuclear layer to form terminal

arborizations in the inner plexiform layer. The function of

the horizontal cells is not well understood, but they prob-
ably serve as association fibres between the visual cells.

The bipolar cells, the gany-lion cells of this layer,

are of two chief varieties, the rod-bipolars and the cojic-

bipolars. They are oval cells, each sending' an axone
inward toward the inner plexiform layer, which ends in

communication with the large nerve-cells of the ganglion
cell layer, and a dendrite outward which is associated with

the end terminals of the visual cells and with the arboriza-

tions of the horizontal cells. The dendrites of the rod-

bipolars form an arborescence of vertical fibrils, which
enclose from three to twenty end knobs of the rod-fibres,

whilst their axis-cylinders pass entirely through the inner

plexiform layer and usually embrace the cell-body of one
of the large ganglion cells. The dendrites of the cone-
bipolars, on the other hand, bear horizontal arborizations

which interlace w;ith the fibrils from the foot-plates of the

cone-cells. Their axones penetrate less deeply into the

inner plexiform layer than do those of the rod-bipolars,

coming in contact at various levels with the peripherally

directed dendrites of the ganglion cells.

The amacrine cells are placed in the inner portion of

the nuclear layer. Formerly considered as sustentacu-

lar elements, they are now recognized as nerve-cells,

although, as their name indicates, no distinct axone can
be demonstrated. They possess, however, richly branched
dendritic processes, which ramify in the inner plexiform
layer and.end either as the brush-like arborizations of the

diffuse amacrines, or as the horizontally branching arborizations of the stratiform
amacrines. A third type, known as association amacrincs, is also described. They
connect widely separated amacrine cells of the same laver (Cajal).

The nuclei of the sustentacular cells, the fibres of Miiller, will be described later
(page 1466).

The inner plexiform layer, .04 mm. in thickness, appears granular, similar
to the corresponding outer zone, and is composed of the interlacing axones of the
bipolar, amacrine and horizontal cells from the inner nuclear layer and the dendrites
of the large ganglion cells in the subjacent retinal layer. Intermingled with them
are also the fibres of Miiller, which form conspicuous vertical striae, with lateral
offshoots within the stratum.

The layer of ganglion cells, consists, throughout the greater part of the
retina, of a single row^ of large multipolar neurones, each with a cell-body containing a
vesicular nucleus and nucleolus and showing, like many other ganglion cells of the
central nervous system, typical Nissl bodies and a fibrillar structure. Neat the
macular region, the ganglion cells are smaller but more numerous and arranged as
several superimposed layers; toward the ora serrata, on the contrary, the individual

— -: ,^1

Visual cells from human ret-
ina, A, cone-cell; B, rod-cell; u,
b, outer and inner segments; c.

attenuated bodies (fibres), with
nucleus (rf) and central ends (<?);
etHy position of e.xternal limiting
membrane. X 750. {Greeff.)
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Fig. 1222.

<;ells are separated by considerable iiiter\'als. Their axones, or axis-cylinder pro-

cesses, pass inward and become the nerve-fibres of the fibre layer. Converging toward
the ootic entrance, they become consolidated into the optic nerve and pass to the
bram. The dendrites of the ganglion cells, one to three in number, run outward into

the inner plexiform layer and end as richly branched
arborizations. These, like those of the amacrine cells,

terminate either diffusely, or in horizontal ramifica-

tions limited to definite strata, in connection with the

centrally directed processes from the bipolar cells.

The nerve-fibre layer is composed almost
entirely, but not exclusively, of the axones of the

ganglion cells of the preceding layer. The individual

fibres, from .005-. 05 mm. in diameter, are collected

into bundles of varying size, which take a horizontal

course and converge toward the optic disc. They are

normally devoid of medullary sheaths, but acquire

them after passing through the lamina cribrosa of the

sclera. A few of the fibres are ceiitrifugal, arising

from ganglion cells within the brain, and terminate

apparently in connection with the association amacrines
of the inner nuclear layer.

In the macular region, the nerve-fibres are prac-

tically absent, those from the retinal area lying directly

to the temporal side of the macula arching above
and below the yellow spot. From the macula itself,

a special strand, known as the mac2do-papilla7y biaidle

and composed of about twenty-five fasciculi, passes

directly to the nerve-disc.

The sustentacular tissue, the neuroglia of the

retina, exists in two forms—as \\\^ fibres of Miiller and
as the spider cells.

The fibres of Miiller are modified neuroglia

fibres which pass vertically from the inner surface of

the retina through the succeeding layers as far as the

bases of tiie rods and cones (Fig. 1222). The inner

extremities of the fibres possess conical expansions,

which are in apposition and form an incomplete sheet,

known as the viemhrana limitans interna. As the fibres traverse the retinal layers,

they give off delicate lateral offshoots, w^hich break up into a fine supporting reticu-

lum. Within the inner nuclear layer each fibre presents a broad expansion, in which

is situated the oval nucleus of the sustentacular cell, the fibre of Miiller. After

traversing the outer nuclear layer their broadened peripheral ends come into contact

and form a continuous sheet, the inembrana limitans exterjia. From the latter deli-

cate offshoots continue outward and embrace the bases of the individual rods and
cones. In addition to the robust fibres of Miiller, neuroglia cells, in the form of

spider cells, are found in the nerve-fibre and ganglion cell layers. These cells send

out long delicate processes which extend between the processes and cells and thus

help to support them.

The Macula Lutea.—The structure of the retina undergoes important modifi-

cations in two areas, at the macula lutea and at the ora serrata. In the former the

ganglion cells increase rapidly in number as the macula is reached, so that instead

of forming a single layer they are distributed in from eight to ten strata. The inner

nuclear layer is also increased in thickness. Within the fovea centralis, however,

in order to reduce to a minimum the layers traversed by the light-rays, the cerebral

layers are almost entirely displaced, only the absolutely essential retinal strata—the

pigment cells and the visual cells with their necessary connections—being retained

within the area of sharpest vision (Fig. 1223). On approaching the fovea, the

ganglion cells rapidly decrease in number, until at the centre of the depression, they

Are entirely absent and the nerve-fibre layer, therefore, disappears. The bipolar

Supporting fibres of Miiller from
retina of ox ; Golgi preparation.
{Cajal.)
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cells are f)rcscnt as an irremilar layer uilliiii the fiisetl remains of the two ple.\if(jrm

layers. The most conspieuons elements are the visual eells, vvhieh in this position are
re|)rcsentecl solely by the cones, which have about twice their usual length and
thickness, the increase in length being contriljuted by the outer segments. The
cone-cell nuclei become removed from the external limiting membrane ; the cone-
fibres are therefore lengthened, pursue a radial direction, and constitute the so-called

Internal liiuitiiii;

membrane Inner plexiforni layer

OanKlion cells

I'lC. 1223.

Fovea centralis

,'.i«;f/-

"^T'^*'''****V^^~---^-»>ililli<,^^iiiiiii liliiilT- If 1

- 1'"—'•^- ' -

/ /
Bipolar cells Outer Pigmented Cone Cones

plexiforni layer layer visual cells

Section of luimaii retina through fovea centralis. X 80.

fibre-layer of Henle. Opposite the centre of the fovea, the choroid is thickened by
an increase in the choriocapillaris. The yellow color of the macula is due to a
diffuse coloration of the inner retinal layers.

The Ora Serrata.—The visual part of the retina ends anteriorl)' in an irregu-

lar line, the ora serrata. Within a zone of about i mm. in width, the retina dimin-

ishes in thickness from .50 to .15 mm., in consequence of the abru[)t disappearance
of its nervous elements. The rods disappear first ; then the cones become rudimen-
tary, and finally cease ; the ganglion cells, nerve-fibre layer and inner plexiforni layer

fuse, and the two nuclear layers unite and lose their characteristics, most of the

nuclei present being those of the supporting fibres of Miiller, which are here highly
developed. These elements

continue beyond the ora ^^' ^^^'^'

serrata (Fig. 1224) as the

transparent cylindrical cells

composing the inner layer of

the /)a?'s ci/iaris rctince, the

densely pigmented cells of

the outer layer being a direct

continuation of the retinal

pigmented cells. These two
strata of cells are prolonged
over the ciliary body and the

iris as far as the pupillary margin, over the iris constituting the pars iridica retincz.

As the columnar cells pass forward, they gradually decrease in height, and at the

junction of the ciliary body and the iris the cells of both layers become deeply pig-

mented, with consequent masking of the boundaries of the individual elements.

The cells of the anterior layer are of additional interest as giving rise to the dilatator

muscle of the iris.

The aggregation incident to the convergence of the nerve-fibres from all parts of

the retina produces a marked thickening of the fibre-layer around the optic disc,

and as the fibres turn outward to form the optic nerve the other layers of the retina,

together with those of the choroid, suddenly cease. On the temporal side a

narrow meshwork of intermediate tissue separates the nerve-fibres from the other

retinal strata, but at the nasal side this tissue is absent. The ganglion cells dis-

appear first, whilst the pigmented cells, with the lamina \itrea of the choroid,

•extend furthest inward.

The blood-vessels of the retina are derived from a single arter}^ the arteria

centralis retince, which enters the optic nerve at a point from 15-20 mm. behind

the eyeball, and, with its accompanying vei;i, runs in the axis of the nerve and

Section of human retina through ora serrata, showing transition of pars
optica into pars ciliaris. X 165
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emerges slightly to the nasal side of the centre of the optic disc. Here the artery

divides into two main stems (Fig. 1 225), the superior and inferiorpapillary branches,

each of which subdivides at or near the disc-margin into superior and inferior

nasal and temporal branches which run respectively mesially and laterally, dividing

dichotomously as etid arteries, no anastomosis existing. The macular region is

supplied by special tnacular branches, the center of the fovea, however, being free

from blood-vessels. The larger branches from the central artery course within the

nerve-fibre layer, and send fine twigs directed peripherally to form an iiiner and an

outer plexus, the former on the outer surface of the inner plexiform layer, and the

latter within the inner nuclear layer. Beyond the outer plexiform layer the vessels

do not penetrate, the visual cells being dependent for their nourishment upon the

choriocapillaris of the choroid. At the nerve entrance an indirect communication

exists between the arteria centralis and the posterior ciliary arteries, through the

medium of the small branches which constitute the circulus arteriosus Zin7ii.

Fig. 1225.

Temporal Nasal

Normal fundus of right eye as seen with ophthalmoscope; central retinal vessels seen emerging from optic
nerve; arteries are lighter, veins darker vessels; fovea centralis shows as light point in macular region, which
lies in temporal field and is devoid of large vessels.

The lymphatics of the retina are represented chiefly by the perivascular lym-

phatic spaces which surround all the veins and capillary blood-vessels. These spaces

may be injected from the subpial lymph-space of the optic nerve, and by the same
method communications may be demonstrated between (i) this space and the

interstices between the nerve bundles which converge toward the optic papilla,

(2) a space between the membrana limitans interna and the hyaloid membrane of

the vitreous, and (3) a narrow cleft between the pigmented cells and the layer of

rods and cones.

Practical Considerations.—All pathological conditions of the retina ap-

pear as opacities, and thus interfere with sight. The medullary sheaths of the optic

nerve-fibres end at the lamina cribrosa. Rarely the sheaths around these may
extend some distance into the retina, showing as a white striated margin around

the optic disc and continuous with it. Sometimes the blood-vessels of the retina

may enter at the margins of the optic disc, instead of at its centre, as usual, which

is then free of vessels and very pale. At the entrance of the optic nerve, the

transparency of the retina is lessened by the thickening of its fibre-layer
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The intej^rity of the centra/ artery of the retina is necessary to the preservation

of sight. The brandies of this vessel are distributed to the retina only, and have

no couiinunication with those of the other coats, nor do they aiiastonnjse with one
another. If tlic main artery or one of its branches is plugged with an embolus, the

area supplied by the blocked vessel is then tieprived of sight.

The retina may undergo intlammatory change in nephritis, syphilis, diabetes,

and other constitutional diseases. Of all these inflammations of the retina, that due'

to kidney disease (albuminuric retinitis) is the most characteristic. Besides the

signs of general intlammation, as haziness of the retina, choked disc, distended

retinal arteries, or hemorrhages into the retina, pure white or even silvery patches

often occur ; they are due to fatty degeneration. Retinitis without these charac-

teristic changes may occur from allnnninuria, so that the urine should be examined in

all cases of retinitis.

The retina between the optic nerve and the ora serrata is held in apposition to

the choroid only by the support afforded by the vitreous body. It may be readily

detached from the choroid by such causes as injury, extravasation of blood or

serum between the two layers, or by tumors of the choroid.

In contusions of the eye the retina is sometimes torn alone, although this is

rare. The retina does not tear as easily as the choroid, as is shown by the fact that

in ruptures of the choroid the retina is generally not lacerated.

Glioma is the only tumor found in the retina, and occurs exclusively in children,

usually under three years of age.

A rare tumor arising from the pars ciliaris retinae has been described, to which
the name terato-neuroma has been applied by Verhoeff.

The Optic Nerve.—The extraocular portion of the optic nerve has been de-

scribed elsewhere (page 1223). Likewise, the three sheaths—thedural, the arachnoid

Fig. 1226.
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Section of eyeball through entrance of optic ner\'e. X 20.

and the pial—which, with the subdural and the subarachnoid lymph-spaces, are con-

tinued over the nerve as prolongations of the corresponding brain-membranes (page

949). On reaching the eyeball, the dural sheath bends directly outward, its fibres

commingling with those of 'the outer third of the sclera (Fig. 1226) ;
the arachnoid

ends abruptly on the inner wall of the intervaginal space ; whilst the pia arches

outward to form part of the inner third of the sclera, but sends longitudinal fibres as

far as the choroid. As the nerve-fibres enter the eyeball, for convenience assuming

that they are passing from the brain toward the retina, they traverse a fenestrated



I470 HUMAN ANATOMY.

membrane, the lamina cribrosa, which is formed by interlacing bundles from the
inner third of the sclera and from the pial sheath. As they penetrate the lamina
cribrosa they lose their medullary sheaths ; in consequence the optic nerve is

reduced one third in diameter. The intervaginal lymph-space ends abruptly, being
separated from the choroid

Fig. 1227.

Blood-vessel —-

^O.

Interfascicular
connective tissue

Transverse section of part of optic nerve, showing several fasciculi of
nerve-fibres. X 125.

by the fibres of the pia which
arch outward to join the
sclera. The nerve projects

slightly into the eyeball on
account of the thickness of

the layer of arching nerve-
fibres and forms, therefore,

a circular elevation, known
as the optic papilla or

optic disc, about 1.5 mm.
in diameter, the center of

which is occupied by a fun-

nel-shaped depression, the

so-called physiological exca-

vatio7i. The axis of the nerve
is occupied by the central

artery of the retina, which
gives of? minute branches for

the nutrition of the nerve,

that anastomose with the
pial vessels, and, through the circulus arteriosus Zinni, with branches of the posterior
ciliary arteries. When seen in transverse sections (Fig. 1227), the optic nerve
appears as a mosaic of irregular polygonal areas composed of bundles of medullated
nerve-fibres surrounded by connective tissue envelopes. Although provided with
medullary sheaths, the optic fibres are devoid of a neurilemma, in this respect
agreeing with the nerve-libres composing the central nervous system. The entire

nerve corresponds to a huge funiculus, the perineurium being represented by the
pial sheath, and the endoneurium by the interfascicular septa of connective tissue

prolonged from the pia between the bundles of fibres. Numerous connective
tissue cells occur along the strands of fibrous tissue.

Practical Considerations. Any disturbance of the optic nerve-fibres passing
from the retina to the cortex of the brain (page 1225) will cause disturbance of

vision, and within certain limits the lesion may be localized by the character of

the symptoms produced.
The most characteristic symptom from a lesion on one side behind the chiasm

is a homo7iymoiis lateral hemianopsia,—that is, the right or the left half of each eye will

be blind. This is explained by the fact that the optic tracts are made up of fibres

coming from the corresponding lateral halves of both retinae,

—

i.e., the fibres from
the right half of each retina pass to and make up the right optic tract, and pass
therefore to the right half of the brain. It will thus be seen that anything com-
pressing the optic fibres of the right side behind the chiasm, for instance a hemorrhage,
would produce a blindness—more or less complete according to the extent of the
fibres involved—of the right half of each eye.

Since most of the optic fibres enter the lateral geniculate bodies, a lesion there
always causes hemianopsia, or half-eye blindness. Lesions of the optic thalamus,
or of the superior quadrigeminal body, may also by compression of the adjacent
optic tract produce hemianopsia.

In the optic radiation are other than optic fibres, so that hemianopsia may or
may not follow lesions in that tract, according to whether optic fibres are involved'

or not. The exact course of the visual fibres in the optic radiation is uncertain.

If the visual area of the brain cortex is involved by the lesions, no other symptoms
will be present, but the hemianopsia will be complete and homonymous—that is, the

corresponding halves of the two e3^es will be blind.
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Fig. 122S.

If the lesion iifTect the chiasm, as from tiiinors of the pituitary body, periostitis-

of the body of the sphenoid bone, tul)erculous or syphihtic exudate, causing pressure
on the mesial portion of the cliiasm involving the tlecussating fibres, the nasal half

of each eye supplied by these fibres will be blind (heteronymous hemianopsia).
Since the nasal half of each eye perceives the temjjoral half of the \isual held, this,

variety of half-blindness is called hilcmpoml hemianopsia.
If the optic Jihrt's of one side in front of the chiasm are involved, the disturbance

of vision v.ill affect one eye only, so that the occurrence of absolute blindness of one
eye, without other known cause, w^ith good sight in the other, would suggest a lesion

in front of the chiasm.

Inflammation of the intraocular end of the optic nerve—that is, of the optic disc,

or /•<?/>///</— yives rise to the condition to which the name optic neuritis, or papillitis,

is applied, which is then recognizable with the ophthalmoscope. If in addition ta
or independently of the signs of inflammation there are marked engorgement, oedema,
and the evidence of mechanical compression, so that the swollen nerve-head protrudes-

into the vitreous beyond >^ to ^ mm., the phenomena of "choked disc" are pre-

sent. This variety of papillitis, as well as more moderate grades of optic neuritis,

constitutes one of the important symptoms of brain tumor, occurring in fully 80 per
cent, of the cases. The development of the papillitis does not necessarily depend
upon the size of the growth, nor upon its situation, except that tumors of the
medulla are less apt to originate optic neuritis than those in other parts of the brain.

Usually a bilateral condition, it is sometimes unilateral, and under such circum-
stances it suggests that the cerebrum is the seat of the growth, and is, on the whole,
in favor of the tumor being on the same side as the neuritis. With this exception,

however, optic neuritis, although an important symptom of brain tumor, has na
localizing significance. Other intracranial causes of optic neuritis are the various-

types of meningitis (when the ophthalmoscopic picture often appears in the form of

the so-called "descending neuritis"), abscess and soft-

ening of the brain, cerebritis, hydrocephalus and aneu-
rism. In addition to the intracranial causes of papillitis,

this phenomenon may arise from a general infection

—

for example, influenza, syphilis, rheumatism, small-pox,

etc.—and is then known as i7ifectious optic neuritis.

It is also caused by various toxic agents, by anaemia, by
menstrual disturbances, nephritis, and other constitu-

tional disorders (de Schweinitz).

Injuries of the optic nerve are most frequently the

result of fractures of the base of the skull at the optic

foramen, the nerve being injured by the fragments.

It may be wounded by foreign bodies entering the orbit,

with or without injury of the eyeball.

The Crystalline Lens.

The lens, the most important part of the refractive

apparatus of the eye, is a biconvex body situated on a

level with the anterior plane of the ciliary body, from
which it is suspended by the suspensory ligament, or

zoyitile of Zi?i7t. Its anterior surface supports the pu-

pillary margin of the iris, and its posterior surface rests

in a depression, the patellar fossa, on the anterior sur-

face of the vitreous body. It is completely transparent and enclosed in a transparent

elastic membrane, the lens capsule. Together with the capsule, the lens measures
from 9-10 mm. in its transverse diameter, and about 4 mm. in thickness from pole

to pole. The convexity of its two surfaces is not the same, that of the posterior

being greater than that of the anterior. Neither are these convexities constant, since

they are continually changing with the variations in lens-power incident to viewing

distant or near objects. The radius of curvature of the anterior surface is approxi-

mately 9 mm. and that of the posterior surface 6 mm. when the eye is accommodated

Meridional section of human lens
and its capsule; anterior epithelium
and transitional zone are seen. X 7.

{Babuchin.)
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Fig

Fragments of isolated lens-fibres; A, from
superficial layers ; B, from deeper layers ; C,
young fibres with nuclei. X 275.

for distant objects ; these radii are reduced to about 6 and 5 mm. respecdvely in

accommodation for near objects. The anterior surface is therefore more attected in

the act of accommodation, the lens becomes more convex and its antero-posterior

diameter increases from 4 to 4.4 mm. The superficial portion of the lens beneath

the capsule is composed of soft compressible material, the substantia corticalis ; the

consistency gradually increases toward the centre, especially in later life, so that the

central portion, the nucleus lentis, is much firmer and dryer.

The structure of the lens includes the capsule and its epithelium and the lens

substance. The capsule, which entirely surrounds the lens, is a transparent, struc-

tureless, highly elastic membrane, which, while

resistant to chemical reagents, cuts easily and
then rolls outward. It is thickest on the anterior

surface, where it measures from .010-. 01 5 mm.,
and thinnest at the posterior pole (.005-007
mm. ). In the adult the lens is devoid of blood-

vessels, but during a part of fcetal life it is

surrounded by a vascular net-work, the tunica

vasculosa lentis, which is supplied chiefly by the

hyaloid arten,-. This temporar)- vessel is the

terminal branch of the central artery of the retina

and passes from the optic disc forward through

"the hyaloid canal or canal of Cloquet in the vit-

reous to the posterior surface of the lens. The
vascular lens tunic and the hyaloid arter>' are

temporary' structures and usually disappear be-

fore birth. E.xceptionally they may persist,

the tunic being represented by the pupillarv'

membrane and the artery by a fibrous strand within the vitreous, stretching from

the optic disc towards the lens. The capsule probably represents an exudation

product of the cuticular elements from which the lens-

substance is developed.

The anterior portion of the capsule is lined by a sin-

gle layer of flat polygonal cells, the epithelium of the lens

capsule, which represents morphologically the anterior

wall of the original lens-vesicle (page 1481). On ap-

proaching the equator of the lens, these cells become
elongated, and gradually converted into the young lens-

fibres, the nuclei of which form a curved line, with its

convexity forward, in the superficial part of the lens.

The lens-substance is composed of long flattened fibres, the cross-sections of

which have a compressed hexagonal outline, from .005-.011 mm. broad and from
.002—.004 mm. thick, held

Fig. 1231. together by an interfibrillar

cement substance. These
fibres are modified epithelial

elements, which de\elop by
the elongation of the original

ectoblastic cells of the poste-

rior layer of the lens-vesicle.

The subsequent growth of

the lens depends upon a

similar modification of the

anterior capsule-cells, the re-

gion where this transforma-

tion occurs being known as

the transitional zone. The individual lens-fibres var>' greatly in length, those form-

ing the outer lavers being longer and thicker than those which constitute the nucleus

of the lens. The edges of the fibres are finely serrated, and. as the points of the

serrations of adjacent fibres are in contact, fine intercellular channels are left for the

Fig. 1230.

Lens-fibres seen in transverse section.

X 2S0.

Adult crystalline lens, showing lens-stars; A, anterior; B. posterior

surface; radiating lines oi juncture meet at central area. '/ 4. (Arnold.)
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passag^e of nutritive Huid. The fibres are so arranj^ed that their ends terminate aUjiig

definite radiatinj^ stria-, or /ens-stars, wliich in the youii^ lens are three in number
on each surface. In the adult lens additional rays increase the number to from six to

nine, the striie beinj^ less distinct but distinguishable with the ophthalmoscope. The
lens-til)res which come from the p(jle of one surface of the lens terminate at the end of

one of the radial stri;e in the other, and cc^nversely ; the intervening fibres take up
intermediate positions. In atlult lite the Uns-fibres become more condensed, the lens

loses its clear appearance, and assumes a yellowish tint. This change affects the

nucleus first and the perijihery later, coincidently the lens becoming less elastic as

the result of its loss of water.

Practical Considerations.—The lens may be congenitally absent (ai)hakiaj,

or it may be abnormal in size, shape, position, or transparency. Its anterior or

posterior surface may be abnormally convex (lenticonusj. Congenital anomalies of

position (ectopia lentis) occur rarely. The lens may remain in its foetal position in

the vitreous chamber, or it may be displaced in an equatorial direction from faulty

development and weakness of some part of the suspensory ligament. This weakness
usually occurs below so that the lens moves upward. The ligament may be absent in

its whole circumference, when the lens may be jjrotruded into the anterior chamber.

Coloboma or partial deficiency of the lens is very rare. It is with comparative

frequency associated with a similar defect in the iris, ciliary body and choroid, and,

like it, is usually in the lower portion. A defect of the corresponding part of the

suspensory ligament is occasionally present.

Traumatic luxation of the lens may take place into the vitreous or aqueous
chamber. It may occur laterally through the coats of the eyeball into the capsule

of Tenon or under the conjuncti\'a. That into the vitreous is most frequent.

The capsule of the lens is strong and elastic. It is at the same time brittle,

breaking like thin glass when torn as by a sharp instrument. For this reason it is

sometimes called the vitreous membrane. The anterior layer of the capsule is con-

siderably thicker than the posterior, and is more liable to pathological changes, pro-

ducing opacities. Wounds of the capsule permit the aqueous fluid to reach the lens

fibres, which then become swollen, opaque, and finally disappear from the dissolving

action of the aqueous. Advantage of this is taken in the needling operation (dis-

cission ) for the remo\'al of a cataract.

In children the lens substance is of nearly equal consistency throughout, but as

age advances the central portion becomes gradually more condensed, and is called

the nucleus. A well-marked nucleus, however, does not exist until adult life. In

old age the lens loses its elasticity so that the changes necessary for accommodation
are interfered with, and sight is disturbed. The hardened nucleus permits a greater

reflection of light than the outer portion, so that the lens is more readily seen in

older people, and the pupil loses more or less its blackness.

A cataract is an opacity of the lens, or its capsule, but that of the lens is so

much more common than that of the capsule, that by the word cataract the lenticular is

usually meant, unless the word is otherwise qualified. All cataracts are at sometime
partial, and they are called according to their location, anterior polar or capsular,

posterior polar or capsular, central or nuclear, lamellar, perinuclear and cortical.

Cataract occurs sometimes in the young, and is then soft ; that is, the lens has no
nucleus.

The Vitreous Body.

The vitreous body (corpus vitreitm) fills the space between the lens and the
retina, being in close contact with the retina and acting. as a support to it as far

forward as the ora serrata. Here it becomes separated from the retina and passes to

the posterior surface of the lens, presenting a shallow depression, the fossa hya-
loidea or patellar fossa, on its anterior surface for the reception of the lens. The
fresh vitreous is a semifluid, perfecdy transparent mass which consists of about 98.5
per cent, of water.

The structure of the vitreous has been a subject of protracted dispute, but
recent investigations have established beyond question that it possesses a framework,

95
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Fig. 12^2.

Portion of adult vitreous body, showing felt-work of fibres

and atrophic traces of cells. X 450. {He/zius.)

composed of delicate, apparently iinbranched fibrils, which pass in all directions

through the vitreous space and form the meshes in which the fluid constituents of

the mass are held. The surface of the vitreous is enclosed l)y a delicate boundary
layer, called the hyaloid membrane, formed by condensations of the fibrils,

which are here arranged parallel to the surface, and closely felted. It is, however,
not a true membrane, but only a con-
densation of the vitreous fibres. The
vitreous is attached firmly to the retina

at the nerve entrance and at the ora
serrata, between these points the hya-
loid being indistinct. As the \'itreous

leaves the retina, the boundary layer

becomes thicker, in some cases to be-

come thin again or absent in the region

of the patellar fossa.

The central part of the vitreous is

occupied by a channel, the hyaloid
canal, also known as the canal of Stil-

ling or the canal of Cloquci, which is

about one millimeter wide and extends
from the optic entrance toward the pos-

terior pole of the lens. During foetal

life this canal lodges the arteria hya-

loidea, the continuation of the central

artery of the retina, which passes to

the lens and assists in forming the embryonal vascular envelope surrounding the lens.

Usually the embryonal connective tissue, together with the blood-vessel, disappears
;

occasionally, however, delicate remnants of this tissue can be detected.

The normal adult vitreous ordinarily contains no cells, but some are occasionally

seen near the surface, beneath or on the hyaloid membrane. They are amoeboid,

often contain vacuoles and are to be considered as modified leucocytes. In addition

a few branched connective-tissue cells may be present.

Practical Considerations.—Congentlal abnormalities of the vitreous are due
either to a persistence of some part of its foetal vascular apparatus or to an atypical

development of the tissue from which it is formed. The remains of these structures

may occasionally be seen as a filamentous band, free at one end, which floats in the

vitreous, the other end being attached to the optic disc behind, or the posterior sur-

face of the lens in front. The strand may be attached at both ends, with or without

a patent artery. Small rounded gray bodies, apparently cystic and attached to the

disc, are occasionally seen. They are in some way the remains of the foetal \ascular

apparatus. The congenital opacities sometimes seen at the posterior pole of the lens

are probably derived from the posterior fibro-vascular sheath of the lens. Materials

from the blood are readily absorbed by the vitreous, as the bile in javmdice.

MnsccB volitantes are the flocculi, seen by the patient as black spots be-

fore the eyes, and are sometimes made up of inflammatory exudate from inflam-

mation of the internal or middle coat of the eye. They may be due to blood from

traumatic or spontaneous hemorrhage into the vitreous. Muscle volitantes are often

seen independently of any vitreous disease and are due to the shadows thrown upon
the retina by naturally formed elements in the vitreous body, perhaps the remains

of embryonic tissue. Some of the vitreous may be lost and rapidly replaced with-

out seriously disturbing sight. In the removal of cataract, the suspensory ligament

may be divided and an embarrassing loss of vitreous may result.

A foreigyi body in the vitreous chamber generally gives rise to a serious inflam-

mation, which may destroy the eye. If loose, it tends by gra\ity to settle in the

lower portion, and usually rests on the posterior part of the ciliary body (T. Collins).

Rarely, in the absence of infection, it has remained for years without setting up
inflammation. The rule is, however, to remove them, when recent, as early as

possible, as inflammation may set in at any time. In most cases the foreign body
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Cornea

Canal of Schlemm

can be exactly localized l)y the X-ray, ami if of iron or steel, may often be removed
by a magnet. The accitlent is always serious and may be folhjwed by a virulent

inllammation, deniandini; an excision of the j^lobe U) prevent a sympathetic involve-

ment of the other eye. Because of the risk of infection and loss of fluid, operative
interference in the vitreous chamber is usually to be avoided.

Sympathetic ophthalmitis, or more accurately, infective irido-cyclitis, or uveitis^

is an inllammation of one eye, usually called the "'sympathizer,''' owinj^ to injury or
disease of the fellow eye, usually called the '"exciter.'" Traumatisms of the ciliary

region (danger zone) which have set up an irido-cyclitis or uveitis are responsible

for fully 80 per cent, of the cases of so-called symjjathetic inflammation. This
disease was formerly supposed to be due to reflex action throuj^h the ciliary nerves,

and this theory in a motlifled form is still maintained by a few clinicians. The " wz-
gration theory'' propounded by Leber and Deutschmann that the inflammation is a
progressive process in the continuity of the tissue of one eye to the other by way
of the optic nerve apparatus and is of bacterial orij^in, has not been j^roved. It is

believetl by some investigators that the bacteria which enter the primarily affected

eye produce a toxin which causes the disease, and by others that it represents an
endoi^enous infection produced by invisible bacteria, that is, that it is a metastasis

(de Schweinitz).

The Suspensory Apparatus of the Lens.

The lens is held in position by a series of delicate bands, which pass from the
vicinity of the ora serrata over the ciliary processes to be attached to the periphery
of the lens. These
fibres collectively con- Fig. 1233.

stituto the suspen-
sory ligament, or

zonula of Zinn, a

structure of impor-

tance not only for the

support of the lens

but also in assisting

the ciliary muscle in

effecting the changes
in the curvature of

the lens incident to

accommodation. The
zonula is not, as for-

merly believed, a con-

tinuous membrane,
but is composed of a

complicated system
of fibres. The latter,

varying in thickness

from .005-. 02 2 mm.,
arise chiefly from the

cuticular membrane
covering the pars ciliaris retinae in the vicinity of the ora serrata. The investigations

of Retzius, Salzmann and others indicate that some fibres arise also from the mem-
brana limitans interna of the pars optica retinae, whilst others pass into and end
within the vitreous body. The greater number of the fibres pass forward chiefly in

the depressions between the ciliary processes, and along the sides of the latter, closely

appUed to the surface ; they then proceed outward across the circumlental space to

be attached to the capsule of the lens. Some of the fibres are inserted anterior to

the equator, others posterior to the equator, and some directly into the lens margin.
Those inserted anteriorly arise behind and chiefly from the valleys between the ciliary

processes, whilst those inserted back of the equator come from the ciliary processes
in front. As they diverge to gain their insertion in the lens-capsule, the crossing

fibres enclose an annular space, triangular in section, whose base is directed toward

Meridional section of ciliao; region, showing ciliary processes and suspensory
ligament of lens. X 20.
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the lens equator. The fibres are so closely interlaced that it is possible to inject air

between them and so produce a beaded ring- surrounding the lens. This appearance

was long interpreted as demonstrating the presence of a delicate channel, the ca7ial

of Petit, encircling the lens. The existence of a definite channel, however, is no

longer accepted, the space capable of inflation being part of the larger circumlental

space, which is filled with fluid and communicates, by means of fine clefts, with the

posterior chamber.
In addition to the chief zonular fibres, accessory bands occur, some of which

pass from the ciliary processes to the long zonular fibres, whilst others extend from

point to point on the ciliary processes.

The origin of tlie vitreous body and of the suspensory ligament has long been and still is a

matter of dispute. The fact that these structures are very closely connected, that fibres from the

suspensory ligament pass through the vitreous, and, in some cases at least, end in that body,

renders it probable that the two structures have a common genesis. Anatomists are divided,

however, in their views, some believing the structures in question to be derived from the

mesoblast which enters the choroidal cleft with the blood-vessels, whilst others assign to them

an ectoblastic origin, the primary vitreous tissue being from the retina (inner wall of the second-

ary optic vesicle). In many of the lower animals the vitreous contains no blood-vessels, and,

further, since the vitreous is formed without the presence of embryonal connective tissue,

the presumption is strong that the vitreous arises from the retina. That the ectoblast in mam-
mals, however, is the sole source of the vitreous has not been proven ; moreover, the close

histological resemblance of the vitreous to embryonal connective tissue suggests with much force

the probability that the mesoblast has a considerable share in the formation of the vitreous body.

The Aqueous Humor and its Chamber.

The aqueous humor is the transparent fluid which fills the space between the

anterior surface of the vitreous body and the posterior surface of the cornea. In

chemical composition it closely resembles water, containing only traces of albumin

and extractives, and differing from lymph in its low percentage of albumin. It is

produced chiefly by the blood-vessels of the ciliary processes, the iris taking probably

little or no part in the process. The albumin of the blood is separated by the action

of the double layer of cells covering the pars ciliaris retinae, which act either as a filter-

ing medium (Leber), or as a secreting epithelium (Treacher Collins). The aque-

ous humor is constantly being produced and is carried off through the spaces of

Fontana into the canal of Schlemm, and also through the lymph-spaces in the iris,

its quantity being an important factor in determining intraocular tension. With the

exception of a few migratory leucocytes, the aqueous humor is devoid of morpho-

logical elements.

The space occupied by the aqueous humor is incompletely subdivided by the

iris into two compartments, the anterior and posterior chambers. The anterior

chamber (camera oculi anterior) is bounded in front by the cornea, and behind by

the iris and lens, and has a depth at its centre of from 7.5-8.5 mm. The posterior

chamber (camera oculi posterior) is the small annular space, triangular in cross-sec-

tion, which has for its anterior boundary the iris, and is limited laterally by the ciliary

processes, and medially and posteriorly by the lens and the vitreous body. The

spaces between the fibres of the suspensory ligament communicate with the poste-

rior chamber, are filled with aqueous humor, and are, therefore, only a part of the

posterior chamber.

Practical Considerations.—When the cornea is perforated as by a wound
or by ulceration, the aqueous is forced through the opening so rapidly that the iris

is swept along by it, and unless great care is. observed it will become adherent to the

margin of the corneal opening (anterior synechia).

The aqueous humor is of importance in the removal of foreign matter. Blood

will often be removed in a few days. Suppuration of the adjacent tissue may lead

to the collection of pus in the anterior chamber (hypopion). Hyphcemia is a collec-

tion of blood in this chamber, and of itself is not a grave condition, although it may
be a sign of a more serious disease.
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(i/aiuonia is ;i disease due to excessive iiUraociil.ir tension which, unless re-

lieveil, proj^^ressively increases until the eye is destroyed, and which almost always

invi)lves the other eye. Tlu- abnormal tension is the result of disturbance in the

outtlow of the intraocular lluid. This fluid is an exuilatifjn from the blood-vessels of

the . iliary body. From the posterior chamber the fluid pas.ses throu^di the pupil to

tlu' anterior chamber. It then escapes in the anjj^le formed by the iris and cornea

by passing' through the lymph-spaces in the lij^amentum jjcctinatum and by diffusion

reaches the canal of Schlemm. Thence it passes out Ijy the anterior ciliary

veins. Obstruction in the i)ath of this current occurs usually either in the lymi)h-

channels of this re«;ion, or at the \m\)\\ from adhesion of the wlu)le pujjillary margin

to the lens, or from occlusion of the pupil by inllammatory exudate, in iritis.

Iridectomy freciuently gives relief in both varieties ; in the former by opening

up the l\-mph-spaces near the corneal angle of the anterior chamber, the incisions

being carried well into this angle ; in the latter by making a new opening for the

current between the posterior and anterior chambers.

The symptoms, like the cause, may be ex[)lained largely upon an anatomical

basis. The venee vorticosie pass oblifjuely through the sclerotic and are therefore

compressed and obstructed by the distension. Their blood is then comi)elled to

escape through the anterior ciliary veins, which penetrate the sclerotic more at a

right angle, and are consequently distended. CEdema of the cornea results causing

a superficial haziness. The cornea is insensitive from paralysis of the anterior ciliary

nerves. Usually the anterior chamber is shallow because the lens and iris are pushed

forward by the obstructed fluid behind, and the ciliary nerves being paralyzed the

pupil is dilated and immobile, giving a staring expression. The optic disc is at first

hyperctmic, and is consecjuently markedly depressed from the intraocular tension,

giving rise to one of the most important symptoms, pathological cupping of the disc,

or the glaucomatous cup. The great pain in glaucoma is due to compression of the

sensory nerves of the ciliary body and iris against the unyielding sclera. The
distended retinal veins can be seen through the ophthalmoscope.

A condition analogous to glaucoma, hydrophthalmos, occurs in children, and is

either congenital or acquired very early in life. Unless relieved it almost always

produces blindness.

THE LACHRYMAL APPARATUS.

The lachrymal apparatus consists of the gland secreting the tears, situated in the

anterior and outer portion of the orbital cavity, and the system of canals by which

the tears are conveyed from the mesial portion of the conjunctival sac to the inferior

nasal meatus.

The lachrymal gland (glandula lacrimalis), resembling in shape and size a

small almond, consists of two fairly distinct parts— the superior orbitalportion and the

\\-\{(iv\or palpebral ov accessory portion. The former occupies the fossa lacrimalis in

the frontal bone and is the larger portion. It measures 20 mm. in length, 12 mm.
in breadth and reaches from the edge of the superior palpebral muscle, along the

upper margin of the orbit to the suture between the frontal and malar bones. The
upper convex border is attached to the periosteum of the fossa by means of a number
of bundles of connective tissue, which are inserted into its capsule. Below, it rests

upon a fascial arch, which runs from the trochlea to the fronto-malar suture.

The lower or palpebral portion of the gland, glandula lacrimalis i^iferiory is

somewhat smaller than the upper and separated from the latter by the fascial

expansion already mentioned. Its lower concave surface rests upon the fornix of

the conjunctiva, extending laterally almost to the outer canthus.

The ducts from both portions of the gland are exceedingly fine, those from the

upper portion, from three to six in number, passing downward through the inferior

portion. Some of the ducts from the lower gland join those coming from above
;

others run independently, in all about a dozen ducts opening into the conjunctival

sac along a line just in front of the fornix. In structure the glands correspond to

the tubo-alveolar type, and resemble the serous glands in their general character.

The acini of the lower portion are separated by robust septa of connective tissue,

which contain considerable lymphoid tissue.
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The arteries of the gland are derived from the lachrymal, and the veins empty
into the ophthalmic vein. The nerzrs include sensory fibres from the lachrymal
branch of the oj^lithalmic, as well as secretory fibres from the sympathetic.

Accessory /ae//?y/fnj/ q/af/(/s are found in both the uj)per and lower fornices, from
eight to thirty being i)rcsent in the ui)i)cr lid and from two to four in the lower.
They are very small and situated chiefly near the outer angle of the palpebral fissure.

Fig. 1234.

.(^'

Alveoli

'J'
^

Ducts

^„

•-, V

Beginning of duct

-Fat-i.ells

Section of lachrymal gland, under low magnification, showing general arrangement of alveoli. X 20.

The lachrymal passages (Fig. 1236) begin by minute openings, the lachrymal
puncta, which are usually placed at the summit of the conical lachrymal papillae.

The latter occupy the margins of the eyelids, near the mesial extremity, at a point
where the arched palpebral borders pass over into the

approximately horizontal boundaries of the lachrymal

lake. The upper punctum is situated 6 mm. from the

inner canthus ; the lower one is slightly larger and a

trifle farther removed from the canthus.

The puncta open into the lachrymal canaliculi,

which at first are vertically directed, then bend abruptly

mesially and, taking a nearly horizontal course parallel

with the borders of the lachrymal lake, run as far as the

inner canthus, where they empty usually by a common
canal into the lateral and slightly posterior wall of the

lachrymal sac. Occasionally the two canaliculi do not

unite but open separately into a diverticulum of the sac,

known as the simis of Maier. Each canaliculus is from
8-10 mm. in length. The lumen of the canal measures

only .1 mm. in diameter at the punctum, presents a diverticulum i mm. in diameter

at the bend, and continues with an appro.ximately uniform calibre of .5 mm. in its

horizontal portion.

The structure of the canaliculi includes a lining of stratified squamous
epithelium, which rests upon a delicate tunica propria rich in elastic fibres, muscular
fibres from the orbicularis palpebrarum affording additional support. The muscle
bundles run parallel to the horizontal portion of the canaliculi, but are arranged as a

circular sphincter about the vertical portion.

The lachrymal sac (saccus lacriraalis) may be regarded as the upper dilated

portion of the naso-lachrymal duct, the lower part of which passes through a bony
canal and opens into the inferior nasal meatus beneath the lower turbinate bone,

Alveoli of lachrymal gland more
highly magnified. X 235.
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The sac is about 15 nun. lonj;, and 5-6 mm. in diameter when thstendcd. It is

situateil near the inner eanlhus and lies within the deep lacliryinal j^roove between
the superior maxillary and the lachrymal bone. Its closetl up|jer end, i)r fundus,
extends beneath the internal tarsal litjament and some of the fibres of the (orbicularis

palpebrarum, whilst its orbital surface is covered by the fibres of the latter muscle,

which spring from the lachrymal bone and are known as the Uusor larsi ur J/orucr's

musch'. The lower K::\\d of the sac narrows where it passes into the nasal duct. The
wall is lined with a doul>le layer of columnar ejoithelial cells, which in part are

provided with cilia. It is composed of fibro-elastic tissue and is loosely connected with

the periosteum.

The nasal or naso-lachrymal duct, the lower ])ortion of the tear-passapfe, is

situatetl within the bonv canal formed l)y the superior maxillary, lachrymal and infe-

rior turbinate bt)nes. It varies in length from 12-24 nim., according to the ])Osition

of the lower oi^enint;, and is from 3—4 mm. in diameter. Its

direction is also subject to indi\'idual \ariation, but is sliy^htly F'^'- 1236.

backward, as well as downward, and is usually indicated by
a line drawn from the inner canthus to the anterior edge of

the first upper -molar tooth. The duct opens into the lower

nasal meatus, at a point from 30-35 mm. behind the poste-

rior margin of the anterior nares. The aperture may be
imperfectly closed by a fold of mucous membrane, the so-

called valve of Hasiicr ( plica lacrinialis). The structure
of the duct includes a lining of mucous membrane which is

clothed with columnar epithelium and may contain glandular

tissue in the lower portion. The mucous membrane is sep-

arated from the periosteum by areolar tissue and a venous
plexus; it may present additional folds, resembling valves,

^^^^ ^^ tear-passages; c.

the best marked of which is situated at the junction of the canaiicuii; s, lachrymal sac-

d^i 1 ^ D, naso-lachrvmal duct; nat-
the duct. ural size. (Divighl.)

The arteries supplying the lachrymal duct are from the

nasal and the inferior palpebral. The large and numerous vehis mostly join the

nasal plexus and empty into the ophthalmic and facial. The iicrves are derived from
the infratrochlear division of the nasal branch of the ophthalmic.

Practical Considerations.—The most frequent congenital error of develop-

ment in the lachrymal apparatus is found in connection with the canaliculus. It

may be entirely absent, or, what is more common, may appear only as a groove,

the edges having failed to unite. This union of the edges may occur only in part>

so that the canaliculus may have two or more openings.

The lachrymal gland is rarely the seat of inflammation. Hypertrophy or

enlargement may be congenital or syphilitic. Prolapse or dislocation forward may
occur so that the gland can be seen or felt below the upper outer margin of the orbit

;

it has been excised in extreme cases. Cysts are due to occlusion of one or more ducts.

The ducts of the gland open into the outer third of the upper conjunctival

fornix, and the tears sw^eep over the front of the eye towards the puncta under the

influence of gravity and the contractions of the orbicularis muscle. The lower

punctum is frequently everted so that it no longer dips into the lacus lacrimalis, and
the tears, instead of finding their way into the normal passage, flow over the lower

lid on to the cheek (epiphora). This is usually the first step in the development of

ectropion or turning out of the lid {vide supra). When the eversion cannot be cor-

rected, the canaliculus is usually slit up on its posterior side so as to form a groove
dipping into the lacus, from which the tears may again betaken up by the natural

passages. The most common cause of epiphora is obstruction of the lachrymal

passages. This occurs most frequently at the junction of the lachrymal sac and
nasal duct, which is the narrowest part of the duct. The method of correcting such

an obstruction is by the use of sounds, which are passed from the punctum with or

without first slitting the canaliculus. The rule is to slit the canaliculus when the sound-

ing is to be kept up for any length of time, but if it is performed for diagnosis only,

the slitting is not done. The upper canaliculus is shorter but narrower than the lower,
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which is usually selected, as there is less daiii^er of laceration of the lining- mucous

membrane leadino- to narrowinj;- or occlusion of the canaliculus by scar tissue.

Coiigeiiilal fistuhc sometimes result from non-closure of the .y:roove hom which

the sac and nasal duct are formed. The lachrymal sac is situated at the inner side

of the inner canthus, behind the inner palpebral ligament, which is the best guide to

it, and crosses about the junction of the upper and middle thirds of the sac.

A collection of mucus or pus in the lachrymal passage is usually in the sac, and

when not otherwise relieved, it tends to discharge itself through the skin below

the tendo oculi, and frequently lower than the level of the sac. The abscess is

therefore opened below the tendon and external to the inner edge of the lachrymal

groove.

The line of the sac and duct, taken together, is approximately from the inner

canthus to the space between the second jiremolar and first molar teeth. It opens

below into the inferior meatus of the nose, just below and behind the anterior end of

the inferior turbinate bone, which conceals it from view at the anterior naris. The
sac and duct form a slightly curved line with its convexity backward, and its course

downward, backward and slightly outward. To pass a probe along the lachrymal

passage, the lower lid is everted by the thumb so that the punctum may be seen.

The probe should be entered into the punctum vertically. It should then be turned

horizontally and passed through the canaliculus to the inner wall of the lachrymal

sac. It is then made vertical and passed along the duct

—

i.e., downward, slightly

backward, and outward to the nose.

DEVELOPMENT OF THE EYE.

The development of the eye begins as a lateral diverticulum which ver>' early appears on

either side of the fore-brain (Fig. 911). These outgrowths, the primary optic vesicles, are

hollow and directly communicate with the general cavity of the primitive brain by means of

the optic stalks, which are at first broad, but later become narrowed. As the development

proceeds, the transversely placed optic stalks gradually assume a more oblique axis, and, after

the differentiation of the fore-brain into its two subdivisions, open into the diencephalon or

inter-brain. The primary optic vesicle expands until it comes into contact with the surface

ectoblast. The next important step is a thickening of the wall of the vesicle where it is in con-

tact with the ectoblast (Fig. 1238). In consequence of the rapid multiplication of its cells,

this portion of the wall becomes invaginated and, as a result, the cavity of the primary optic

vesicle is gradually obliterated, the application ot

FiG. 1237. the invaginated portion of the wall to the inner sur-

face of the uninvaginated part of the vesicle bringing

about the formation of a cup-shaped structure pro-

vided with a double wail. This cup is called the

secondary optic vesicle and from it the retina is

developed, which must be considered, therefore, as a

modified portion of the brain itself.

Coincidentally with the invagination of the optic

vesicle, the overlying ectoblast undergoes active

proliferation and pushes into the space vacated by

the receding invaginated wall, thus producing a
depression known as the lens-pit. The lens-pit (Fig.

123S) deepens and becomes cup-shaped ; the edges;

of its anterior walls approach each other and then

fuse, and in this manner form a closed sac, the lens-

vesicle. This remains for a time connected with the

surface ectoblast, but later becomes separated from

it and forms an isolated sac of epidermal tissue, which,

by the proliferation of its cells, becomes converted into a solid structure and constitutes the

crystalline lens. At first the lens-vesicle fills the cavity of the optic cup completely, but with

the deepening of the latter, a space appears between its anterior wall and the lens-vesicle,

which gradually widens and forms the vitreous cavity. The space between the lens-vesicle

and the ectoblast is invaded by a process from the surrounding mesoblast, which pushes in

from the side. From this ingrowth is developed the cornea, with the exception of the surface

epithelium, and the stroma of the iris.

Almost from the first appearance of the invagination of the primary optic vesicle, the

invaginated portion of the wall exhibits a marked tendency to proliferation of its cells. The

Part of frontal section of head of early rabbit
embryo, showing optic vesicles evaginated from
brain-vesicle. X 30.
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Fig. 123S.

Brain-vesicle

UninvaKiiialcd
wall
InvaKinated wall
Optic stalk

Optic vesicle

Lens-pit

Leiis-pit shows as depressed area of ihickeneo
ecloblasl ; anterior wall of optic vesicle beginning
to be invaginated ; optic stalk narrowing. /, 30.

iiiiiiivaj;in;ite<l portion of the wall, on tlie contrary, j^radiially becomes thinner, until it is repre-

sented by a single layer of cubical cells. These soon assume a dark color in consequence
of the a|)pearaiue within their protoplasm of fnie pij^ment particles. From this wall, there-

fore, the layer of pi};meiUed cells composing;; the outermost stratum of the retina is developed,
whilst from the rapidly auj;mentiu)^ layers of the inner wall, the essential nervous elements
of the retina, tojretlier with the supporting neiirogliar tissue, arc formed.

The invaniuation of the optic vesicle is not confined to its outer wall, but also affects its

lower wall, in conseiiiieiice of which a j^^roove, the fietal ocular cleft, api)ears in this position

(Fi>;. 1240). This is continued backward to and alonj^ the luider surface of the optic stalk, in

the form of a furrow. By means of this slit a com-
munication is established between the cavity of the

secondary optic vesicle and the centre of the optic

stalk, and throuj;h it blood-vessels from the sur-

roundiu}^ mesoblast jjain entrance to the interior of

the nerve and the eyeball. The walls of this fcetal

cleft tjradually appro.ximate and become fused. The
imprisoned vessel, the hyaloitl artery, later j^ives

rise tt) the arteria centralis retina'. The vitreous

body has been usually considered as a derivative

e.xclusively of mesoblastic tissue which entered the

eye in company with the blood-vessels. Accordinjj

to the investigations of Schiui. K(>lliker, Wolfrum
and others, however, this view is inadequate, since at

least the anterior or ciliary portion of the vitreous

is a product of the cells of the inner wall of the

secondary optic vesicle. The choroid and the

sclera are differentiated from the mesoblast, which
surrounds the eyeball.

Development of the Lens.—Soon after the iso-

lation of the primitive lens-vesicle from the surface ectoblast, the cells in the posterior wall

begin to proliferate actively, while those on the anterior wall are reduced to a single layer.

The latter persists as the lining epithelium of the adult lens-capsule. By the growth of the
cells of the posterior wall and their elongation into lens-fibres, the hollow vesicle is gradually
converted into a solid mass of lens-substance, the fibres extending forward until they come in

contact witli the anterior wall. Subsecjuently the growth of the lens proceeds by the application

of additional layers of fibres to the surface of the primary nucleus, the new fibres developing
from the cells hning the anterior capsule. Their con-
version takes place at the equator of the lens, where
the nuclei of the elongating lens-fibre are arranged in

a convex line known as the nuclear zone (Fig. 122S).

The capsule of the lens appears very early,

even before the closure of the lens-vesicle, and long

before the appearance of blood-vessels around the

lens. It forms a sharp boundary line, at first along
the posterior border, which gradually thickens and
finally surrounds the entire lens. The capsule is to

be considered as a secretion product of the lens-cells.

The rapid early growth of the young lens

requires an adequate blood supply. This is insured

by the development of a vascular net-work, the

tunica vasculosa lentis, which completely surrounds

the lens from the second month until the close of

foetal life, when this temporary membrane is ab-

sorbed. The chief supply of this vascular net-work

is derived from the vessels of the vitreous, which,

as already noted, enter the eye through the cleft in

the optic nerve. Passing forward through the canal of Cloquet in the centre of the vitreous

cavity, the chief vessel, the hyaloid aricry, reaches the posterior pole of the lens, when it divides

into numerous branches. These branches pass around the equator of the lens onto the anterior

surface, where, joined by vessels from the mesoblastic tissue which is to constitute the future

iris and ciliary body, they proceed to the centre of the pupil and break up into their terminal

loops. The portion of the net-work covering the pupillary area is called the membrana pupil-

laris, whilst the remainder is known as the membrana capsularis. This vascular sheet is usually

entirely absorbed before birth, but occasionally portions of it may be seen persisting in the

form of fine threads in the pupillary space, or on the posterior pole of the lens. The retention

of such strands is sometimes associated with the persistence of portions of the hyaloid artery.

Fjg. 1239.
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Lens-sac closed ; outer and inner layers of sec-
ondary optic vesicle now almost in contact. X 30.



1482 HUMAN ANATOMY.

Fig. 1240.
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Sagittal section of developing eye at same
stage as preceding specimen, showing invagi-
nation of optic vesicle along fcEtal cleft. X 30.

Development of the Retina.—As already pointed out, the retina develops from the walls of

the optic vesicle, the pij^mented layer beinjj derived from the uninvag;inated outer wail, the pij^-

ment appearinji: early and first near the anterior margin of the optic cup; the remainder of the

retina comes from the rapidly growing cells of the inner wall. The lirsl cells to be differentiated

in the nervous portion of the retina are the sponirioblasts which develop into the supporting

neurogliar fibres, the fibres of Mi'illcr. These are

strengthened by the addition of mesoblastic elements,

which enter the inner layers along with the blood-

vessels. The neuroblasts develop from cells which

correspond in jwsition to those of the external nu-

clear layer. As they divide, the cells are displaced

inward, so that the ganglion-cells represent the oldest

descendents. When .seven or eight layers have been
difTerentiated, the ganglion-cells send out axones,

which form the fibre-layer and converge toward the

optic nerve. The visual cells are the last to appear,

the layer of rods and cones developing as cuticular

outgrowths from the cells of the external nuclear layer.

Anteriorly the walls of the secondary optic vesicle

are reduced to a double layer of cells. For a certain

distance, corresponding to the position of the future

ciliary body (pars ciliaris retinae), the outer cells are pigmented, whilst the inner ones are trans-

parent. Still farther forward, the rudimentary portion of the nervous tunic is continued over

the posterior surface of the iris (pars iridica retime) as a double layer of deeply pigmented

cells which extends as far as the pupillary margin which thus corresponds to the anterior lip of

the secondary optic vesicle.

The optic nerve is developed secondarily and in close association with the early optic stalk,

which is at first hollow, and later becomes grooved along its inferior surface. The walls of

this foetal cleft become approximated and, after the entrance of the blood-vessels, the lips

of the cleft fuse, the vessels being thus enclosed. Since the fibres of the optic nerve are for

the most part axones of the ganglion-cells of the retina, it is evident that they are not developed

within the nerve, but invade the latter as outgrowths of fibres from the retina, pushing along

the optic nerve and tract to reach their cerebral connections. In addition to these centripetal

fibres, a certain nimiber of centrifugal ones appear later as outgrowths from cells within the

brain. The supporting tissue is developed by
proliferation of the cells of the optic stalks Fig. 1241.

and their differentiation into neurogliar ele-

ments, assisted by the mesoblastic elements

from the surroimding pia and the portion

which enters the cleft with the blood-vessels.

The nerve-fibres are at first naked axis-cylin-

ders, which later acquire medullary sheaths.

Development of the Fibrous and Vascular
Tunics.—With the separation of the lens-

vesicle from the overlying ectoblast, the meso-
blast insinuates itself between these structures,

in addition to surrounding the entire ecto-

blastic optic vesicle. The portion surrounding

the optic vesicle posteriorly thickens rapidly

and becomes differentiated into the vascular

tunic, or choroid, whilst the outer layer be-

comes the fibrous tunic, or sclera. The choroid

appears first, the pigmentation of its cells being
evident by the seventh month. The meso-
blastic process between the lens and the ecto-

blast is very thin at first, but subsecjuently

splits into two layers. The anterior of these

becomes the substantia propria of the cornea and its lining endothelium. The latter produces
the membrane of Descemet. The posterior mesoblastic layer carries blood-vessels which help

to form the capillary net-work surrounding the lens. The space between the two mesoblastic

layers represents the future anterior chamber of the eye. About the fourth fcctal month the an-

terior lip of the optic vesicle pushes forward in advance of the lens and carries with it additional

mesoblastic tissue. From this the iris is developed, the stroma being formed by the mesoblast,

whilst the posterior pigmented portion represents the anterior part of the optic vesicle, from
which the dilatator muscle (and, according to some authorities, also the sphincter pupillae) is

derived. The ciliary processes are produced by the rapid lateral expansion of the walls of the

Upper eyelid

Outer pigmented
retinal layer
Inner retinal
layer
Mesoblast

Lens, now solid

Optic nerve

Vascular vitreous
tissue

Ectoblast

Lip of retinal coat

Mesoblast

Lower eyelid

Much later stage, sliowing lens now solid ; layers of
optic vesicle converted into retinal coat ; vascular vitreous
tissue; condensation and iinasion of mesoblast. X 20.
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optic vc'sidf, about tlie fourth or fifth month, in ronsi-ciiiencc of which folds in the membrane
arise, into uiiicli blood-vessels and other mesoderinic ehinents extend. 'I'he corneal stroma
becomes blended with the sclera, thenceforth the two fonninj; a <-onlinuous tunic.

Development of the Vitreous Body.—As already slated, the vitreous body is at |)resent re-

garded as develo|)in>;, at le.ist in part, from the cells of the inner w.ill of the optic vesicle,

es|)ecially from its anterior or ciliary portion. The suspensory ligament of the lens is derived
from the same source. The cells develop into the fibres which form the fine net-w(jrk of the

vitreous body; at the periphery these become condensed and form the boundary layer or

hyaloid membrane. The vitreous is sup|)lied with blood by branches of the hyaloid artery,

which sprinj;s from tin- head of the optic nerve. An especially complete net-work is found at

the perii)hery of the vitreous and these vessels pass forward to the ec|uator of the lens and
assist in formiui; the timica vasculosa leiitis. The retinal vessels are formed later as branches of

the central artery, the vitreous vessels usually underKoiu}; complete absorption before birth.

The development of the eyelids begins with the |)roduction of folds of integument, which
appear above and below the cornea during the second fietal month. The folds approach each
other and the epidermal cells fuse about the third month, the eyelids remaining united until

shortly before birth. The Meil)<)mian and other glands of tiie lids are produced by ingrowths
of the surface ectoblast. The lachrymal gland arises during the third nif)nth as a solid ingrowth
frt)m the ct)njunctival ejiithelium close to the ujiper lid. The lachrymal canal begins as a solid

process of ei>ithelial cells from the lid, which dips inward along the lachrymal furrow, between
the superior ma.xillary and nasal processes. This cord of cells becomes isolated from the sur-

face, and later acquires a lumen, connecting by means of the canaliculi with the conjunctival sac

above. The duct establishes communication with the nasal fossa just before birth.

THE EAR.

The ear (organon auditus) may be conveniently studied under its three natural

subdivisions, which are conventionally described as the external, middle and the

internal ear—structures lodged entirely or in part within the temporal bone. The

Fig. 1242

Inner ear
Semicircular canal

Internal auditory canal

Auditory nerve

Endolymphatic sac

Cartilage

Diagram showing relations of three subdivisions of ear. {Modified f>om Schxvalbe.)

external ear includes the auricle and the external auditory canal ; the middle ear

the tympanum, the Eustachian tube and the mastoid cells ; and the iyiternal ear
the labyrinth, with the peripheral ramifications of the auditory nerve.

Such division, moreover, is justified by the developmental history of the organ,

since the internal ear is developed essentially from the highly differentiated otic vesicle

which gives rise to the complicated membranous labyrinth ; the middle ear largely

from the first pharyngeal i)ouch ; whilst the external ear represents the deepened
and modified boundaries of the first external visceral furrow.
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THE EXTERNAL EAR.

The external ear, the outermost subdivision of the auditory organ, includes

( I ) the auricle, the funnel-shaped appendajj^e attached to the side of the head for the

collection of the sound-waves, and (2 J the external auditory canal, which conveys

these stimuli to the tvmpanic membrane, the flexible partition closing the canal and

separating it from the middle portion of the ear.

The Auricle.

The auricle (auricula), also called the pin ?ia, is attached to the side of the head

around the opening of the external auditory canal, midway between the forehead and

the occiput. It presents two surfaces, an external and an internal. The angle which

its internal surface forms with the head, the ceplialo-auricular angle, is usually about

30°, but varies from 20-45°. The circumference of the auricle is somewhat pyriform

in oudine, with the broadest part of the figure above. The external surface of the

auricle is irregularlv concave and presents for examination several well-marked

depressions and elevations, which depend, for the most part, upon the corresponding

modelling of the underlying cartilage. The concha, the largest and deepest of the

concavities, surrounds the entrance or meatus to the external auditory canal. This

funnel-like fossa is subdivided by an obliquely transverse ridge, the crus helicis,

continuous with the helix, into the upper and smaller part, the cymba con-

chae, and a lower and larger part, the concha proper or cavum conchae. The
tragus is an irregular

Fig. 1243.

Fossa helicis

Cavum conchce

Antitragus

Fossa triangularis

Crura antihelicis

Cymba conchse

Crus helicis

Incisura anterior

Tragus

Incisura
intertragica

Lobulus

Right auricle, outer aspect.

IS an

eminence in front of, and
slightly overlapping, the

meatus. At the upper
extremity of the tragus,

just below a notch, the

incisura anterior, that

separates the tragus from

the upper part of the

auricle, is sometimes seen

a small elevation, the

tuberculum supratrag-
icum. The antitragus

is an eminence behind the

tragus and separated from

it by a deep notch, the

incisura intertragica.

The lobule contributes

the rounded lower ex-

tremitv of the auricle. In

contrast to other parts of the pinna, it possesses no framework of cartilage and, hence,

is soft and inelastic. The helix forms the scroll-like margin of the ear, sweeping from

the upper part of the tragus in front to the lobule behind. It is more or less rolled

upon itself so that its margin looks forward. On the anterior edge of the helix, near

the junction of its upper and middle thirds, is sometimes found a small triangular ele-

vation, the ear-point or tubercle of Darwin, which is of interest as representing, ac-

cording to the last-named authority, the erect pointed extremity in the expanded ears

of certain quadrupeds. It is said to be constant in the foetus of about the sixth month

and to be more common in the male than in the female. In front of and parallel to

the helix, is a curved ridge, the antihelix which begins at the antitragus below,

forms the concave posterior boundarv of the concha, and divides above it into a

superior and an inferior crus between which lies the fossa of the antihehx or the

fossa triangularis. A narrow groove between the helix and the antihehx marks

the fossa of the helix or the scaphoid fossa.

The elevations on the external surface of the auricle are represented by

depressions on the cranial surface, and conversely the depressions on the external
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surface are rcj)resente(l by eminences. Thus, the concavity f)f the concha is

represented on the cranial surface l)y the eminentia conchae ; tlie antihehx by
the fossa antihelicis ; the fossa trianmilaris hy the eminentia fossae triangu-
laris ; the sca|)hoi{l fossa, hy the enninentia scaphae. The other elevations and
de|)ressions correspondini,'' to those of the outer surface are not seen on the cranial

surface, except in the dissected cartilaj^e denuded of the intej^unient.

Structure of the Auricle.—Tiie auricle consists of intej^^ument and an enclosed
plate of yellow elastic cartilas^e continuous with that of the meatus. It is also provicled

with several unimportant liiL^ameiits and muscles. The lobule, however, contains no
cartilai,n^>, but only fibrous tissue and fat enclosed within the integumentary fold.

The skin of the auricle is thin and closely adherent to the cartilaj^e, especially

on tlu' outir surface. In certain parts it contains fine hairs and sebaceous and sweat
glaiuls. The hair follicles are es|)ecially abundant over the tragus, antitragus and
the notch lying between them, the hairs guarding the entrance into the external

auditory canal, known as tragi, being exceptionallv long. The sebaceous glands
are esjiecially well develo])ed in the cavity of the concha.

Cartilage of the Auricle.—The cartilage of the auricle may be divided into

two i^arts : (a) the scroll-like plate forming the tragus and external auditory canal,

and (/>) the large irregular i)late forming the main cartilage. These two divisions

Fig. 12-14.

Insertion of auricularis superior Obliquus

Helicis majoi

Tragicus

Spina helicis

Plate of tragus yand external N
auditory canal

I, auda helicis

Cartilaginous framework of right auricle, with intrinsic auricular muscles; A, outer, 5, inner surface.

are connected by a cartilaginous isthmus lying between the incisura intertragica on

its outer side and the deep fissure, (incisura terminalis auris), which in the isolated

cartilage is seen between the posterior wall of the outer meatus and the anterior

border of the lower part of the concha, on its inner side. Two smaller clefts, the

fissures of Santorini, are found between the three plates which form the carti-

laginous scroll supporting the tragus and outer end of the external auditory canal.

The cartilage of the tragus is an irregular plate and subject to considerable variation.

The depressions and elevations of the cartilage proper correspond in general to

the surface modelling of the auricle, but are sharply marked, especially on the cranial

aspect. A deep notch, the fissura antitragohelicina, separates the lower part of

the helix from the antitragus, thus defining the caudal process (cauda helicis), as

the lower extremity of the cartilage forming the heli.x is called.

The spina helicis is a small conical projection, directed forward and down-

ward, opposite the first bend of the helix. This serves for the attachment of the

anterior ligament. The upper end of the tragus-plate fits into an angle formed by

the junction of the beginning of the helix and the upper end of the anterior border of

the concha. In addition to the elevations and depressions already referred to, on

the mesial surface is found a ridge, the ponticulus, which extends downward
and forward over the eminence of the concha and serves for the attachment of the

posterior auricular muscle (Fig. 1244, B).
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Ligaments of the Auricle.

—

The extrinsic ligaments of the auricle, those

which attacli the auricle to the temporal bone, form a more or less continuous mass
of fibres. These are separated somewliat arbitrarily and described ab the anterior

and posterior ligaments. The anterior ligament extends from the helix and the

tragus to the root of the zygoma. The posterior ligament extends from the emi-

nence of the concha and ponticulus to tlie anterior part of the mastoid process. A
number of bands of fibrous tissue, the instrinsic ligaments, bind the parts of the

cartilage together.

The Muscles of the Auricle.—These include the extrinsic and the intrinsic

muscles.

The extrinsic muscles of the auricle, those which extend from the head to the

auricle and move it as a whole, have been described under the muscular system

(page 483 ). They are the anterior, superior and posterior auricular muscles.

The intrinsic muscles, six in number, consist of small strands of muscle-fibres

attached to the skin, which extend from one part of the auricle to another and are

confined to the auricle itself. Of these,

Fig. 1245.
^our are on the external surface of the

auricle and two on the cranial.

1. The smaller muscle of the helix

[vi. /le/icis minor) lies upon the crus helicis

and the beginning of the helix, its fibres

running obliquely upward and forward.

2. The greater muscle of the helix

{in. helicis major) arises from the spine of

the helix and extends upward along the

anterior border of the helix and is inserted

into the eminence of the triangular fossa.

3. The muscle of the tragus {m. tragi-

cus) is a Hat muscle on the outer surface of

the tragus ; usually only its vertical fibres

are distinguishable. Occasionally a separate

bundle of muscular fibres {m. pyramida/is)

extends from the tragus to the spine of the

helix. Likewise another band, the m. in-

cistirce Saniorini, sometimes called the

dilatator conchcr, bridges the greater incisura

Santorini. Both of these, however, belong
to the system of the tragus nuiscle.

4. The muscle of the antitragus (w.
antitragicus) is attached to the outer surface

of the antitragus. Its fibres run obliquely

from the antitragus upward and backward
and are inserted into the caudate process of

the helix. On the cranial surface of the auricle are the transverse and the oblique muscles.

5. The transverse muscle {m. transversus) bridges over the fossa antihelicis and extends

from the eminence of the scaphoid fossa to the eminence of the concha.

6. The oblique muscle (w. obliquus), considered by Gegenbauer as a part of the trans-

verse muscle, extends from the back of the concha to tlie eminence of the triangular fossa.

Actions.—Duchenne and Ziemssen found that by stimulating the muscles of the tragus and

antitragus the external auditory canal was narrowed. Duchenne further demonstrated that the

greater and lesser muscles of the helix were antagonistic to those of the tragus. The transverse

muscle and the oblique muscle by their contraction are said to cause a slight flattening of the

auricle.

Plate of tragus

Cartilaginous
canal

Bony canal

Dissection showing bony and cartilaginous portions of

right external auditory canal ; seen from in front.

Vessels of the Auricle.—Arteries.—The auricle receives its blood supply

from branches of the superficial temporal artery and the posterior auricular artery,

and thus indirecdy from the external carotid. The superficial temporal sends three

branches to the outer surface of the auricle: {a) the artery of the helix to the

ascending part of the helix, fossa triangularis and the superior crus of the anti-

helix; {b') \\\Q. artery of the crus helicis to the region of the crus helicis; (r) the

artery of the tragus to the region of the tragus and lobule, the lobule receiving
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a branch, the anterior artery of the lohule, froni the artery of the trai^us. The pos-

terior auritular artery siii)|)Ues a varialile miinher of branches to the auricle. I'sually

two of these are j^iven oil below and one above the posterior auricular muscle. These
branches are larj^er and longer than those from the su|)erticial temporal. After rami-

fying over the cranial surface of the auricle, they reach its outer surface by piercing

the auricle or by passing o\'er its free marj^in. They suj)ply the posterior part of

the outer surface and anastomose with the branches of the sujjerficial temporal.

The :v///.v of the auricle accompany the arteries and include: {a) the anterior

auricular, which empties into the superficial temporal
;
{b) the posterior auricular,

three or foiu' in number, which join a plexus behind the ear which empties principally

into the external juj^ular vein, but also unites with the posterior facial vein. Com-
muiiiiations with the mastoid emissary vi-in of the lateral sinus also frecjuently exist.

riic /.yin/y/ialics.— The l\'mphatics of the auricle form a close net-work within the

deeper layers of the integument, from which lymphatic stems j)ass in three general

groups. Those from the outer surface are af^erents chiefly of the anterior auricular

nodes, which are placed immediately in front of the tragus and beneath the parotid

fascia ; a few, however, bend backward over the helix to end in the posterior auricu-

FiG. 1246.

A. perforans
fossae triangularis
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A. auricularis
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A. perforans
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Arteries of right auricle, /4, lateral surface; B, postero-mesial surface. (Schwalbe.)

lar nodes that overlie the insertion of the sterno-mastoid muscle. Those from the

upper part of the cranial surface pass mainly to the posterior auricular nodes, some
being tributary to the e.xternal jugular nodes. A number of stems from the lower

part of the auricle and from the lobule terminate in the parotid nodes.

Nerves of the Auricle.—The 7uotor nerves supplying the intrinsic muscles

of the auricle are from the temporal and posterior auricular branches of the facial

nerve, the former being distributed to the muscles of the helix, tragus and antitragus,

whilst the posterior auricular supplies the tranverse and oblique muscles. The sen-

sory nerves include branches from : («) the great auricular nerve, which supplies the

integument of the lower three-quarters of the inner surface of the auricle, with the

e.xception of a small portion near the meatus, and sends filaments to the outer surface

of the lobule and adjacent area
;

{b') the small occipital nerve, which supplies the

upper one-quarter of the inner surface
;
(r) the auricular branch of the vagus, which

supplies the small muscles on the back of the concha and a limited cutaneous area

near the meatus ; and {d') the auriculo-temporal nerve, which divides at the level of

the tragus, and sends filaments from its auricular branches to the outer surface of the

auricle.

The External Auditory Canal.

The external auditory canal (meatus acusticus) leads from the cavity of the

concha to the tympanic membrane, which closes its inner extremity. Although the

adult meatus varies considerably in size and direction, it is usually tortuous.

In a general way, in its external portion the canal extends somewhat forward

and inward, perhaps slightly upvv^ard ; then, in its middle portion, almost directly
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Internal auditory
canal

inward, possibly slightly backward : and finally, in its internal portion, forward,

downward and inward. ' Its supero-posterior wall measures about 25 mm. (i in.) in

leni^th. and the anterior

Fig. 1247. wall about 35 mm. (iH
in.), the greater length

of the anterior wall be-

ing due to the obliquity

of the drum-head and
the outward protrusion

of the tragus. The
canal is almost as long

in the infant as in the

adult.

Structure.—The
external auditory canal

is composed of an outer

cartilagino-membranous
(cartilaginous ) and of an

inner bony portion, both

of which, as well as the

external surface of the

tympanic membrane, are

lined by skin. The car-

tilagino- membranous
part contributes something more than one-third of the entire length of the canal,

and is a continuation of the cartilage of the auricle. The cartilage of the canal,

histologically of the elastic type, does not form a complete tube, but is deficient at

its upper back part, where it is filled in by fibrous tissue. On approaching the

bony portion, this deficieiicy in the cartilage is more marked and the fibrous tissue

correspondingly increased.

Two or more slit-like apertures, the fissures of Santorini Hncisurae cartilag-

inis meatus acustici externi) are usually found traversing the cartilagino-membranous

Fig. 124S.

Lateral sinus

Frontal section passing through right ear, showing external, middle,
and internal divisions ; section is seen from in front.

Condyle of jaw

Cartilaginous canal
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External auditory cana!
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Bony canal

Eustachian tube

Internal carotid artery

ympanic cavity

Lateral sinus

Horizontal section passing through right ear, viewed from below.

canal nearly at right angles (Fig. 1245); as they are filled with fibrous tissue,

they permit the anastomosis between the vessels of the anterior and posterior surfaces
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Sebacj.'ous gland

Cartilage

of the ear. At its inner eiul the r:irtilaj^in()-nK'nil)ran()Us meatus is attached

to the inferior and lateral edt^es of the osseous meatus, l\u- fibrous jiart bein^

continuous superiorly and posteriorly with the jieriosteal lining of the osseous

canal. The osseous portion of the tube, about 14 mm. in lenu^th, is lons:er

and narrower than the cartilaiL;in()-nu-nil)ranous ]).iri. At its iinier end it presents

a narrow groove, the sulcus tympanicus, for the insertion of the tympanic

membrane. The sulcus extends iuound the sides and floor of the canal, but is

deficient abcne.

The skin lining the ixternal auditory canal is closely attached to the underlying

cartilaginous portion of the tube. The skin measures about 1.5 mm. in thick-

ness, but is much thinner within the bony canal, except along the roof, where it

remains relatively thick. Oxer the outer surface of the tympanic membrane the

skin is reduced to

a %ery delicate and ^'*^- '^49-

smooth investment,

coxered by a corre-

spondingly attenu-

ated epidermis, and
a suggestion of sub-

cutaneous tissue.

Numerous fine hairs

and large sebace-
ous glands occur

in the cartilaginous

portion, but dimin-

ish in size and fre-

quency towards the

bony canal, in which

they are entirely

wanting. Within the

cartilaginous meatus
and along the roof

of the bony tube, the

skin is closely be-

set with the large

coiled ceruminous
glands, which re-

semble in structure

modified sweat

glands. Like the
latter, the cerumin-

ous glands consist of

a deeper and wider

coiled portion, the
secretory segmeyit, and a long narrow excretory duct, which ends in most cases inde-

pendently on the free surface of the skin, but sometimes, particularly in the very

young child, it opens into the duct of a sebaceous gland. The cuboidal secreting

cells contain yellowish brown pigment particles and granules resembling fat. The

ear-wax or cerumen is, as usually found, the more or less dried mi.xture of the

secretions derived from both varieties of glands, together with discarded squamous

epidermal cells.

Vessels.—The arteries distributed to the external auditory canal are from three

sources: {a) anterior branches of the superficial temporal supply the external por-

tion of the meatus
;

{b) the deep auricular artery, a branch of the internal maxillary-,

passes to the deeper portions ; whilst {c) the posterior auricular provides branches

for the posterior and superior surfaces. The arteries destined for the interior of the

canal pierce the membranous roof of the cartilaginous meatus, the fissures of Santo-

rini and the fibrous tissue connecting the cartilaginous with the bony portion of the

tube. They form capillary net-works within the perichondrium and periosteum and,

Q4

i^^^'P.
Cartilage

,,A^.
Hair-follicle

Corium

Transverse section of skin lining cartilaginous portion of external
auditory canal. X 30.



I490 HUMAN ANATOMY.

External auditor

Membrana flaccida

Depression for
malleus

Umbo
Tympanic mem

within the skin, around the glands and the hair folHcles, some extending on to

the upper part of the membrana tympani. The deeper veins of the meatus,

which drain the bony and a small part of the cartilaginous meatus, empty into the

venous plexus behind the articulation of the lower jaw, those from the upper

wall of the meatus extending upward to join the venous plexus which spreads out

over the skull.

The lymphatics of the external auditory canal arise from a cutaneous net-work

from which trunks pass in three general groups, as do those of the auricle, (i)

The trunks of the posterior group arise in the posterior wall of the external meatus
and empty, for the most part, into

Fig. 1250. the posterior auricular (mastoid)

nodes. Some, however, avoid this

first station and join the efferent

vessels of the upper nodes of the

superior deep cervical chain. (2)
The inferior group includes a vari-

able number of trunks coming from
the lower wall of the external audi-

tory meatus, some of which pass to

the nodes placed along the course

of the external jugular vein at its

exit from the parotid, whilst others

end in the mastoid nodes. (3)
The anterior group is from the

concha and the anterior wall of the

meatus. These vessels are tribu-

tary to the parotid nodes, more
particularly to the anterior auricular

nodes situated immediately in front

of the tragus.

Nerves.—The sensory nerves

supplied to the external auditory canal are derived from the auriculo-temporal

branch of the trigeminus and from the auricular branch of the pneumogastric. The
latter, also known as Arnold's nerve, perforates the wall of the meatus and supplies

its lining membrane.

Practical Considerations : The Auricle.—The auditory mechanism may
be said to consist of two portions—that which conducts the sound and that which

receives it. The former is represented by the external and the middle ear ; the

latter, by the internal ear. The function of the auricle is to collect and intensify

the sound-waves and to direct them into the external auditory canal. That it

does not play a very important part in hearing is shown by the fact that its

removal has been followed by comparatively little loss in the acuteness of hearing

(Treves). Complete absence of the auricle is exceedingly rare : partial defect

{microtia) is more frequent ; while congenital fistulae are comparatively common.

These fistidce are considered to be due to a defective closure of the first branchial

cleft. According to His, however, they are due to deficient union of the crus helicis

and the crus supratragicus. If a fistula closes at its orifices, a retention cyst,

sometimes dermoid, may result. The ear may be abnormally large (macrotia), or,

as a result of defective union of the rudimentary tubercles from which the auricle

is developed, auricular appendages ( polyotia) may be met with. A supernumerary

auricle may very rarely be found on the side of the neck at the orifice of one of

the lower branchial clefts.

Owing to the rich blood-supply of the auricle, wounds heal rapidly.
_

When,

however, they occur near the external auditory meatus and are large, cicatricial

closure of the canal must be guarded against.

Frost-bite is frequent because of the exposure to cold and the lack of protec-

tion to the blood-vessels from overlying tissues, since litde more than skin covers

them. An intense reactive congestion follows, and frequently leads to gangrene.

Cast of right external auditorj- canal, seen from be-

hind : natural size. Drawn from cast made by Professor
Randall.
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The skin is closely adherent to the undcrlyin^^ tissues, especially on the anterior

surface, so that the exudate is under much tension, interfering with the blood-

supply. The nerves are also compressed, accountinj^ for the j^neat pain.

ILcmatoinata of the auricle are due t(j efTusions of blood between the cartilage

and its perichondrium. They occur usually on the concavity of the auricle from a

blow, as in boxers, or foot-ball players. They may occur rarely, without traumatism,

as in the insane, although some believe that injury is the exciting cause in these

cases ; or even, in very excej)tional instances, may appear without precedent trauma

or mental disease. In those cases in which there is great tension, it may be neces-

sary to incise and drain to prevent necrosis.

Of the tumors, keloid, following punctures for ear-rings, is common in the

negro ; capillary mevi are frequent, whilst cirsoid aneurism may occur. Cysts in

connection with the first branchial cleft have already been mentioned.

The External Auditory Canal.— Coyigcnital atresia is rare and is often

associatetl with malformations of the auricle, the middle and the internal ear, so

that correction of the external condition will usually fail to restore the hearing.

The length of the external meatus is about i;^ inches, about ^ inch of vvhich

is bony and about Vi inch cartilaginous. In the new-born it consists of skin and

cartilage only, and its lumen is very small. Owing to the oblicjuity of the tympanic

membrane, that structure, in the new-born, is in close contact with the floor of the

canal, so that the latter must be drawn away from the membrane to expose it. For

this purpose the auricle should be drawn downward and backward. The skin of

the cartilaginous portion is supplied with hair, sebaceous and ceruminous glands.

Furuncles are frequent, the infection passing along the hair-follicles to the asso-

ciated sebaceous glands. In some persons, one boil follows another from successive

glandular infection. The skin of the bony portion is thinner than that of the car-

tilaginous, except in the posterior part of the roof, where a thicker wedge-shaped

piece containing glands extends as far as the drum-head.

Ceruminous masses often collect, and frequently contain pathogenic bacteria.

They may press upon the tympanic membrane, and through intralabyrinthine pres-

sure may produce vertigo, or may lead to vomiting or convulsions. Interference

by the mass with air conduction may result in loss of hearing.
_

A diffuse infection of the meatus may be primary, but it is more apt to be a

secondary result of otitis media. In severe cases the pus may extend to the bone

separating the periosteum. It may then pass to the parotid region through the

anterior iDony wall, but it is more likely to do so through the fissures in the cartilag-

inous portion. Abscesses in the parotid region more frequendy extend by the same

route in the reverse direction.

The general direction of the canal is from without inward, downward, and

slighdy forward. The auricle and cartilaginous meatus are suspended from the

margin of the bony portion so that an angle is formed opening downward. For

a short distance from the external orifice the meatus inclines forward. In the remain-

ing cartilaginous portion it turns backward, while in the bony portion it is again

deflected forward. Therefore, to examine the tympanic membrane the cartilaginous

meatus must be drawn upward to correct the vertical curve, and backward to

straighten the antero-posterior curve.

The diameter of the canal is greater at the two extremities than in the centre.

The smallest diameter in the bony portion is at the inner third, where foreign bodies

most frequently lodge, which have been known to remain in the canal for years

without much discomfiture, or even, in some cases, without their presence being

known. Care is necessary in their removal lest the tympanic membrane be injured.

The anterior icall of the meatus is in relation with the temporo-maxillary articu-

lation, and its bony j^ortion has been fractured from blows upon the lower jaw. The
parotid gland is in relation with this wall as well as with the floor, so that tumors of

the gland may narrow or occlude the canal by pressure. Parotid abscesses opening

intothe canal are likely to pass through the deficiencies in the cartilage (fissures of

Santorini). Since the" lower jaw is in relation with the cartilaginous as well as with

the bony portion of the meatus, the former is drawn forward when the mouth is

opened. Hence the mouth is usually opened when one listens intendy.
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The posterior 7vall is separated from the mastoid process by the tympano-mas-
toid fissure. The auricular branch of the pneumogastric (Arnold's nerve; passes

through this fissure to the posterior wall of the canal. The coughing, sneezing, or

vomiting that sometimes follows irritation of the canal, as from cleaning the ear, or ex-

amining it with instruments, is said to be due to a reflex effect ui)on the pneumogastric

through this branch. The auriculo-temi)oral branch of the trigeminal nerve enters

into its supply, and may explain the earache in cancer of the tongue or disease of the

lower teeth. Between the posterior wall of the meatus and the mastoid cells is a

thin plate of bone one or two millimeters in thickness. The sigmoid portion of the

lateral sinus is usually about 12 mm. back of this wall, and the mastoid antrum
about 5 mm. posterior to its deeper portion.

The superior wall, which is from 4-5 mm. in thickness, often contains air-

cells between two plates of compact bone. Pus may burrow through it from the

canal to the interior of the cranium. At the posterior superior angle of the canal are

a number of small openings for blood-vessels and some connective tissue fibres,

through or along which pus may find its way from the mastoid antrum to the under
surface of the periosteum in the meatus.

THE MIDDLE EAR.

The middle ear includes three subdivisions : the tympanic cavity , the Eustachian

tzibe, and the mastoid cells.

It is an irregular air-chamber, beginning on the lateral wall of the naso-pharyn.x

with the Eustachian tube, which leads upward, backward and outward, for about

one inch and a half into the temporal bone. Opposite the external auditory canal,

it widens into the tympanic cavity and continues backward into the mastoid cells.

The Tympanic Cavity.

The tympanic cavity (cavum tympani), also called the tympanum, is an irregu-

lar space within the temporal bone, lying between the internal ear and the external

Fig. 1251.

Superior ligament

Head of malleus
Tendon of tensor tympani

Posterior semicircular canal"

Facial nerve

Vestibule

Internal andilorj- canal

Cochlea

Articular surface for incus

Epityrapanic space

Lateral ligament

Handle of malleus

External auditory canal

Tympanic membrane, cul

Probe in Eustachian tube

Promontory
i'ympanic cavity

Frontal section through right ear, viewed from behind. X 2^-

auditory canal. It is lined with mucous membrane and contains, in addition to the

air which enters by way of the Eustachian tube, the chain of ear ossicles. Its short-

est diameter, that between the middle of the tympanic membrane and the wall of the

labyrinth, is about 2 mm. The antero-posterior diameter is about 12 mm., whilst

the distance from the roof (tegmen tympani) to the floor, the supero-inferior diam-

eter, is about 1.5 mm.
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The cavity of the tympamiiu is siii>(li\i(ii.-(l into three parts: d) the atrium or

tympanic cavity proper; (2) the caviini rpilyiiipiniiiiini, the iijiper [)art of the space
which ovcrhes the atrium ; and (3) the antrum^ which leads into the mastoid cells.

Tiie atrium (hit;. 1251) resemliles in shape a short cylinder with concave
ends, the outer k:\\(\ beinj^ formed by the tympanic membrane and its bony margin,

whilst the iniu-r end is formed by the outer wall of the labyrinth.

The cavum epitympanicum or attic occupies the space between the atrium

and the roof and constitutes approximately f)ne-third (about 5 mm.) of the supero-

inferior diameter. It contains the head (jf the malleus anfl the body of the incus

(Fii;. 1252). It extends considerably over the external auditory canal and is

bounded laterally by a wed^e-shajjed portion of the temporal bone, called the scutum.

The antrum tympanicum is an irregularly pyramidal space communicating
with the upper back ])art of the tympanum by a triangular orifice. Its dimensions
vary, but its average length is about 12 mm., its height 8.5 mm., and its width 6.7

mm. It is larger in the infant than in the adult, and its lumen is frequently lessened

by bands of mucous membrane which stretch across it and thus encroach u[)on the

space. Its roof is formed by the tegmen tymj)aiii, sometimes called the le_c;vic7i

antri in this location. Its external wall is f(jrmed by the squamous portion of the

Fin. 1252.

Superior ligament of ituus
Pu[)erior lij;aineiit t)f malleus

Head of malleus

Cliorda tympani nerve

Tensor lyni

Processus cochleariform

pani

Eustachian tube

Epiiympanic space

—Incus

Orbicular process, for stapes

Handle of malleus

Tympanic membrane

Inner aspect of outer wall of right tympanic cavity, showing incus and malleus and tympanic
membrane in position. X zM.

temporal bone, and on its internal one is seen the outer wall of the horizontal semicir-
cular canal. The thin mucous membrane of the antrum is closely united with the
periosteum and possesses a layer of low nonciliated squamous e])ithelium.

The walls of the tympanic cavity present many irregularities and depres-
sions and the boundaries are not sharply defined. As the direction of the supero-
inferior axis of the cavity is not perpendicular but oblique, it follows that the outer
wall, composed of the tympanic membrane and its bony margin, is, accurately
speaking, the infero-lateral wall, whilst that formed by the labyrinth is the dorso-
mesial wall. For convenience of description, however, there may be recognized
with advantage an external and an internal, a superior and an inferior, and an
anterior and a posterior zealI.

The outer wall (paries membra nacea) of the tympanic ca\ity proper (the
atrium) is formed by the drum-head and the margin of bone into which it is inserted,

whilst the outer wall of the epitympanic space is formed by the scutum. In the infant

the bony external auditory canal consists of a ring of bone, the annulus tympani-
cus. This ring, incomplete at its upper anterior part at the notch of Rivinus,
possesses a well-marked groove, the sulcus tympanicus, for the reception of the
tympanic membrane. At the notch of Rixinus, the tympanic membrane is attached
to the bony margo tympanicus and the external lateral ligament of the malleus, and
is continuous with the skin lining the bony auditory canal.
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The Membrana Tympani.—The tympanic membrane or drum-head is a
delicate transparent disc, irregularly oval or ellipsoidal in outline and concave on its

outer surface. It is placed obliquely with the horizontal plane, forming an angle of

about 55°, opening outward. As the middle portion of the membrane is drawn in-

ward, the inclination of its several parts differs. The obliquity of the membrane
is about the same in the infant as in the adult. With the uj^per back wall of the

external auditory canal the drum-head forms a very obtuse angle, whilst with the

antero-inferior wall it encloses an angle of about 27°. The longest diameter of the

membrane is directed from above and behind, forward and downward, and measures
from 9.5-10 mm. ; the shortest is from 8.5—9 mm. The membrane is about . 10 mm.
thick, except at the peripher}', where it is thickened. Like the rest of the tympa-
num and the labyrinth, it is practically as large in the infant as in the adult.

The handle of the malleus is embedded in the tympanic membrane (Fig.

1252), and extends from a point near the middle, upward and forward toward the

peripher\-, to end at the short process. At its lower end, the handle of the

malleus is flattened laterally and broadened at the umbo, which corresponds to the

deepest part of the concavity of the membrane. The short process of the malleus

forms a conspicuous rounded projection at the antero-superior part of the drum-
head. Extending from the short process of the malleus to the anterior and
posterior ends of the tympanic ring are two straight stride. The part of the

drum-head included between these striae and the Rivinian notch is known as the

membrana flaccida (pars tlaccida) or Shrapnell's membrane. It is thinner

and less tense than the remaining larger part of the drum-head which is called the

membrana tensa (pars tensa).

The inner aspect of the drum-head presents two folds of mucous membrane which

stretch horizontallv backward and forward to the annulus and form an anterior and a

posterior inverted /^r/rA The anterior pocket contains in its wall, in addition to the

mucous membrane, the long process of the malleus, the chorda tympani nerve and
the inferior tympanic artery, the nerve continuing along the lower border of the

posterior fold.

The structure of the t>-mpanic membrane includes three main layers: (i) the middle

fibrous stratum, or membrana propria; (2) the external cutaneous layer, the prolongation of

the skin lining the external auditory canal ; and (3) the internal mucous membrane, a continua-

tion of the mucous membrane clothing other parts of the tympanic cavity.

The fibrous layer or membra?m propria represents the mesoblastic portion of the drum-head

and consists of an outer stratum of radially disposed fibres which diverge from the malleus

towards the peripherj- of the membrane, and an inner stratum of circular fibres, concentrically

arranged and best developed near the periphery of the membrane but absent at the umbo. The
radiating fibres, on the contrary, become more dense at the umbo, partly through accumulation

and pardy through splitting (Gerlach). Between the fibres of the two layers are seen connect-

ive tissue corpuscles which are spindle-shaped in longitudinal and stellate in cross-section.

The membrana propria is absent within the pars flaccida or Shrapnell's membrane. At the

periphery' of the membrana propria, the fibres, especially those of the radial stratum, are con-

nected with those of a ring of thick connective tissue, the annulus fibrosus which occupies the

sulcus tympanicus. The fibres of the annulus fibrosus run in various directions, but for the

most part converge toward the tympanic membrane proper ( Fig. 12531. Round cells are

found between these fibres.

The cutaneous layer consists of a thin epidermal stratum, composed of two or three rows

cf cells and a delicate sheet of connective tissue, but neither a definite corium nor papillae are

present. A thickened band of subepithelial connective tissue extends across Shrapnell's mem-
brane and along the handle of the malleus and contains the large vessels and nerves which pass

from the meatus to the membrana tympani.

The mucous membrane covering the inner surface of the drum-head consists of a scanty

layer of connective tissue, invested witli a sheet of large low nonciliated epithelial cells.

The vessels of the tympanic membrane include arteries which are arranged as an outer and

inner set, separated by the membrana propria. The former set is derived from the deep auricu-

lar branch of the internal maxillary artery ; the latter from the tympanic branch of the internal

maxillary and from the styio-mastoid branch of the posterior auricular. Each of these sets

forms a plexus of vessels with a large branch extending downward along tlie malleus handle,

and another around the periphery of the membrane, these two branches being connected by

numerous radiating twigs. Perforating vessels connect the two sets of arteries, especially along
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the malkus haiidK- ami at the periphery of tlie inemhraiie. The veins are most numerous at the

handle of the malleus and periphery of the membrane and communicate with those of the exter-

nal meatus and tympanic cavity.

Tlu- /»'////>//(///V.v are arrauj^ed similarly to the blood-vessels in two sets, one under the skin

anil lilt; t)ther under the mucous membrane. They communicate freely with each other and
probably empty partly into the- lymph-noiles situated over the mastoid |)rocess and in the

region of the tragus, and |)artly into the lymph-tracts of the Eustachian tube and thence event-

ually into the retropharyngeal and deep cervical nodes.

Im<;. 1253.
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The nerves supplying the tympanic membrane are derived chiefly from the auriculo-tem-

poral branch of the trigeminus, supplemented by twigs from the tympanic plexus and by the

auricular branch of the vagus. They accompany, for the most part, the blood-vessels and, in

addition to supplying the latter, form both a subcutaneous and a submucous plexus.

The inner wall (paries labyrinthica) of the tympanic cavity separates it from

the internal ear. It presents for examination a number of conspicuous features.

The promontory appears as a well-marked bulging of the inner wall near its

middle (Fig. 1254) and corresponds to the first turn of the cochlea. The branches

of the tympanic plexus are found in the mucous membrane covering it. At the

bottom of a niche, whose anterior border is formed by the lower posterior margin

of the promontory, lies the round window (fenestra cochlea). It is closed by

the secondary tympanic membrane (membrana tympani secundaria), which

separates the tympanic cavity from the scala tympani of the cochlea (Fig. 1259).

The membrane is attached in an obliquely placed groove, is slightly concave

toward the tympanum, and measures from 1.5-3 mm. in diameter. The oval

window (fenestra vestibuli) lies at the bottom of a depression, the fossula

vestibuli, in the upper back part of the inner wall, above the round window, and

leads into the vestibule. It is somewhat kidney-shaped, its upper border being

concave, its lower slighdy convex. In the recent state the oval window is closed

by the foot-plate of the stapes and the ligament which connects the ossicle with

the sides of the window (Fig. 1260). "The longest diameter of the latter is

about 3 mm. and its shortest" 1.5 mm. Abov- the oval window a well-marked
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ridge indicates the position of the facial canal or aqucdnctns Fallopii. This
ridge is bordered posteriorly and supcrit)rly by the elcxation which corresponds to

the wall of the liorizontal semicircular canal (prominentia canalis scmicircuiaris later-

alis). The sinus tympani, a well-marked tlepression, is l)ehind the pronioiilory,

between the niche of the round window and the p}'ramid, below and behind the

oval window. It is separated from the fossuke of the two windows by bony ridges.

It varies in depth from 2-5 mm , with a vertical diameter of from 2-6 mm.
The superior wall (paries tcj^nie 11talis) is formed by a plate of bone, the teg-

men tympani, which forms part of the upper and anterior surface of the petrous
portion of the temporal bone. Posteriorly it forms the roof of the antrum tympani-

cum, and anteriorly contributes the roof of the canal for the tensor tympani muscle
and of the adjoining part of the Eustachian tube. It varies in thickness and may be

defective to a large extent from atrophy or arrested development.

The inferior wall (paries jugularis), narrower than the superior, separates the

typanum from the jugular fossa. Its bony plate may be incomplete and may lie

considerably below the level of the membrana tympani.

The anterior wall (paries carotica) separates the tympanum from the carotid

artery and at times presents a fissure. At its upper part is the irregular trian-

gular opening of the Eustachian tube and above this opening lies the small canal for the
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oval window
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/ Tensor tympani

stapedius muscle
Round window
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Outer aspect of inner wall of right tympanic cavity ; =taues lies within oval window. X 2j^.

tensor tympani muscle. The canaliculus caroticus tympanicus perforates the anterior

wall just below the mouth of the Eustachian tube, and transmits the tympanic branch

of the internal carotid artery and carotico-tympanic nerves.

The posterior -wall (paries mastoidea) of the tympanum at its upper part is

occupied by the antrum tympanicum, which leads into numerous irregular cavities,

the mastoid cells. At the lower border of the antrum is a saddle-shaped notch, the

fossa incudis, which lodges the short process of the incus. Extending forward

from the posterior wall, on a level with the lower border of the oval window, projects

the small bony elevation, the pyramid (erainentia pyramidalis), which encloses the

stapedius muscle (Fig. 1254). Its apex is pierced by a small round opening for

the exit of the stapedius tendon. The canal within this eminence communicates

posteriorly with the facial canal. On a level with the eminentia pyramidalis, close

to the posterior margin of the drum-membrane, lies the apcrtura tympanica canaliculi

chordae tympani, the opening through which the chorda tympani nerve enters the

middle ear.

THE CONTEXTS OF THE TYMPANUM.

The Auditory Ossicles.—Three small bones (ossicula auditus) form a chain

extending across the upper part of the tympanum from the tympanic membrane to

the labyrinth. The outermost of these, the malleus (hammer), is attached to the

tympanic membrane ; the innermost, the stapes (stirrup), is fixed in the o\'al window,

and between these two bones and connected with both of them, lies the third link in

the chain, the incus (anvil).
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The malleus (lianimcr) is ahoiil .s miu. loii^ ami consists of a head, a neck and three

processes. Tlie /ifaii is the up|KT i hil)-sliaped portion, lyin;; in the epitympanic space ; the

constricted portion jnst below the head is the nccfc, and below this is a prominence t<j which
the three processes are attached The |)osterior surface of the head bears, for the articulation

with the incus, an ohlonjj depressed surface with |)roniiiunt margins e.xtendinjj in a spiral

manner downwar^l and inward to the neck. This articular surface consists (»f two principal

facets separated by an obliijue ridjjL-, the upper facet lookinji; backward, the lower, inward.

The a.xis of the head forms with that of the handle an anj^le of about 140°, openinj^ upward
and inwaril.

Kic. 1255.
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The manubrium (handle), a tapering process extending downward, backward and inward,

is embedded in the substance of the tympanic membrane (Fig. 1258). Near the upper part

of the inner anterior surface of the handle is sometimes found a slight projection for the

insertion of the tensor tympani muscle. The lower end of the manubrium is spatula shaped,

flattened transversely. The long process is directed toward the Glaserian fissure, whilst the

short process looks toward the e.xlernal meatus.

'YX-xii processus brcins (short process) is a small conical elevation situated at the upper end

of the handle, below the neck of the malleus. Like the handle it is attached to the tympanic

membrane and covered by a layer of cartilage, notably on its e.xternal surface.

The processus g-racilis (long process) arises from the anterior angle of the internal surface

of the neck, close to the base of the short process, and e.xtends downward and forward to the

Glaserian fissure. It is well developed in the fcetus and in young children, but is often rudi-

mentary in the adult.

Fig. 1256.
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The incus (anvil) resembles a molar tooth with two widely separated fangs, rather than an

anvil. It consists of a body, a long process and a short process. The bocfy of the incus has

two main facets on its anterior and antero-external surfaces, which correspond to those on the

head of the malleus and articulate with them. The processus brevis (short process) is conical

in shape, flattened laterally and projects nearly horizontally backward to a depression in the

posterior wall of the tympanum at the entrance of the antrum, where its apex is attached. The
processus lotigus (long process) runs downward and backward, behind and nearly parallel with

the handle of the malleus, and forms nearly a right angle with the short process. At its lower

end it is bent sharply inward and constricted into a neck, which terminates in a rounded
tubercle, the processus orbicularis, that articulates with the head of the stapes. In the fcetus

this process is separated from the rest of the long process.
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The stapes (stirrup), as its name implies, is stirrup-shaped and consists of a head, neck,

two crura and a base or foot-plate. The external surface of the small rounded head is hollowed
out for articulation with the orbicular process of the incus. Just below this is the constricted

neck, from which the two crura diverge to become attached to the foot-plate near its lower

Fig. 1257.
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margin. The anterior crus is shorter and straighter than the posterior, both being slightly

curved. The foot-plate consists of a lamina of bone and corresponds to the bean-shape of the

oval window, into which it nearly fits. The upper edge of the foot-plate is convex ; its lower
edge is almost straight, being slightly hollowed out near its middle.

Articulations of the Ossicles.—In the malleo-incudal joint, both articular surfaces are

covered with a thin layer of hyaline cartilage. The fairly well-developed capsular ligament,

reinforced mesially, is fastened to the depressed margins of the articular surfaces. A wedge-
shaped meniscus of fibro-cartilage projects from the upper wall of the capsule between the sur-

faces of hyaline cartilage. "When the
Fig. 1258.
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ered with a layer of hyaline cartilage.

The cartilage of the foot-plate and that

of the window are connected by a liga-

ment of elastic fibres, forming a syn-

chondrosis.

In addition to the ligaments con-

cerned in the foregoing articulations,

four bands attach the ossicles to the tym-

panic walls and prevent their excessive

Frontal section passing through malleus and tympanic membrane, movement; of these, three COnnect the
X 8. Drawn from preparation made by Dr. Ralph Butler. malleUS and one the incus

1. The superior ligament of the malleus extends from the tegmen tympani to the head of

the malleus. (Figs. 1252 and 1258.

)

2. The anterior ligament of the malleus is a strong, broad, fibrous band arising from the

anterior part of the head and neck of the malleus. Some of its fibres are attached to the ante-

rior end of the annulus tympanicus (spina tympanica major) and other fibres pass through the

Glaserian fissure to become attached to the spine of the sphenoid. These fibres correspond to the

remains of the embryonic process of Meckel of the malleus and envelop the processus gracilis."

Sup. ligament
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External ligament
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3. The latenil ligament of the malleus is sonicuiiat faii-sliaped and extends between the
roiijjlieiied neck of the malkusaiul the external wall of the tyinpamini aJjove the Rivinian notch.

The ])osterior ril)res of this Uj^ament are called the posterior ligament of the malleus ( Helmholtz),
and, toj^ether with the fibres of the anterior lij^anient lyin^^ in the same plane, form the "axis-
lij^ament oi the malleus," since the axis on w liicli the malleus turns passes throuj^h the attach-

ment of these two fibrous structures.

.|. Tile posterior ligament of the incus extends from the apex of the short process of the
incus to the tympanic wall at the lower part of the mouth of the antrum. It is fan-shaped, the

incudal attachment beinj;: less extensive than that of the tympanic. The superior lif^ament

of the incus is variable and consists chiefly of a fold of mucous membrane.

The Intratympanic Muscles.—The muscles within the tympanum connected with thS

ossicles (miisctili (tssiculorum aiuliiiis) are : (i) the tensor /ynifiani mmX (2) the stapedius.

The tensor tympani is a diminutive spindle-shaped nuiscle, about 1.25 cm. lon;^, lyinjj in the

bony canal directly above the osseous jxirt of the Eustachian tube, from which it is partly

Fig. 1259.
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-
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— Tympanic cavity

Vertical section through human middle and internal ear. X 5!^. Drawn from preparation made by Dr. Ralph Butler.

separated by the bony scroll, the processus cochleariformis. The posterior fibres arise from

the top of the cartilage of the Eustachian tube and the adjoining part of the great wing of the

sphenoid. Some of the fibres are connected with the tensor palati muscle and others arise

from the wall of the canal which the muscle occupies. The fibres converge in a feather-like

manner to the tendon, which begins within the muscle about the middle of the canal, and, pass-

ing through the tympanic opening of the canal, turns at nearly a right angle over the end or

rostnon of the processus cochleariformis to be inserted into the anterior part of the inner

margin of the malleus-handle just below the short process.. The tendon is almost per-

pendicular to the plane of the tympanic membrane, is oblique to the long axis of the manu-

brium and is enveloped, along with the muscle-belly, in a fibrous sheath. The tensor tympani

and tensor palati muscles receive their ner\-e supply from the same source, namely, the trigem-

inus, through the otic ganglion.

The stapedius muscle lies within the triangular canal of the eminentia pyramidalis. arising

from its floor and sides. Its fibres converge to the tendon, which, passing through the opening

at the apex of the canal, extends forward, slightly upward, and outward, to be inserted into the

lower posterior part of the head of the stapes. Some of the fibres of the tendon also pass to the
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orbicular jirocess and the capsular li.fjament. The tendon is frequently enveloped in a fold of

mucous membrane. A branch of the facial nerve passes through a small orifice between the

Fallopian canal and the canal for the stapedius to supply this muscle.

Movements of the Ossicles.—When thetymi)anic membrane and malleus-handle are moved
inward, the long process of the incus is also moved inward and pushes the head of the stapes

inward, and slightly upward. This causes pressure upon the liquid within the labyrinth, and,

since the bony walls of the labyrinth are inelastic, the membrane of the round window is bulged

outward. As the tymixmic membrane regains its normal position, these movements are re-

versed. When on the other hand the tympanic membrane is moved outward, the movement of

the long process of the incus is very slight because of the unlocking of the malleo-incudal articu-

lation. Contraction of the tensor tympani muscle draws the centre of the tympanic membrane

inward and in this way increases the tension of the membrane and of the posterior part of

the axial ligament of the malleus, especially of its external jwrtion. Contraction of the stapedius

muscle pulls the head of the stapes backward, thus tilting the anterior end of the foot-plat^ out-

ward, the posterior end acting as a fulcrum.

The Mucous Membrane of the Tympanum.—The tympanic cavity is

lined by a thin transparent mucous membrane, closely adherent to the periosteum

and continuous with that of the Eustachian tube and naso-pharynx anteriorly, and

Fig. 1260,
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with that of the mastoid cells posteriorly. It covers the ossicles and their ligaments,

the muscles, the tendons and the chorda tympani nerve, and forms a number of folds

extending across the cavity. These folds vary in location, direction and number,
and form pouches within the tympanum.

The attic is divided into an external and an internal compartment by the incus,

the head of the malleus, the superior lioament of the malleus and the superior malleo-

incudal fold of mucous membrane. The external compartment is bounded on the

outer side by the external tympanic wall, and is itself subdivided into a superior and
an inferior space by the external ligament of the malleus. The inferior division is

called Prussak's space and is bounded externally by Shrapnell's membrane, inter-

nally by the neck of the malleus, inferiorly by the short process of the hammer, and

superiorly by the external ligament of the malleus (Fig. 1258). A nimiber of
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inconstant folds of mucous nu-mbnuK- extend from the wall of the tympanum to

the malleus and the incus. The most constant of these is the fjuter malleo-incudal
plica, which stretches backward to the i:)osterior lij^ament of the incus. Additional
folds frec|uently extend between the crura of the stapes and frf)m these to the wall

of the tympanum.
The epithelium of the tympanic mucosa varies in different parts of the cavity.

Over the promontory, the ossicles and the tympanic membrane, it consists of a single

layer of low cuboidal nonciliarc-<l cells, whilst over the other parts the cells are ciliated

columnar in type. Small tubular ^dands occur within tiie lining of the anterior part

of the cavity. The sube[)ithelial connective tissue, which supports the vessels and
nerves, comprises two layers, the outer forming the periosteum of the bony wall.

The secondary tympanic membrane closing the fenestra cochlea;, bulges
somewhat toward the ctjchlea and is attaclied to the bony crest or ridge of the win-
dow by its widened rim. It consists of three layers, of which the middle one is a
distinct fibrous lamina propria, which is co\ered on the l\'inijanic surface by mucous
membrane, and on the other side by an extension of the lining of the perilymphatic

space. The lamina propria is composed of radially disposed bundles of fibrous

tissue. The outer mucous stratum is formed of a thin fibrous tunica propria,

invested by a single layer of flattened nonciliated epithelial cells, similar to those

covering the neighboring promontory. The innermost stratum of the membrane
includes a thin layer of subendothelial fibrous tissue, over which stretches a layer of

endothelial plates.

Vessels and Nerves of the Tympanum.—The arteries supplying the

tympanic cavity are from five sources.

1. The stylo-mastoid branch of the posterior auricular artery passes through the

stylo-mastoid foramen and the Fallopian aqueduct, and sends a branch to the sta-

pedius muscle and three branches to the posterior part of the tympanic cavity. One
of these passes to the floor, one through the canal for the chorda tympani nerve, and
one to the posterior part of the oval window.

2. The tympanic branch of the internal maxillary artery enters the tympanic
cavity through the Glaserian fissure and supplies the anterior part of the cavity,

including the anterior ligament of the malleus, the processus gracilis and the tympanic
membrane.

3. The middle meningeal branch of the internal maxillary artery sends a branch
through the hiatus Fallopii to anastomose with the stylo-mastoid artery, a branch
through the canaliculus tympanicus to the promontory, and a branch to the tensor

tympani muscle.

4. The ascending pharyngeal sends branches to the floor and the promontory,
one of them accompanying Jacobson's nerve.

5. The internal carotid artery in its passage through the carotid canal gives off

branches to the anterior wall of the tympanic cavity.

The veins follow, in a general way, the course of the arteries. They are tribu-

tary to the middle meningeal, the pharyngeal plexus and the jugulars.

The lymphatics arise from a net- work within the mucous membrane and end
chiefly in the retropharyngeal and the parotid nodes.

The nerves supplying the mucous membrane of the tympanum are branches
from the tympanic plexus formed by the tympanic branch of the glosso-pharyngeal

nerve, in conjunction with sympathetic filaments from the net-work accompanying the

carotid artery. The tensor tympani muscle receives its supply from the trigeminus;

the stapedius muscle from the facial. Although the chorda tympani nerve has an
intimate topographical relation to the space, which it traverses close to the outer

wall, it gives no filaments to the structures within the tympanum.

The Eustachian Tube.

The Eustachian tube Ctuba auditiva) is a canal, partly bony and partly cartilagi-

nous, extending from the lateral wall of the naso-pharynx backward, upward and out-

ward to the anterior part of the tympanum. In the adult it measures about 37 mm.
("i^ in. J in length, of which approximately the upper third (tympanic portion)
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belongs to the bony division, whilst the remainder is contributed by the cartihiginous

division of the tube. With the sagittal i)lane it forms an angle of 45°, and with the

horizontal plane one of about 33°. With the long axis of the external auditory
canal it forms an angle of from 135°- 145°, opening outward. The cartilaginous and
bony divisions of the tube do not lie exactly in the same plane, but join at a very
obtuse angle opening outward. The tube has somewhat the shape of an hour glass,

being wider at the ends and narrowed at the junction of the cartilaginous and bony
portions into the isthmus, where its height is about 3 mm. and its breadth about half

as much.
The osseous or tympanic portion (pars ossea) about 12 mm. long, is bounded

above by the tegmen tympani and the canal for the tensor tympani muscle, from
which it is incompletely separated by the processus cochleariformis. Below and
internal to it lies the canal for the carotid artery. Its lumen is irregularly triangular

in cross-section.

Fig. 1261.
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The cartilaginous or pharyngeal portion (pars cartilaginea) is about 25
mm. (i in.) in length and attached to the rough oblique margin of the anterior

end of the osseous portion of the tube.

Its posterior wall is formed by a plate of cartilage ('cartilago tubae auditivae), the
upper margin of which is curled outward upon itself to form a gutter, which appears
on transverse section as a hook, whose inner and outer plates are known as the
mesial and lateral lamina respectively. The interval between the margins of this

cartilaginous groove presents outward and forward and is filled up with a strong
fibrous membrane, thus completing the canal. Therefore j)art of the anterior wall

and the posterior superior wall of the tube are formed by this cartilage and the rest

of the anterior wall and all of the inferior by fibrous tissue. The cartilage is attached
to the base of the skull and frequently is deficient in places, sometimes being
divided into several pieces. At birth the cartilage is entirely of the hyaline variety,

but later this is more or less extensively replaced, particulary in the pharyngeal
division, by fibrocartilage, except in the upper part where the hyaline cartilage
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persists. It is this cartilage, covered by the cushion of mucous membrane, that
confers the cliaracterislic Ciothie arch contour to the lower openinj^, the osteum
pharyngeum, of the tube.

The Mucous Membrane of the Eustachian Tube.—The Eustachian
tube is lined throutjhout its lenjLjth with mucous membr?ine, which differs some-
what in the cartilaginous and osseous porti(jns. That in the former resembles the
mucous membrane of the naso-pharynx, with which it is directly continuous, whilst
that of the osseous dixision resembles, to some extent, the mucous membrane of the
tympanic ca\'ity. The epithelium of both divisions consists of the ciliated stratified

columnar type, with some goblet cells, but the cells in the pharyngeal division,

especially in the lower part, are taller than those of the tympanic portion, which are
low cuboidal.

In the tympanic portion the mucous membrane is closely united with the perios-
teum and contains very few mucous glands and little or no adenoid tissue. In the
cartilaginous division, on the contrary, the epithelium overlies a layer of adenoid

Fig. 1262.
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tissue, often called the tubal tonsil. This tissue is especially abundant in children,

and beneath it are found numerous mucous glands which open on the free surface of

the tube. These glands extend nearly to the perichondrium and sometimes can be
traced even through the fissures in the cartilage into the surrounding connective tissue.

A considerable amount of adipose tissue often occupies the submucosa of the lower
and lateral walls. The submucous layer is well developed in the cartilaginous

division of the tube, particularly in the outer membranous wall. It consists of

loosely arranged fibro-elastic tissue, which supports the mucous glands and the
larger vessels and nerves.

The muscles of the Eustachian tube are the levator and the tensor palati, the
contractions of which not only affect the palate, but also produce changes in the
position of the floor and in the lumen of the tube. These muscles are described in

connection with the palate fpage 1570), suffice it here to note their close relations to

the Eustachian tube, beneath and to the inner side of which the levator lies, and to the

outer side of which the tensor extends. By reason of the intimate attachment which
both muscles have to the cartilage of the tube, since both take partial origin from this

structure, contraction of their fibres tend to draw apart the walls of the canal and they
thus serve as dilators. Such action is particularly true of the tensor palati, many of
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whose fibres are inserted into iibrous tissue completing' the lateral wall of the tube
(Fig. 1262), this part of the muscle being designated the dilator tiihcc. In addition

to opening the tube, the levator palati elevates its floor.

The blood-vessels of the Eustachian tube include the arteries, which arise from
the ascending pharyngear and from the middle meningeal and the Vidian branches of

the internal maxillary; and the vcins^ which communicate with those of the tym-
panum and of the pharynx and also form a plexus connecting with the cavernous

sinus.

The nerves are supplied from the tympanic plexus and from the jiharyngeal

branches from the spheno-palatine ganglion.

The Mastoid Cells.

The antrum tympanicum communicates posteriorly with a variable number ol

irregular pneumatic cavities, the mastoid cells (cdhilae mastoidcae), so called because

the majority of these spaces occupy the mastoid process. Unlike the antrum, these

cells are not developed at birth. As the mastoid process develops, the original

diploetic structure is usually more or less replaced by larger cavities forming the

pneumatic type. In a study of one thousand bones, Randall found that scarcely two
per cent, of mastoids could be classed as diploetic, and only some ten per cent, as

combining a notable amount of diploe with pneumatic spaces ; further, that no mastoid

is absolutely pneumatic, although some senile bones show a single thin-walled cell

occupying the greater part of the process. The pneumatic cells of this region may
extend to the sigmoid portion of the lateral sinus ; into the occipital bone ; into the

squamous portion of the temporal bone and above the external auditory canal ; into

the root of the zygomatic process ; into the floor of the Eustachian tube close to the

carotid canal, and occasionally as far as the apex of the petrous portion of temporal

bone. These spaces are lined by a very thin mucous membrane, which is continu-

ous with that of the antrum and of the tympanic cavity. It is closely united with

the periosteum and possesses a layer of low nonciliated squamous epithelium.

The blood-vessels supplying the mastoid cells are the arteries derived from

the stylo-mastoid and the middle meningeal, and the veiiis, which communicate with

those of the tympanum and the external wall of the mastoid process. Some of the

veins are tributary to the mastoid emissary and the lateral sinus, whilst others pass

beneath the superior simicircular canal through the cranial wall to join the dural veins.

The nerves are the mastoid ramifications of the tympanic plexus.

Practical Considerations : The Tympanum.—This cavity is continuous

anteriorly with the nasopharynx by way of the P2ustachian tube, and posteriorly

with the mastoid antrum and air cells by way of the attic, so that infection, which

is very common in the pharynx, may extend throughout this whole tract. The
tympanic cavity extends above the limits of the membrane about 5-6 mm. as the

attic, and about 2-3 mm. below as the "cellar" or hyf)Otymi)anic recess. Secre-

tions on the floor, therefore, may not be seen through the membrane. The defective

drainage which results from the lower level of the floor of the tympanum, as com-
pared with that of the external meatus, is one of the causes of the frequency of

chronic otitis media with purulent discharge, even after the early evacuation of

the products of inflammation in the acute stage.

On the internal wall the facial 7ierve passes in a curve over the vestibule in the

angle between the roof and inner wall of the tympanum, then downward in the

slightly projecting Fallopian canal with a concave turn above and behind the oval

window, continuing its course downward at the junction of the posterior and inner

wall to emerge below from the skuH at the stylo-mastoid foramen. This canal

offers considerable resistance to caries in its immediate neighborhood, although the

disease not infrequently communicates itself to the nerve. Such involvement of

the nerve is often the prodromal symptom of a fatal cerebral affection (Politzer).

At birth this portion of the Fallopian canal is very thin and translucent, and is

deficient as it arches over the oval window, so that involvement of the nerve is

much more common in children than in adults.
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Roofiny; in the antrum and the passaj^c Icadint; into it from the attic is a thin

layer of hone (tej^nu-n antri), which is j)articularly thin over the antrum and
separates these spaces from the middle fossa of the skull. Not infrequently there

are membranous defects in the tey^mcn, up(jn which the dura rests (Macevven).
Pus frequently passes throuj^h this bony i)late, or its deficiencies, to the temporo-
sjihenoidal reunion of the brain, which is the most frequent seat of brain abscess.

Fractures of the base of the skull in the middle fossa may pass through the

tegmen, rupturing the adherent dura, and ])ermitting cerebro-spinal fluifl to ]>ass into

the tympanum. If there is coincident rupture of the tympanic membrane, the fluid

will likely a])p(.-ar at the external auditory meatus, or if the membrane remains intact,

•the tluitl may jiass to the i)haryn.\ through the Eustachian tube.

Often the hearing in chronic plastic otitis media is better during a great noise

than when the surroundings are more quiet, because the stiffened ossicles transmit

additional ordinary sounds more readily after they have been loosened by the more
violent vibrations; or it may be because the auditory nerve, owing to the greater

irritation, becomes more sensitive (Urbantschitsch).

The various relationships of the tympanum as involved in infectious disease

should be understood from the standpoint of etiology and from that of sequehe or

complications.

Infection may reach the tympanum from (a) the naso-pharynx through the

Eustachian tube (scarlatina, diphtheria, pharyngitis, tonsillitis, rhinitis); or (d) the

mastoid antrum and cells posteriorly.' It may extend from the tympanum (a)

upward, by perforation of the tegmen, often deficient at places, leading to external

pachymeningitis, or to subdural abscess ; the dura, arachnoid, and pia mater at

this level are fused, so that when the dura is ulcerated through, a diffuse meningeal
infection does not ensue, but the process tends rather to spread into the brain along
the perivascular lymphatic sheaths of the pial vessels, resulting in an abscess in

the temj)oral lobe (Taylor); (d) to the internal jugular vein through venules that

penetrate the fundus tympani to empty into the jugular bulb, and thence to the

lateral sinus
;

(c) to the superior petrosal sinus and the dura mater of the middle
fossa of the skull by the structures (veins and areolar tissue) passing through the

petro-squamous suture
;
(d) to the facial canal either through congenital defects in

its walls, or through carious openings, or along the course of the stylo-mastoid

artery ; facial paralysis may follow, or infection may travel along the internal auditory

meatus and give rise to a diffuse leptomeningitis in the cerebellar fossa (Taylor);

(e) to the labyrinth by way of the fenestra ovalis, or through the membrana
tympani secondaria, which cioses the fenestra rotunda opening into the scala

tympani
;
permanent deafness may result from destruction of the labyrinth, and the

infection may pass along the cochlear branch of the auditory nerve and the nerve
itself to the cerebellar fossa

; (_/) to the ossicles causing caries and deafness
; (g-)

to the mastoid antrum {q.v.).

The Tympanic Membrane.—The tympanic membrane is oblique in its

lateral as well as in its vertical direction, so that the inferior wall of the auditory

canal is longer than the superior, and the anterior wall longer than the posterior.

The firm attachment of the handle of the malleus to the membrane causes it to

assume the shape of a hollow cone with its convexity pointing internally. The
innermost point of the cone is at the lower end of the handle of the malleus and
is called the umbo. The distance between it and the promontory on the internal

wall of the tympanic cavity is only about 2 mm.
Retention of the products of inflammation within the tympanum may decrease

the inward bulging of the membrane or even cause it to protrude outward. When
the Eustachian tube is obstructed, the air then confined within the middle ear, may
become partly absorbed, allowing the external atmospheric pressure to increase the

inward bulging, and to press the base of the stapes more firmly into the fenestra

ovalis, giving rise to a ringing in the ears.

If an imaginary line in the axis of the handle of the malleus is continued to the

lower margin of the membrane, and a second at right angles to this is carried through
the wnbo^ the membrane will be divided by the vertical line into a lesser anterior and
a greater posterior portion, and by the horizontal line into a greater upper and a lesser

95
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Fig. 126^^.

lower portion, the umbo being slightly below the middle of the membrane. By the

two lines the membrane is divided into unequal quadrants. This arrangement into

quadrants is a very important one since the pathological appearances occurring in

each differ greatly.

The anfero-siipcno?-qni\drant corresponds to the tympanic opening of the tube, the

canal for the tensor tympani muscle, and the anterior pouch of the drum-head. The
antero-infcrior quadrant corresponds to the carotid canal. T\\(t postcro-siipcnor quad-

rant contains the long process of the incus, the stapes, and the articulations of these

bones, the oval window, the pyramid, and stapedius muscle, the posterior pouch of

the drum-head, the chorda tympani, and the posterior fold (pathologic). T\\i^ postero-

infcrior quadrant contains the round window, the tympanic cells in the floor of the

tympanic cavity and the bulb of the jugular vein. The flaccid portion or Shrapnell's

membrane corresponds to the neck of the malleus and Prussak's space (Briihl-Politzer).

The bulb of the jugular vein may be larger than usual in which case it may
encroach upon the posterior half of the membrane. Moreover, it may have an

imperfect bony covering when it will be in danger during paracentesis tympani,

the place of election of which is in this portion of the membrane. For the same

reason, pus in the middle ear may more readily encroach upon the vein. The
posterior inferior quadrant is

selected for openings to evac-

uate effusions in the tympanum,
because it is less sensitive and
vascular than the rest of the

membrane and corresponds to

less important structures. The
opening also gives better drain-

age than through any other

portion. It should be borne

in mind that the floor of the

tympanum is 2-3 mm. below
the inferior margin of the drum
head, so that in the upright

position perfect drainage can-

not be obtained. The tym-
panic membrane has an internal

mucous lining, an external
cutaneous and an intervening

fibrous layer. It, therefore, has

little elasticity, so that, while

small openings often heal rap-

permanent opening, however,
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does not of necessity produce deafness.

With an aural speculum and good light, one may locate the \arious structures

as follows : Above and in front is seen the short process of the malleus as an appar-

ently prominent point. From this point two streaks pass to the periphery, showing

the division between the tense portion of the membrane and its flaccid portion

(Shrapnell's membrane), seen only in a roomy meatus. Extending backward and

downward from this point is seen a whitish streak ending at the umbo. This is the

long process or handle of the malleus. Directed downward and forward from the

umbo is an area of light with its apex at the umbo and its base near the periphery of

the membrane. It is triangular in shape and is due to the funnel shape of the

membrane and the resuldng light-reflex. Above and in front of the short process of

the malleus is the membrane of Shrapnell. Through the grayish translucent tym-

panic membrane the contents of the tympanum may sometimes be seen, changing

apparently the color of the membrane. Its conical shape has been proven by trial

and mathematically to be the most favorable lOr the reception of sound waves. The
vibrations are transmitted through the ossicles to the labyrinth by way of the oval

window. The malleus rests in the membrane, the stapes occupies the oval window
and the incus lies between and articulates with the two.
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The Eustachian Tube.— Ihc sui)cri()r orifice of the Eustachian tube is in

che upper part of the anterior wall of the tynipaiumi, and is therefore, not well

adapted for drainaj^^e of that cavity. The tube is directed downward, forward, and

inward to tiu; side of the naso-pharynx, where it is on a level with the posterior end

of the inferior turbinate bone. In children it is wider, shorter, and more horizontal,

so that in infi-ction of the middle ear drainag^e in them is better, but, for the same

anatomical reasons, olilis media is more likely to follow pharynji^eal and tonsillar

infections. Tin- pharyngeal orifice is bounded above and at the inner side by the

prominent cartilai^inous arch which encloses a funnel-shaped openinj^. The mvicous

membrane over this projection is thickened by a cushion of adenoid tissue, hyper-

trophy of which is frequendy associated with pharynj^eal adenoids and enlarjj;ed

tonsils, and may occlude the tube, ultimately causinj,^ deafness. The upper border

of the pharyngeal openinj^ of the tube is a half inch above the soft palate, and the

same distance below the basilar process, below the hinder end of the inferior turbi-

nate bone and in front of the posterior pharyngeal wall (Tillaux). Immediately

behind this orifice is the well-marked depression called Rosenmiiller's fossa, the

depth of wiiich is increased in cases of enlargement of the pharyngeal tonsil and

which may then lead to difficulty in the passage of a catheter into the Eustachian

tube. It may also, when recognized, serve as a useful guide to the orifice of the

tube. Injury to the orifice of the tube during operations in the naso-pharynx,

or at the posterior ends of the turbinates, may lead to cicatricial contraction and

occlusion, thus causing defective hearing. Ulcerations in the naso-pharynx may
produce a like effect. The length of the tube. is about 37 mm. (1% in.) and its

pharyngeal opening is about 25 mm. (i in.) lower than the tympanic. Its upper

third (12 mm.) is bony, and its lower two- thirds (25 mm. j cartilaginous. The
narrowest part, the isthmus, is at the junction of these two portions. The lumen

of the cartilaginous portion forms a somewhat S-shaped slit, the w^alls being in

actual contact, except during the act of swallowing, when the slit opens so that

air may reach the tympanum and equalize the atmospheric pressure on the two

sides of the tympanic membrane. In the bony portion, though the lumen is

smaller, it is open. In cases of obstruction of the tube at its pharyngeal end

—

as by pressure from a growth, or from a thickened mucosa—the outside pres-

sure predominates, the tympanic membrane is pushed inward, and buzzing^ or
'

' singing in the ears
'

' results. Whenever the palate is raised or deglutition

takes place, the tensor palati and levator palati contract, and in so doing

open the Eustachian tube by traction on the fibrous tissue which unites the outer

borders of the fibro-cartilaginous scroll of which the tube is composed. Concussion

of the tympanic membrane from loud reports, as from the firing of great guns,

is minimized by breathing with the mouth open, thus elevating the soft palate,

opening the Eustachian tube, and equaUzing the pressure on the two sides of the

membrane.
Inftatio7i of the tympanum is accomplished through the Eustachian tube, and is

employed for diagnostic, prognostic, and therapeutic purposes. Several methods

are in use. Valsalva's consists of a vigorous expiratory effort while the nose and

mouth are kept closed. Politzer inflates the tympanum through one nostril by a

vigorous compression of a rubber air-bag, while the patient is in the act of swallow-

ing. The opposite nostril and mouth are closed. The most satisfactory method in

difficult cases is by means of the Eustachian catheter. The instrument is passed tip

downward along the floor of the nose until it drops into the post-nasal si:)ace and

the posterior wall of the pharynx is reached. The tip is then turned gently outward

and withdrawn about i cm. w^hen the slight resistance of the cartilaginous rim is

felt. After gliding forward over this prominence, it will -engage in the orifice of the

tube. The ring at the proximal end of the catheter—which is in the plane of the

the curve of the beak and thus shows the position of the latter— is then directed

toward the external meatus of the same side (Bonnafont ). The catheter may be

withdrawn, and the tip at the same time be turned to the opposite side from the

one to be catheterized, so that the beak of the instrument catches on the edge of

the vomer. It is then turned upward through 180°, and thus enters the tubal

opening (Frank, Lowenberg).
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Foreign bodies may lodg-e in lln- tulx- duriiit;' \()initin!L;', or a broken piece of the

bougie may be left in. They will usually escajK' tlurini;- vomitini,^ or hawkinj^^ or

they may be removed by an instrument if visible.

If the tube is normal, a bougie i^ mm. in diameter will easily pass the isthmus,

the narrowest part. Strictures may be dilated or applications made by bougies.

Narrowing of the lumen may occur near the isthmus from chronic inflammation or,

at the pharyngeal orifice, from the pressure of pharyngeal adenoids, tumors, or polypi.

Mastoid Process and Cells.—The mastpid process which is formed by the

posterior extremity of the petrous bone, is relatively small at birth and contains no
air cells except the antrum. The antrum is almost constant, although its size varies.

In the infant it will hold a small pea, while in the adult its average length is from 12-

15 mm. (one-half inch or slightly more), its height 8-10 mm., and its width about

7 mm. (Briihl). It is the means of communication between the tympanum and the

mastoid cells, so that infection finds an easy passage from the former to the latter.

Its distance from the external surface of the mastoid process will depend upon the

size of its cavity. This is usually from 12-14 mm. Anteriorly the antrum opens

into the attic portion of the tympanum, and is in almost a direct line through that

cavity with the Eustachian tube. A probe passed up the tube from the pharynx
would pass through the attic into the antrum and would strike the joint between the

incus and the stapes. The axis of the external canal would strike the line at an angle

of alwut thirty degrees.

The floor of the antrum is below the level of the entrance into the attic, so that

pus in the antrum tends rather to enter the mastoid cells. Sometimes nearly all the

mastoid cells are pneumatic ; more frequently they are diploetic at the tip of the

mastoid process, and pneumatic above (page 184). Pus in the air spaces may
reach the diploetic region by breaking down the thin intervening septa. Those
cases in which there are no mastoid spaces are probably sclerotic from pathological

causes. Thus a chronic inflammation of the mastoid may give rise to new bone

formation, filling the diploe and causing eburnation. This would tend to prevent

the outward progress of pus and would favor its extension toward the interior of

the cranium.

The suprameatal spine is about ia-12 mm. above the floor of the antrum,

which corresponds to a point about half way up the posterior wall of the bony meatus,

and lies about 5 mm. posterior to the inner end. Thus bulging of the posterior wall

of the meatus may result from disease in the antrum. The squamo-mastoid suture is

frequently seen on the surface of the mastoid process in children, and may give pas-

sage to pus from the antrum to the surface. Through deficiencies in the mastoid

process near its tip pus may find its way into the sheath of the sterno-cleido-mastoid

muscle, or along the large blood-vessels into the neck.

The bony wall between the antrum and posterior fossa of the skull is thin and

cancellous, and may show deficiencies through which pus may reach the posterior

fossa. In the fossa on the posterior surface of the mastoid process is the groove

for the sigmoid sinus, which is frequently infected from disease of the antrum. Such

infection may extend from the antrum to the posterior or cerebellar fossa of the skull,

causing meningitis, septic thrombus of the lateral sinus, or a subdural or cerebellar

abscess.

The possible lines of extension of mastoid inflammation may be summarized as

follows (after Taylor) : (i) Upzvard, from absorption of the thin tegmen antri, or

through the veins passing up through foramina in the tegmen (causing external

pachymeningitis in the floor of the middle cranial fossa), or through the remains of

the petro-squamous suture (causing thrombosis of the superior petrosal sinus). (2)

Doivnward, by emissary veins, or through a sinus at the lower part of the mastoid in

the digastric fossa (causing cellulitis beneath the sterno-mastoid, or travelling along

the stylo-glossus, stylo-pharyngeus and stylo-hyoid to the retro- pharyngeal region).

(3) Forward, through the thin bony layer separating the external auditory meatus

from the antrum and the mastoid cells (causing discharge from the meatus if the

perforation is complete, or if it remains subperiosteal, directing the pus outward to

a point just back of the pinna). (4) Outward—especially in children—through the

thin post-auditory process of the squamous bone, or through the open masto-



I'RACTirAl. roXSfnr.RATloXS . THF Minor. F. KAR. 1509

squamous svUurc (causing a lluctualiui; acleiioinaluus postauricular swcllinj^, pusliing

the pinna forward and makinj^f it uiuiuly proniinc-nt). (5) Inward, citlu-r throuj^h

venules passintj to the sigmoid sinus, or througli caries of the wall of the sigmoid

groove (causing external pachymeningitis, or subdural abscess, or suppurative basal

meningitis, or cerebellar abscess—by way of the cerebellar veins emptying into the

lateral sinus—or, mttst fie(iui-ntlv, sigmoid sinus thrombosis).

The sigmoid sinus is usually abcnit i cm. behind the suprameatal spine, but is

occasionallv so far forward as to lie just beneath the external surface of the mastoid

process, anil imnu'diatcly behind the bony wall of the meatus.

Owing to its close relation to the mastoid antrum and cells, no other cranial

sinus is so frequently the seat of infective intlammation. In infants, however, it is

seldom seen, owing to the following facts : First, the mastoid cells are not developed

in them, though the antrum exists ; secondly, the squamous covering of the antrum
is not yet soldered to the mastoid, and therefore, purulent matter finds a ready exit,

not being enclosed in a complete bony casing ; thirdly, more numerous exits for

the venous blood exist in infants than in adults ; and fourthly, the sigmoid sinus

rests on a flatter osseous surface than in adults, the bony gutter which imbeds the

adult sinus being not yet fully formed. In infants the internal ear is more exposed

than in adults to pathological encroachments from the middle ear, hence in them
leptomeningitis is apt to ensue, which frequently ends fatally, and that so rapidly as

to prevent the formation of sigmoid sinus thrombosis (Macewen).
When the sigmoid sinus is infected, extension may occur to the venous channels

associated wath it, especially to the internal jugular, anterior condylar, and deep veins

of the neck into which the anterior condylar empty themselves. Evidence of involve-

ment of these may be found in two areas,—along the internal jugular, and in the upper

third of the posterior cerxical triangle. Pain on pressure over the inflamed veins may
be elicited even when the patient is deeply somnolent or semi-conscious. Thrombosis

of the internal jugular when marked, is very easy of detection, as it lies so super-

ficially. The finger perceives a cord-like formation to the inner side of the sterno-

mastoid on the outer side of the artery, though the latter is sometimes overlapped by
it. This may extend the whole length of the internal jugular, but it is frequently

confined to the upper third. The entire throjnbus may be disintegrated and its par-

ticles carried by the current to the lung, where they may set up infective infarction.

They may be carried to the lungs by the veins passing into the posterior cer\-ical

triangle which flow through the vertebral and other channels to the subclavian

( Macewen )

.

The complication most to.be feared in middle ear disease is the spread of the

infection to the interior of the cranium. This may occur by direct extension of

the carious process through the bone ; more rarely through the labyrinth and internal

auditory canal or the aqueducts ; or, still more rarely along the small blood-vessels

or connective tissue fibres which pass through the bone between the middle ear and

the dura. Very exceptionally the pus may find its way through the thin anterior

wall into the carotid canal and along this to the cranial cavity.

Although otitis media appears to occur on both sides with equal frequency, the

right side of the head has been said to be more frequently affected by intracranial

sequeLne. If so, this is probably due to the greater size of the lateral sinus and the

sigmoid sinus on the right side. Consequently the right sigmoid sinus encroaches

more upon the petrous and the mastoid portions of the temporal bone, especially at

the sigmoid knee, and the distance between the lower border of the tympanum and

the antrum on the one hand and the sigmoid sinus on the other, is less than between

the corresponding points on the left side (Macewen).
Involvement of the internal ear from otitis media is comparatively rare. This

portion of the ear is developed independently of the rest,' and, after necrosis, may be

extruded in sequestrae, in which may be recognized the structure of the labyrinth.

If the pus associated fails to escape externally, there is danger of its passing through

the internal auditory- meatus and aquaeductus vestibuli to the brain. Affections of the

semi-circular canals produce disturbances of equilibrium.

The sinus is in danger in operations on the antrum, the external opening for

which should be immediately behind the meatus, and the centre of the opening 2-3
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mm. below the level of its upper wall. If the sinus is in an abnormally anterior posi-

tion, the posterior wall of the meatus must be remo\'ed to gain more room.

The facial nerve is also in great danger in these operations, and has frequently

been injured. It lies in the inner wall of the mouth of the antrum, and is therefore,

in front of it. The antrum is approximately about 12 mm. (one-half inch) in a direc-

tion very slightly inward, forward, and upward from a point on the external surface,

5 mm. posterior to the suprameatal spine. The anterior edge of the opening made
to reach the antrum should be at this point, and its upper edge 3 mm. below the

spine. It should never be carried deeper than 1J2 cm. (53 in. j from the anterior

edge of the external opening, for fear of injuring the facial nerve or external semi-

circular canal.

As the situation of the mastoid antrum is the key to the position in all operations

upon either the antrum itself or the mastoid cells, Macewen has noted three points in

the anatomy of the mastoid that may govern the surgeon in reaching the antrum

without (a) opening the sigmoid groove and injuring its enclosed sinus; (d)

encroaching upon the Fallopian canal and destroying the facial nerve
; (c) invading

the middle cerebral fossa ; ( d ) injuring the semicircular canals.

1. The suprameatal triangle—the lower border of which corresponds with

the level of the roof of the antrum, and is, therefore, a few lines below the level of the

base of the tcmporo-sphenoidal lobe—is bounded above by the posterior root of the

zygoma, below by the postero-superior segment of the bony external meatus, and

behind by a line uniting these two and drawn vertically from the posterior border of

the meatus to the zygomatic root. The opening is made within this triangle and

close to the last line—the base of the triangle.

2. The excavation of the bone is carried inward and a little forward, in the direc-

tion of the posterior wall of the bony meatus, as shown by a probe passed into it from

behind between the skin and the osseous wall. The more oblique the direction of

this wall from behind forward, the more anterior the situation of the antrum.

3. The depth of the inner wall of the tympanic cavity from the level of the

skull at the bony external meatus should be determined by introducing a probe

through the external ear (and through the tympanic membrane previously per-

forated by pathological processes) until it touches the inner wall of the tympanum.
If this cavity lies deeply, the more superficial mastoid antrum will be relatively

deep also.

Of forty brain abscesses, the bone was diseased directly to the dura in thirty-seven

(92 per cent.), the bone was diseased, but not the dura, in one (2.5 per cent.), and

the bone was healthy in two (5 per cent.) ( Korner).

It follows from this list of cases, that after a thorough exposure of the antrum and

the ear cavities, the carious process should be followed inward to the dura or brain.

In case an abscess in the temporo-sphenoidal lobe cannot be reached in this May the

skull may be opened by a trephine, or by an osteo-plastic resection immediately above

the ear. A cerebellar abscess might be reached by an opening one and one-half

inches behind the centre of the bony meatus and one inch below Reid's base line.

THE INTERNAL EAR.

The internal ear consists essentially of a highly complex membranous sac, con-

nected with the peripheral ramifications of the auditory nerve, and a bony capsule,

which encloses all parts of the membranous structure and is embedded within the

substance of the petrous portion of the temporal bone. These two parts, known
respecti\ely as the membranous and the bony labyrmth, are not everywhere in close

apposition, but in most places are separated by an intervening space filled with a

fluid, the perilymph, the inner sac lying within the osseous capsule like a shrunken

cast within a mould. The membranous labyrinth is hollow and e^erywhere filled

with a fluid, called the endolymph, which nowhere gains access to the cavity

occupied by the perilymph. The internal ear is closely related, on the one side,

with the bottom of the internal auditory canal, which its inner wall contributes, and
with the inner wall of the tympanic cavity on the other. Its entire length is about

20 mm., and its long axis corresponds closely with that of the pyramidal or petrous
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poitioii of the temporal bone. The position of ajjproximately its posterior tliird

is iiulicated by the transverse ridge that crosses the ujjper surface of the temporal
bone a short distance i)ehind the internal auditory meatus. The irregular cavity of

the bony labyrinth, hollowed out in the temporal bone, comjjrises three subdivis-

FiG. i?'^;.

Tyinpanic cavity Wi.

Facial canal

Cochlea

Semicircular canals

Internal auditory canal

Right temporal bone, upper part of petrous portion has been removed to show bony
labyrinth lying in position.

ions :—a middle one, the vestibule, an anterior one, the cochlea, and a posterior one,

the semicircular canals. Both the front and hind divisions communicate freely with

the vestibule, but neither communicates with the membranous labyrinth nor, in the

recent condition, with the tympanic cavity. Although corresponding in its general

form with the bony compartments of the cochlea and semicircular canals, the

membranous labyrinth less accurately agrees in its contour with the bony vestibule,

since, instead of presenting a single cavity, it is subdivided into two unequal
compartments, known as the saccule and the utricle, which are lodged within the

bony vestibule. The divisions of the membranous labyrinth are, therefore, four,

which from before backward are : the niembranotis cochlea, the saccule, the 2dricle

and the membranous semicircular canals.

The Osseous Labyrinth.

The Vestibule.—The vestibule (vestibulum ), the middle division of the bony
labyrinth, lies between the cochlea in front and the semicircular canals behind and
communicates freely with both. It is an irregularly elliptical cavity, measuring about

5 mm. from before back-

ward, the same from above ^"^- ^^^5-

downward, and from 3-4 mm.
from without inward. The
lateral (outer) wall separates

it from the tympanic cavity,

and contains the oval window
with the foot-plate of the

stapes. The medial (inner)

wall, directed toward the

bottom of the internal audi-

tory canal, presents two
depressions separated by a

ridge, the crista vestibuli,

the upper pointed end of which forms the pyramidalis vestibuli. The anterior and
smaller of these depressions is the spherical recess ( recessus sphaericus) and lodges

the saccule. In the lower part of this fossa, about a dozen minute peiforations mark
the position of the macula cribrosa media for the passage of branches of the vestibu-

lar nerve from the bottom of the internal auditory canal to the saccule. The posterior

and larger depression is the elliptical recess (recessus ellipticus). Behind the lower

Superior ampulla

Common crus

Lodges utricle

Lodges saccule'

Cochlea

Superior canal

Horizontal
canal

Posterior canal

Posterior ampulla

Cast of riglit bony labyrinth, mesial aspect. ~^; 2.
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Fig 1266.

Cms commtin

Recessus
ellipticus

Macula inferior

Crista vestibuli

Recessus sphseri-
cus with macula

media

Superior
semicircular
canal

Ampulla

Macula crib-

rosa superior

Facial canal

Oval window

— Lamina spiralis

Section of right bony labyrinth passing through plane of superior semi-
circular canal ; anterior wall of vestibule is seen from behind. X 4-

part of the spherical recess, the crista vestibuli divides into two limbs between which

is the recessus cochlearis, which lodu^es the beginning of the ductus cochlearis and

is pierced by a number of small openings for the passage of nerve filaments to this

duct. The numerous minute holes piercing the crista (pyramid) and the elliptical

recess collectively form

the macula cribrosa
superior (Fig. 1266) and
transmit branches of the

vestibular nerve to the

utricle and to the ampullae

of the superior and hori-

zontal semicircular canals.

Below and behind the re-

cessus ellipticus lies a
groo\e, the fossula sul-
ciformis, which deepens
posteriorly into a very
small canal, the aqueduct
of the vestibule (aqiiac'

ductus vestibuli) which runs

in a slightly curved course

to the posterior surface of

the petrous portion of the

temporal bone, where it

ends in a slit-like opening,

the apertura externa aquaeductus vestibuli, situated between the internal

opening of the internal auditory canal and the groove for the lateral sinus. The
canal transmits the ductus endolymphaticus and a small vein. The anterior wall of

the vestibule is pierced by the large opening leading into the scala vestibuli of the

cochlea. Near this aperture is seen the beginning of the lamina spiralis ossea which
lies on the floor of the vestibule below the oval window. Posteriorly the vestibule

directly communicates with the semicircular canals by five round openings.

The Semicircular Canals.—The three bony semicircular canals—the superior^

the posterior and the Jwrizontal—lie behind the vestibule and are perpendicular to

one another (Fig. 1265). Their disposition is such that the planes of the three canals

correspond w i t h the

sides of the corner of a

cube, suggestively re-

calling the relations of

the three cardinal
planes of the body

—

the sagittal, frontal and
transverse. Each canal

possesses at one end a

dilatation, called the

osseus ampulla. The
superior canal (ca-

nalis superior) lies farth-

est front and in a nearly

vertical plane at right

angles to the long axis

of the petrous portion

of the temporal bone,

whilst the plane of the

longest canal, the pos-
terior (canalis posterior) is approximately parallel to it

Fig. 1267.

Ainpulla of
siiperior canal

Small end of
posterior canal

Crus commune
Ampulla o

horizontal cana
Small end of
horizontal canal

Ampulla of
posterior cana!

Lamina spiralis

Round (cochlear) wind

Section of right bony labyrinth passing through plane of superior semicircular
canal

;
posterior wall of vestibule is seen from before. X 4-

The external portion of

the horizontal semicircular canal forms a prominence on the inner wall of the middle

ear above the facial canal, while the upper part of the superior semicircular canal

produces the conspicuous elevation, the eminentia arcuata, seen on the superior
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surface of the petrous bone. The semicircular canals open into the posterior part of

the vestibule by tive apertures (Fi^. 1267), the undilatccl ends of the superior and
posterior canals joining; to form a common limb (crus commune;. The horizontal
canal (canaiis lateralis) alone communicates with the vestibule by two distinct open-

ings. Its ampulla is at its outer end and lies at the upper part of the vestibule above
the oval window, from which it is sei)arated by a groove corresponding to the facial

canal. Lying above and close to this o])ening is placed the amjnillaVy end of the

superior canal. The ampullary end of the jjosterior canal lies on the flofjr (jf the

vestibule, near the opening o[ the non-dilated end of the horizontal canal and of the

canaiis communis. In the wall of the anij)ulla of the posterior canal, a number of

small oj)enings (macula crihrosa inferior) j)rovide for the entrance of the special

branch of the \'estibular nerve destined for this tube.

The Cochlea.-^The bony cochlea constitutes the anterior part of the labyrinth

and appears as a short blunt cone, about 5 mm. in height, whose base forms the an-

terior wall of the outer end of the internal auditory meatus. Its ape.^ is directed hori-

FiG. 126S.

Scala vestibuli

Scala tyinpan

Modiolus

Atch cochlearis

Area vestibularis inferior.

Internal auditory canal

Foramen siugulare

Manmlus, overlying
helicotrenia

Lamina si)iralis ossea

Canaiis spiralis modioli

Facial canal

Crista falciformis

Area %-estibularis
superior

Cochlea and bottom of internal auditory canal exposed by vertical section passing parallel with zygoma; prepara-
tion has been turned so that cochlea rests with its base downward and apex pointing upward. X 5-

zontally outward, somewhat forward and downward, and reaches almost to the Eusta-

chian tube. Its large lower turn bulges into the tympanic cavity and produces the

conspicuous elevation of the promontory seen on the inner wall of the middle ear

(Fig. 1269). The bony cochlea consists essentially of a tapering central column,

the modiolus, around which the bony canal, about 30 mm. long, makes something

more than two and a half spiral turns, the dasa/, middle and apical. The conical

modiolus has a broad concave base which forms part of the base of the cochlea (basis

cochlea), and a small apex which extends nearly to the apex of the cochlea, or

cupola Tcupula). It is much thicker within the lowest turn of the canal than above,

and is pierced by many small canals for the nerves and vessels to the spiral lamina

(Fig. 1268). The a.xis of the modiolus, from base to apex, is traversed by the

central canal, whilst a more peripherally situated channel, the canaiis spiralis,

encircles the modiolus and contains the spiral ganglion and a spiral vein. Project-

ing at a right angle from the modiolus into the canal of the bony cochlea is a thin

shelf of bone, the lamina spiralis ossea, which is made up of two delicate bony
plates betw^een which are fine canals containing the branches of the cochlear nerve.

The spiral lamina begins between the round window and the lower wall of the
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vestibvile (Ficr. 1269), and after winding sjMrally around the modiolus to the

apex of the cochlea, ends in a hook-like process, the hamulus, which forms j^art

of the the boundary of the helicotrema (Fig. 1269). The partial division of the

canal of the bony cochlea efifected by the osseous spiral lamina is completed by the

membranous spiral lamina, which stretches from the free edge of the osseous

lamina, to which it is attached, to the outer wall of the canal (Fig. 1271). The
upper diviirion of the canal is called the scala vestibuli and communicates with

the vestibule, whilst the lower division, the scala tympani, would (^pen into the

tympanic cavity, were it not separated from that space by the secondary tynii>anic

mi'inbrane. These scake communicate with each other through an opening, the

helicotrema, at the apex of the cochlea. Close to the beginning of the scala tym-

pani at the round window is the inner orifice of the aquaeductus cochleae (ductus

perilyinphaticus), its outer opening being in a depression on the lower surface of

the pyramid near its posterior edge. It transmits a small vein and establishes a

communication between the subarachnoid space and the scala tympani.

The internal auditory canal connnunicates with the cranial cavity by an oval

oj)ening on the posterior surface of the pyramidal portion of the temporal bone, from

which it extends outward to the internal ear. Its outer or lateral end, the fundus,

is dixided into a smaller superior and a larger inferior fossa by a transverse ridge, the

crista falciformis. In the anterior part of the superior fossa (area facialis) is the

opening of the facial canal (aquaeductus Fallopii) for the transmission of the facial

nerve. In its posterior part are the openings (area vestibularis superior) for the

branches of the vestibular nerves which supply the utricle and the ampulkt: of the

superior and horizontal semicircular canals. These openings appear in the macula
cribrosa superior on the inner surface of the bony labyrinth (page 15 12). The ante-

rior part of the inferior fossa is called the area cochlearis and is perforated about its

middle by the opening of the central canal of the modiolus. Surrounding this are

the numerous small apertures of the tractus spiralis foraminosus for the trans-

mission of branches of the cochlear nerve to the two lower turns of the cochlea.

Behind the area cochlearis and separated from it by a ridge, lies the inferior area of

the vestibule (^area vestibularis inferior) with its small openings for the passage of

nerves to the saccule. The macula cribrosa media, described above, is formed by
these openings. Behind the inferior fossa is a large opening, the foramen singu-
lare, which leads into a canal at the other end of which are the small openings

of the macula cribrosa inferior. It transmits the branch of the vestibular nerve des-

tined for the ampulla of the posterior semicircular canal.

The Membranous Labvrinth.

The membranous labyrinth (labyrinthus membranaceus) lies within the bony
labyrinth, which it resembles in general form. This agreement is least marked
within the vestibule, since here the single division of the bony capsule is occupied

by two compartments of the membranous sac, the utricle and the saccule. The
membranous labyrinth comprises: (i) the utricle and the saccule, which, with the

ductus cndolvmphaticus, lie within the vestibule; (2) the three vioubranous semi-

circular canals lodged within the bony semicircular canals; and (3) the mcin-

branous cochlea enclosed within the bony cochlea. The membranous labyrinth

is attached, especially in certain places, by connective tissue to the inner wall of the

bony capsule. The interval between the membranous and bony labyrinths, largest

in the scake tympani and vestibuli of the cochlea and in the vestibule, constitutes the

perilymphatic space (spatium pcrilymphaticuin) and contains a modified lymphatic

fluid, the perilymph. The fluid within the membranous labyrinth, appropriately

called the endolymph, can pass from one part of the labyrinth to another, although

the saccule and utricule are only indirectly connected through the ductus endo-
lymphaticus and a narrow channel, the canalis utriculo-saccularis.

The Utricle.—The utricle (utriculus) occupies the recessus ellipticus in the

upper back part of the A^estibule. It is larger than the saccule and communicates

with the three membranous semicircular canals. Attached to the upper and inner

walls of the vestibule by connective tissue, it extends from the roof of the \-estibule
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backward and downward t«> tlic opc-iiing of the ])ostcrior ampulla, a distance.' (A from

5.5-6 nun. Vhv utricU- is niailc up oi three sulxiivisions, the upfjcrmost of which is

resjjrcscntc'd by a l)lintl sac, fnjm 3-3.5 mm. in length and breadth, called the

recessus utriculi, whilst the two lower divisions toj^cthcr form the utriculus pro-

prius, wiiich nuMSures 3 mm. by iVoin 1.5-2 nun. The lowei' jiart of the utricle

projjcr is proloni^ed into the tulie-shapcd sinus posterior, whi( h (oiuiects the am-

pulla of the posterior semicircular canal with the utiii Ic.

The openings of the semicircular canals into the utricle are disposed as

follows: /n/o the rccissns utrict'li open ( \) the ampulla of the superior semicircular

canal and (2) that of the horizontal canal. Into l/w ulriatlus proprius ()pi:n (t^)

the sinus superior, which lies within the cms commune and rcceixes in turn the

nonampullated ends of the superior and posterior semicircular canals; (4) the non-

ampullated end of the horizontal semicircular canal ; and (5) the amjnilla of the

posterior semicircular canal thn)uiLi:h the sinus ))osterior. On the antero-lateral wall

of the recessus utriculi is jjlaced the macula acustica of the utricle, whilst from its

Fig. 1269.
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antero-mesial wall si)ring-s the canalis utriculo-saccularis, the small canal from the

utricle that joins even a smaller passage from the saccule to form the ductus

endolymphaticus.

The Saccule.—The saccule (sacculus) is an irregularly o\'al compartment, about

3 by 2 mm. in size, which occupies the recessus sph;ericus in the lower and anterior

part of the vestibule, to which it is attached by connective tissue. It is somewhat

flattened laterally and at its lower end gradually narrows into a passage, the canalis

reuniens, which connects the saccule with the ductus cochlearis. Its upper end

bulges backward forming the sinus utricularis, whose wall comes in contact with

that of the utricle. The small canal, already mentioned as helping to form

the ductus endolymphaticus, arises from the posterior wall of the saccule. The

ductus endolyrriphaticus passes through the aquieductus vestibuli to end in a

blind dilated extremity, the saccus endolymphaticus, lying between the layers

of the dura mater below the opening of the aqueduct. ^
Through the openings in

the recessus sphaericus branches of the vestibular ner\'e enter and pass to the

macula acustica sacculi on the anterior wall of the saccule. The canalis reuniens

is the very small tube passing from the lower part of the saccule into the upper

wall of the cochlear duct near the caecum vestibulare, as its blind vestibular end

is called.

The Membranous Semicircular Canals.—These tubes Tductus semicircu-

lares) occupy about one third of the diameter of the osseous canals and correspond
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Trabecular Membranous
canal

to them in number, name and form. They are closely united along their convex
margins with the bony tube TFig-. 1270), whilst their opposite wall lies free in the

perilymphatic space,
Fig. 1270. being attached only by

irregular \'ascular con-

ncrti\e tissue bundles,

ligamenta labyrin-
thi canaliculorum,
which stretch across

this space. Like the

bony canals, each of

the membranous tubes

possesses an ampulla,
which in the latter is

relatively much larger

than in the former,

being about three times

the size of the rest of

the tube. The part of

the ampulla corre-

sponding to the con-

vexity of the semicir-

cular canal is grooved
on the outer surface at

the entrance of the

ampuUary nerves. On
the corresponding in-

ternal surface is a pro-

jection, the septum
transversum, which partially divides this space into two parts and is surmounted
by the crista acustica, which contains the endings of the vestibular nerves. The
crescent-shaped thickening beyond each end of the crista is called the planum
semilunatum.

Perilymphatic.
space

frabeculse

Bony wall

Transverse section of superior semicircular canal, showing relations of
membranous to bony tube. X 35.

Structure of the Utricle, Saccule and Semicircular Canals.—The vestibule and the bony
semicircular canals are lined by a very thin periosteum composed of a felt-work of resistant

fibrous tissue, containing pigmented connective tissue cells. Endothelium everywhere lines the

perilymphatic space between the ujembranous and osseous canals, covering the free inner sur-

face of the periosteum, the fibrous trabeculae, and the outer or perilymphatic surface of this

part of the membranous labyrinth.

The walls of the utricle, saccule and membranous semicircular canals are made up of {a)

an outer fibrous connective tissue tai)ie//a and {h) an inner epithelial linin^;, the latter consisting

throughout the greater part of its extent of a single layer of thin flattened polyhedral cells. Be-

neath the epithelium, especially in the region of the maculae, is {c) a thin, almost homogeneous
hyaline inonbrane, with few cells. This middle layer presents in places on its inner surface

small papillary elevations covered by epithelium. On the concave side of each of the

semicircular canals is a strip, the raphe, of thickened epithelium in which the cells become low
cylindrical in type. In the plana semilunata they are cylindrical in type. Over the regions

receiving the nerve-fibres, the macuke acusticce and the crista; acusticie, the epithelium

undergoes a marked alteration, changing from the indifferent covering cells into the highly

specialized neuroepithelium.

The maculae acusticae are about 3 mm. long by 2 mm. broad, the macula of the saccule

being a little narrower ( 1.5-1.6 mm. ) than that of the utricle (2 mm. ). At the margin of these

areas the cells are at first cuboidal, next low columnar, and then abruptly increase in length, until

they measure from .030-.035 mm., in contrast with their usual height of from .003-. 004 nmi. The
acoustic area includes two kinds of elements, the sustentacular or fibre-cells and the hair-cells.

The sustentacular cells are long, rather narrow, irregularly cylindrical elements and extend the

entire thickness of the epithelial layer, resting upon a well-developed basement-membrane by
their expanded or divided basal processes- At a variable distance from the base, the\- present a

swelling enclosing an oval nucleus and terminate at the surface in a cuticular zone. The cylin-

drical hair-cells are broader but shorter than the sustentacular cells, and reach from the free

surface only as far as the middle of the epithelial layer, where each cell terminates usually in a
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rounded or somewhat swollen eiul eontaininj^ a s|)lierical nucleus. The central end, next to the

free surface, e.\liii)its a clilTereiitialion into a cuticular z<jne, sitnilar to that covering the inner

ends of the sustentacular elements. From tin- free border of each hair-cell, a stiff robust hair

(.020-.025 nun. Ioiik) projects into the endolyinph. This conical prf)cess, however, is resolv-

able into a innubi-r of ai;.i;lutinat»<l fmer hairs or rods.

The free surface of the nctirocijitheliuiu within the saccul<- and th<! utri< le is covered by a
remarkable structure, the so-called otolith membrane. This consists of a K^-'-'tinous membrane
in wiiich are emi)edded numbirUss small crystalline bodies, the otoliths or car-stones. Hetween
it and the cuticular /one is a space, about .020 mm. in width and filled witii endolymph, throujjh

which the hairs project to the' otolith membrane. The otoliths ( oioconia j ai«- minute crystals,

usually hexagonal in form, with sli.!j;htly njunded angles, and from .009-.011 nun. in lenjjth.

They are composed of calciiun carbonate with an organic basis.

On reaching; the macula the nerve-fibres form a subepithelial plexus, from which fine

bundles of fibris pass toward the free surface. The fil)res usually lose their medullary substance

in passinj; lhrouj;h the basement membrane and enter tlie ei)ithelium as naked axis-cylinders.

Passin<j between the sustentacular cells to about the middle of the epithelium, they break up
into fine fibrill.e, which embrace the deeper entls of the hair-cells and give off fine threads that

])ass as free axis-cylinders between the cells to higher levels.

The crista acustica and the planum semilunatum are covered with neuroepithelium similar

to that of the macula-. The hairs of the hair-cells, however, are longer and converge to and are

embedded witiiin a peculiar dome-like structure, known as the cupola, which probably does not

exist during life, but is an artefact formed by coagulation of the fluid in which the ends of the

hairs are bathed. Otoliths probably do not exist in the eristic acusticae.

The Cochlear Duct.—The membranous cochlea Tductus cochlearis) lies

within the bony cochlea, and like it includes from two and one-half to two and three-

quarter turns, named respectively the basal, middle and apical, the latter being

Fig. 1271.
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three-fourths of a turn at the apex of the cochlea. The tapering tube of the bony
cochlea, winding spirally around the modiolus, is subdivided into three compart-

ments by the osseous spiral lamina and two membranes, namely, the membranous
spiral lamina and Reissner's membrane. The membranous spiral lamina
(lamina basilaris) or basilar membrane extends from the free border of the lamina

spiralis ossea to the outer wall of the cochlea, where it is connected to an inward

bulging of the perio-steum and subperiosteal tissue, called the spiral ligament.

The lower of the two tubes thus formed is the scala tympani and communicates, in

the macerated skull, with the tympanum through the round window. The upper

tube is subdivided into two compartments by an exceedingly delicate partition,

known as Reissner's membrane (membrana vestibularis) which extends from the

upper surface of the osseous lamina near its outer end, obliquely upward and outward,

to the external wall of the cochlea. The compartment above this membrane is the
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scala vestibuli and communicates witli the perilymphatic space of the vestibule. The
scake tympani and vestibuli communicate only at the apex of the cochlea through
the helicotrema. They contain perilymph and are brought intcj relation with the
subarachnoid space through the acjuitductus cochleie. They are lined by a delicate

fibrous periosteum, usually covered on the surface which is in contact with
the enclosed perilymph, by a single layer of endothelial jjlates. In some localities,

however, as on the tympanic surface of the basilar membrane, the lining cells

retain their primitive mesoblastic ':haracter and never become fully differentiated into

endothelium.

The third compartment, the ductus cochlearis, is triangular on cross-section

(Fig. 1 271), except at its ends, and bounded by Reissner's membrane above, by
the basilar membrane and a part of the osseous spiral lamina below, and by the
outer wall of the bony cochlea externally. Save for the narrow channel, the
canalis reuniens, by which it communicates with the saccule, the cochlear duct is

a closed tul^e and contains endolymph. It begins below as a blind extremity, the
caecum vestibulare, lodged within the recessus cochlearis of the vestibule and,
after making two and three-quarter turns through the cochlea, ends abo\e at the
cupola of the cochlea in a second blind extremity, the caecum cupulare, or
lagena, which is attached to the cupola and forms a part of the boundary of the
helicotrema.

Architecture and Structure of the Cochlear Duct.—Reissner's membrane (memlirana vestib-

ularis), the delicate partition separating the cochlear duct from the scala vestibuli, begins on
the upper surface of the lamina spiralis, about .2 mm. medial to the free edge of the bony
shelf, and extends at an angle of from 40-45° with the lamina spiralis ossea to the outer wall of

the cochlea, where it is attached to the periosteum. Notwithstanding its excessive thinness

(.003 mm. ), it consists of three layers : {a) a very delicate middle stratum of contiective tissue,

{d) the endot/iettuin covering the vestibular side, and (c) the epitheliiun deri\ed from the coch-

lear duct, and contains sparingly distributed capillary blood-vessels.

The outer wall of the cochlear duct (Fig. 1272) is bounded by a part of a thickened cres-

centic cushion of connective tissue, whose convex surface is closely united with the bony wall

and whose generally concave surface looks toward the cochlear duct. This structure, the liga-

mentum spirale, extends slightly above the attachment of Reissner's membrane and to a greater

distance "oelow the attachment of the basilar membrane, thus forming part of the outer walls

of the scate vestibuli and tympani. At its junction with the basilar membrane it presents a
marked projection, the crista basilaris, whilst a very slight elevation marks the point of attach-

ment of the membrane of Reissner. The part of this ligament l>ing between these projections

corresponds to the outer wall of the cochlear duct. Its conca\e free inner surface is broken by
a third elevation, the prominentia spiralis, or accessory spiral ligajiieut, distinguished usually by
the presence of one large (z'as prominent) or several small blood-vessels. The lower and
smaller of these two divisions of the outer wall is called the sulcus spiralis externus and is lined

by cuboidal epithelium, whilst the larger upper division is occupied by a peculiar vascular

structure, the stria vascularis, which contains capillary blood-vessels within an epithelial struc-

ture. Its surface is covered with pigmented irregular polygonal epithelial cells, and its deeper
strata consist of cells which, especially in the superficial layers, resemble the surface epithelium,

but in the deeper layers assume more and more the character of connective tissue. 0\er the

prominentia spiralis the cells become flat and polyhedral.

The ligamentum spirale is composed of a peculiar connective tissue, rich in cells and blood-

vessels. Its thin outer layer forms the periosteum and is denser than the adjacent loose con-

nective tissue. The latter is broadest opposite the scala tympani, where its fibres converge
towards the crista basilaris. Opposite the outer wall of the cochlear duct it again becomes
more compact and is rich in cells and blood-vessels. An internal layer extending from near the

prominentia spiralis to the basilar membrane consists of a hyaline, noncellular tissue. Some
authors claim to have found smooth muscle-fibres in the ligamentum spirale.

The tympanic wall or floor of the cochlear duct (Fig. 1272) comprises the basilar mem-
brane, extending from the basilar crest to the outer end of the bony spiral lamina, and the limbus

lamincr spiralis, which includes this wall from the attachment of Reissner's membrane to the end
of the bony lamina. The limbus (crista spiralis) is a thick mass of connective tissue upon the

upper surface of the outer end of the osseous lamina spiralis. Its outer extremity is deeply

grooved to form a gutter, the sulcus spiralis internus, the projections of the limbus above and
below the sulcus forming respectively its superior (vestibular) and inferior (tympanic) labia.

The upper surface of the limbus is marked by clefts and furrows which are most conspicuous

near the outer margin of the upper lip (labium vestibulare), where the irregular projections between
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tlic furrows form tin- so-r.illed auditory teeth, l)fc:;ius(j of llicir fancied resemblance to incisor

teetli. Tlie lower lip i^lahiiim tymiiaiiitiiin ) is conliniioiis externally with the basilar membrane
ami is perforatetl near its outer end by some 4000 apertures (foramina ncrvo.saj transmitting

minute branches of the cochlear nerve. The epithelium covering the elevated jjortions of the

hmbus, inchKliuK the audititry teeth, is of the Hat polyhedral variety, the intervening; furrows and

clefts beinji lined by cohinmar cells. The epithelium of the sulcus spiralis consists of a sinjcle

layer of low cuboidal or llaltened cells, continuous with the epithelium of the auditory teeth

above and with the hij;hly specialized elements of Corti's or^an below.

Tile basilar membrane consists of a median (inner) and a lateral (outer) part. The- former,

known as the zona arcuata, is thin and su|)ports the modified ncuroc|)ithelium constituting; the

organ of Corti; the outer part, named the zona pectinata, is the thicker division anri lies external

to the foot-plates of the outer rods of Corti. Tin- l)asilar membrane is made up of three distinct

lavers, the cpilhcliuin, the subslanlia prof^ria and the lyinpamc lamella. The siihstantia propria

is formed of an almost homogeneous connective tissue with a few nuclei and fine fibres, whi( h

radiate toward the outer edge of the spiral lamina. The fibres of the zona arcuata are very fine

and interwoven, appearing to be an extension of those of the lower lij) (jf the limbus, whilst

straight and more (listinct fil)res stretch from the outer rods of Corti to the spiral ligament and

constitute the so-called auditory strings. According to the estimate of Retzius, there are 24,000

Fig. 1272.
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of these special fibres. Their length increases from the base toward the apex of the cochlea, in

agreement with the corresponding increase in breadth of the basilar membrane. The lympauic
lamella contains numbers of fusiform cells of immature character interspersed with fibres. In

this location the differentiation of the mesoblastic cells lining' the tympanic canal has never
advanced to the production of typical endothelial plates, the free surface of the lamella being

invested by the short fusiform cells alone. The inner zone of this layer contains capillaries

which empty into one, or sometimes two, veins, frecjuently seen under the tunnel of Corti and
known as the vas spirale. The epilheliuin covering the inner zone of the basilar membrane
forms the organ of Corti, the highest example of sj^ecialization of neuro-epithelium.

The Organ of Corti.—The organ of Corti (organon spirale) consists in a general way of a

series of epithelial arches formed by the interlocking of the upper ends of converging and greatly

modified epithelial cells, the pillars or rods of Corti, upon the inner and outer sides of which rest

groups of neuroepitiielial elements—the auditory and the sustentacular cells. The triangular

space included between the converging pillars of Corti above and the basilar membrane below
constitutes the tunnel of Corti, which is, therefore, only an intercellular space of unusual size. It

contains probably a soft semifluid intercellular substance serving to support the nerve-fibrils

traversing the space (Fig. 1273). The pillars or rods of Corti, examined in detail, prove to be

composed of two parts, the denser substance of the pillar proper, and a thin, imperfect proto-

plasmic envelope, which presents a triangular thickening at the base directed toward the cavity of

the tunnel. Each pillar possesses a slender slightly sigmoid, longitudinally striated body, whose
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upper end terminates in a triangular head, and vvliose lower extremity expands into the foot
resting upon tlie basilar membrane. 'J'lie inner pillar is shorter, more nearly vertical and less
curved than tiie outer

; its head exhibits a sin.<,de or double concave articular facet for the recep-
tion of the corresponding convex surface of the head of the outer rod. The cuticular substance
of both pillars adjoining the articular surfaces is distinguished by a circumscribed, seemingly
homogeneous oval area of different nature. The upper straight border of the head of each pil-

lar is prolonged outwardly into a thin process or head-plate, that of the inner lying uppermost
and covering over the head and inner part of the plate of the outer pillar. The head-plate of the
latter is longer and projects beyond the termination of the plate of the inner rod as the phalan-
geal process, which unites witli the adjacent piialanges of the cells of Deiters to form the mem-
brana reticularis. The inner pillars of Corti are more numerous, but narrower than the outer
elements, from which arrangement it follows that the broader outer rods articulate witli two and
sometimes three of the inner pillars, the number of the latter in man being estimated by Retzius
at 5600, as against 3S50 of the outer rods.

Immediately medial to the arch of Corti, resting upon the inner rods, a single row of spe-
cialized epithelial elements extends as the inner auditory or hair-cells. These elements, little

more than half the thickness of the epithelial layer in length, possess a columnar body contain-
ing an oval nucleus. The outer somewhat constricted end of each hair-cell is limited by a

Fig. 1273.
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sharply defined cuticular zone, from the free surface of which project, in man, some twenty-five

rods or hairs. The inner hair-cells are less numerous (according to Retzius about 3500), as well

as shorter and broader, than the corresponding outer elements. Their relation to the inner rods

of Corti is such, that to every three rods two hair-cells are applied. The inner sustentacular

cells extend throughout the thickness of the epithelial layer and exhibit a slightly imbricated

arrangement as they pass over the sides of Corti's organ to become continuous with the lower

cells of the sulcus spiralis.

The cells covering the basilar membrane from the outer pillar to the basilar crest comprise

three groups: {a) those composing the outer part of Corti's organ, including the order hair-

cells and cells of Deiters ; [h) the outer supportitig cells, or cells of Ileuscn ; [c) and the low

cuboida! elements, the cells of Claudius, investing the outermost part of the basilar membrane.
The outer auditory or hair-cells are about five times more numerous (approximately iS,ooo

according to Waldeyer) than the corresponding inner elements, and in man and apes are dis-

posed in three or four rows. They alternate with the peculiar end-plates or "phalanges" of

Deiters' cells, which separate the ends of the hair-cells and join to form a cuticular mesh-work, the

membrana reticularis, through the openings of which the hair-cells reach the free surface. The
inner row of these cells lies directly upon the outer rods of Corti, so placed that each cell, as a

rule, rests upon two rods. The cells of the second row, however, are so disposed that each cell

lies opposite a single rod, whilst the third layer repeats the arrangement of the first. In conse-

quence of this grouping, these elements, in conjunction with the" phalanges," appear in surface

views like a checker-board mosaic, in which the oval free ends of the auditory cells are included

between the peculiar compressed and indented octagonal areas of the end-plates of Deiters' cells
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{Fift, 1274). The oiitL-r hiiir-cells arccyliiulrii al in tluir Ktneral form, terminating about tlic mid-

dle of tlie ei)itlielial layer in sliKlitly expandeil rounded ends, near which the splierical nuclei are

situated. The outer sliarply detined ends of the cells are distinguished by a cuticular border sup-

porting about twenty-five ri<;id auditory rods or iiairs which project beyond the level of the nieni-

brana reticularis. The deeper end of each outer hair-cell contains a dense yellowish enclosure,

known as the doi/y 0/ A'fiziiis, which is triangular when seen in profile. Tin- bodies are absent

in the inner hair-cells.

The cells of Deiters have much in conunon with the r..ds of Corti, like these beinj; special-

ized sustenlacular epithelial cells which e.xtend the entire thickness of the ei)ithelial stratum U)

terminate in the peculiar eiul-pla'es or phalanjies. It follows, that whilst the free surface of Corti's

origan is composed of both audit(,ry and sustentacular cells, the elements restinj; upon the basi-

lar membrane are of one kind alone—the cells of Deiters. The bodies of the latter consist of

two parts, the elonjjated cylindri-

cal chiffportion of the cell, con- Fic.

tainingthe spherical nucleus and
restin>:^ ujion the basilar mem-
brane, and the j^reatly attenuated

pyramidal phalaufft-al proct'ss.

A system of coiumunicatini; in-

tercellular clefts, the spaces of

Nuel, lie between the auditory

and supporting cells ; like the

tunnel of Corti, these spaces are

occulted by a semifluid intercel-

lular substance. The cells of

Deiters are arranged, as a rule,

in three rows, although in places

within the upper turns four or

even five alternating rows are

sometimes found. Each cell

contains a fine filament, \\\gfibre

ofRetzius, which begins near the

middle of the base with a conical

expansion, and extends through

the cell-body to the apex of

the phalangeal process, where,

according to Spee, it splits into seven or more fine end-fibrils, that extend into the cuticular

superficial layer under and about the phalanges.

The membrana tectoria or Corti's membrane stretches laterally from the upper lip of the

limbus, above the sulcus spiralis and Corti's organ, as far as the last row of outer hair-cells.

The membrane is a cuticular ijroduction, formed originally by the cells covering the region of

the auditory teeth and the spiral sulcus. Medially it rests upon the epithelial cells, but farther

outward it becomes separated from the free edge of the auditory teeth and assumes its conspic-

uous position over the organ of Corti. The membrane seems to be composed of fine resistant

fibres, held together by an interfibrillar substance. During life the membrane is probably soft

and gelatinous, and much less rigid than its appearance indicates after the effect of reagents.

The lower surface of the free portion of the membrane, opposite the inner hair-cells, is mod-

elled by a shallow furrow, which indicates the position of a spirally arranged band known as the

stripe of Hensen. Like the basilar membrane, the membrana tectoria increases in width from

the base towards the apex of the cochlea.

The outer sustentacular cells or cells of Hensen form an outer zone immediately external to

the last Deiters' cells. These elements resemble the inner sustentacular cells, but differ somewhat

in form and arrangement. In consequence of their oblique position, the bodies are not only

greatly elongated, but also imbricated. They. do not contain the fibres of Retzius. The cells of

Claudius are the direct continuations of Hensen's cells, and laterally pass uninterruptedly into

the low columnar elements covering the remaining part of the basilar membrane. They consist of

a simple row of cuboidal cells possessing clear, faintly granular protoplasm and spherical nuclei.

The Nerves of the Cochlea.—The branches of die cochlear division of the

auditory nerve enter the base of the cochlea through the tt-adiis spiralisforaminos2(S

(page 1 5 14), those destined for the apical turn traversing the central canal of the

modiolus. From the modiolus a series of stout lateral branches diverge at quite

regular interA'als through canals which communicate with the peripheral spiral canal

within the base of the bonv spiral lamina. Within the peripheral canal the nerve-

6bres jom numerous aggregations of bipolar nerve-cells, which continue along th'J

06

Corti's organ viewed from above, showing mosaic formed by pillars

and Deiters' cells; outer ends of auditory cells occupy meshes of cuticular

net-work. (Retsius).
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spiral canal and collectively constitute the ganglion spirale. From these cells

numerous dendrites are given off, which pass alunj^ the canals within the spiral

lamina towards its margin, the twigs meanwhile subdividing to form an extensive

plexus contauied within corresjjonding channels in the bone. At the edge of the

spiral lamina bundles of fine fibres are given off, which escape at the foramina nervosa

of the labium tympanicum and enter the epithelial layer close to the inner rod of Cort:.

During or before their passage through the foramina, the nerve-fibres lose their med-
ullary substance and proceed to their destination as fine naked axis-cylinders. The
radiating bundles pass within the epithelium to the mesial side of the base of the inner

pillar ; here they divide into two sets of fibrillae, one, the mesial spiral fasciculus,

going to the inner hair-cells and the other, the lateral spiral fasciculus, passing

between the inner pillars to reach the tunnel of Corti. Within this space fibrilht are

given off which, after crossing the tunnel, escape between the outer rods into the

epithelium lying on the lateral side of the arch. The further course of the fibrillae

seems to be such that some extend between the outer pillar of Corti and the first rows
of hair-cells, whilst succeeding groups of fibrillae course between the rows of Deiters'

Superior canal

Ductus endolj'niphaticus

Ligamentum
spirale

Branches of cochlear ner\'e to
Corti's organ Membranous cochlea

Canalis reuniens opening into cochlear duct

Posterior canal
Blind sac of ductus cochlearis

Branch of vestibular nerve to posterior canal

Membranous labyrinth of five months foetus, postero-mesial aspect ; ?/, utricle; jj, j/>, superior and posterior utric-
ular sinus; J, saccule; wi, utriculo-saccular canal ; cr, canalis reuniens; pa, posterior ampulla. X 6. (Jietzius).

cells to reach the remaining hair-cells. The relation between the nerve-fibrils and
the auditory cells is in all cases probably close contact and not actual junction with

the percipient elements. The paths by which the impulses collected from the audi-

tory cells are conveyed to the cochlear nucleus, and thence to the higher centres, are

described in connection with the Auditory Nerve (page 1258).
Blood-Vessels of the Membranous Labyrinth.—The arteries supplying

the internal ear arise from the internal auditory artery, supplemented to a limited

extent by branches from the stylo-mastoid. The auditory artery, a branch of the

basilar, after entering the internal auditory meatus divides, according to Siebenmann,
into three branches :—(r) the anterior vestibjilar, (2) the cochlear proper, and (3)
the vestibulo-cochlcar artery.

1. The vestibular artery accompanies the utnculo-am]nillary nerve and sup-

plies the upper part of the vestibule, including the posterior part of the utricle with

its macula, the saccule and the cristae of the upper and outer ampullae of the corre-

sponding semicircular canals.

2. The cochlear artery pursues a spiral course. It gives off three branches,

two of which are distributed to the lower turn of the cochlea, whilst the third sup-

plies the middle and apical turns.

3. The vestibulo-cochlear artery arises either from the cochlear artery or

independently and divides, within the spiral lamina, into a cochlear and a vestibular
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branch. The (ochlcar branch is (hstril)utccl to tlic lower turn of the cochlea and
anastomoses with the cochlear artery proper. '\\\ii vestibular brayuli is distributed
to the lower part of the vestibule, inckulini; the lower part of the saccule and utricle,

to the crus commune and part of the .semicircular canals, and to the lower end of the
cochlea. Accordinj.j to Siebenmann, the macula of the saccule receives its arterial

supply from a blood-vessel which usually arises from the common stem of the vestib-

ulo-cochlear artery, or, more rarely, runs independently through the whole internal

meatus. A similar origin aj^plies to the artery supplying the nerve of the jjosterior

ampulla. In the base of the spiral lamina the arteries are connected by capillary

loops especially in the lower turn of the cochlea. As mentioned above, one or more
spiral vessels are often se(,-n under the tunnel of Corti within the tympanic covering
of the basilar metni)rane. The region of the stria vascularis and [)rominentia s[)iralis

are especially well supplied with blood-vessels. Those seen in the scala tympani are
principally veins, while a larger number of arteries are found in the scala vestibuli.

The blood-supply of the lower turn of the cochlea is much more generous than that

of the others.

The veins by which the blood escapes from the cochlea include : (i) the vein
of the \'estibular aqueduct, which empties into the superior petrosal sinus

; (2) the
vein of the cochlear a(jueduct, which emjjties into the internal jugular and (3) the
venous plexus of the inner auditory canal, which empties either into the transverse or
inferior petrosal sinus. The first of these channels collects the blood from the semi-
circular canals; the second from the whole cochlear canal through the anterior, pos-
terior and middle spiral veins and from most of the vestibule through the anterior
and posterior vestibular veins. The veins of the internal auditory canal form collat-

erals to the other veins of the labyrinth and receive the large central cochlear vein
(Siebenmann), which leaves the cochlea near the border of the central foramen of the
modiolus, as well as tributaries corresponding to the branches of the acoustic nerve.

THE DEVELOPMENT OF THE EAR.

The development of the ear includes the formation of two morphologically distinct divis-

ions, the viemhranoHs labyrinth, the essential auditory structure, and the accessory parts, com-
prising the middle ear, with its ossicles and associated cavities, and the external auditory canal
and the auricle. The developmental history

Fig. 1276.
Hind-brain

Auditory pit

of the organ of hearing proper in its early

stages is largely an account of the growth and
differentiation of the ectoblastic otic vesicle,

since from this is produced the important
membranous tube, the enveloping fibrous

and osseous structures being comparati\'ely

late contriljutions from the mesol)!ast.

.Development of the Labyrinth.—The
internal ear appears as a thickening and
soon after depression of the ectoblast within

a small area on either side of the cephalic

end of the neural tube, at a level correspond-
ing to about the middle of the hind-brain

(Fig. 1276).

This depression, the auditory pit, is

widely open for a considerable time and
distinguished by the greater thickness of

its depressed wall, which contrasts strongly
with the adjacent ectoblast. After a time
the lips of the pit approximate until, by
their final union, the cup-like depression is converted into a closed sac, the otic vesicle.

This sac, after severing all connection with the ectoblast, gradually recedes from the sur-
face in consequence of the growth of the intervening mesoblastic layer ; it next loses its sphe-
roidal form and becomes somewhat pear-shaped, with the smaller end directed dorsally. The
smaller end rapidly elongates into a club-shaped diverticulum, the recessus endolymphaticus,
which later becomes the ductus and the saccus endolymphaticus. The remainder of the otic
sac soon exhibits a subdivision into a larger dilatation, the vestibular pouch, and a smaller
ventral one, the cochlear pouch (Fig. 1279).

Dorsal aorta

Oropharynx

I visceral furrow

I visceral arch

Frontal section of early rabbit embryo, showing
otic pits. X 40.
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Fig.

Hiiid-brain

Otic sac

The semicircular canals differentiate from three folds which grow from the vestibular

pouch opposite the attachment of the ductus endolymphaticus. The centra! parts of the two
walls of each fold unite and undergo absorption, w hile the peripheral part of each fold remains
open, thus forming a semicircular tube, one end of which becomes enlarged to form the
ampulla. The .superior vertical canal appears first, and the horizontal or e.xternal last. The
growth of the epithelial diverticula is later accompanied by a condensation of the surrounding
mesoblast, which differentiates into an external layer, the future cartilaginous and later bony
capsule ; a layer internal to this becomes the perichondrium and later periosteum. A second
mesoblastic layer is formed from the cells immediately surrounding the otic vesicle, whilst the
space between these fibrous layers is filled by a .semi-gelatinous substance which later gives
place to the perilymph occupying the perilymphatic space. Within the ampulla^, which early
develop, the epithelial lining undergoes specialization, accompanied by thickening of the meso-
blastic wall within circumscribed areas, to form the crista.- acustica.-.

Coincidently with the development of the semicircular canals, a diverticulum, tlie cochlear
canal, appears at the lower anterior end of the membranous sac. This tube, oval in section,

grows forward, downward, and inward, and represents

the future cochlear duct. After attaining considerable

length, further elongation is accompanied by coiling

and the assumption of the permanent disposition of

the tube. The epithelium of the cochlear tube early

e.xhibits a distinction, the cells of the upper surface

of the somewhat flattened canal becoming attenuated,

whilst those on the lower wall undergo thickening and
further differentiation. The flattened cells form the

epithelial covering of Reissner's membrane and of the

outer wall, and the taller elements are converted into the

complicated structures of the tympanic wall of the ductus

cochlearis, , including the crista, the sulcus, and the

organ of Corti.

The development of these structures includes the

differentiation of two epithelial ridges ; from the inner

and larger of these is derived the lining of the sulcus

spiralis and the o\erhanging membrana tectoria. The
outer ridge is made up of six rows of cells, the inner

row becoming the inner hair-cells, the outer three

rows becoming the outer hair-cells, whilst the two
rows between these two groups form the rods of

Corti. The crista appears between the sulcal cells and
the cochlear axis as a thickening of the spiral lamina.

The cochlear outgrowth of the primary- otic vesicle forms the membranous cochlea, or

scala media, alone, the walls of the adjacent divisions, the scala vestibuli and scala tympani,

resulting from the changes within the surrounding mesoblast. The latter differentiates into two
zones, an outer, which becomes the cartilaginous, and finally osseous, capsule, and an inner,

lying immediately around the membranous canal, which for a time constitutes a stratum of deli-

cate connective tissue between the denser capsule and the ectoblastic canal. Within this layer

clefts appear, which gradually extend until two large spaces bound the membranous cochlea

above and below.

These spaces, the scala vestibuli and the scala tympani, are separated for a time from the

scala media by a robust septum consisting of a mesoblastic layer of considerable thickness and
the wall of the ectoblastic tube. With the further increase in the dimensions of the lymph-
spaces, the partitions separating them from the cochlear duct are correspondingly reduced,

until, finally, the once broad layers are represented by frail and attenuated structures, the

membrane of Reissner and the basilar membrane, which consequently include an ectoblastic

stratum, the epithelial layer, strengthened by a mesoblastic lamina, represented by the sub-

stantia propria and its endothelioid covering.

The main sac of the otic vesicle from which the foregoing diverticula arise constitutes the

primitive membranous vestibule, and later subdivides into the saccule and utricle. This separa-

tion begins as an annular constriction of the primitive vestibule, incompletely dividing the vesicle

into two compartments. The still relatively large ductus endolymphaticus, the direct successor

of the recessus endolymphaticus, unites with the narrow canal connecting these vesicles in such

a manner that each space receives one of a pair of converging limbs, an arrangement foreshad-

owing the permanent relations of the parts.

Even before the subdivision of the primitive vestibule is established, the vestibular end

of the cochlear canal becomes constricted, so that communication between this tube and the

future saccule is maintained by only a narrow passage, later the canalis reuniens. The devel-

opment of the macula; acusticae of the saccule and utricle depends upon the specialization of

Part of frontal section of head of rabbit
embryo ; otic sac is separated from ectoblast
and beginning to elongate. X 40.
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the epithelium within certain areas associated with the distrihutiuii of the authtory nerves.

The nerve-lihres form their ultimate relations with the sensory areas by secondary growth into

the epitiieli.il structures.

Development of the Auditory Nerves.— The vestibular and cochlear ner\es, according to

Streeter', tleveloj) from a j;anj;lion-mass lirst seen at the anterior edg«- of the otic vesicle. This

ct)nsists of an upper and lower part

Fk;. 12:

Endolymphatic
recess

Wall of
brain-vesicle-

from the dorsal and ventral |)ortion

of which peripheral nerve branches

are developetl, whilst a sinj^le stem
connects it with the brain.

The nerves destined for the

utricle ami the sujierior and external

amjnilke develop from the upper
part (.)f the fjanj^lionic mass, while

the nerves which supply the saccule

and posterior ampulla develop from

the lower part of this mass. The
stem e.xtendiny: centrally from the

gaufi^lion toward the brain becomes
the vestibular nerve.

The spiral ganglion bej^ins its

development at the ventral border

of the lower part of this mass, the

cochlear nerve growing toward the

brain while the peripheral division

containing the ganglion extends into

the membranous cochlea. From
the foregoing sketch, it is evident

that the membranous labyrinth is

genetically the oldest part of the internal ear, and that it is, in fact, onlv the greatly modified

and specialized closed otic vesicle surrounded by secondary mesoblastic tissues and spaces.

Development of the

Otic vesicle shows differentiation into three subdivisions, endo-
lymphatic, vestibular and cochlear. X 40.

Fig. 1279.

Endolymphatic duct

Wall of brain-
vesicle

Canalicular
recess

Utriculo-
saccular pouch

?^V'::'^v'.'' •' '.'ii^M^ J^^''^S';i^i^'<:V'^;V^\—Surface

'Zi^>Y;

Cochlear duct

Middle Ear.—The tympanic

cavity and the Eustachian

tube are formed essentially

by the backward prolonga-

tion and secondary expansion

of the inner entoblastic por-

tion of the first branchial fur-

row, the pharyngeal pouch.

The dorsal part of the latter,

in conjunction with the adja-

cent part of the primitive

pharynx, gives rise to the sec-

ondary tubo-tympamc space

(Fuchs); the posterior end
of this becomes dilated to

form the tympanic cavity,

while the segment interven-

ing between the tympanic

diverticulum and the pharynx

is converted into the Eusta-

chian tube. The first and

second branchial arches con-

tribute the roof of the tym-

panic cavity.

The ear ossicles are de-

veloped in connection with

the primitive skeleton of the

visceral arches. The malleus
Further diflerentiation of otic vesicle into endolymphatic duct, utriculo-

saccular pouch and cochlear duct.

and incus represent specialized parts of the cartilaginous rod of the l^rst arch, the tensor tym-

pani being developed from the muscular tissue of the same arch. The stapes is developed trom

the second arch. The mesoblast which surrounds the structures of the tympanic cavity during

their development becomes spongy and finally degenerates toward the end of fcetal lite.

1 Amer. Jour, of Anatomy, Vol. VI., 1907.
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The air-cells of the temporal bone, incluclini^ those of the mastoid process, are formed

later by a process of absorption.

The tympanic membrane results principally from changes which take place in the first

branchial arch ; it is orit^inaliy thick and consists of a mesoblastic middle stratum, covered on its

outer surface by the ectoblast and on its inner surface by the entoblast.

Development of the External Ear.—The median i)ortion of the ectoblastic j^roove of the

first l)ranchial furrow becomes deepened to form the outer part of the external auditory canal,

Fig. 1280.

Sac.endolyrnph. ^

.- -/- -cochlea

10 WEEKS +.

Diagram illustrating development of human membranous cochlea; primary otic vesicle subdivides into vestibular
and cochlear pouches and endolymphatic appendage; cochlear pouch becomes ductus cochlearis ; from vestibular

f)ouch are derived utricle, saccule and semicircular canals ; whilst endolymphatic appendage gives rise to endo-
ymphatic sac and duct. (Streeter.

)

while the surrounding parts of the first and second arches develop into the auricle. About the

fourth week of foetal life, the thickened posterior margin of the first arch is broken up into three

tubercles by two transverse furrows. Similarly on the adjoining margin of the second arch, a

second vertical row of three tubercles is formed and, in addition, behind these a longitudinal

groove appears marking of? a posterior ridge. From these si.x tubercles and the ridge are differ-

entiated the various parts of the auricle, the lowest nodule of the first arch becoming the tragtis,

the remaining ones with the ridge giving rise to the heli.r, whilst from the three tubercles of

the second arch are developed, from above downward, the antihelix, the a)ititragus and the

lobule.



THE GASTRO-PULMONARY
SYSTEM.

GENERAL CONSIDERATIONS.

Thp: food-stuffs required to compensate the continual loss occasioned by the
tissue-chanires within the body are temporarily stored within the dij^estive tube.
During this sojourn the food is subjected to the digestive processes whereby the sub-
stances suitable for the nutritive needs of the animal are separated by absorption from
the superfluous materials which, sooner or later, are cast out as excreta. Closely
associated with digestion, and in a sense complementary to it, is the respiratory func-
tion by which the supply of oxygen is assured. In the lowest vertebrates these two
life-needs, food and oxygen, are obtained from the water in which the animal lives,

this medium containing both nutritive materials and the air required for the perform-
ance of the respiratory interchange of gases (oxygen and carbon dioxidej.

Spleen

Fig. 1281.

Wolffian body
' Notochord

Oral cavity Pharyngeal /

pouches Heart ^""^|tomach Pancreas
Mid-gut Ti- J* Hmd-gut

Cloacal orifice

Sagittal section of schematic vertebrate {Modified from Fleischmann.)

Since, therefore, in these animals both food and oxygen are secured from the

same source, the water, the digestive and respiratory organs form parts of a single

gastro-pulmonary apparatus. This close relation is seen in the lower vertebrates

(fishes), in which the anterior segment of the digestive tube is connected on either

side with a series of pouches and apertures, the branchial clefts, bordered by the

vascular gill-fringes by means of which the blood-stream is brought into intimate

relation with the air-containing water.

When the latter element is forsaken as a permanent habitat and the animal

becomes terrestrial, a more highly specialized apparatus, suited for aerial respiration,

becomes necessary. This need results in the development of the lungs. The latter,

however, retain the intimate primary relation to the digestive tract, and are formed

as direct ventral outgrowths from the gut-tube.

The vertebrate digestive tract early becomes differentiated into three divisions :

fore-gid, mid-gtit, and hhid-gnf. The first includes the mouth, pharynx, oesopha-

gus, and stomach, and serves for the mechanical and chemical preparation of the food

materials. The second comprises the longer or shorter, more or less convoluted

small intestine, and forms the segment in which absorption of the nutritive materials

chiefly takes place. The third embraces the large intestine, and contains the super-

fluous remains of the ingested materials which are discarded from the body at the

1527
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anal opening. Associated with the mid-gut are two important glands, the liver and

the pancreas. Greater complexity in the character of the food and in the manner of

securing it necessitates increased specialization in the first segment of the digestive

tube ; iience the addition of accessory organs, as the lips, oral glands, tongue, and

teeth, the latter often serving as prehensile as well as masticatory organs.

Reference to the early relations of the embryo to the vitelline sac (page 32)

recalls the important fact that the greater part of the gut-tract is formed by the con-

striction and sei)aration of a portion of the yolk-sac by the approximation and closure

of two ventral folds, the splanchnopleura. Since the latter consists of two layers, the

entoblast and the visceral lamina of the mesoblast, the tube resulting from the union

of the splanchnopleuric folds possesses a lining direcdy derived from the inner germ-

layer, supplemented externally by mesoblast. The latter contributes the connective

tissue, muscular and vascular constituents of the digestive tube, while the epithelium

and the associated glandular elements are the products of the entoblast.

MUCOUS MEMBRANES.

The apertures of the digestive, respiratory, and genito-urinary tracts mark loca-

tions at which the integument becomes continuous with the walls of cavities and

passages communicating with the exterior. The linings of such spaces constitute

Fig. 1282.
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mucous membranes. The latter, however, not only form the free surface of the

chief tracts, but also that of the ducts and tubes continued into the glands which are

developed as outgrowths from the mucous membranes.
Temporarily in the higher types and permanently in such of the lower animals

as possess a common cloacal space, all the mucous membranes of the body are con-

tinuous. After acquiring the definitive arrangement whereby the uro-genital tract

becomes separated from the digestive tube, these membranes in man and mammals
(except monotremata) form two great tracts, the gastro-ptdmonary and the geyiito-

urinary.

The free surfaces of the mucous membranes are kept continually moist by a

viscid, somewhat tenacious secretion, the mnciis, derived from the glands ; they are

thus protected from the drying and irritating influences of the air, foreign substances,

and secreted or excreted matters with which they are brought into contact.

Structure.—Every mucous membrane comprises two distinct parts : the epi-

thelium, which forms the immediate free surface and furnishes protection for the more

delicate tissues beneath ; and the tunica propria, a connective-tissue layer which

constitutes the stroma and gives place and support to the terminal branches of the
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nerves and the blood-vessels and the bej:;;inninj^s of the lymph-radicles. Thus it will

be seen that the general structure of a mucous memljrane corresponds closely with

that of the integument, the protecting epidermis of the latter being represented by
the epithelium of the former, while Ixtth the corium and the tunica proj)ria include

the connective-tissue basis oxer which the epithelial layer stretches. A stratum of

sudtnucoiis tissue, corresjxtndiiig with tin- sui)cutaiie(ius layer in the skin, connects

the mucous membrane with the surrounding structures.

The epithelium may be sc|uamous or columnar, simi)le or stratified. Its char-

acter is usually determined by the conditions to which it is subjected ; thus, where
covering surfaces exposed to mechanical influences of foreign bodies, it is commonly
stratified squamous, as in the upj)er part of the digestive tract. Where, on the other

hand, the mucous membrane is concerned in facilitating absorption, as in the intestinal

tube, the epithelium is simple columnar in type. In localities in which the existence

of a current fa\-ors the function ttf an organ, either as a means r)f freeing the surface

from secretion or particles of foreign matter, as in the respiratory tract, or of propul-

sion through a tube, as in the epididymis or the oviduct, the epithelium is of the

ciliated columnar variety. Modifications of the ejnthelial cells, due to the [jresence

of pigment or of secretion, distinguish certain mucous membranes, as those clothing

the olfactory region and the large intestine respectively.

The ttiniea propria or stroma consists of interlacing bundles of fibro-elastic tissue

which support spindle or stellate connective-tissue cells. The latter usually lie within

the uncertain clefts between the

Fig. 1283.
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Stroma bundles, which may be re-

garded as lymph-spaces. In many
localities the surface of the tunica

propria is beset with numerous ele-

vations or papillcr, over which the

epithelium extends. Such irregu-

larities, when slight, may not modify
the free surface of the mucous mem-
brane, since the epithelial layer com-
pletely fills the depressions between
the elevations ; when more pro-

nounced, the papillae or folds of the

connective tissue produce the con-

spicuous modelling of the surface

seen in the papillae of the tongue
or the rugae of the vagina. The
papillae contain the terminal loops

of the blood-vessels and the nerves

supplying the mucous membrane.
Where especially concerned in ab-

sorption, the mucous membranes often gain increase of surface by cylindrical eleva-

tions, or villi, as conspicuously seen in the small intestine. These projections,

consisting of the stroma covered by epithelium, contain the absorbent vessels, or

lacteals, in addition to the blood-capillaries.

A more or less well-defined line separates the epithelium from the subjacent

tunica propria. This demarcation is the basemeyit membraiie, or metitbrayia propria,

a detail which has been variously interpreted. Usually the basement membrane
appears as a mere line beneath the epithelium, and is then, probably, formed by the

apposition of the basal processes of the epithelial cells. When surrounding glandular

tissue it is better developed, presenting a distinct and much more robust structure. In

these positions the basement membrane is probablv a product of the tunica propria and
occurs in two types, sometimes being homogeneous, at other times reticular (Flint').

In many localities the deepest part of the mucous membrane, next the submu-
cous tissue, is occupied by a narrow layer of involuntary muscle, the muscularis

mucosa;. While not everywhere present, it is especially well developed in the intes-

tinal tract from the gullet to the anus, and in places consists of two distinct layers,

' American Journal of Anatomy, vol. ii., No. i, 1902.

Section of mucous membrane of oesophagus. X 55.
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a circular and a long^itudinal. The inner surface of the stratum is often broken by-

processes of muscular tissue which penetrate the tunica propria well towards the

epithelium. The muscularis mucosae belongs to the mucous membrane, and there-

fore must be distinguished from the muscular coat proper, which is frequently a
conspicuous additional layer in the digestive tract.

Mucous membranes are attached to the surrounding structures by a submucous
layer of areolar tissue. The latter varies in thickness and density, consequently the
firmness of the union between the mucous and submucous strata differs greatly in

various localities. Usually the attachment is loose, and readily permits changes in

position and tension of the mucosa, which, in the relaxed condition, is often thrown
into temporary folds or ruga, as in the oesophagus and stomach. In other places

the folds are permanent and not effaced by distention of the organ ; a conspicuous
example of such arrangement is seen in the valvular conniventes of the small intestine,

in which the submucous tissue forms the basis of the elevation.

The blood-vessels supplying mucous membranes reach the latter by wav of the

submucous tissue, in which the larger branches divide into the twigs which pass into

Fig. 12S4.

i> Non-vascular epithelium

Terminal capillan- loops

Tunica propria

Larger branches within
submucosa

Section ot injected oral mucous membrane. X 60.

the mucosa. Within the deeper parts of the tunica propria the smaller arterial

branches break up into the capillaries forming the subepithelial and papillary net-
works, the vascular loops being limited to the connective tissue stroma and never
entering the epithelium. The venous stems usually follow the arteries in their gen-
eral course. When glands are present, the capillaries surround the tubules or alveoli
with rich net-works in close relation to the basement membrane.

The lymphatics within mucous membranes are seldom present as definite chan-
nels, since they begin as the uncertain interfascicular clefts between the bundles of

stroma-tissue. Towards the deeper parts of the mucosa the lymph -paths become
more definite, and exist as delicately walled varicose passages which converge towards
the submucous tissue. Within the latter the lymph-vessels form net-works richly
provided with valves and the accompanying dilatations.

The yierves distributed to mucous membranes include cerebral or spinal and
sympathetic branches, the latter supplying especially the involuntary muscle of the
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stroma and of the blood-vessels. Surfaces hij^hly endowed with general and tactile

sensihilitv are provided witli a generous supply of twigs containing medullatcd fibres.

As the latter pass towards their ultimate destination (for convenience assuming that

all are periplurallv directed ) they lose their medullatt-d character and, as naked axis-

cylinders, form the suhcpithtlial pUwusfs, from which delicate filaments pass into the

i)a|)ilUe, where they terminate either as free club-shaped or special sensory endings.

[t is probable that in places the nerves penetrate between the epithelial cells forming

the layers ne.xt the basement epithelium and terminate in varicose free endings.

GLANDS.

Certain of the epithelial cells lining the mucous membranes of the body become
modified to assume the role of secretion-forming organs or glands, the products of

which are poured out upon the free surface and keej) the latter moist. The latter

purpose is secondary in the case of many important glands, as the parotid, pancreas,

Diagram showing tvpes of glands. a-«, tubular; f-i, alveolar or saccular a. simple; *, coiled; c-d. increasingly

complex compound tubular; e, tubo-aiveolar
; /, simple ;

gh-i. progressively complex compound alveolar.

or liver, since these organs supply special secretions for particular ends. Aggrega-

tions of the secreting elements var\- greatly in size, form, and arrangement, as well

as in the character of their products.

The simplest type is the nnicelhdar gland found in the lower forms: in principle

this is represented in man and the higher animals by the goblet-cells seen in pr6-

fusion in mucous membranes covered with columnar epithelium. The secretion

poured out by these goblet-cells serves to protect and lubricate the surface of the

mucous membranes in which they occur. The term "gland," however, usually

implies a more highly developed organ composed of a collection of secreting epithe-

lial elements.

Glands are classified according to their form into two chief groups, the tubular

and the alveolar, each of which occurs as simple or compou7id. It should be empha-

sized that in many instances no sharp distinction between these conventional groups
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Fig. 1286.

Opening on
mucous membrane

Excretory duct

exists, some important glands, as the salivary, being in fact a blending of the two
types ; such glands are, therefore, appropriately termed tubo-alveolar.

In the least complex type, the simple tubular, the gland consists of a cylindrical

depression lined by epithelium directly continuous with that covering the adjacent sur-

face of the mucous membrane, as an outgrowth of which the gland originally devel-

oped. In such simple gland the two fundamental parts, xha/ioidus and the duct, are
seen in their primary type. The fundus includes the deeper portion of the gland in

which the epithelium has assumed the secretory function, the cells becoming larger and
more spherical in form, while in structure the distinction between the spongioplasm and
hyaloplasm is usually marked in consequence of the particles of secretion stored up
within the meshes of the spongioplastic net-work, which is often sharply displayed.

The duct connects the fundus with the free surface and carries ofl the products elabo-

rated within the gland. It is lined with cells which take no part in secretion and
hence retain for some distance the character of the adjacent surface epithelium.

Dilatation of the fundus of the primitive type produces the simple alveolar or saccular

gland ; division of the fundus and part of

the duct gives rise to the compound tubu-

lar variety ; repeated cleavage and subdivi-

sion of the duct, with moderate expansion
of the associated terminal tracts, lead to

the production of the tubo-ah-eolar type.

Simple tubular glands may be
minute cylindrical depressions of practi-

cally uniform diameter, as the crypts of

Lieberkiihn in the intestine, or they may
be somewhat wa\'y and slightly expanded
at the fundus, as often seen in the gastric

glands towards the cardiac end of the

stomach. When the torsion becomes
very pronounced, as in the sweat-glands,

the coiled variety results.

Compound tubular glands pre-

sent all degrees of complexity, from a
simple bifurcation of the fundus and ad-

jacent part of the duct, as in the pyloric

or uterine glands, to the elaborate duct-

system ending in terminal divisions either

of a tubular form, as in the kidney and tes-

ticle, or of a modified, somewhat dilated,

alveolar form, the tubo-alveolar type, as

in the salivary glands.

Tubo-alveolar glands, modified

compound tubular, constitute a very im-

portant group, since they embrace many
of the chief secretory organs of the body.

They are made up by repetition of similar structural units, differences in the size of

the organ depending upon the number of those associated to compose the gland.

These units correspond to the groups of terminal compartments, or alveoli, con-

nected with a single ultimate division of the duct-system. The alveoli or acini contain

the secreting cells, and are limited externally by a basement membrane, often well

developed, which supports the glandular epithelium and separates the latter from the

blood- and lymph-vessels that surround the acinus.

The alveoli belonging to the same intermediate duct, held together by delicate

connective tissue, constitute a pyramidal mass of glandular tissue, theprimary lobules.

The latter are assembled into larger groups, or secondary lobules, which in turn are

united by interlobular connective tissue into the lobes composing the entire gland.

The lobes are held together more or less firmly by the interlobar areolar tissue

continuous with the general fibrous envelope, which forms a capsule for the entire

organ and separates it from the surrounding structures.

Beginning of
uct in alveoli

Terminal
alveolus

Diagram showing relations of various portions of duct-
system in glands of tubo-alveolar type.
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Thi- intt'Hohar tissue and its intirlohiilar continuations contain the blood-vessels,

lymphatics, ami nerves su])])lyinj4 tin- ^iand and, in addition, the major ]>orti(jn of

the excretory ducts. In the lari^er glands the latter form an elaborate system of pas-

saj^es arranj^eil after the j^eneral i)lan shown in the accompanying^ diagram (Fig.

1285). Traced from the terminal compartments, or alveoli, of the j^land, the duct-

system bei^ins as a narrow canal, the internwdiatc duct, lined by low cubf)idal or flat-

tened cells directly continuous with the glandular epitiulium of the alveoli. After a
short course the tube increases in diameter and becomes the i)itralohiilar duct, which
is often consj)icuous on account of its tall and sometimes striated oV rod-e]jithelium.

The further path of the excretory tubules lies within the connective tissue separatinjj;

the divisions of the j^landular substance, and embraces the iutcrlobular AwCi. the inter-

lobar ducts, the latter joining to form a sint^le main excretory duct which opens upon
the free surface of the mucous membrane. The last-named passaj^e is lined for some
distance by cells resemblinii^ those covering the adjacent mucous membrane ; where
these are stratitied scjuamous in type, this character is maintained for only a limited

Fig. 1287.

i-tm
/'

l1.-.

j>^j^
''^-4^"'

:A

> 'y-.\AMucous alveoli M ^^^ , v
' — ' v

-I J >-j .'-
>" '^^^.^ - Serous alveoli

Section of posterior part of tongue, showing alveoli of serous and mucous types of glands. X 60.

extent, before the interlobar ducts are reached gradually giving place to a simple,

sometimes at first double, layer of columnar epithelium which extends as far as the

intralobular tubules. The walls of the larger ducts consist of a fibro-elastic coat, lined

by epithelium, and sometimes, in the case of the large glands, as the parotid, liver,

pancreas, or testicle, are strengthened externally by a layer of involuntary muscle.

In the case of the large ducts the latter is usually disposed as a transverse and longi-

tudinal layer, to which, as in the hepatic duct ( Hendrickson ), a third oblique one
may be added. Differential stains show the presence of a large amount of elastica.

The glandular epithelium lining the alveoli rests upon the limiting basement
membrane as a single layer of irregularly spherical or polygonal secreting cells : these

do not completely till the aheolus, but leave an intercellular cleft into which the

product of the cells is poured and in which the system of excretory ducts begins.

Depending upon the peculiarities of the cells and the character of their secretion,

glands are divided into serous and mucous.
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Fig. 1288.

Tlie serous glands are distinq;uishecl by cells which are distinctly g^ranular,

generally pyramidal in form, with nuclei situated in the vicinity of the centre. The
secretion elaborated by such inlands is thin and watery. The general appearance of

the cells depends upon the number and size of the granules stored within their cyto-

plasm, and changes markedly with the variations of functional activity of the gland.

When a serous gland is in a condition of rest, the cells are loaded with secretion,

and appear, therefore, larger and coarsely granular. After active secretion, on the

contrary, the cells are exhausted and smaller and contain little of their product, often

exhibiting differentiation into a clear outer zone, free from granules, and a darker

inner zone, next the lumen, in which the granules still remain.

The mucous glands elaborate a clear, viscid, homogeneous secretion, which,

when present in considerable (juantity, as during rest, distends the cells, crowding
the nuclei to the periphery against the basement membrane, and gives to the glandu-

lar epithelium a clear and
transparent appearance in

marked contrast to the

granular character of the

elements of a serous gland.

During rest, when loaded

and distended with mucoid
secretion, the transparent

cells possess well-defined

outlines, and present a nar-

row peripheral zone con-

taining the displaced nuclei

and granular protoplasm.

After prolonged activity the

exhausted cells contain rela-

tively little mucoid secre-

tion, and hence the threads

of spongioplasm are no
longer widely separated, but

lie closely ; in consequence
of these changes the cells

lose their former transpar-

ency and resemble the

elements of serous glands,

becoming smaller, darker,

and more granular than

th2 cells of the quiescent

mucous gland.

The alveoli of mucous
glands often contain small

crescentic groups of small

granular cells lying between
the usual larger clear ele-

ments and the basement
membrane ; these are the

crescents of Gianuzzi, or demilunes of Heidenhain. the interpretation of which has

caused much discussion. The older view regarded the crescents as groups of cells

differing from the surrounding ones only in their stage of activity and not in their

essential characters, all the cells within the alveolus being of the same nature. The
opposite view, advanced by Ebner over a quarter of a century ago, has received sup-

port frofn more recent critical studies by Kiichenmeister, Solger, Oppel, R. Krause,

and others, who have shown that the cells composing the crescents differ from the

mucus-containing elements, elaborate a special secretion, and are similar to, if not

identical with, those filling the alveoli of serous glands. According to these observers,

the crescents are groups of serous cells compressed and displaced by the predomi-

nating mucous elements, but not excluded from the lumen of the alveolus, as was

Demilune of
serous cells

Duct

Mucous cells

nemiluiie

Section of human sublingual gland, showing serous cells arranged as demi-
lunes. X 300.
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Fig. 1289.

Sectioti of several alveoli of submax-
illary jjland of doff, showing terminal
ducts and secretion-capillaries passing
to crescentic (stippled) groups of serous
cells. X 500. (Retzius.)

foniierly thouti^ht to he the case, since extensions of the hinien pass hetween the

mucous cells to reach the demilunes.

In additit)!! to the main alveolar lumina, always narrow in serous and wider in

mucous acini, the e.xisteiice of intercellular passajj^es, or secretion-capillaries, has been

established for many glands, especially by the employment of the Golgi and other

special methods. These clefts i)enetrate laterally be-

tween the glandular epithelium from the a.xial lumen

towards the basement membiant-, partially enclosing

the .secrelinj; cells with a branchinj.^ system of miiiule

canals. Alveoli containinj.^ exclusively nuicous cells

do not possess these intercellular canaliculi, the a.xial

lumen alone beinj^ present. In acini of the serous

type the accessory channels are represented by minute

branching passaj^es which penetrate between the cells,

but seldom reach the basement membrane. The most
conspicuous of the secretion-capillaries occur in alve-

oli containing the demilunes, the product of the

serous cells escaping into the main lumen by means

of the lateral intercellular canals which pass between

the mucous elements to reach the peripheral group of

serous cells composing the crescent. The view that

the secretion-capillaries normally extend into the cyto-

plasm of the glandular epithelium, and are, therefore,

also intracellular, must be regarded as doubtful and still undecided, although sup-

ported by many able histologists.

Depending upon the distribution of the two varieties of alveoli, the tubo-

alveolar glands may be divided into four groups (Ebner):

1. Pure serous glands, in which only serous alveoli occur, as the parotid.

2. Mixed serous glands, in which a few mucous alveoli are intermingled with the

serous, as the submaxillary.

3. Mixed vnico2is glands, in which the serous cells occur as crescentic groups or

demilunes, as the sublingual and buccal.

4. Pure jnucous glands, without serous alveoli or demilunes, as the palatal.

Simple alveolar or saccular glands in their typical flask-like form, as seen

in the skin of amphibians, are not found in man. The dilated spherical fundus is lined

with clear and distended secreting cells, in which the nuclei are displaced towards the

periphery by the mucus elabor-ated within the epithelial elements. In the higher

animals this type of gland is represented, somewhat modified, by the simple sebaceous

follicles.

Compound alveolar or saccular glands constitute a group much less exten-

sive than formerly supposed, since careful study of the form and arrangement of many
organs, as the saii\'ary glands, pancreas, etc. , has shown that these are more appro-

priately regarded as tubo-alveolar than as branched saccular glands. The latter,

however, still have representatives in the larger sebaceous and Meibomian glands.

The most conspicuous example of the compound saccular or racemose type is the

lung, which in its development and the arrangement of the air-tubes and the sac-like

terminal compartments corresponds to this variety.

The blood-vessels distributed to glands are always numerous, since secretory

activity implies a generous blood-supply. In the case of the smaller and simpler

glands, the capillaries within the mucosa form a mesh-w^ork outside the basement

membrane enclosing the glandular epithelium. The large compound glands are pro-

vided with a vascular system which usually corresponds in its general arrangement

to that of the excretory ducts, following the tracts of the interlobar and interlobular

areolar tissue and its extensions between the groups of the alveoli. On reaching the

individual acini, the capillaries form net-works which surround the basement mem-
brane enclosing the alveoli, thus bringing the blood-current into close, but not direct,

relation with the secreting cells, an arrangement favoring the selection by the proto-

plasm of the particular substances required for the function of the gland. When the

relation between the glandular epithelium and the capillaries is unusually intimate,
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as in the case of the Hver, a distinct basement membrane is sometimes wanting, a

delicate supporting reticulum alone intervening between the blood-stream and tiie

protoplasm of the cells. Although subject to local deviations, conspicuously excep-
tional in the liver, the veins follow in general the course of the arterial branches, the

larger blood-vessels, together with the main excretory ducts, the lymphatics, and the

nerves, occupying the principal extension of the connective tissue into the glandular

mass.

The lymphatics are represented by the larger trunks which follow the excretorj-

ducts and freely anastomose within the interlobular areolar tissue. After the intra-

lobular portion of the vessel is reached, its definite character is gradually lost until the

lymphatic channels are to be recognized only as the clefts between the bundles of

connective tissue separating the alveoli.

Fig. 1290. Fig. 1291.

Injected gastric mucous mem-
brane, showing capillary net-woik
surrounding tubular glands. X 55-

Section of submaxillary gland of rabbit ; upper
half of figure shows distribution of nerve-fibres
to alveoli ; lower half shows terminal ducts and
secretion-capillaries. X 290. {Retzius.)

The nerves supplying the larger glands include fibres from two sources, the

cranial or spinal nerves and the sympathetic. They follow the interlobular excretory

ducts, around which plexuses are formed, ganglion-cells being frequent at the points

of junction. The stronger twigs contain a preponderating proportion of thick

medullated fibres, which become progressively less in size and number in their course
towards the alveoli. Upon reaching the latter the nerves consist almost entirely of

nonmeduUated fibres, and in the end-plexuses around the alveoli such fibres alone

are present. The terminal distribution, as demonstrated bv the Golgi and methylene-

blue methods, includes cpilemmar and hypoleinmar fibrilla;, the former lying upon
and the latter beneath the basement membrane. The hypolemmar fibrillse pass into

the acini from the extra alveolar plexus formed by the filaments surrounding the base-

ment membrane. The ultimate relation between the terminal fibrillae and the glandu-
lar epithelium is still uncertain, but it may be regarded as established that the nerves

extend between and around the cells ; an intracellular termination, on the contrary,

is doubtful. Retzius, Ebner, and others agree in picturing the delicate perialveolar

dIcxus as consisting of tortuous and convoluted filaments which end in occasional
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Fig. 1392.

delicate varicosities. Arnstein ' has clescril)ccl a special minute plate-like cnd-orjifan

as a widely occurring mode of ncrve-eiuliu}^ iu j.(lands. VV. Krausc^ has noted in

certain glands a form of end-capsule resembling a simplified Pacinian corpuscle. The
sympathetic fibres are distributetl especially to the invohmtary muscle of the blood-
vessels and the ducts, the peristaltic wave within the muscular coat of the latter facili-

tating emptying of the secretion.

Development.—Since glands are only extensi<jns of tin- nin< ous membrane or
integument upon which they open, their development begins as an (julgnn\ th or
budding fioin llie epithelium covering such surfaces. In

the simple tubular glands the minute c\'linders are closely

placed antl composetl of densely packed cells. In the

case of the larger compound glands, as the salivary or

pancreas, the first anlage consists of a solid cylindrical

plug which, penetrating into the mesoblast, soon begins

to branch. The ends of the terminal divisions enlarge

and eventually become the alveoli. Meanwhile the sur-

rounding mesol)last undergoes condensation and forms

the interlobular and other septa, as well as the general

envelope, or capsule, thereby giving definite form to the

general glandular aggregation. The vascular and other

structures usually found within the interparenchymatous

tissue are secondary and later formations. The develop-

ment of the gland involves a double process of active

growth,— not only the extension of the epithelial pro-

cesses, but also a coincident invasion and subdivision of

the latter by the mesoblast to form the constituent units

of the organ. The lumen of the gland appears first in

the main excretory duct, from which it extends into the

secondary tubes and, finally, into the alveoli. Growth,
separation, and more regular arrangement of the cells

composing the epithelial cylinders are the chief factors in producing the lumen. In

the early condition of the glands, before the assumption of functional activity, the

cells later constituting alveoli of the serous or mucous type are similar and without

histological distinction. Upon the establishment of their different roles, however,

the characteristics distinguishing the varieties of glands appear, the differences de-

pending upon physiological rather than upon inherent anatomical variation.

^ Anatom. Anzeiger, Bd. x., 1895.
- Zeitschrift f. rational. Med., Ed. xxiii., 1865.

Duct,
with
lumen

Alveoli,
still solid

Section of foetal oral mucous
membrane, showing developing
tubo-alveolar gland. X 50.



THE ALIMENTARY CANAL
This is a long and complicated tube extending from the mouth to the anus.

Excepting the two ends, each of which is at first a pouch from the ectoblast, it is

developed from the entoblast with a mesoblastic envelope. It consists of the mouth,

pharynx, and oesophagus above the diaphragm, and of the stomach and S77iall and
large hitesthies below it. There are many accessory organs connected with it whose
primary function is to assist in the process of nutrition. The chief ones above the

diaphragm are the teeth, the to7igue, and \\\^ salivary glands; those below it are

glands of various kinds, mostly so small as to be contained in the mucous membrane.
But two distinct organs, the liver and the pancreas, belong to this class, both being

originally outgrowths from the gut. The trachea and haigs have a similar origin,

but their physiological function is so different that they are treated of under a separate

heading.

The general structural plan of the digestive tube, presenting in places great mod-
ifications, is : (i) a lining of mucous membrane

; (2) a submucous layer of areolar

tissue, into which glands may penetrate from the former
; (3) a double layer of non-

striped muscular fibres, of which, as a rule, the inner is circular and the outer longi-

tudinal ; (4) below the diaphragm, a serous covering from the peritoneum, which,

although originally complete, is in the adult wanting in certain parts.

The length of the alimentary canal is, on the average, not far from 9 m. (ap-

proximately 30 ft.), of which not more than 45 cm. (about 18 in.) is above the

diaphragm. A preliminary sketch of the divisions above the diaphragm may be con-

venient. The vestibule, of the mouth is the space between the lips and cheeks exter-

nally and the jaws and teeth internally. The (potential) cavity of the mouth is within

the arches of the gums and teeth. It is bounded above by the hardpalate and its

backward continuation the softpalate. The greater part of the floor is occupied by
the tongue. There is a free horseshoe-shaped space beneath the tongue within the

lower jaw, called the alveolar-lingual groove or, better, the sublingual space. The
pharynx joins the mouth at the anterior pillar of thefauces, a fold passing outward
and downward from the soft palate to the tongue. The pharynx extends from the

base of the skull to the lower border of the larynx. The upper part, the iiaso-

pharynx, is behind the nasal chambers which open into it, the oro-phary?ix is behind
the mouth, and the laryngo-pharynx behind the laryn.x. At the lower border of the

larynx it is followed by the oesophagus, a long tube which, piercing the diaphragm,
opens into the stomach.

THE xMOUTH.

The framework of the mouth is made by the hard palate and the alveolar

processes of the upper jaw, by the greater part of the body (including the alveolar

processes) of the lower jaw and part of the ramus, and by the hyoid bone, to which
may be added the mylo-hyoid muscle forming the floor.

When the lips are opened and the lower jaw dropped, the mouth is a true cavity

extending to the pharynx ; when these parts are closed, the tongue fills practically the

whole space. It is convenient, however, to speak of the cavity of the mouth. This
space is subdivided into the vestibule or preoral cavity and that of the oral cavity or

mouth proper. The former is the region between the closed lips and cheeks in front

and the closed jaws and teeth behind. When the lips are closed, it communicates with

the mouth proper only by a small passage behind the wisdom-teeth, in front of the

ramus of the jaw.

THE LIPS, CHEEKS, AND VESTIBULE.

The orifice of the mouth (rima oris) is a transverse slit of variable length,

bounded by projecting folds,—the lips. These, like the cheeks, with which they are

continuous, are composed of complicated layers of muscle, covered externally by
skin and internally by mucous membrane.

1538
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Eat is found irreji^ilarly <iis|H)Si(l ainon^ tht- imiscles of llie cheeks in varyinj^

quantity, but in tin- (li])iission in front of tlu- niasscter and suiJc-rlicial to the buccinator

there is a distinct l)all of fat cnclosctl l)y a capsule, which is the remnant of the so-

FlG. I2()3.
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Mylo-hyoid-

CEsophagus

Sagittal section of head of young adult, three-fourths natural size.

called " button" of infancy,—a collection which gives resistance to the cheek and pre-

vents it from being flattened by atmospheric pressure during nursing. The mucous

membrane is reflected from the cheeks onto the jaws, where it covers the gums.

This line of reflection at the middle of the lower jaw is 7 or 8 mm. from the alveolar
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border and about twice as far from it in the uj^per. In both jaws, but especially in

the lower, the line approaches the teeth as it passes backward. There is a distinct

fold or frcniim of mucous membrane passinj^^ from the anterior nasal spine to the
middle (jf the upper lip. The free edge is often irregular, and may have a nodular
enlargement. A much smaller fold is often found on each side in the region of

the bicuspids. A median fold to the lower lip is small and inconstant. Externally
the lips present a red region of modified mucous membrane, intermediate between
the skin of the face and the mucous membrane of the mouth. A sagittal section

through either lip shows these three parts. In the new-born the intermediate ' part

is subdivided into two, of which the inner—rather the broader—more closely resem-
bles true mucous membrane than the latter. After death in the young child it

assumes a brownish color, which has been mistaken for the effect of acid. In the

adult these two subdivisions lose their distinctness. The lower lip is the larger and

Fig. 1294.
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Inferior
turbinate

Mucous mem-
brane cover-
ing palate
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Facial artery

Mandible

Submaxillary duel

Lingual nerve

Sublingual gland

bmental arteryMylo-hyoid

Platysma

Anterior belly of digastric

Genio-hyoid

Genio-glossu-

Frontal section, showing oral cavity and. lower part of nasal fossae
;
plane of section passes through anterior end of

zygoma. Three-fourths natural size.

fuller, showing more red except towards the angles of the mouth, where it disap-

pears. Its lower border is slightly indented in the middle. The upper lip shows a
more marked indentation below a little gutter, Xha phillmm, running down from the
nasal septum. A slight median prominence of the lower edge of the upper lip is the
tubercle, which interrupts the straightness of the cleft when the lips are closed, making
the line resemble a Cupid's bow.

The muscles of the lips are a complicated interlacement from many sources.

The orbicularis oris, formerly supposed to form a sphincter, has no separate exist-

ence. The general plan is as follows. The upper fibres of the buccinator enter the
lower lip and pass out at the opposite angle to ascend into the upper part of the other
buccinator. Those of the lower part traverse the upper lip in a similar manner.
The layer formed by the buccinator lies under the mucous membrane near the border
of the lips, and bends forward so that its edge is nearest the skin at about its junction

,
* Otto Neustatter : Ueber den Lippensaum, etc., Inaug. Di.ssert., Munich, 1894.
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witli the free red surface. In llie lower lip the ijuadralus (ciej)ressor iabii inferioris)

runs upward undi-r tlu- skin to hnak up into fibres endinj4 in the li[)s. The tri-

uNi^uIaris (depressor an^uli oris) passes

at the anj^le of the mouth into the upper
lip and ends as a series of sejjarate fibres

inserted into the mucous memf>rane, many
of them crossinj.^ the middle line. This
muscle, Ijefore it breaks up, is in the same
plane as the buccinator, but farther from
the edge of the lips. Some German au-

thors, by grouping together the various

muscles of the upper lip, have made a

superior quadrahis and trian^iclaris

which are disposed in a similar manner
to the lower ones. Besides these there

are two muscles, the zygomaticus, de-

scending, and the risorius, ascending,

which meet at the oral angles and end
there in the skin or mucous membrane,
or in both. There are also numerous
fibres, seen only with the microscope in

sagittal sections, passing from the skin

to the mucous membrane ; these consti-

tute the rectus.^

Phi Itrum

Tubercle

Labial region, from life, reduced one-fifth.

Fig. 1296.

Labial glands_la~---jQ_j||»^.^*^^^'-'" V-

.Integument

Transition into true lj
'

:

mucous membrane L. »-,,

Modified mucous membrane.

-Sebaceous gland

"-^-^

-Transition into
modified skin

'"V^

Sagittal section of lip of young child. X 20.

The mucous membrane, which is smooth, is so closely attached to the
muscles that it follows the movements of the latter. Mucous glands are lodged in its

^ Aeby : Archiv f. mikro. Anat. , Bd. xvi., 1879.
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deeper parts and in the scanty submucous tissue. They are named labial, buccal,

and molar, according to their situation. The labial glands are gathered into a series

of groups near the inner border of the hps, the buccal glands are smaller and scattered,

and the molar glands are well-defined groups opposite the molar teeth. The duct

of the parotid gland ( q. v. ) opens into the vestibule, the space between the lips and
cheeks externally, and the teeth and alveolar processes internally. Separating the

vestibular space from that of the mouth proper behind the alveolar processes is a

prominent fold of mucous membrane over the pterygo-maxillary ligament. This fold

appears at the inner side of the last upper molar and runs downward and outward to

that of the lower. The space behind the teeth when the mouth is closed is small,

but a tube some 5 mm. in diameter can be passed through it.

Vessels.—The arteries supplying the lips, which are very vascular, are chiefly

the coronary branches of the facial arteries, each of which forms an arch meeting its

fellow in each lip. The vessel lies between the muscles and the glands of the mucous
membrane, nearly opposite the line of junction of the latter and the intermediate por-

tion. The pulsation is easily felt through the mucous membrane. The veins, less

regular, lie on the outer side of the muscles. The lymphatics empty into the glands

at the angle of the jaw, excepting those near the median line of the lower lip, which
run into the suprahyoid glands.

Nerves.—The mucous membrane of the cheek is supplied by the buccal branch
of the inferior maxillary division of the fifth cranial nerve, the lips by the terminal

branches of its second and third divisions.

THE TEETH.

In form the teeth present three parts,—the body or crown, coated with enamel ; a

somewhat constricted part, the neck, covered by the gums ; and the root orfang,
which, covered by the cementum, is fixed in the socket. The greater part of the

tooth is composed of the dentine and surrounds the pulp-cavity, to which minute
openings in the root or roots transmit vessels and nerves.

The shape of the crowns is the basis of classification. Thus, in the front teeth

the crown is flattened so as to have a chisel-like shape, adapted to cutting, hence
these are termed ificisors ; the cayiine teeth have the crown forming a single point or

cusp ; the bicuspids have two, and the multicuspids, or molars, several cusps. The
crowns of all the teeth may be considered as modifications of a simple cone, or as

combinations of several cones. ^

In man the teeth come in two sets, the temporary or milk and the pe7'ma7ie7it

teeth ; the total number of the former is twenty, that of the latter thirty-two. The
number and arrangement of the teeth of any animal is expressed in its dentalformula ;

this for man, for the left half of the mouth, may be written as follows :

Temporary Teeth : i c ?« ( = 5 X 2 ^ 20V21 2 \ 5 /

Permanent Teeth : i c hi w -^ I = - X 2 = 32 V
2 I 2 3 \ 8 /

It will thus be seen that in the milk-teeth there are no bicuspids and one molar less.

Since the tvpical mammalian dental formula is ?'_ C- hi- w -, it mav be assumed3143
that in man three pairs have been suppressed. These suppressed teeth are occasion-

ally represented by supernumerary ones ; from the position of the latter it is probable
that the missing teeth are the second incisors and the first and fourth bicuspids.

To avoid confusion in the nomenclature of the teeth from the curve of the jaws,

it is customary to speak of the labial and lingual surfaces of the incisors and canines,

and of ihe facial, or buccal, and lingual surfaces of the bicuspids and molars. The
sides against the other teeth are often called the median and distal, supposing the
teeth to be implanted in a straight transverse line. This is not satisfactory in all

^See Homologies, page 1566.
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cases We shall speak instead cf the i.nur and cuter sides of the incisors and

canines and <.f the anterior and posterior sides of the bicuspids and inolars. If the

position ..f the t.K.th in the jaw be rememl>ered, no confusion is possible.

^ The Incisors.-The crowns are characterized by sh^duly convex quadrilateral

labial surfaces, rather bn.ader than the lingual ones, and end.n^^ '" f^l^ t'";,;"!!-^
edees sliehtly concave lingual surfaces slantiUK^ forward and bevelled at the ed^e.

tranuila. lateral surfaces, and sin^de roots. The labial and hn.nial sur aces of he

crowns are bounded at the root by curved lines, the convexity beiUK^ towards the

gums. At the sides these borders are continued as strai^dn lines towards the free

Fig. 1297.

Partly developed

Crown of

Permanent teeth, showing their forms and relations; outer surface of jaws partly removed. Last molars are only

partially formed.

edee and meet at an acute an^le. The enamel is continued farther on the linpal

surface, especially in the lateral incisors of both jaws. The cutting edge shows three

small scallops on' its f^rst appearance, but they speedily M-ear awav (Fig. 1298)^

The superior median incisors are much the largest. The labial surface ot

the crown is nearlv square. The inner half of this surface is more strongly convex

than the lateral. Traces of three swellings are often found on the labial side ot the

lower half of the crown extending to the three primitive scallops on the edge. 1 he

free edge meets the internal border at nearfy a right angle, but the outer angle is

rounded The lingual surface, narrower than the labial, is a litde concave, borne-

times the edges are raised so as to leave a distinct V-shaped depression, in the

middle of which runs a vertical ridge, the ci?igulum, which ends below in a tubercle.
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Often the cingulum of the incisors is represented merely by the tubercle. There are
all kinds of intermediate statues between this and a nearly plane surface. Sometimes
the tubercle is triple. The fang is nearly conical, and usually has an outward slant.

The superior lateral incisors are more cusp-shaped, the angles, especially the outer,

tending to be rounded. The lingual surface is less plane than in the median incisors

and the cingulum larger. Sometimes it is almost a distinct cusp. The fang is also
conical, with an outward inclination.

The inferior incisors are smaller than the superior, and the median ones the
smallest of all. The crozvus broaden from the neck to the edge. This feature is

more marked in the lower races, and still more in apes. The labial surface is more
nearly plane than in the upper ones ; the lingual surface is more even. The
cingulum is small, often not very evident. The angles of the free edge are sharper
than those of the upper jaw, excepting the outer one of the lateral tooth, which is

generally rounded. Tho^fangs are compressed from side to side and their tips turn
a little away from the median line. This is particularly true of the later-al one, but

Fig. 1299.

A B

Fig. 1298.

Unworn surfaces of upper
and lower permanent incisor
teeth, lingual aspect. X 2.

Median incisor teeth
of left side, labial {A)
and lateral {B) aspects.
(Leuiy.)

Temporary incisor
teeth of left side. A,
median ; B, lateral in-

cisors. (Leidy.)

is a constant feature of neither. The sides of the fangs are often grooved. The
external groove is the deeper, and when only one is present it is on that side.

The pulp-cavity is relatively large in the superior median incisors, in which it

presents three expansions towards the free edge. It is smaller in the others, and has
usually but two distinct diverticula. The canal of the lower teeth, esj)ecially when
the roots are deeply grooved, often divides below the pulp-cavity into an anterior

and a posterior branch, which usually reunite before reaching the tip of the fang."

The upper incisors occupy in all more space than the lower, which is due chiefly

to the great size of the upper median ones. In the lower jaw the median incisors

are the smaller, but there is no great difference between them and the laterals. The
superior laterals are but slightly larger than those below them.

The temporary incisors differ only slightly, save in size, from the permanent
ones. The edges, however, are originally straight, except those of the inferior median
ones, which show the irregularities.''

The Canines.—These, called by the Germans the " corner teeth" as marking
tha point where the alveolar arch changes direction most suddenly, are characterized

by a crown with a single cusp, a long conical root somewhat compressed laterally and
marked by a groove on each side. The croum, convex on the labial side, expands

' Miihlreiter : Anatomic des Menschlichen Gebisses, Leipzig, 1891.
* Zuckerkandl : Anatomic der Mundhohlc, mit besondere Beriicksichtigung der Zahne,

Wien, 1891.



Till': Ti:i:iii. 1545

Fig

Canine teeth of left side,
labial (A) and lateral (B) as-
pects. C, temporary canines.
{Leidy.)

from the root and su}.^^ests that of an iiuisor with the an^lis taken ofT. Tlie hnj.(ual

side of the crown of the iipijer tooth tends to be convex, often havinj.,^ a ritl^e running
down to the small tubercle at the base. In the lower tooth this side is i)lane or con-

cave, with a distinct tubercle, which exceptionally is enlarged
so as to hint at a secondary cusp. The sides of the crown
are triangular. The borders of the enamel are convex to

the gum on the labial side, less so on the lingual, and slightly

conca\e laterally. Thi:/a//j^ oi the uj^per tooth is the longer
and the less compressed ; it very rarely ends in a bifurcation,

but this is Ic-ss uncommon in the lower. The direction ni the
ciul of the fang is uncertain. The whole tooth is broader
on the labial than on the lingual side. The pnlp-cavity is

most marked in antero-posterior sections, which show an en-

largement of its continuation at the beginning of the root,

just beyond the neck.

The milk canines are much like the second ones,

only smaller. The lal)ial surface of the upper tends to divide

into an outer and an inner facet. The root is approximately
triangular on section, with rounded edges.

The Bicuspids or Premolars.—These teeth, of which
the second is the larger in both jaws, are characterized by
crowns with two cusps, one on the buccal and one on the

lingual side. The upper ones, being very much the more
typical, will be used for the general description. Both the

labial and the lingual aspects of the crowns are convex ; they
expand laterally from the neck, and each ends in a pointed

cusp of which the anterior border is the shorter. This is

used in determining the side, but we agree with Testut that

the guide is often useless. The buccal cusp is the larger. The cusps are separated

by a furrow from which small ramifications often run onto the buccal one. The lin-

gual cusp has an unbroken surface. The buccal cusp of the first bicuspid is more
prominent than the lingual, but in the second they reach the same plane. The bor-

der of the enamel is convex towards the root on both the buccal and lingual aspects,

the ends of these curves meeting on the other sides. The fang is compressed with

a groove on the sides next its neighbors. That of the second is

often bifid just at the tip, but that of the first is very often, per-

haps usually, divided into two throughout, having a buccal and
a lingual root. Sometimes the former is subdivided, so that it

has three like a molar. The root has in general a backward
slant.

The lower bicuspids have smaller grinding surfaces on
the crowns than the upper, but the roots are longer, and the

crowns, seen from the side, are at least as large. The first has

a well-developed buccal cusp, curving in from the buccal surface,

and a very small lingual one connected to the former by a ridge

interrupting the fissure betw^een them, which gives the tooth

something of the effect of a small canine. The second, like that

of the upper jaw, has the two cusps in one plane ; the lingual

one is sometimes double, and the plane is often obscure. The
flattened fang is but faintly grooved, if at all, and is rarely

bifid.

The pulp-cavity of the bicuspids ends in an expansion below
each cusp, that under the buccal being the larger. In the upper
teeth the cavity is much compressed from side to side in the

root. In the first upper bicuspid there are usually two pro-

longations to the point of the fang, even when the root is not

split. In the second the cavity generally agrees with the conformation of the root.

In the lower teeth the cavity is less compressed and is tolerably roomy as it enters

the root. It is usually single, but may split.

First premolar teeth
of left side, labial (A)
and lateral {B) aspects.
{Leidy.)
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The Molars.—These teeth—three (ju each side—are distinguished by the large

crown, into which the neck expands, the number of cusps on the surface, and the
greater subdivision of the root. Those of the lower jaw are the larger ; and in both
jaws the first is the largest and the last (called from its late appearance the ivisdovi-

tooth) the smallest. The croivns are convex on both the buccal and lingual sides,

but nearly plane on the others. The enamel ends in a nearly straight line all the way
round. The grinding surfaces are four-sided ; those of the upper are somewhat dia-

mond-shaped, the buccal anterior angle being rather in front ; those of the lower are
nearly j)arallel<)grams, the long diameter being antero-posterior. Typical upper
molars have four cusps at the angles ; typical lower ones have an additional cusp at

the posterior border ; but in the upper jaw the first is the only one that can be called

typical.

In the upper molars the largest cusp is the anterior lingual, which is connected
by a ridge (the cingulum ) to the posterior buccal. The j)osterior lingual cusp is the
smallest. A minute rudimentary cusp is found on the lingual surface of the anterior

lingual cusp, usually too small to reach the grinding surface, and often hard to recog-
nize. Not counting this, the first upper molar has four cusps in more than 90
per cent. Owing to the cingulum, the grooves on the grinding surface are best

described as two oblique ones, the first from the anterior border to the middle of the

Fig. 1303.

A B

First

Fig. 1304.

Upper molars

Another first

Lower molars

Second

Another first Second

Second molar teeth of left

side, labial {A) atid lateral
[B) aspL'Cts. (Leidy.)

Triturating surfaces of molar teeth of right
side. The upper margin of the figures corresponds
to the labial surface. ( Leidy.

)

buccal, the second from the lingual border to the middle of the buccal. They are
deepest at the middle. They ap|)ear on the buccal and lingual sides, deeper on the
former, but rarely reach the gum. They may end in a pit, a fax'orite seat of caries

(Tomes). The crown of the second upper molar presents three chief forms (Miihl-
reiter). It may have four cusps and differ but slightly from the first molar. The
lingual surface is relatively narrower and the posterior lingual cusp smaller. In the

second form the last-mentioned cusp is wanting. The cingulum persists and the
grinding surface is approximately triangular. The third form is compressed from
side to side into a very narrow diamond, with the anterior buccal cusp in front and
the posterior lingual behind. Three and four cusps are about equally common in this

tooth in Caucasians, but the lower races have more often four. The crown of the
upper wisdom-tooth presents many remarkable variations. The posterior lingual

cusp is wanting in about two-thirds of the cases. The crown may be strongly com-
pressed, as has been described for the second molar, but with greater variation. In
size the wisdom-tooth may be very large or very small.

The crowns of the lower molars are divided by a crucial fissure, the main line

running antero-posteriorly. The hind part of this splits so as to enclose the fifth

cusp, which is near or actually at the buccal side. The effect of this is to form a

cavity at the crossing of the lines in the middle of the crown. The lines on the sides
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t)f the crowns are less dee]) than in tin- ii])i)er jaw. Sometimes the fifth cusp is wanting,

in which case the postirior part of the furrow doi-s not (li\i(U- and the arranj^anient is

remarkably symmetrical. Very rarely the first molar lias a sixth cusp on the linj^nal

side. The first molar has five cusps in more than 90 per cent. ; the second f«»ur only

in more than .So per cent. ; the third four rather more often than five. The l)uc(al

cusps of the lower molars are worn down earlier than the lin^^ual ones.

The following; tables from the independent researches of Rose ' and of Zuckerkandl show
the percentage of frequency of different groupings of cusps. Altliougli there is some discrepancy

in the percentages, hotli agree as to the most and least common arrangement in both jaws.

These statistics, like tiiose of the separate teeth, apply to Europeans. (It is to be remembered
that a certain percentage of teeth cannot be included.)

Uppkr Jaw.

Molars.
I 2 3 Per Cent.

Rose. Zuck.

LowHR Jaw.

Molars.
> 2 3

Cusps
Cusps
Cusps

• 4
• 4
• 4

19.9
28.9

37-9

9.6
28.7

60.1

Cusps
Cusps
Cusps

Per Cent.
Rose. Zuck.

II-5

50.0

19.8

30-4

40.4

Fig. 1305-

The/afi^^s of the first and second upper molars are two buccal and one lingual,

which latter is much the largest. It is often, especially in the first molar, grooved

on the lingual side. It is conical and strongly divergent. It often shows a tendency

to subdiv ision, which may actually occur, although rarely. The two buccal ones are

compressed antero-posteriorly and nearly vertical. The front one is the broader, and is

grooved before and behind. This is often the case with the other. The roots of the

upper wisdom-tooth are smaller ; the lingual is less divergent, and may be connected

by a plate with one of the buccal ones. All may be fused more or less completely into

one. The roots of the inferior molars are two : an anterior and a posterior, of which

the former is rather the larger, both compressed from before

backward and, especially the first, deeply grooved, suggesting

the fusion of two. Sometimes, again especially in the first,

each root is bifid. Those of the wisdom-tooth are usually

nearer together, and are frequently fused into a common coni-

cal root. Apart from their position in the jaws, the roots of

the molars, excepting the upper wisdom-tooth, have a back-

ward slant of varying degree. Their twists and curves are

remarkably uncertain. Sometimes they converge and some-

times diverge unduly, hooking in either case under bone, so

as to make extraction difficult or impossible. The /)/i/p-

cavity of the molars is large, especially at the level of the

neck. In the upper teeth it is distinctly wider transversely

than from before backward. It has as many prolongations

towards the surface as there are cusps. There is a canal in

each root of the upper teeth. Those in the buccal fangs are

compressed, that in the lingual cylindrical. The anterior

fang of the lower molars has two canals which develop from

a single one. The posterior fang has but one.

The milk molars are two in number. Like the perma-

nent ones, the lower are the larger ; but, unlike them, the

second tooth is larger than the first in both jaws. The crown

of both first molars presents a prominence on the buccal sur-

face near the root. The crown of the first upper molar is

rather suggestive of a bicuspid, although there are two buccal cusps and one lingual.

The first inferior molar is relatively narrow and long from before backward. The

length of the buccal side is greater than that of the second permanent one. The

second molars resemble very closly the first permanent ones. The upper has four

cusps and a cingulum, the lower five cusps. The hollow^ in the crown of the tem-

porary molars is relatively deeper than that of the permanent ones, but smaller and

more divergent. They straddle the crowns of the developing bicuspids.

> Anatom. Anzeiger, Bd. vii., 1892.

Temporary molar teeth

first ; /1. second I of left

side. TrituratiiiK surfaces of

crowns also shown. (Leidy.)

{A.
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TOOTH-STRUCTURE.

In principle, and among the lower vertebrates in fact as well, teeth may be

regarded as hardened papilhe of the oral mucous membrane ; they consist, therefore,

of two chief parts,—the connective-tissue core and the epithelial capping. Of the

three constituents present in typical mammalian teeth, the enamel is the derivative of

the ectoblastic epithelium, the dentine, with the pulp, and the cementum being con-

tributions of the embryonal connecti\e tissue.

The Enamel.—This, the hardest tissue of the body, covers the crown, being

thickest on the cutting edge or grinding surface of the tooth. It gradually thins away

Fig. 1306.

Contour line=-

Schreger's line-

Neck .

Stripes of Retzius (longitudinal)

.Prism-stripes of Schreger (light and
dark)

Cementum

Alveolar periosteum

Osseous tissue of jaw

Root-canal

Sagittal section of canine tooth in situ. Semi-diagrammatic.

towards the neck, around which its terminal border appears as a more or less distinct

and often serrated edge. The external surface of the enamel, especially in young
teeth, often exhibits a fine striation composed of horizontally disposed lines. Under
a hand-glass these lines are seen to be minute elevations, the efiamel-ridges, which
encircle the crown. The remarkable hardness of this tissue is due to the large amount

(97 per cent.) of earthy material and the small proportion of organic matter, which
latter in adult enamel averages only about 3 per cent. ; in infantile enamel the amount
of animal material is from five to six times greater (Hoppe-Seyler).
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The enamel—the prochict of epithelial cells, the avieloblasts—consists of an aj^^re-
gation of five- or six-sided columnar elements, the enamclprisms, which measure
from .0035-.OP45 mm. in diameter and from 3-5 mm. in lenj^'^th. Their general
disposition is at right angles to the surface of the dentine upon which they rest, on
the one hand, and to the exterior of the crown on the

other. They usually extend the entire thickness of the Fig. 1307.

enamel, and are of slightly larger diameter at the surface »_ v ^^s

of the tooth than next the dentine, in this manner com-
j)ensating for the increase in the external circumference

of tile crown. The assumption that a(l<litional ])risms

are intercalated at the i)eriphery is not supported by the

manner of the production of the enamel-columns. The
latter run for a short distance almost at right angles to

the surface of the dentine, then htiul laterally for a '

considerable i)art of their course, but assume a vertical '

disposition on approaching the external surface. In
I

addition to these general curves, the ranges of enamel- j •

columns possess a spiral arrangement, in consequence
of which the parallelism of the prisms, as seen in ground-

,

sections, is disturbed and their bundles are apparently .„ .^ , , ,

interwoven. a- -
.

j
T .1 •

,. K J.
^- 1

Ground-section of enamel, showine
In thm accurately transverse sections enamel pre- ranges of enamel-prisms. / 500.

seats a mosaic in which the hexagonal areas represent

the ends of the indi\idual prisms. Critically examined, the areas consist of a darker
central portion surrounded by a narrow lighter perij)heral zone. The interpreta-

tion of the latter has been various, many observers regarding such lines as cement-
substance holding together the prisms. According to Walkhoff,' however, what is

usually regarded as cement-substance is a cortical, apparently homogeneous layer of

less thoroughly calcified material which encloses the denser central portion of the

prism and acts as a cushion, thereby reducing the effect of pressure. After the

decalcifying action of acids, the prisms may be outlined by stains which color the

very meagre amount of true cement-substance which exists between the enamel-

columns and appears as delicate lines defining the prisms.

Under favorable conditions, especially, but not only, after the action of acids, the

enamel-prisms exhibit alternate light and dark transverse markings. The true rela-

tions of these bands are to be appreciated only by accurate focusing in thin sections

passing exactly parallel to the axes of the prisms ; otherwise the obliquity of section

produces the optical distortions often represented in the assumed wavy contour of the

enamel-rods. The varicose appearances commonly seen depend upon the beaded
form and consequently scalloped border of the denser central portion of the prisms,

which give a corresponding arrangement to the lighter cortical substance which fills

the minute inequalities of that portion ; the true outline of the enamel-prism, how-
ever, is smooth and straight, and not varicose, as the optical impressions lead one
to believe and as usually pictured. According to Williams, the apparent varicosities

depend upon the spherical form of the enamel-globules of which the prisms are built up.

When an axial longitudinal section of a tooth is examined by reflected light, the

enamel displays a series of alternate dark and light bands,

—

\\\& prism-shipes of
Schreger, These markings extend generally \'ertical to the surface of the enamel,

and depend upon the relation of the ranges of the enamel-prisms to the axes of the

light-rays. Rotation of the illuminating pencil through 180° effects the change of

the dark stripes to light ones and vice versa. Each stripe includes from ten to twenty
enamel-prisms, and is invisible by transmitted light.

In addition to the foregoing markings, the enamel often presents, in radial longi-

tudinal sections, brownish parallel lines, the stripes of Retziiis, which run in the

general direction of the contour of the tooth, but at an angle of from 15° to 30° with

the free surface. Seen in sections cut at right angles to the tooth-a.xis, these stripes

appear as a series of concentric lines encircling the crow^n parallel to and near the

surface ; in the middle and deeper parts of the enamel they are less evident or entirely

' Normale Histologic mensch. Zahne, 1901.
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Fig.

Longitudinal ground-section of
enamel, treated with acid, showing
disposition of ranges of enamel-prisms
(/>,/>') in stripes of Schreger. Left
third of figure shows alternate light

(s) and dark {s') bands as seen by re-

flected light. X 200. {Ebner.)

absent. The interpretation of the stripes of Retzius is still a subject of dispute. The

brown appearance of the stripes by transmitted light only, by reflected light appear-

ing bluish white, disproves the assumption that they depend upon the presence of

pigment within the enamel. The widely accepted view of Ebner, that the stripes are

due to air contained in the interfascicular clefts, has been modified by VValkhoff, who
regards the markings as due to local diminution in the

calcification of the enamel-prisms during certain periods

in the growth of the tissue when the central as well as

the cortical substance of a great number of columns

fails to take up sufficient lime salts.

The enamel-cuticle, or membrane of Nasmyth,

forms a continuous investment of the crown of the

newly erupted tooth. In the course of time it dis-

appears from the areas exposed to wear, but over the

protected surfaces it may persist during life. The
membrane (.009-018 mm. in thickness) is transparent

and remarkably resistant to the action of acids, less

so to alkalies, affording admirable protection to the

underlying enamel. After separation from the latter

by acids it appears structureless, or at most granular.

The inner surface of the membrane presents markings

and slight irregularities which correspond to the free

ends of the subjacent enamel-prisms.

The origin of the enamel-cuticle has been much
discussed, and even now is not without some uncer-

tainty. It may be regarded as established that it rep-

resents the remains of part of the tissue once concerned

in the production of the enamel. The latter is formed,

as more fully described on page 1561, through the

agency of the epithelial cells constituting the inner

layer of the enamel-organ. With the completion of their task as enamel builders,

these cells produce a continuous cuticular envelope which persists as Nasmyth's

membrane, the epithelial elements of the enamel-organ, so far as they are concerned

in forming enamel, subsequently degenerating. The enamel-cuticle is continuous

with the cortical substance of the prisms, with which it agrees in optical and chemical

properties,—a relation which confirms the identity of origin of Nasmyth's membrane
and the enamel-columns.

The Dentine.—The dentine or ivory resembles bone both in its genesis and

chemical composition, being a connective tissue modified by the impregnation of lime

salts. Dentine exceeds bone in hardness, containing a larger proportion (72 per

cent.) of earthy matter and a smaller amount (28 per cent.) of organic substance.

When decalcified by acids, the remaining animal material retains the previous form

of the dentine and yields gelatin on prolonged boiling. Dentine, like bone, is formed

through the agency of specialized connective-tissue cells, the odojitoblasts , but differs

from osseous tissue in the small number of these cells which become imprisoned in

the intercellular matrix. When this occurs, as it exceptionally does in normal human
dentine and more frequently in pathological conditions or in the lower animals, the

dentine-cells correspond to the bone-corpuscles, both being connective-tissue elements

lying within lymph-spaces in the calcified intercellular substance.

Examined in dried sections under low magnification, the dentine presents a radial

striation composed of fine dark lines which extend from the pulp-cavity internally to

the enamel or the cementum externally. These dark lines are the dentiytal tubzdes

filled with air, which are homologous with the lacunae and canaliculi of bone, and

contain the processes of the odontoblasts. In the crown, as seen in longitudinal

sections, the course of the dentinal tubules is radial to the pulp-cavity ; in the root

their disposition is horizontal and almost parallel. The canals, however, are not

straight, but sigmoid, the first convexity being directed towards the root, the second

towards the crown. In addition to these prijnary curves, which are especially marked
in the crown, the dentinal tubules present numerous shorter secondary curves which
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impart to the individual caiialiculi a spiral course. The cause of the latter Kollniann
refers to the more rapid j^rovvth of the dentinal fibres than of the slowlv forming
dentinal matrix. In consequence of the corresi)ondence of the curvature of the den-
tinal tubules, the tooth-ivory exhibits a series of linear markin).i^s, Schreger' s Ihies,

which run i)arallel to the inner surface of the dentine. These markinj^s must not be
confounded with the contour lines of Owen (pat^e 1552), also within the dentine, or
with Schreger' s prism-stripes within the enamel (Fig. 1306).

The dentinal tiibu/cs are minute canals, from .0013-.002 mm. in diameter, which
begin at the pulp-ca\ity with the largest lumen and extend to the outer surface of

the dentine, to end beneath the enamel or cementum. Each spirally coursing canal

undergoes branching of two kinds, a dichotomous division at an acute angle in the

vicinity of the puli)-cavity, resulting in two canaliculi of ecjual diameter, and a lateral

branching during the outer third of their course whereby numerous twigs are given off

with a corresponding dimi-

nution in the size of the cana- Fig. 1309.

liculi ; the terminal tubes,

often reduced in diameter to

mere lines, frequently anas-

tomose with one another or

form loops. The dentinal

tubules are occupied by the

delicate dentiyial fibres, the

processes of the odonto-
blasts, which in the young
tooth constitute a net-work of

protoplastic threads through-

out the dentine of importance
for the nutrition of the tis-

sue. The relation of the den-

tinal tubules on the external

surface of the dentine varies

on the crown and root. In

the former situation the free

surface of the dentine pre-

sents crescentic depressions,

filled by the enamel, in which
the tubules appear as ab-

ruptly terminating or cut of?
;

on the root, on the contrary,

where the dentinal surface is

smooth, the tubules stop in

curved ends or loops beneath
the cementum, only in very
exceptional cases communi-
cating with the canaliculi of

the latter.

The immediate wall of the dentinal tubules is formed by a delicate membrane,
the sheath of Neionann, which in appropriate transverse sections appears as a con-

centric ring. On softening the decalcified dentine by acids or alkalies, the sheaths

may be isolated, since they resist the action of the reagents which attack the sur-

PDunding intertubular substance. The sheaths of Neumann are formed through the

agency and at the expense of the dentinal fibres, the latter being smaller in old than

in young dentine. The sheaths, therefore, may be regarded as specialized parts of

the intertubular matrix, distinguished by less complete calcification and greater

density.

The intertubular ground-substance of dentine resembles that of bone in being

composed of bundles of extremely delicate fibrillae of fibrous connective tissue. The
latter, best seen in decalcified tissue, swell on treatment with water containing acids

or alkalies, and yield gelatin after prolonged boiling. The disposition of the bundles

Ground-section of dried tooth including adjacent enamel and dentine.
' 300-
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of fibrillse—more regular in dentine than in bone— is longitudinal and parallel to the

primary surfaces of the dentine. In addition to the fibres which extend lengthwise,

others run obliquely crosswise in the layers of dentine. The bundles of fibrillse

measure from .002-003 mm. in diameter, and appear in transverse sections as small

punctated fields. The fibrillse are knit together by the calcified organic matrix, in

which the lime salts are deposited in the form of spherules, the interstices between

which are later filled and calcification thus completed. When, as often happens, the

latter process is imperfect, irregular clefts, the interglobular spaces, remain, the con-

tours of which are formed by the spheres or dentinal globules of calcareous material.

The interglobular spaces are of irregular form and uncertain extent, being usually

largest in the crown. At the border between the dentine and the cementum there

e.xists normally a distinct zone, thi: gramclar layer of Tomes (Fig. 13J i j, composed of

Fig. 1310.

Pulp-tissue _

1
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apex. BejT^inninp where the enamel ceases, or ()\crla|)|)in_i; the latter to a small

extent, as a layer only .02-.03 mm. thick, the cement gradually increases in thick-

ness until over the root, especially between the fan^s of the molars, its depth reaches

several millimetres. When well developed the cement usually presents two layers,

—

an inner, almost homogeneous stratum next the dentine, in which the cement-cells are

absent, and an outer supplemental layer which exhibits the appearance of true bone-
tissue. The ground-substance of cemen-
tinn difii-rs from that of ordinary bone •'" 'V'.

in containinjLj. accordinj^ to Hibra, slightly J

less organic matter and a i^reat number
of t"ibre-bu miles that extend vertically to

the lamella-, correspondiiiij to Sharpey's
fibres. The lacuna- are larjj^er than those

of bone antl vary tjreatly in their number
and form ; their processes, the canaliculi,

are unusually lonji- and elaborate. As in

bone, so these lymph-spaces contain con-

necti\e-tissue cells, the ccvicnt-corpuscles.

The lamelUe are so disposed that the

lacunae lie i^enerally |)arallel with the lonj:^

axis of the tooth, their processes extend-

ing vertically to the free surface. While
connecting with one another by means
of the canaliculi, the lacunae very rarely

communicate with the dentinal tubules,

the latter terminating in blind endings.

The union between the outer surface of

the cement and the pericementum is in-

timate, since the latter is in fact the alve-

olar periosteum from which the cement
was derived ; this close relation is indi-

cated by the roughness which the outer

surface of the cement presents when
macerated. Although at times feebly

developed under normal conditions, typical Haversian canals are found only in con-

ditions of hvpertrophy.
The Alveolar Periosteum.—The periosteum investing the jaws likewise lines

the sockets receiving the roots of the teeth, which are by this means securely held

in place. The name pericemenhcm is often applied to this special part of the peri-

osteum, which clothes the alveoli on the one hand and covers the cement on the

other, thereby fulfilling the double role of periosteum and root-membrane. The
latter consists of tough bundles of fibrous tissue, elastic tissue being almost want-

ing, which are prolonged into the penetrating fibres characterizing the cementum
on one side and into the fibres of Sharpey of the alveolar wall on the other. The
fibrous bundles run almost horizontally in the upper part of the root, but become
more oblique towards the apex of the fang. In the latter situation the pericemen-

tum loses its dense character and becomes a loose connective tissue through which

the blood-vessels and nerves pa.ss to reach the tooth. The less dense portions

of the root-membrane between the penetrating bundles of fibrous tissue contain,

in addition to the vessels and nerves, irregular groups of epithelial cells which

appear as cords or net-works within the connective-tissue stroma. These groups

are the remains of the epithelial sheath which surrounded the young tooth during

its early development. They have sometimes been described as glands, lymphatics,

and other structures, their true nature being unrecognized. At the alveolar mar-

gin the pericementum is directly continuous with the tissue composing the gum,
the fibrous bundles being so disposed immediately beneath the enamel-border that

they form an encircling band of dense fibrous tissue, the Ugamcnhim circulare

deyitis of Kolliker, which aids in maintaining firmer union between the tooth and
the alveolar wall.

9S

Ground-section of root of dried tooth including adjacent
dentine and cementum. X 300.
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1312.

The Pulp.—The contents of the pulp-cavity is the modified tissue of the

mesoblastic dental papilla remaining after the completed formation of the dentine.

The major part of the adult pulp consists of a soft, very vascular connective tissue

containing few or no elastic elements, but numerous irregularly distributed cells of

uncertain form. The general type of the tissue resembles the embryonal, both in the

character of the fibrous tissue and of the cells, which are round, oval, or stellate with

long processes. The fibrous bundles and the more elongated cells are most regu-

larly disposed around the blood-vessels and nerves, which they invest in delicate

fibrous sheaths.

The peripheral zone of the pulp, next the dentine, presents the greatest special-

ization, since in this situation lie the direct descendants of the dentine-producing

cells, the odontoblasts. In this locality the pulp, especially in older teeth, pjresents

three layers. The outer ( . 04—. 08 mm. thick)

consists of several rows of large cylindrical

elements, of which the most superficial are

arranged vertically to the free surface of

the pulp, after the manner of an epithelium.

These are the odoyitoblasts, now no longer

active, about .025 mm. in length and .005
mm. broad, which send out long, delicate

processes ( the dentijial fibres') inio the den-

tal tubules externally, and shorter ones
towards the pulp-tissue. When very young
they probably {)ossess also lateral processes.

The deeper cells of the odontoblastic layer

are less regularly disposed and less cylindri-

cal in form. The second, or WeiV s layer,

best seen in older teeth, is characterized

by absence of cells, the fibrous tissue and
the cell-processes forming a clear, cell-free

zone which separates the striking layer of

odontoblasts from the subjacent third or in-

tertnediate layer. The latter consists of nu-

merous small round or spindle-cells, closely

placed, but irregularly disposed, which grad-

ually blend with the ordinary pulp-tissue.

The blood-vessels supplying the pulp are from three to ten small arteries which
soon after entering the pulp-cavity break up into very numerous branches from which
a rich capillary net-work is derived. In human teeth the capillaries usually do not

invade the layer of odontoblasts, although at times the vascular loops may extend
between_ these cells. The venous radicles form larger veins which follow the course
of the arteries. Lymphatics have been demonstrated as networks within the pulp.

The ;/6?reri' are numerous, each fang receiving a main stem and several additional

smaller twigs, which in a general way accompany the blood-vessels in their coarser

distribution. On reaching the crown-pulp the larger twigs are replaced by finer

branches, which divide into innumerable interwoven fibres. The latter, on reaching

the margin of the pulp, form a peripheral plexus beneath the layer of odontoblasts,

from which terminal non-meduUated fibrillce are given off. Some of these end
beneath the odontoblasts in minute knot-like swellings ; others penetrate the odonto-
blastic layer to terminate in pointed free endings. There is no trustworthy evidence
supporting the view that the nerves directly communicate with the odontoblasts, but
they have been traced into the dentinal tubules.

Fig.

Blood-
vessel

Section of periphery- of pulp-tissue of young tooth
X 175-

IMPLANTATION AND RELATION.S OF THE TEETH.

The Permanent Teeth.—Each fang is implanted in a socket corresponding

to it in shape, so that the pressure is transmitted from the surface of the conical fang

throughout, except at the very tip, which has a hole for the vessels and nerves. A
corresponding hole in the socket communicates with the dental canals. The human
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teeth are all in contact with their nei^^hbors, there Ix-inj^ no break or diastema in the
upper jaw between the incisors and canines for the points of the canines (jf the lower
jaw. The canines project very little beyond the line of the free cd^es. The crowns
increase in size from the incisors to the first molars and then decrease. The ver-
tical distance from the ^um to the free edge regularly diminishes from the median
incisors backward, with the exception of the canines. The lines of the teeth above
and below are practically of the same length. When the mouth is closed the superior

canines lie to the outer side of the
inferi(jr ones, oi>posite the ends of

the lips ; thus tlie median uj^per

incisors impinge on both the hjwer
ones of the same side, and the
upper lateral incisors strike both
the lower lateral and the canine.

In the same way the point of the

cusp of the upper first bicuspid
rests between the points of both
the inferior ones, and that of the

second on both the second lower
and the- first molar. The first

upper molar has, perhaps, a quar-

ter of its grinding surface on that

of the inferior second molar, but a

smaller part of the second upper
molar rests on the lower wisdom-
tooth. The smaller size of the

upper wisdom-tooth brings its posterior border into line with that of the lower. This
arrangement causes the opposed crowns to interlock to a certain extent, but not so
closely that grinding movements cannot occur between them. The advantage of each
tooth coming in contact with two is evident after the loss of a tooth, as the one cor-

responding to it is not rendered useless. In the upper jaw the incisors have a marked

Dental arches seen from before. Letters in this and subsequent
cuts indicate the groups of teeth : i, incisors ; c, canines ; b, bicus-
pids ; >M, molars.

Fig. 1314.

Dental arches seen from behind.

forward inclination, and overlap the lower, concealing nearly a third of their crowns, the

mouth being closed. The crowns of the upper bicuspids look pretty nearly downward
and those of the molars slant outward. This is very marked in the wisdom-tooth and
may be very slight in the first molars. The lower incisors ha\'e the front surfaces nearly

vertical ; the molars have an inward slant, so as to bring their axes into the same line
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Fig. 1315.

Dental arches seen from the side, showing relations
of upper and lower teeth.

as those of the upper ones ; hence it follows that the alveolar arches of the upper and

lower teeth are in different cur\es, the latter having a great transverse distance

between the necks of the wisdom-teeth.

The right half of the jaw is usually the stronger and the teeth form a smaller

cur\e. It has been pointed out in the section on the motions of the lower jaw that

the line between the molars, and probably the bicuspids, is a part of the circumference

of a circle the centre of which is near the top of the lachrymal bone ; it may now be

added that the line of the cutting edges of the lower incisors is a part of a transverse

curve with the convexity upward. There is no corresponding concavity in the line

of the edges of the upper incisors, for the lower do not naturally meet them ; but the

convexity plays along the lingual surfaces of the upper ones. The position and shape

of the superior incisors make their inner surface a part of a vault. A transverse

section of this is necessarily a curve with an upward convexity. The wearing of the

outer corners of the lateral incisors is evidence of this action. The fact that there is

no purely lateral motion, but an oblique

one, modifies, without invalidating, this con-

ception.

The relations of the roots of the su-

perior teeth to the antrum are very impor-
tant. The incisors have no relation with it

whatever. The long fang of the canine is

opposite the wall between the antrum and
nose, and separated by diploe from the

former. The first bicuspid is usually sepa-

rated in the same manner. The second is

very close to its front wall and may indent

the floor. The first and second molars

always do this. The wisdom-tooth also in-

dents it at the junction of the floor with the

posterior wall. Its relation, owing in part

to its varying development, is less certain. Exceptionally the first bicuspid and
even the canine may be in contact with the antrum. Thus caries of the roots of

any of the molars, but especially of the first and second, sometimes of the second
bicuspid and exceptionally of the first, or ev^en of the canine, may lead to inflamma-
tion of the antrum. In certain cases pus may pass directly into it from the root.

The Temporary Teeth.—In the first dentition the dental arches differ from
the permanent ones in showing a broader curve, more nearly approaching half a circle,

symmetrical on both sides, in having the upper incisors less slanting, and the molars
of each row more nearly vertical. This implies less difference in cur\-e between the

jaws. The line of meeting of the teeth is more horizontal. The crowns increase in

size from the incisors backward. In the young child the antrum is but a small pouch,
and the roots of the first teeth and the sacs of the second lie in diploetic tissue. The
first permanent molar, as its fangs grow, is nearest the antrum, having extended above
it by the end of the second year. In its early stages the first bicuspid is too far fonvard
to have any relation to the antrum, and the second reaches only its extreme anterior

border. The second permanent molar is at first behind rather than below it, and the
third is still higher. As these descend they swing around the antrum. Thus the roots

of only the first permanent molar are in approximately the same relation to the antrum
throughout.

DEVELOPMENT OF THE TEETH.

About the beginning of the seventh week of foetal life the ectoblastic epithelium
presents a thickening along the margins of the oral cavity. The ridge-like epithelial

proliferation, or labio-dental strand, so formed grows into the surrounding mesoblast
and divides into two plates which, while still continuous at the surface, diverge almost
at right angles at the deeper plane. The lateral or outer plate is vertical, and cor-

responds to the plane of separation which soon occurs in the differentiation of the

borders of the lips and jaw. The median or inner plate grows more horizontally into

the mesoblast, and is the one intimately concerned in the tooth development ; for this



di:\i:lopment of the teeth. 1557

reason it is termctl tlic denial Ifdi^t'. It wilj be seen that the foriiicrly described pri-

mary stage of the dental j^roove is unfounded, since the furrow that does exist is

secondary and not directly related to the formation of the teeth, but to the differ-

entiation of the lips. Durint;; the third fcetal montli the anlages for the entire set of

milk-teeth become evident alonjj^ the dental bar, coincidently, by the eleventh week,
the comj)letion of \.\\^i labial furroic se])aratinj.; the lij) from the original ejjitheiial

strand with which the dental ledge alone for a time remains attached.

The anlages of the milk-teeth are indicated by club-shaped epithelial f)Utgrowths

which grow down from the deeper surface of the dental ledge to form the enanicl-

FiG. 1316.

J

,^,i

ReconsiruLiions of oral ectoblast of human embryos; only epithelium of lips, mouth, and enamel-organs shown.
A, embryo ol 2.5 cm. length; w, oral opening; e, labial epithelium; Id, reverse uf labio-dental groove; rfj, dental

ledge. B, embryo of 4 cni. ; /<i, projection caused by labio-dental groove; i/j, dental ledge. C, embryo of 11.5 cm.,

or 01 about fourteen weeks; w ', enamel-organ of hrst molar tooth. D, einbryo of iS cm., or of about seventeen
week.s ;

/- m 1, enamel-organs of second incisor and of first molar teeth. ( Dra'junfrom Rose's models.)

organs and to meet, and later cap, the m^oblastic elevations or dental papillcr. With

the rapid growth and expansion of the extremity of the epithelial plug, a differentia-

tion of the latter into the typical three-layered enamel-organ takes place, the pro-

jecting dental papilla apparently invaginating the overlying epithelial structure. At

first connected bv a broad band of cells, the attachment of the enamel-organ with the
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dental ledge becomes more and more attenuated until finally it is broken ; its remains

appear for some time as nests or islands of epithelial cells embedded within the young

connective tissue of the alveolar border.

The Dental Papilla.—This structure first appears shortly after the beginning

expansion of the club-shaped developing enamel-organ as a condensation of the meso-

FiG. 1317.

Dental ledge

Thickened
oral epithelium

Dental ledge'

Mesoblasl. i^-H.

Mesoblast

„,.Afe^,|.V.!„,..,

Oral epithelium

oiitoblasts

Inner layer
of enamel-
organ

Dental
papilla

Frontal sections, showing four early stages of tooth-development. A, B, X 100; C", -O, X bo.

blast beneath the epithelial ingrowth. The papilla consists for a time of a close

aggregation of small, round, proliferating cells ; with the differentiation of the layers

of the enamel-organ, the elements occupying the periphery of the dental papilla

become elongated and arranged as a continuous row of cylindrical cells over the api-

cal portion of the papilla beneath the capping enamel-organ. These cylindrical meso-

blastic cells are the odontoblasts, the active agents in the formation of the dentine.
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Fig. 1318.

When engajrecl in the latter process the cells measure from .035-. 050 mm. in length

and from .005-010 mm. in I)rea(lth, but over the sides of the papilla they gradually-

become lower until towards the base they blend with and become indistinguishable

from the dee])er cells of the mesoblastic elevation. So long as the tooth grows,

division j)roceeds and odontoblasts are differrntiated in the vicinity of the last-formed

parts of the root ; after, however, the odontoblasts are engaged in forming dentine,

mitosis is no longer to be obscrwd in liiese elements.

The formation of the dentine is accomplished through the agency of the

odontoblasts much in the same manner that the osteoblasts produce the matrix of

bone. The earliest trace of the dentine appears as a thin homogeneous stratum, the

7)ietubrana prceformativa, overlying the coincidently forming layer of odontoh)lasts.

Although separable bv certain reagents as a cuticular structure, the membrane is only

a part of the general dentinal ground-substance with which it blends ; it is resolvable

into collagenous fibrils similar to those of bone-lamellie. The dentinal matrix
depositetl through the influence of the odontoblasts, is for a time without fibrous

structure and uncalcified, the deposition of the lime salts occurring first near the apex
of the paj)illa and ne.xt the enamel, a zone of uncalcified matrix around the pulp-

cavity marking the youngest dentine. The calcareous material is first deposited in

the form of globules, the deiitiyial spheres, the calcification being completed by the

subsequent invasion of the interstices between the spherical masses. \\'hen for any
reason calcification is incomplete these clefts remain

lime free, a condition seen in the interglobular spaces

already described. The spherical form of the calca-

reous deposits is indicated by the uneven condition of

the inner surface of the dentine in macerated teeth, the

wall of the pulp-cavity presenting numerous minute
hemispherical projections which correspond to the

globular masses of lime salts. The scalloped border

and pitted outer surface of the dentine, together with

the extension of the dentinal tubules as far as or into

the enamel, point to the absorption of the primary
dentine constituting the preformed membrane, proba-

bly through the influence of the enamel. As empha-
sized by Ebner,' the formation of the fibrillae of the

ground-substance takes place independently of the

direct influence of the dentine-cells, since the general

disposition of the earliest fibrillae is at right angles to

that of the odontoblasts and their processes. The
dentinal matrix differs from that of bone in being the

production of a single set of cells, while the osseous

tissue is the collective work of different elements,

many of which, after contributing their increment, be-

come surrounded by the ground-substance to form

the bone-corpuscles within the lacunar. In human
dentine, on the contrary, the odontoblasts are only

rarely, under normal conditions, imprisoned within the

ground-substance which they have formed. The de-

mands made upon the odontoblasts during their active role as dentine producers are

met by the nutrition supplied by the rich vascular supply of the dentinal papilla, so

that for a time the cells are enabled not only to increase the dentinal matrix, but also

to extend their processes, which they send into the tubules of the dentine as the den-

tinal fibres, without diminution in size. With the completion of dentine production,

and the consequent decrease in the area upon which they rest, the odontoblasts

become narrower and smaller (Walkhoff) ; later they exhibit evidences of impaired

vitality and degeneration, their dentinal processes likewise growing thinner and less

flexible and assuming the characteristics of the fibres of Tomes of the adult tissue.

According to W^alkhoff, the dentinal fibres suffer in size as the result of their activity

in the production of the sheath of the tubules.

* In Kolliker's Gewebelehre des Menschen, 6te Auf., 1S99.

Isolated odontoblasts from incisor
tooth of new-born child, a. h, from
upper part of crown ; c. d, e, from lat-

eral region. X 400. [Ebner.)
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After the entire dentine has been formed, the odontoblasts remain as the periph-

erally situated pulp-cells, retainint^ their connection with the dentine by means of the
dentinal fibres. The other portions of the dental papilla become converted into the
pulp-tissue, which retains the embryonal type throughout life and later receives the
larger vascular and nervous trunks.

The Enamel-Organ.—The extremity of the cylinder of ectoblastic epithelium
which early marks the position of the future tooth by its ingrowth from the dental

ledge soon broadens out and becomes invaginated to form the young enamel-organ
overlying the apex of the mesodermic dental papilla. In contrast to the latter, which
as the pulp-tissue remains as a j)ermanent structure, the enamel-organ is but embry-
onal and transient, and later entirely disappears. When fully developed, the enamel-
organ consists of three principal parts,—the outer, middle, and inner layers. Since
the organ, originally pyriform, is converted into a cap by the invagination of its

broader and deeper surface, it follows that the external and internal layers are
directly continuous at the margin of the inverted area.

Fig. 1319.

Sublingual space

^'^ Oral epithelium

Fibres of
genio-glossus ^ v ^\ ™

mandible

Developing^ 'i'^
bone of /

r fibres

Sagittal section throUKli mandible uid sun jundint, strin.tuies of eighteen weeks futus 30.

The outer layer consists of larger and smaller epithelial cells of flattened form
and about .010 mm. average diameter ; these cells send numerous processes into the

surrounding vascular connective tissue forming the tooth-sac which invests the dental

germ, whereby, in conjunction with the vascular tufts, the sac and the enamel-organ
are intimately united.

The middle layer of the enamel-organ consists apparently of mucoid tissue,

since it presents a net-work of stellate cells separated by large clear spaces. Critical

examination, however, shows that this tissue consists of epithelial elements which
have become modified in consequence of an enormous distention of the intercellular

spaces by fluid and a corresponding elongation of the intercellular bridges, the epi-

thelial plates in this manner being reduced to stellate cells connected by long, delicate

processes. The inner border of the highly characteristic middle layer forms a transi-

tion zone, known as the interjuediatc layer, in which gradations from the modified to

the ordinary type of stratified epithelium are seen. The intermediate layer is best

marked over the upper part of the crown, at the sides thinning out and entirely dis-
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a|)peaiini4 at the marj^in of the I'liaincl-oinaii, where the outer and inner layers of the

hitter are contiiuioiis. Tlie inochtK-d i-pithehal tissue of the middle hiyer, sometimes

called the eiuxtml-puip, is j^realest in amount just pri(jr to, or durinj^ tlu- be^innin^

of, a(-tive tooth-formation, about tlie fifth or sixth feetal month.

The inner layrr ot ihc mamel-orjj^an comprises a single row of closely set, t.ill,

cylindrical elements, the iiiiuml-cells, adamcDitohlasts, or amcloblasts, through the

acti\e agency of which the enamel is produced. The ameloblasts are best developed

where they cover the ape.x of the dental papilla, the lf)cation of the earliest formed den-

tine ; in this situation the cells measure from .025-.040 mm. in length and from

.004-007 mm. in breadth. They j«)ssess an oval nucleus about .010 nun. long,

which usually lies close to the outer end of the cell, embedded in cj-toplasm exhibit-

ing a reticulum and often minute granules. The ameloblasts are united with one

anothei" by a small amount of cement-substance, and are defined from the interme-

diate layer l)y a fairly distinct border. Opposite the sides of the dental papilla, cor-

res[)()nding to the limits of the future crown, the ameloblasts gradually diminish in

height until they are replaced by low cubical cells which, at the margin of the enamel-

organ, are continuous with the epithelium of the outer layer. Preparatory to the for-

mation of the dentine of the tooth-root, this margin grows downward towards the

base of the elongating dental papilla, which is thus embraced by the extension of the

Fig. 1320.

Dental groove. ^

Oral epithelium V x, / /'\

• • "
- T>w Jk>^ ^ 0'* ^

Atrophic epithelial net-work

Epithelial sheath ion of mesoblastic dental papilla

Reconstruction of developing lower incisor tooth from embryo of 30 cm. length, about twenty-four weeks.
{Drawn/rom Rose's model.)

enamel-organ. The investment thus formed constitutes the epithelial sheath (Fig.

1320), a s'tructure of importance in determining the form of the tooth, since it serves

as a mould in which the young dentine is subsequently deposited ;
there is, however,

insufficient evidence to regard the epithelial sheath as an active or necessary factor in

the production of the dentine.

The formation of the enamel, in contrast to that of the dentine, results from

the activity of ectoblastic epithelium, and may be regarded as a cuticulair development

carried on by the ameloblasts. The earliest stage in the production of enamel is

the appearance of a delicate cuticular zone at the inner end of the ameloblast ;
this

fuses with similar structures tipping the adjoining cells to form a continuous homo-

geneous mass. The latter soon exhibits differentiation into rod-like segments, the

enamel-processes, ox processes of Tomes, which are extensions from the ameloblasts

and are the anlages of the enamel-prisms, and the interprismatic substance. The

latter becomes greatly reduced in amount as the de\'elopment of the eriamel-columns

progresses ; the major part, becoming incorporated with the processes of Tomes,

forms the cortical portion of the enamel-prisms, while the remainder persists as the

cement-substance which exists in meagre quantity between the mature prisms. The

enamel-processes are for a time uncalcified, but with the more advanced formation of the

enamel-prisms the calcareous material, which is deposited as granules and spherules,

appears first in the axis of the prism, later invading the periphery (Ebner). The
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enamel increases in thickness by the addition of the last-formed increments at the

inner ends of the ameloblasts, the same cells sufficing for the deposit of the entire

mass. Owing to the expansion of the external surface of the crown, the diameter of

Fig. 1321.
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Section of developing tooth through junction of enamel and dentine. • i,'fj-

Fig 1322.

the enamel-prisms aug-ments towards their outer ends to compensate for the increased

area which they must hll, since no additional prisms are formed.

The complex curvature of the enamel-prisms and the oppositely directed ranges

of the latter, producing the appearance of Schreger's stripes, result from changes in

the position of the enamel-cells incident to the growth of the crown, since the axes

of the newly formed prisms correspond with those of the ameloblasts, variations in the

direction of which affect the disposition of the enamel-columns.

The earliest formed enamel lies in close apposition with the oldest dentine con-

stituting the membrana pr^eformativa ; the last devel-

oped immediately beneath the ameloblasts. The enamel,

therefore, is deposited from within outward, or in the

reversed direction followed by the growth of the dentine.

The oldest strata of both substances lie in contact ; the

youngest on the extreme outer and inner surfaces of the

tooth.

After the requisite amount of enamel has been pro-

duced, differentiation into prisms ceases, in consequence

of which the last-formed enamel remains as a continu-

ous homogeneous layer investing the free surface of the

crown, known as the membrane of Nasmyth.
The Tooth-Sac.—Coincidently with the develop-

ment of the enamel-organ and the growth of the dental

papilla, the surrounding mesoblast undergoes differen-

tiation into a connective-tissue envelope known as the

dental or tooth-sac. The latter not only closely invests the enamel-organ, but is

intimately related to the base of the dental papilla, with which it is continuous. In

contrast to the epithelial enamel-organ, which is entirely without blood-vessels, the

from
basal

Isolated ameloblasts
cisor of new-born child,

plate; b. cuticular border; c, pro-

cesses of Tomes ; rf, homogeneous
mass still covering process. X 400.

(Ebner.-)
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inner part of the tooth-sac is richly provided with capillaries, and therefore is an

important source of nutrition to the developinj^ dental ^erm. The part of the sac

opposite the root of the younj^ "tooth is at first prevented from cominj^ into direct

contact with the dentine by the double layer interpcjsed by the epithelial sheath.

This relation is maintained until the development of the cement begins, when the

vascular tissue of the dental sac breaks through the epithelial sheath to reach the

surface of the dentine, upon which the cementuni is deposited by the mesoblast. In

consequence of this invasion, the ejMthelial sheath is disru[)ted into small groups or

nests of cells which persist for a long time as epithelial islands within the fil^njus

tissue of the aKeolar [)t-riosteuni into which the dental sac is later converted.

The formation of the cementum takes ])lace through the agency of the

mesoblastic tissue in a manner almost identical with the development of subperiosteal

Fig. 1,323.

Jaws of child of six years, showing all temporar>' teeth in place with permanent teeth in various stages of

development.

bone, the active cement-producing cells, or cementoblasts, corresponding to the osteo-

blasts which deposit the osseous matrix upon the osteogenetic fibres of the periosteum.

A conspicuous feature oi cementum is the unusual number of transversely disposed

bundles of fibrillse, or Sharpey's fibres, among which many are imperfecdy calcified.

The cementum appears first in the vicinity of the neck of the tooth, and progresses

towards the apex of the root as the dentine of the fang is deposited. After the tooth

is fully formed, the layer of cement continues to grow until thickest at the apex, which

it completely invests, with the exception of the canal leading to the entrance of the

pulp-cavity. The cement being deposited directly upon the homogeneous layer con-

stituting the external surface of the dentine, the firm connection between the two

portions of the teeth is one of adhesion rather than of union. Later secondary

changes may exceptionally bring the canaliculi of the cement into communication

with "the terminations of the dentinal tubules. During the changes incident to the
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completed tooth-development the tissue of the dental sac becomes denser, the part

opposite the root persisting as the pericementum which intimately connects the

cementum with the alveolar wall, while the more 'superficial part blends with the

tissue forming- the gum.
The development of the permanent teeth is early provided for by the dif-

ferentiation of the anlages of the secondary dental germs during the growth of the

first. This provision includes the thickening and outgrowth of the dental bar to form

the enamel-organ of second dentition, and later the appearance of a new dental pa-

pilla beneath the epithelial cap. The enamel-organ for the first permanent molar

appears about the seventeenth week of fcetal life, followed soon by the corresponding

dental papilla. The germs of the permanent incisors and canines, including the

papillae, are formed about the twenty-fourth week ; those for the first bicuspids are

seen at about the twenty-ninth week, and those for the second bicuspids about one

month later. The interval between the formation of the enamel-organ and the asso-

ciated dental papilla increases in the case of the last two permanent molars. While

the enamel-germ of the second molar appears about four months after birth and the

corresponding papilla two months later, the enamel-organ for the third molar, or

wisdom-tooth, which is visible about the third year, precedes its ])aijilla by almost

two years.

The First and Second Dentition and Subsequent Changes.—At birth

the jaws contain the twenty crowns of the milk-teeth, the still separate cusps of the

first permanent molars, one of which has begun to calcify, and the uncalcified rudi-

ments of the permanent incisors and canines behind and above the corresponding

milk-teeth of the upper jaw, behind and below those of the lower. At birth the bony

plate above the alveoli of the upper jaw is separated by a little diploe from the floor

of the orbit. The milk-teeth come through the gum in five groups at what are called

dental periods, separated by inter\als of rest. The grouping is more regular than the

time of eruption. The teeth of the lower jaw ha\'e a tendency to precede their fellows

of the upper.

TABLE OF ERUPTION OF MILK-TEETH.

»

Dental Periods. Groups of Teeth.

I. Six to eight months. Two middle lower incisors.

II. Eight to ten months. Four upper incisors.

III. Twelve to fourteen months. Two lateral lower incisors and four first molars.

IV. Eighteen to twenty months. Four canines.

V. Tvventy-eight to thirty-two months. Four second molars.

The interval between the first and second periods is practically nothing. It is

very common to have the first two groups appear together. After this e^•ery inter\al

is longer than the preceding one. In the matter of time no part of development is

more irregular than that of the teeth. The first incisors occasionally appear early in

the fifth month and sometimes not till the tenth, or even later. The first dentition is

sometimes complete at or shortly after the close of the second year. The roots are

not fully formed when the crowns pierce the gums. The first set of teeth is in its

most perfect condition between four and six years.

Calcification of the second set begins in the first molar before birth, in the incisors

and canines at about si.x months, the bicuspids and the second upper molar in the third

year, the second lower molar at about six, and the wisdom-tooth at about twelve.

The first permanent molars come into line with the milk-teeth, piercing the gums
before any of the latter are lost. Before eruption the upper first molars lie nearer the

median line and farther forward than the lower. The roots of the incisors are absorbed

and the crowns fall out to make way for their successors. The molars do the same
for the bicuspids which grow between their roots. The permanent superior canines

are developed above the internal between the lateral permanent incisors and the first

bicuspid, which are almost in contact. An expansion of the jaw is necessary for them
to come into place. The inferior ones have more room. Both are somewhat external

to their predecessors. The second upper molar comes down from above and behind,

* From Retch's Pediatrics.
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and S(i docs tlu' vvisdoin-looth nuich later. The inferior second molar is formed

almost in the an^le helwi-en the Ixxly and ramus. The inferior wisdom-tooth, before

it cuts the .uum, laces forward, inward, and slightly upward. To the table from

Fic. 1324.

Perni.Tiieiit molars

Permanent molars'

I'crmaiient canine

I'lLUspids

I'lrmaneiit incisors

Temporary canine

Temporary molars

Permanent incisors

Temporary' canine

Permanent canine

Bicuspids

Jaws of child of ten vears, showing partially erupted permanent teeth with temporary canines and molars still in

place.

Rotch we add one from Livy,' who made observations on several thousand children

of English and Irish operatives.

TABLE OF ERUPTION OF PERMANENT TEETH. '^

Vears.

6

7
8

9

Groups.

Four first molars.

Four middle incisors.

Four lateral incisors.

Four first bicuspids.

Years.

ID

II

12

17 to 25

Groups.

Four second bicuspids.

Four canines.

Four second molars.
Four wisdom-teeth.

TABLES SHOWING TIME OF ERUPTION OF PERMANENT TEETH.'

Boys.

Ages. 9 'o " '-

Lateral incisors .... 2 42 9 4

First bicuspids i 76 12 i

Second bicuspids ..... 59 3^ 5

Canines 18 28 25

15 16 Total.

• 59
• 90
. . loi

79

Second molars 5

* British Medical Journal, 1S85.

42 67 275 184 78 12 663

* From Rotch. ^ From Livy.
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prcmaxillaiy and tin- maxillary 1k)ir-s, or to tin- iion-utiion of two parts of the former, supposing

that tuosiiili parts really exist. The extra incisor may a|)pareritly ap|)ear 011 the median side

of the first, between the first and second, or helueen the l.itter and the canine. T<j actonnt for

this Kosenl)erj;' asserts that tiie typical nnmher is five, as in the opossum, of which the second
and fourth are the two i)ersistent ones, and that either the first, third, or fifth may (xxasionally

present itself. 'J"h. Kiilliker''' records a casi- of ri^lit cleft palate in which, besides the four rejjular

incisors, threi- were found betwei-n the cleft and the riKht canine. As cases of excess of incisors

are much more common than of defu iency, the disappearance of the up|)er lateral one does n(jt

seem immiiuiit ; still, tiiereare si};ns of dej^eneratioii. The crown is less scjuare than that of the

central, it is occasionally pointed, often unusnallv small, sometimes not reachin^^ tin- line of the

other crowns. It mav be absent, and then a series of cases can be made ran^'inj; from those in

which the remaining incisor is separated both from its fellow of the other side and from the

canine beside it by larj;e K^ips to those in which the teeth are regular and continuous. Very
rarely one of the lower incisors is wanting::, and, accHjrdinj^ to Kosenberjj, either may fail.

A fourth molar is very uncommon ; but not at all rarely the wisdom-tooth is late in coming
throufjh the i;uin, and occasionally it never does. It seems sometimes to be wanting and often

is rudimentary. It has been seen represented by three detached cusps, an apj)arent confirmation

of Rose's views of the homology of the teeth.

The entire dental series may be unusually large or small. In the former case the face is

prognathous, probably as a result of the increase (jf space recjuired for the teeth. The upper

central incisors are occasionally very large without increase in size of the other teeth. The same
is true of the molars ; in which case the number of cusps is generally greater, but the converse

does not occur when the molars are unusually small.'

The points of the canines may project beyond the line of the other teeth and the molars may
increase m size from the first to the third.

Teeth are sometimes remarkably displaced. The sui)erior canines, owing to their high (jrigin

in the second dentition, are particularly subject to it. They may appear on the front of the jaw,

in the antrum, the nose, or the back of the mouth. The molars, and especially the wisdom-teeth,

are also erratic.

THE GUMS.

This term is used rather vaguely to indicate the mucous membrane and sub-

mucous tissue co\'cring the alveolar processes and closely attached to the necks of

the teeth. Whether the neck is entirely surrounded by it varies in different indi-

viduals as the teeth are not in all equally close ; as a rule, owing to the ordinary

expansion of the crown from the neck, at least a little of the gum is found between

the teeth. It is some 3 mm. thick, dense, firmly fastened to the bone, and is neither

very vascular nor very sensitive.

In structure the gums resemble other parts of the oral mucous membrane, con-

sisting of the epithelium and the connective-tissue layer. The latter, directly con-

tinuous with the periosteum of the alveolar border and the pericementum, is composed

of closely fitted bundles of fibrous tissue and beset with numerous papilla. On
young teeth the epithelium is prolonged for from .5-1 mm. over the enamel and often

for a short additional distance over the cement, ending in an abrupt margin. In the

immediate vicinity of the tooth the papillae sometimes exhibit infiltrations of lym-

phoid cells. The gums are without glands. The structures sometimes described as

such, as the "glands of Serres," consist of nests of epithelial cells derived from the

remains of the atrophic embryonal epithelial sheath (page 1563).

THE PALATE.

The Hard Palate.—The shape and proportions of the hard palate have been

discussed w'ith the bones (page 228), so we have here to do only with its mucous

covering. This is very firmly fastened to the rough surface of the bones by dense

connective tissue which is particularly thick at the sides, doing much to fill up the

angle between the roof and the alveolar process. On either side near the front,

extending onto the inner surface of the alveolar processes, is a series of raised ridges

(Fig. 1325), in the main transverse, although slightly convex anteriorly, the analogues

of the palatal rugce of most mammals. They never extend behind the first molar

tooth, are numerous and prominent in childhood, but much redticed in middle age,

and occasionally wholly lost.

* Morphol. Jahrbuch, Bd. .xxii., 1S95.
' Nova Acte des Leopold. Carol. Akad. der Natiirforscher, Bd. xliii., 1882.

' Magitot : Traits des Anomalies du Syst^me Dentaire, 1887.
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Just behind the incisors, at or before the incisor canal, there is a small raised

pad or fold of mucous membrane, on either side of which the orifice of the incisor

canal is often found. When pervious, it is very minute, admitting merely a bristle.

Behind this the palate presents a median raphe of paler color than the rest, which may

Fig. 1325-

\~2jt\— Incisor pad \vi

Orifices of palatine glands

th orifice of incisor

Raphe

Mucous membrane removed to
show layer of glands

Soft palate

Uvula

Superior dental arch and palate; palatal rugae occupy anterior part. Soft palate partially cut away.

run to the root of the uvula or may stop short of it, being often deflected to the left.

A little behind the pad this line may be interrupted by a pale oval elevation or more
often a depression. The membrane of the roof of the mouth is nowhere bright red

;

that of the hard palate, however, is paler than the rest. There are no glands in the

oval white space, but there is a continuous layer on either side of it. The orifices of

the glands are easily seen with a lens, sometimes with the naked eye. A little in

Fig. 1326.
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Muscular fibres of tongue

Dorsal surface of tongue
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Tonsil
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Epiglottis

Sagittal section through palate, uvula, and tongue, showing right lateral wall of fauces; tongue has been pulled
downward by hook.

front of the origin of the soft palate the mucous membrane becomes deeper colored.

These differences in color are more striking in children.

The Soft Palate.—This structure consists of a fold of mucous membrane, con-

tinuous with the hard palate, enveloping several layers of interlacing muscular fibres,

at least i cm. in thickness at its origin. Its lower border is the edge of the fold.
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This is concave on each side, aiul presents a median elonjiration, the utnda, which
varies from a short prominence to a cord 2 cm. in lenj.;th. Thus the jialate has
a lower surface lookinj^ downward and forward and an upj)er one looking upward
and backward. When the mouth is closed the palate and uvula rest aj^ainst the

tongue ; when open they han^ free, but the muscles inside can modify their shape
and position. Median sections show the tip of the uvula often reachinjj;^ within half

Pharviit'oal niiirriii'^ mcin

V .'-

'

Fig. 1327.
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Transverse section ot sott palate near its anterior attachment. X 4.

an inch of the tip of the epiglottis. Possibly muscular relaxation allows it to descend
somewhat farther than in life, but it is certain that no very great elongation is neces-

sary for it to touch that organ and give rise to great discomfort. The soft palate can

be raised so as to touch the back of the pharynx and close all communication between
the nose and the mouth. Two folds, the pillars of thefauces, each the reflection of

the mucous membrane over a muscular bundle, start from the palate on either side.

The anterior pillar, enclosing the palato-glossjis muscle, arises from the front of the

palate near the uvula, some distance anterior to the edge, and, curving downward,
runs to the tongue at the junction of the middle and posterior thirds, separating the

mouth from the pharynx and forming the posterior border of the stibliyigiial space.

The poste7'ior pillar starts from the lower border of the palate on either side of the

uvula, covering i\\Q palato-pharyngetis, and runs down the throat to the superior cornu

of the thyroid cartilage, the lower part being indistinct. Some of the muscular fibres

within it go to the upper border of the thyroid cartilage in front of the horn, but the

fold is not often found so low, except in frozen sections, in which it appears at the

sides of the back of the pharynx.

A deep triangular recess on either side, between the anterior and posterior

pillars, contains the tonsil. This region is often vaguely described as the isthmus of
the fauces, one being left in doubt whether it belongs to the pharynx or to the mouth.
In the preceding pages the pharynx is described as beginning at the anterior pillar.

The reasons for this divi-

FlG. 1328.

Fibres of azjgos uvula" Pharyngeal tnucous membrane

Fibres of

palato-pharyni

Masses of glands
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Oral mucous membrane

sion are developmental,

morphological, and phys-

iological. The part of

the tongue anterior to

this fold is of mandibular
(buccal) origin, while the

part behind it comes from
the pharynx. The sur-

face of the former is sup-

plied bv the mandibular

ner\e, the third division

of the fifth, and the latter by the glosso-pharvngeal. The mucous membrane of the

posterior third does not bear papillae (except the circumvallate papillae near the junc-

tion of the two regions), but is rich in adenoid tissue and glands, differing in both
respects from the part in front of it. The arrangement of the transverse fibres of the

glosso-palati muscles in the substance of the tongue suggests a sphincter at the

entrance of the pharynx. Finally, in deglutition it is in passing this line that the

bolus ceases to be under the control of the will.

99

Transverse section of soft palate near base of uvula. X 4.
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The toUowing layers compose the soft palate from above downward : (
i ) The

pharyngeal mucous membrane. (2) A fibro-muscular layer. The fibrous portion

is the expansion of the tendons of the tensor palati muscles. It is strong and tense

near the hard palate, gradually dwindles lower down, and joins the pharyngeal

aponeurosis at the sides. Below this is the complex of the muscles. (3) A glan-

dular layer opening into the mouth. This is some 5 mm. thick at its origin and

practically continuous throughout most of the palate. It is interrupted at the median

line near the hard palate by a septum of muscular and fibrous tissue, is wanting near

the free edge of the palate a little on either side of the root of the uvula, and is con-

tinued down the uvula as a cylindrical string of glands nearly to the tip, through and

about which run the fibres of the azygos u\'ulce muscle. Irregular glandular collections

are found near the latter, especially at the base of the uvula. (4) A lower layer of

mucous membrane.
The mucous membrane of the soft palate is red on the pharyngeal and pale on

the buccal surface ; on both sides it presents papilke, those on the upper surface

Fic.
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Sagitlo-lateral section of soft palate. X 15.

especially being near the base. The most common form, slender and elongated, is

scattered over the entire buccal surface and the front of the uvula ( Riidinger).

Thicker short papillae are also found near the beginning of the pharyngeal surface.

Small adenoid collections occur on the upper surface, as well as small glands situated

in the depth of the mucous membrane. The orifices of the chief glandular layer

pierce the inferior palatal surface.

The Muscles of the Soft Palate.—Some of the muscles arise in the soft

palate ; others run into it. Isolation of the individual sets of fibres is not always

possible.

The tensor palati (dilatator tuba:) fFig. 1330) arises from the scaphoid fossa at

the root of the internal pterygoid plate, from the spine of the sphenoid, and from the

outer membranous part of the Eustachian tube. It descends vertically along the

internal pterygoid plate as a round, red, and distinct muscle, which becomes tendinous

as it turns inward under the hamular j^-ocess at right angles to its pre\'ious course,

after, which it broadens into the fibrous expansion in the soft palate already described,

above the other muscles. A bursa lies bet^veen the tendon and the hamular process.
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The levator palati (Fi^. 1330) arises from the base oi the skull at the apex

of the petrous portion of the tenii)oral bone and from the cartila^nnous part of the

Eustachian tube beside it. At first thick, it passes downward, forward, and inward

with the tube, and, leavinij it, e.xpands into a layer which sjireads out through the

soft palate. .Some of the anterior fibres from the tube go to the back of the hard

palate, constituting the salpim^o-palatinns, while others descend in the lateral wall of

the pharyn.v, covered l)y mucous membrane, beneath the salpingfj-pharyngeal fold.

The great body of the fibres crosses the middle line in the front part of the soft

palate. Most of them descend in the op])osite side. Some seem to form loops with

an upward concavity with fibres from the fellow-muscle. Near the hard palate this

decussation completely divides the glandular layer (Fig. 1327).

The azygos uvulae (Fig. 1331 ), although probably a double muscle originally,

soon (even at birth ) becomes practically a single one. Arising from the tendinous

fibres of the tensor palati just f)ehind the posterior nasal spine, it soon becomes mus-

cular and increases in size. Its course is downward into the uvula, but on reaching

the base it is already broken up into separate bundles which pass about and through

Fig. 1330.
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the crlandular core of the uvula. The bellv of the muscle lies near the dorsal surface,

between the fibrous expansion of the tensor palati and the levator palati, which decus-

sates on its oral surface. ....
The palato-pharyngeus (Fig. 1331) has a complicated origin in more than

one layer from the border of the hard palate, from the lower surface of the apo-

neurosis, and perhaps from fibres of the levator palati. Certain fibres, either arising

in the middle line or coming from the other side, pass downward and ouUvard

over the azygos uvula ; otheVs lie beneath the glandular layer. Some of the fibres

seem to continue the course of the salpingo-pharyngeus of the opposite side, with-

out being direcdv continuous. The muscle passes down near the edge of the soft

palate and then 'in the posterior pillar into the side of the pharynx, where it min-

gles with the stylo-pharyngeus. A part is inserted into the upper border of the

thvroid cartilage, and sometimes into the superior horn. It also expands, together

with the stylo-pharvngeus, into a thin layer just beneath the mucous membrane

of the back of the pharynx, which meets its fellow in the median line where it is

inserted into the pharyngeal aponeurosis. Its lower limit is a cur\'ed line with the

concavity looking upward and outward, behind the larynx (Fig. 1361)- (This part
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of the muscle must be dissected from behind, after removing the constrictors of

the pharynx. )

The palato-glossus (Fig. 1339) is a small bundle arising from near the middle
line of the oral side of the lower part of the soft palate, forming by its projection the
anterior pillar of the fauces, in which it runs to the tongue, where it joins the trans-

verse fibres. The pair of muscles act as a sphincter tending to close the passage from
the mouth to the pharyn.x. A thin expansion from this muscle passes over the tonsil.

Vessels.—The arteries of the palate (both hard and soft) come chiefly from
the descending palatine, which, emerging from the posterior palatine canal, runs for-

ward along the inner side of the base of the alveolar process. It sends a few branches

Fig. 1331.
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inward and backward to the front of the soft palate, which is supplied on the side by
a branch either from the facial or from the ascending pharyngeal. It is to be noted
that no vessel is likely to interfere with the division of the tensor palati at the inner

side of the hamular process.

The veins of the hard palate follow in the main the arteries. Those of the upper
side of the soft palate join the plexus of the zygomatic fossa. The larger ones of the

under side connect with the veins of the tonsil and the root of the tongue.

The lymphatics of the hard palate and of the under side of the soft palate form
a rich plexus. Those on the upper side of the latter are small. The chief current is

to the deep glands of the neck.
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Nerves.—The tensor p.ilati is supijliecl ljy the iiKiiuiibular tlivision of the fifth

pair, I'le other muscles by the pharyiij^eal plexus. The mucous membrane of the

hard palate is supplied by the anterior palatine nerve and terminal branches lA the

naso-palatine. That of the soft palate is supplied by the other palatine nerves

and by branches from the gU)sso-j>harynjfeal.

THi: TONGUE.

The toni^ue is a median muscular organ attached to the floor of the mouth,

the svmphvsis of the jaw, and the body and both horns of the hyoid, covered with

mucous membrane, which when the mouth is closed it practically fills (Fij^. 1339;.
The roof is the attached portion, e.xtendiny; from the hyoid to the symphysis, com-
posed of the genio-glossi and the hyo-glossi muscles. The Zip is the free anterior

end, flat both above and below when extended, and surrounded by mucous mem-
brane. Behind this the tongue is a solid mass. The dorsum in its anterior two-

thirds is conve.x from side to side, and rests against the hard and soft palates ; the

posterior third, nearly vertical, looks backward, forming the front wall of the pharynx
when the mouth is closed. There is a median groove in the upper part of this pos-

terior third, continued for a little distance onto the top, in which the uvula rests.

This hind portion is so broad that the edges of the tongue reach quite to the sides

Fig. 1332
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Fig. 1333.
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of the pharynx. In the anterior two-thirds the edges of the tongue are prominent,
overhanging the sides.

Development show-s that the tongue has a double origin. The body arises

from a paired anlage near the midline in the anterior part of the mouth, while the

root develops from a median elevation, the copula, and the adjoining portions of the

second visceral arches. The hiberadion impar of His plays probably only a sub-

ordinate role. The thyro-glossal duct comes to the surface at the junction of these

two parts, which, in the infant, are still separated by the sulcus terminalis.

The mucous membrane of the lateral and inferior surface is thin and smooth
with small papillae at the tip. In the middle it forms a fold, the frcnum, running
from near the tip to the floor of the mouth. In infancy this is occasionally so
short as to restrain the tip of the tongue from the motions necessary for nursing.

Often it is hardly visible. The plica fimbriata and the plica sublingualis are tw o
folds on either side of the front part of the under surface, of which the former with
ragged edges is the outer, the longer, and the larger. Both are distinct in the infant

and (especially the latter) lost or poorly marked later. The plicae fimbriatae bound
a triangular space which Gegenbaur considers a rudiment of the under-tongue of some
mammals. The mucous membrane of the dorsum is divisible into two v. holly differ-

ent regions : the one comprising the anterior two-thirds, the other the posterior ver-

tical third. The line of separation, or sulcus ter7ni7ialis, is, however, not trans\'erse,

but, starting at the side from the anterior pillar of the fauces, runs backward and
inward to meet its fellow. This is not usually visible in the adult ; but its place is
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easily recognized, as just before it is a V-shaped arrangement of circumvallate papiilce,

the median aj)ex being at or near a small depression, the foramen cceciim, which

marks the termination of the foetal duct through the tongue from the thyroid. In

the adult this may be a short tunnel or a depression, into which the ducts of several

glands open. According to Miinch,' it is always behind the hindmost circumvallate

Fig. 1334.

Cut zygoma

Pterygoid
plates

Eustachian
tube

Cut and reflected
soft palate.

Half of uvula

.Anterior pillar of fauces

Posterior pillar of fauces

Lymph-nodules constituting
lingual tonsil

phenoidal
sinus

Spine of
-^ ^phenoid—Zygoma

Fossa of
— Rosenmiiller

Anterior portion of head has been removed by frontal section passing through plane of posterior nares ; the soft palate
cut in mid-line and turned aside, exposing posterior wall of pharynx ; tongue drawn forward and downward.

papilla. The mucous membrane covering the dorsum of the tongue is closely beset

with elevations, or papilla;, of which there are three varieties, the filiform, fungiform,

and circumvallate. In general they consist of a core of connective-tissue stroma cov-

ered with stratified squamous epithelium ; the projection formed by the connective

tissue bears minute secondary papillae, which, however, do not model the free sur-

' Morpholog. Arbeiten, Bd. vi., 1896.
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f;ice of the mucous lucinlnaiKj. The anlciior iwo-lhirds of this surface are rough
with fuuirijorm and filiform papillce ; the former, less numerous, appear as red

points chieriy near the edges, while the fihform are everywhere, but arranged in par-

allel rows continuing forward the lines of the circumvallate papillie. At the edges of

the tongue, just in front t)f the end of the anterior pillar of tlie fauces, close ins[)ec-

tion, especially with a lens, will generally show a small series of minute transverse

l)arallel ridges, corresponding to \\\(i papilhc Joliatic of nKleiits in a rudimentary con-

ililion. '\\\(i papillcc circumvallatu: are fungoid papilUe surrounded by a depression

bounded externally by a low annular wall. The usual number of these jtapilla- is

from nine to ten, ranging from six to sixteen (Munch j. The sides (jf the V in which

they are disposed are not very symmetrical. Usually there is at least one median
papilla behind the apex, and very rarely one or two before it. The circumvallate

papilliE are of especial interest as being the most important seat of the gustatory end-

FiG- 1335-
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organs, or taste-buds, which lie embedded within the epithelium lining the groove

encircling the central elevation. A detailed description of the taste-buds is given

with the organs of special sense (page 1433).

The surface of the vertical posterior third of the tongue is smooth, in the sense

that there are no papillae nor roughnesses, but it is studded with masses of lymphoid

tissue, sometimes called the lingual tonsil {Y'x'g. 1334), which make numerous eleva-

tions on its surface. The mucous membrane of the back of the tongue is continued

in a thinner layer onto the front of the epiglottis. It presents the viedian glosso-

epiglottic fold, containing fibro-elastic tissue and muscular fibres of the genio-glossi,

which separate two little depressions, \\\q glosso-epiglotticfossce. These may be with-

out any definite lateral boundary, or may be embraced by the small lateral glosso^

epiglottic folds, the internal borders of which are concave. The mucous membrane
is firmly attached to the subjacent muscles in the anterior two-thirds of the tongue,

but less firmly behind.

Glands of the Tongue.—The lingual glands include both serous and mucous

varieties, which are distributed as three groups : (i) serous glands, (2) posterior

mucous glands and (3) anterior mucous glands.
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The tubo-alveolar glands surrounding the circumvallate and the foHate pajjillae

are the only ones of a purely serous type ; their thin, watery secretion is no doubt an

important medium in conveying sapid substances to the taste-buds situated in this

Fig. 1336.
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vicinity. The glands encircling the circumvallate papillae constitute an annular group

some 4 mm. wide and about twice as deep. Those about the papillae foliata form an

elongated group, about 3.5 mm. in width, which extends from 8-15 mm. in front of
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the base of tlie palatD-Klossal fold. Anteriorly towards the dorsum the serous glands

remain isolated ;
jjosteriorly they come into contact with the mucous glands, so that

alveoli of both varieties may be included within a single microscopical held ( Fig. 1 287 ).

The posterior third of the dorsum, from the circumvallate jjapilla.- backward,

possesses a rich, almost continuous layer ni mucous glands, 5 mm. or more in thick-

ness, which lie beneath the mucous membrane and mingle with the lymphoid tissue.

Since the alveoli lie among the muscles at some dej^th, the e.\cret<jry ducts often

attain a length of from 10-15 mm., and open on the free surface in close as.sociation

with the lymjih-follicles.

The anterior mucous glands (Fig. 1352; are disp<jsed principally as two elon-

gated groups, glatidulce lingualcs anteriores, or glands a/ Nulin, or 0/ Bland

m

(from 15-20 mm. in length, 7-9 mm. in width, and somewhat less in thickness),

w hich lie on either side of the mid-line, near the tip of the tongue, among the mus-

cular bundles. They meet in front, but diverge behind, where they may be con-

FiG. 1338.
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tinned backward by additional collections of mucous glands along the edges of the

tongue. The ducts—five or six in number—open on the folds occupying the under

surface of the tongue near the frenulum.

Muscles of the Tongue.—These include two groups, the extriyisic ^nd the

intrinsic muscles. The former pass from the skull or hyoid bone to the tongue
;
the

latter comprise the particular muscles both arising and ending within the organ. Their

general arrangement is as follows. Under the mucous membrane is a dense sheath

of longitudinal fibres, surrounding the others completely near the apex, and farther

back wanting at the middle of the under surface where the fibres of the genio-glossi

and hyo-glossi enter the organ. This outer layer is the cortex. The inner part is

'divided into two by a vertical median septum of areolar tissue, which is quite dense

in its upper part. It is sickle-shaped, with the point m front and not reaching the

apex. The inner portion, or medulla, is composed of transverse muscle-fibres inter-

posed between layers of those called vertical, which in fact present many degrees of

obliquity.

The extrinsic muscles are ihegenio-glossus, the hyo-glossus. the stylo-glossus,

and the palato-glossus. to which may be added, from its position, the genio-hyoid.

All of these are in pairs and symmetrical.
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The genio-hyoid (Fig. 1339; is a collection of Heshy fibres extending close to

the median line, from the inferior genial tubercle to the anterior surface of the body
of the hyoid bone. It is a thick band, four-sided on transverse section, with rounded

angles, and expands laterally on approaching its insertion. A layer of areolar tissue

separates it from its fellow.

Nerve.—The ner\-e-supply is from the hypoglossal, but probably consists of

fibres derived from the cervical nerves.

Aciion.—To draw the hyoid forward and upward ; or, when fixed below, to

depress the mandible.

The genio-glossus (Fig. 1339; arises just above the preceding by short ten-

dinous fibres from the superior genial tubercle. Its inferior fibres run horizontally

backward to the base of the tongue, passing over the hyoid bone to the base of the

epiglottis ; the fibres above these, inserted successively into the mucous membrane of

Fig. 1339.
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the dorsum of the tongue near the middle line, are at first oblique, then vertical, and
finally concaxe anteriorly as they approach the apex, so that the muscle is fan-shaped

when seen from the side. Each muscle is separated from its fellow by the median

septum.

Nerve.—The hypoglossal.

Action.—The complex action of this muscle includes retraction of the tongue by
the anterior fibres, drawing forward and protrusion by the posterior fibres, and depres-

sion, with increased concavity, of the dorsum by its middle part.

The hyo-glossus (Fig. 1339), external to the preceding, from which it is sepa-

rated by areolar tissue, arises from the side of the body of the hyoid, the whole of the

greater horn, and the lesser horn. The last portion, rather distinct from the rest, is

described sometimes separately as the chondro-glossus. The whole muscle,

applied to the side of the tongue, forms a layer of fibres directed upward and for-
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ward ; towards the front its fibres arc almost longitudinal. The fibres frDni the lesser

horn run on the dorsum beneath the mucous membrane, forming a part ol the super-

ficial longitudinal system.

Nerve.— The liypoglossal.

Action.—To depress the siiles of the tongue, thereby increasing the lrans\erse

convexity of the dorsum ; the muscle also retracts the protruded tongue.

The stylo-glossus fp'ig. 1339) arises from the tij) of the styloid process and

from the beyiiuiiiig of the stylo-ma.xillary ligament. It is a small ribbon-like muscle

with an anterior antl a posterior surface, but ;us it descends it twists so as to lie along

the outer side of the tongue, which it reaches in the region f)f the circumvallate

papilla-. On joining the tongue the fibres divide into an upper and a lower bundle,

both of which are chiefly longitudinal, although some fibres blend with the traiisverse

series. It is soon lost in the sheath of longitudinal fibres.

Nen'C.—The hypoglossal.

Action.—To retract the tongue and to elevate the sides, thus aiding in pro-

ducing transverse concavity of the dorsum.
The palato-glossus (Fig. 1339) arises from the anterior or buccal aspect of

the palate, and descends within the fold forming the anterior pillar of the fauces to

the tongue, where it joins the trans\'erse fibres, passing between the two parts of the

stylo-glossus.

Nerve.—F"rom the pharyngeal plexus, the motor fibres coming probably from

the spinal accessory ner\e.

Action.—To elevate the tongue, to depress the soft palate, and, with its fellow

by approximating the anterior pillars, to close the fauces.

Fig. 1340.
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The intrinsic muscles are the lingualis, the trayisversus, and \\\^ perpendicu-

laris (Fig. 1340).
The lingualis, sometimes divided into a superior and an inferior, comprises the

greater number of the longitudinal fibres,—all, in fact, that do not come from the

extrinsic muscles. The thickness of this layer is some 5 mm.
The transversus furnishes nearly all the transverse fibres, the most important

extrinsic contribution being from the palato-glossus. It arises from the septum and

runs outward to the mucous membrane ; as it approaches the cortex the fibres break

up into bundles, among which pass groups of the fibres of the lingualis. The trans-

versus is arranged in a series of horizontal layers, between which pass layers of the

vertical set. Thus a horizontal section has the effect of a series of transverse fibres

like the bars of a gridiron with the cut ends of the vertical fibres between them and

the longitudinal fibres of the lingualis at either side. Near the apex fibres of this

system run directlv from the mucous membrane of one side to that of the other.

The perpendicularis is the name given to the few vertical fibres that do not

come from the extrinsic muscles. They occur chiefly at the tip and sides, passing

from the lower to the upper mucous membrane.
Nerve.—All the intrinsic muscles are supplied by the hypoglossal.

Action.—The tongue is protruded chiefly by the action of the posterior fibres of

the genio-glossus, drawing the posterior part of the tongue forward, assisted, perhaps,

bv the contraction of the transversus. It is withdrawn by its own weight. The
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longitudinal system, the various parts of which can act separately, turns the tip in

any tlircction. The stylo-glossus and palato-glossus raise the ])osterior j)()rti(jn,

particularly at the edges, but the latter prolxibly acts more on the palate than on the

tongue.

Vessels.—The principal arteries suj)])lying the tongue are branches of the

lingual, elsewhere described (page 735). Although there may be a trifling anasto-

mosis at the tip between the vessels of the opposite sides, there is no communication
sufficient to re-establish the circulation at once, so that ligation of either artery

will render that half of the tongue bloodless for an operation. The vehis consist of

four sets on each side, communicating freely with one another. They are (
i ) the

dorsal veins forming a submucous plexus on the back of the tongue above the larynx

and joining those of the tonsil ancl pharynx, (2) two veins accompanying the artery

and sometimes forming a plexus about it, (3) two with the lingual nerve, (4) two
with the hypoglossal ner\e. Of these latter, the one below the nerve is the larger

and is the ranine vein, running on the under surface of the tongue on either side of

the frenum. The /ynip/iatics present a rich net-work on the anterior two-thirds of

the dorsum. The multitude of spaces throughout the organ communicate with lym-

FlG. 1341.
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phatics. Some from the median part empty into the suprahyoid glands, but most
go to the submaxillary and to the deep cervical glands.

Nerves.—The ?notor fibres are supplied by the hypoglossal, aided probably by
the facial through the chorda tympani. Those of co7nmo7i sensation are from the

lingual branch of the fifth for the anterior two-thirds and from the glosso-pharyngeal

for the remainder, excepting the region just in front of the epiglottis, w^hich is

supplied by the superior laryngeal from the vagus. The glosso-pharyngeal area

somewhat overlaps the posterior third, as it supplies the circumvallate and foliate

papillae. The chief fibres of special sense are derived from the glosso-pharyngeal,

their principal distribution being to the taste-buds on the circumvallate papilke. Re-
garding the source of the taste-fibres to the anterior parts of the tongue opinions

still differ. According to many anatomists, these fibres reach their destination

through the chorda tympani, since the latter nerve is supposed to receive taste-

fibres from the ninth by way of the pars intermedia of Wrisberg, which accompanies
the facial. According to Zander,' Dixon, ^ Spiller,* and others, however, the view
attributing fibres of special sense for the anterior part of the tongue partly to the

fifth nerve is correct.

Growth and Changes.—At birth the tongue is remarkable chiefly for its want
of depth, as shown in a median section, which depends on the undeveloped condition

of the jaws. This is gradually corrected coincidently with the growth of the face.

* Anatomischer Anzeiger, Bd. xiv., 1897.
' Edinburgh Medical Journal, 1897.
' University of Pennsylvania Medical Bulletin, March, 1903.
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The circuinv;ill;ite j);i|)ilhe' are iin])c'ilc'(il)' developed for some time after birth, so
much so that it is not easy to reco^iii/.e them. The fohate pajjillie are also relatively

uiuleveloj)t(l. On the other hantl, the fiiiij^iform pajjilla- are proportionately both
larger and more numerous than in the adult. The development of the adenoid tissue

at the back of the tonj^ue occurs during the last two months of foetal life. In places

the connective tissue surrounding the ducts of the mucous glands becomes infiltrated

with leucocytes and is transformed into Ivmphoid tissue ( .Stiihr).

Till-: SinLlNCxl AL SPACE.

This space is between the lower jaw and the tongue, above the mylo-hyoid, and
bounded behind bv the fold of the anterior pillar of the fauces passing to the tongue.
It is lined with thin, smooth mucous membrane reHected from the mandible to the

tongue ancf attached lightly to the parts beneath. With the mouth closed, this

space is filled by the tongue. It is best examined in the living subject when the tip

of the tongue is against the upper incisors. A fold of mucous membrane, ihii/reniini.

F"lG. 1342.
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if well developed, passes in the middle line from the tongue to end over the floor of

the mouth. Close to its termination on either side is a smooth elevation caused by
the sublingual gland, which in the present position is drawn upward under the

tongue. A varying number of gland-ducts perforate the mucous membrane with

orifices hardly visible to the naked eye. Internal to these swellings at the lower end
of the frenum is a small enlargement on each side of the median line, so closely

blended, however, as to seem but one ; these elevations, the carunadce salivares,

mark the point at which the duct of the submaxillary gland opens on each side.

This duct runs along the floor of the sublingual space between the mylo-hyoid
muscle and the mucous membrane, a small part of the gland usually accompanying
the duct a short distance over the muscle, forming a prominence, the siiblingna)

ridge (plica sublintjualis). A constant group of glands is found in the mucous
membrane below the incisors."

^ Stahr : Zeitschrift fiir Morph. and Anthrop., Bd. iv., Heft 2, 1902.
* The stiblingiial bursa alleged to exist on either side of the frenum has not been described,

since it is at most extremely uncommon.
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THE SALIVARY (iLANDS.

These, besides the mucous folHcles of the inoutli, are \.\\c parotid, the subinax-
illary, and the subliyigiial glands of the two sides. They are all reddish gray in

color and of about the same firmness, e.xcepting the parotid, which is denser.
The Parotid Gland.—The parotid is the largest of the salivary glands, weigh-

ing from 20-30 gm. , with a considerable range beyond these limits. It is situated
behind the upper part of the ramus of the lower jaw, which it overlaps both within
and without. Its limits in both directions are very variable. The prolongation for-

ward over the masseter muscle may become nearly distinct from the rest of the gland,

Fig. 1343-
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and is then known as the socia parotidis. The sheath of the parotid is a strong fibrous
envelope continuous with the cervical fascia in front of the sterno-mastoid, closely
applied to the glandular substance and continuous with the partitions that pass
through the organ, so that it can be dissected of^ from the gland only with difficulty.
The parotid is divided into many small compartments or lobules by these resisting
septa of fibrous tissue, the quantity of Mhich gives it toughness. The shape of the
parotid, as well as its size, is variable, since it grows where it can among more or less

resisting structures. Its shape and relations, therefore, may be considered together.
Relations.—The parotid occupies a cavity bounded in front by the ramus of

the jaw, covered by the masseter and internal pterygoid muscles ; behind by the
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external auditory nu-atus, the tympanic ])lalc, the l)asc of the styloid process, and the
front of the atlas. These two walls meet above at the (jlaserian fissure. The pos-
terior wall is prolonj^ed laterally by the posterior belly of the digastric, the stylo-

iiyoid, and more externally by the sterno-mastoitl muscles. The styhjid i>rocess as
it descends becomes internal, and the stylo-j^lossus and stylo-pharynj^eus, tcj^etiier

with the fascia known as the stylo-maxillary lij^ament, bound the posterior part of

the gland internally. In front of the styloid jirocess there is no wall to the space
occupied by the jxuotitl, the gland resting against the areolar tissue mixed with fat

that lies on the outer wall of the pharynx. The widest jjart of this cavity is at the
surface, where the fascia is connected with the capsule of the gland. The largest

expanse of the parotid is, thereft)re, external. It overlai)S the jaw and may reach
down to the angle and be separated merely by fibrous tissue from the submaxillary
gland. A constant, but vi-ry variable, j)rolongation on the face below the zygoma
accompanies the duct. The parotid gland reaches upward between the joint of the

jaw and the external auditory meatus and tymi)anic plate. Internally it lies against the
structures above described, always resting on the inner side of the internal pterygoid
muscle and extending to the great vessels and nerves which separate it from the

side of the pharynx. There may or may not be a higher prolongation inward
through the sjxice in front of the styloid process. The internal carotid artery, inter-

nal jugular vein, and pneumogastric nerve arc close against the lower part of the inner

surface of the gland. The external carotid artery enters the gland from the inner

side and divides into its temporal and internal maxillary branches, besides giving ofi

the i)osterior auricular, and sometimes the occipital arteries, within its substance.

The external jugular vein is formed within the gland and emerges from its lower side.

Near the skull the great vessels and nerves are separated from the gland by the styloid

process. The facial nerve enters the gland on its posterior side and passes through
it obliquely so as to become more superficial as it travels forw^ard, lying external to the

external carotid artery and jugular vein. Before emerging from the gland the facial

nerve breaks up into its two great divisions, the branches of which begin to subdi\ide

within the glandular mass. The auriculo-temporal nerve also passes through the

upper part of the gland, emerging on its outer aspect. A varying number of lym-
phatic glands lie in the substance of the parotid, mostly in the more superficial part.

They are small and not easy to find. A larger one, said by Sappey to be constant,

is in the gland just in front of the ear.

The parotid or Stenson's duct is formed by two chief tributaries, and emerges
from the front of the gland, above its middle, running forward and a little down-
ward across the masseter muscle to turn in sharply at its anterior border. It then

crosses a collection of fat and runs obliquely through the buccinator muscle and
the oral mucous membrane to empty into the vestibule of the mouth opposite the

second, often the first, superior molar tooth. The length is some 40 mm. and the

diameter 3 mm. The termination is a mere slit. Its walls are firm and resistant.

The general direction of the duct is that of a line from the lower side of the concha
of the ear to midway between the border of the nostril and the red edge of the lip.

The transverse facial artery lies above it, on leaving the gland, and a plexus of veins

surrounds it.

Vessels.—The arteries of the parotid gland are derived from several sources
;

although numerous, none of them is large. Besides several small branches from
the external carotid itself while in the gland-substance, there are twigs from the

temporal, especially from its transverse facial branch, from the posterior auricular,

the internal maxillary, and probably from an occasional branch that may pass through
the gland. The veins form quite a plexus through the gland and open into the sys-

tem of the temporo-maxillary and of the external jugular. Of the lymphatics much
remains to be learned, but they probably empty into both the deep and the super-

ficial cervical nodes.

Nerves are from the facial, auriculo-temporal, and great auricular, besides sym-
pathetic fibres from the carotid plexus.

The Submaxillary Gland.—This gland, weighing from 7-10 gm.. lies

largely under co\'er of the lower jaw, just before the angle, in a fossa on the inner

side of the bone. As, however, the skin is carried inward under the jaw at this
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point, the gland appears on the surface. It projects but Httle, if at all, on the outer
side of the jaw, but curls around the posterior border of the niylo-hyoid muscle
and extends for some distance in the floor of the mouth, under the mucous mem-
brane, in the anq;le between the mylo-liyoid and the hyo-j^lossus, sometimes reach-
ing- the sublingual gland (Tig. 1344). It lies in a capsule derived from the cervical

fascia, which is so loosely attached that the gland can easily be isolated. The
anterior end of the posterior belly of the digastric and of the stylo-hyoid pass behind
and beneath it. The hypoglossal nerve and the lingual vein lie beneath it, as does
the first part of the lingual artery, until the latter passes under the hyo-glossus.

Its sublingual branch runs along the inner side of tlie prolcMigation of the gland,

Fig. 1344.
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Vessels.— The arterus of the submaxillary j^laiul arc (iurivcd fnjin the facial and
the suhlinmiial l)raiich of the liiij^iial. The veins are from the corresj)ondiii^ ones.

The lympliatiis ljo to the submaxillary inlands.

Nerves.— The inland receives filaments from the sympathetic plexus accompa-
nying the facial artery, from the lingual nerve, and from the submaxillary ganglion.

The Sublingual Gland.—Tliis difTers from the two preceding glands in having
no capsule. It lies in loose areolar tissues on the mylo-hyoid muscle, at the front

part of the sublingual space. Its weight is 3 or 4 gm. Each gland rests internally

against the genio-glossus, and anteriorly they touch (jne an(jther. They are m<^re
readily se[)arated into lobes than the others. Testut regards them as aggregations of

separate glands. The sublingual glands are co\ered by the mucous membrane of the

floor of tile mouth, which they press upward into rounded swellings on either side

Fig. 1345.
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of the beginning of the frenum. The lingual nerve and the submaxillary duct are

on the inner side. The sublingual or Rivinus' ducts vary in number from four

to twenty or more. They open for the most part in the floor of the mouth, but

some may join Wharton's duct. Bartholin s duct is an inconstant one, larger

than the others, that usually opens close to the outer side of Wharton's duct, which
it follows.

Vessels.—The arteries are from the sublingual branch of the lingual and the

submental branch of the facial, which latter sends minute twigs through the mylo-hyoid
muscle. The blood escapes into the ranine vein. The lyt'iphatics run to the sub-

maxillary nodes.
Nerves are from the sympathetic, the lingual, the submaxillary ganglion, and,

according to manv, from the chorda tympani.

STRUCTURE OF THE SALIVARY GLANDS.

The three chief salivars' glands possess in common the tubo-alveolar type of

structure; depending upon the character of their secreting cells and products, the func-

tionating organs represent both the serous and mucous varieties. The parotid is a

pure serous gland ; the submaxillar)' is a mixed one, the alveoli containing serous cells

predominating ; the sublingual, also a mixed gland, consists chiefly of mucous alveoli,

the serous cells being limited to the marginal groups constituting the demilunes of

Heidenhain.
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The parotid gland consists entirely of serous alveoli, although mucus-pro-

ducing' acini may occur in the accessory lobules situated along the duct of Stenson.

The primary lobules are made up of alveoli, from .015 to .020 mm. in diameter, lined

with epithelial cells, which are somewhat pyramidal in form, since they are broader

next the basement membrane and narrower towards the cleft-like lumen. 'I'he rest-

ing cells, fresh and examined without the addition of reagents, appear filled with

numerous minute, glistening granules which lie embedded within a less strongly

refracting substance. The granules, however, are readily affected by reagents, often

undergoing partial or complete solution; hence the reticulated appearance of the pro-

toplasm frequently ol^served in glandular epithelium after fixation. The nuclei of

the serous cells are usually of spherical form and contain distinct nucleoli and delicate

Fig. 1346.
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chromatin net-works. The system of excretory canals begins at the alveoli as the

intermediate tubules, which in the parotid are relatively long, about .010 mm. in

diameter, and lined with low, flattened cells, directly continuous with the taller alveolar

epithelium, on the one hand, and with that of the intralobular ducts on the other.

The latter, or salivary tiihdes of Pfliiger, of larger diameter (about .035 mm.) than

that of the immediately preceding or succeeding segments of the canal, are clothed

with a single layer of columnar cells, some .014 mm. in height, which present a

peculiar differentiation into an inner and an outer zone. The former, next the

lumen of the tube and containing the nucleus, appears finely granular or almost

homogeneous, while the outer or basal zone exhibits a longitudinal striation composed
of rows of minute granules. After treatment with certain reagents, the striated zone
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breaks up into delicate rod-like j)n)cesses, in rerf)j^nition of which the cells lining the
intralohiilar tubules are (ifteii disi^natcd rod -epithelium. An active secretory role

has been ascribetl to these cells, R. Krause ' havinj^ succeeded in denionstratinj^ an
exiretory function by means of sodium sulphindi^otate. The interlobular and inter-

lobar ducts gradually increase in size antl jjcjssess a lininjj;' of ccjlumnar cells \vhi( h are
usually arraui^ed as a single layer. In the larger canals, however, the ej)itheliuni

consists of two imperfect rows, since smaller cells lie ne.\t the basement membrane,
wedgeil in between the larger typical elements. The columnar cells continue until

near the termination of the main e.\cretory duct, where they ^ive place to the stratified

squamous ej)ithelium proloujuj-ed from the oral mucous membrane.

Fig. 1,347.
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The submaxillary gland differs in structure from the parotid in possessing

both serous and mucous aheoli, the latter forming approximately one-tifth of the

entire organ. The alveoli containing serous cells correspond closely with those of

the parotid, being from .020 to .030 mm. in diameter and filled with elements loaded

with minute granules. Not infrequently the cells exhibit differentiation into an inner

granular and an outer almost granule-free zone. The mucous alveoli are often some-
what larger than the serous, reaching a diameter of .040 mm. or more. The mucus-
producing cells present the usual appearance and share the acinus with typical demi-
lunes consisting of cells identical with those lining the serous alveoli. The mucous
acini are directly connected with those of the serous type.

Intermediate tubules connect alveoli of both kinds with the intralobular canals;

those beginning in mucous acini are shorter (.035-. 060 mm. ) and less richly branched
than the tubules originating in serous alveoli. The latter measure from .060-. 140
mm. in length, and repeatedly divide ; they are lined with low cubical cells which are

gradually transformed from the alveolar epithelium in contrast to the abrupt transition

seen in the tubules connected with mucous acini. The cells lining the intralobular

tubules of the submaxillary gland exhibit the characteristic rod-like striation seen in

the parotid, the rod-epithelium sometimes containing yellowish pigment granules.

The interlobular and interlobar ducts resemble those of the parotid gland. The
chief excretory duct possesses, in addition to a subepithelial elastic layer, a weakly
developed stratum of longitudinally disposed involuntary muscle. Goblet-cells appear
between the columnar elements lining the duct.

The sublingual gland, being of the mixed mucous type, resembles in structure

the labial and buccal glands, and consists of a series of individual lobules, opening by
half a dozen or more separate ducts, rather than a compact single organ. In com-

* Archiv f. mikro. Anat., Bd. xlix., 1897.
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mon with other mucous glands, the subHngual lobules do not possess intralobular

tubules lined with the characteristic rod-epithelium. The interlobular ducts subdi-

vide into smaller canals which extend within the primary lobules and giv^e off wider

passages lined with cubical epithelium. Towards the end of these terminal canals

Fig
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the mucous cells appear, at first isolated or in groups, increasing in numbers until

they form the entire lining of the passage and become the secreting elements occupy-
ing the tubular alveoli of the gland. The latter vary from .030-. 060 mm. in diam-
eter, and are clothed with cells averaging .015 mm. high. The condition of the

Fig. 1349.

-Mucous cells

7/i. S

'Crescents of serous cells

Section of sublingual gland, showing serous cells grouped as crescents. X 270.

alveoli as regards the mucus-bearing cells varies greatly even in the same lobule At
times an entire priman,- lobule is composed of acini filled with mucous cells ; at others

empty and gorged alveoli alternate, or the depleted acini may predominate. Uncer-
tainty as to the presence of the demilunes also exists, since these may be absent in
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certain well-dcvL-lopcd alvectli filk-d with lar^e nuicous cells, or they maybe present
in considerable numbers. Mucous cells are much less numerous in the sublin^aial

glands of younu;^ infants than in the adult or^an. The relatively wide lumen of the
alveoli and the more reticulated appearance of their epithelium ser\e to distinguish

the exhausted sublingual gland from the parotid of similar condition.

The normal secretions of the oral glands, nuicous as well as .serous, contain no
formed elements

;
occasionally accidental granules or cell remains are present. The

characteristic spherical so-called sa/ivarv cojpusc/cs which occur in \arying numbers
in the mi.xed oral secretion have no relation to the salivary glands, since they are
only modified leucocytes escaped from the lymphoid tissue of the faucial and lingual

tonsils. On gaining the oral cavity, these cells are affected by the saliva and become
greatly swollen, the granular remains of their cytoplasm exhibiting molecular iiKjtion

in a marked degree.

Development of the Oral Glands.—The earliest traces of the salivary

glands are stcn during the second fotalmonth. The anlage for the submaxillary

glantl first appears about the sixth week ; next that for the parotid about the

eighth week ; a little later that for the sublingual. The parotid anlage develops
from the oral ectoblast along the lateral groove separating the upper and lower jaws.

The submaxillary and sublingual glands arise from a ridge-like anlage of the buccal

epithelium occupying the furrow marking the angle between the tongue and the floor

of the mouth, the anlage for the sublingual lying nearer the tip of the tongue. At
first the parotid and submaxillary lie abcnit equally removed from the oral opening,

but later migration occurs, the former passing backward and the latter forward.

The develo|)ment of the gland in each case begins as a solid cylindrical out-

growth from the deeper layer of the oral epithelium, which presents a local thicken-

ing. The cylinder rapidly lengthens and branches, so that by the eighth or tenth

week the submaxillary and parotid glands respectively consist of a main stalk and
terminal buds. The anlage of the sublingual gland gives off epithelial buds on
acquiring a length of about i mm. The primary sprouts of the anlage subdivide and
eventually become the smaller ducts and the glandular tissue. Meanwhile the imme-
diately surrounding mesoblast undergoes condensation, and contributes the connective-

tissue envelope with its prolongations between the lobules and acini supporting the

blood-vessels and nerves. Towards the close of the third month, while the gland-

tubules are still solid, the lumen of the future main excretory duct appears in the

epithelial cylinder, extending from the free surface towards the alveoli. The latter

acquire their lumen during the fifth month.
The stnaller oral gla^ids, including those of the lips, cheeks, tongue, and palate,

develop much later than the larger salivary, since their anlages appear during the

fourth month. The details of their development correspond in general with those

attending the formation of the larger oral glands.

PRACTICAL CONSIDERATIONS : THE MOUTH.

The chief congenital deformities of the mouth are harelip and cleft palate.

Harelip results from a failure of the developmental procedures concerned in forming

and differentiating the nasal and buccal cavities. These processes have already been

described in connection with the formation of the face (page 59). Upon the down-
growth of the fronto-nasal process depends the formation of the vomer, the perpen-

dicular plate of the ethmoid and the external nose, and of the intermaxillary bone
and that portion of the upper lip corresponding to the four incisors. The partition

separating the nasal from the oral cavity, later the hard and soft palates, is formed

by the union of the horizontal palatal plates from the buccal aspect of the two maxillary

processes (Fig. 76). When the frontal and maxillary processes fail to unite on one

side, single harelip results, the cleft in one side of the lip lying opposite the space

between the upper canine and lateral incisor, or between the latter and the central

incisor. When union between the maxillary and the frontal processes fails on both

sides, double harelip follows, the lateral incisors often being absent and the inter-

maxillary bone with the central incisors and the median portion of the lip occupying

a position beneath the nasal septum.
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Cleft palate is caused by faulty union between the palatal processes of the maxillary
arches. The cleft is always in the middle line, and may inv(^lve only the uvula and
soft palate, may extend to the i)osterior margin of the intermaxillary bone, or may
diverge from that point on one or both sides and run forward through the alveolus,

being then associated with single or double hare-
tict. 1350.

jjp^ ^j^^. cleft or clefts in the alveolus corresponding
in pt>sition to the deficiencies in the lip (page 63).

(
The Lips.—The mucous membrane of the

lips and the adjacent skin are often affected by
herpes labialis, which may be associated with
gastro-intestinal disturbance, or may be purely
neurotic in its origin, following mental depression
or anxiety. It is found in the distribution of the
second and third divisions of the fifth pair which
supply sensation to the upper and lower lips re-

spectively. The vascularity of the lips, while it

leads to excessive exudate and large swelling after

contused or lacerated wounds, favors rapid heal-

ing and the avoidance of infection after surgical

wounds. In few places equally exposed to con-
New-born child with double harelip. tact with infcctious Organisms was healing by '

' first

intention" so common before the introduction of

antisepsis. The coronary arteries run between the mucous membrane and the orbicu-

laris oris. They are therefore more often severed by wounds extending from within

outward—usually made by the teeth—than by those beginning externally. The coro-

naries anastomose very freely. In arresting hemorrhage from them by direct ligature

both ends should be tied. If a wound of the lips is united by pins and figure-of-

eight sutures, the pins should be passed close to the inner edges of the wound so that

the coronaries may be compressed between the pins and the sutures. The vascu-

larity of the lips renders chancres of that region, like those of the face, exceptionally

large both in depth and in superficial area. It also adds greatly to the extent of

furuncular or carbuncular infection in this region, the occurrence of which is favored
by the large number of hair and sebaceous follicles present. The danger of infective

sinus thrombosis (intracranial) as a result of such infection here or elswhere on the
face is much increased by the free anastomosis between the valveless facial vein and
its tributaries and the ophthalmic vein, which is also without valves. As might be
expected, naevi are frequent in the lips. In the male the lower lip is the favorite seat

of epithelioma. Either infection or diminished tissue resistance from minor trauma-
tisms, or from tobacco-irritation in smokers, is supposed to explain this clinical fact.

The mucous glands of the lip are not rarely the seat of retention-cysts from obstruc-

tion of their ducts.

The Gums.—The mucous membrane of the lips is continuous with that cover-
ing the fibrous tissue of the gums, but the latter is slightly less vascular and much less

sensitive. The gums are sometimes congenitally hypertrophied ; the condition is

usually associated with defective or aberrant developmental processes often affecting

the mentality. They are also often found hypertrophied in edentulous old persons or
in persons with badly fitting artificial dentures. They are the frequent seat of inflam-

mation from various causes, the most common of which are the decomposition of

food and the deposition of calcium salts—tartar—about the necks of the teeth. Infec-

tion frequently follows the hyperemia produced by these forms of irritation. When
it is confined to the space between the mucous membrane and the fibrous tissue, it

causes a limited superficial abscess,—"gum-boil;" if it gains access to the sub-
periosteal space, it may cause a form of alveolar abscess, the usual variety of which
is, however, due to infection secondary to dental caries, and is situated about the root
of a tooth {vide infra).

Tartar is found most abundantly near the openings of the submaxillary and sub-
lingual ducts,

—

i.e., near the inner surfaces of the lower incisor teeth. Mercury and
lead cause gingivitis probably by the actual presence of their salts in quantity sufifi-

cient to act as irritants, their deposition from terminal capillaries being favored by the
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frt'(iut_nt hypL-niinia due to the vascularity and Ur- warnilh and moisture of the rej^ion,

together with shght but ri-peated trauma chuiiij^ mastication. The gingivitis of

scurvy or of j)urpura is merely a local evidence (A a constituti(jnal conditi<jn, and is

hemorrhagic rather than inflammatory.

During dentition the resistance of the gums may cause backward pressure upon
the nervous and vascular supply ()f the pulj) of the tooth, giving rise to some pain and
sometimes to grave reHe.x disturbances, especially in infants. The insensitive gum
then becomes exceedingly tender and is swollen and cixlematcjus. The widc-sj)read

relations of the fifth nerve render long-continued irritation of its dental branches dan-

gerous. " I-ancing" the gums is the obvious remedy. It is especially apt to be

needed over the molars and cuspids, and the lines of incision should be jjlanned so as

to release fuUv the presenting surfaces of those teeth.

The Teeth.—Alveolar Abscess.—The line of penetration in dental caries is

often in the direction of the pulp, through which infection extends to the "apical

space' ' between the root of the tooth and its socket, containing the vessels and nerves

and some loose connective tissue. This space soon becomes filled with pus, the cavity

enlarges, and reaches the compact bone on the surface of the alveolus (the density

of which impedes the process somewhat) ; but finally the bone is perforated, usually

through the thinner external or buccal wall of the alveolus. The periosteum usually

yields opposite the gum immediately over the apex of the tooth, where it is reinforced

by mucous membrane only. If the root of the tooth is a long one or the abscess

has gone deeply into the bone, the pus may reach the periosteum at a point where it

is supported by the muscular and fibrous tissues of the cheek. The pus may then

strip the periosteum from the bone so as to cause extensive necrosis. This is less

likely to occur in the alveolus of the upper jaw or in the hard palate, on account of

their free blo(xl-supply derived from several sources. In cases of this type in either

jaw, a sinus followed by a depressed, adherent, and disfiguring cicatrix is liable to

result ( Roughton). Alveolar abscess is also influenced in its course by the situation

of the particular tooth involved. In the maxilla, abscesses connected with the canines

or incisors may point into the nasal cavity or on

the under surface of the hard palate. The pus

is more likely, however, to descend by gravity

alongside of the root to the edge of the gum, or

to follow the canal of the root into the pulp-cavity.

Abscesses connected with the upper molars, es-

pecially the first, or, more rarely, those in relation

to the cuspids, may point in the antrum. They
occasionally open on the face in front of the an-

terior border of the masseter. The relation of

the apex of the root to the mucous membrane of

the gum often determines the point of opening.

If the apex in the case of the lower teeth is above,

or in that of the upper teeth is below the line of

reflection of the mucous membrane from the

cheek to the gum, the abscess tends to point in

the mouth. If the contrary is the case, pointing

on the face or neck may result.

In syphilis the first teeth exhibit malforma-

tions characteristic of perversions of nutrition or

of inflammation of the gums sufificiently severe to

affect the blood-supply to the tooth-sacs. The
enamel may be deficient, opaque or chalky, the

dentine soft or friable, the teeth irregular in size

and uneven in position.

The permanent teeth may show the same general aberrations as to growth and

nutrition that are produced by stomatitis from digestive derangements or from local

irritation. After mercurial stomatitis, for example, the teeth are irregularly outlined,

horizontally seamed, scraggy, malformed, deficient in enamel, separated too widely,

and dirty yellow in color.

Fig. 1351.

A

~-^^. %1^

Characteristic teeth of inherited syphilis.

A. upper permanent central incisors deeply
notched ; lateral incisors show no defect ; right
canine has deep notch ; exposed dentine has
become discolored. B, upper incisors onlv re-

cently erupted ; central notch marked out but
not yet cleared out by breaking: away of unpro-
tected dentine ; four lower incisors present peg-
like excrescences due to loss of enamel and
exposure of dentine. (Hutchinson.)
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The typical (and pathognomonic) syphiHtic teeth— " Hutchinson's teeth"—are
the upper permanent central incisors. The type is observed in its perfection soon
after the extrusion of these teeth. The essential characteristic is a crescentic notch
(Fig- 1351.^) in the free edge of the tooth, the anterior border of the notch being
be\'elled from above downward and from before backward,

—

i.e., at the expense of
the anterior surface and border of the tooth. Typical Hutchinson's teeth are, fur-

thermore, reduced in length and narrowed,— "stunted ;" their angles are rounded
off, the lateral and inferior borders merging in a curved line ; they deviate from nor-
mality in direction, their axes being obliquely convergent, or more rarely divergent,
instead of parallel.

The other surgical relations of the teeth and of the dental tissues which are of
chief importance are concerned with the new growths originating in dental elements.
The odontomata are divided by Sutton as follows, and the classification should be
remembered in studying the anatomical development of the teeth :

(i) Persistent portions of the epithelial sheath (page 1561), taking on over-
growth, may give rise to an epithelial odoutome (multilocular cystic turnor). (2)
Expansion of the tooth-follicle with retention of the crown or root of an imperfectly
developed tooth results in d, follicular odontoine (dentigerous cyst). (3) Hyper-
trophy of the fibrous tooth-sac causes a fibj'otis odontome, especially frequent in

rickets, which usually affects the osteogen etic fibrous membranes. (4) If the fore-

going hypertrophy occurs and the thickened capsule ossifies, a cementomc results. (5)
(f this takes place irregularly, small malformed teeth— " denticles"—may form in

large numbers and occupy the centre of -the tumor {compoundfollic2ilar odontovie).

(6) Tumors of the root, after the full formation of the crown, are of necessity com-
posed of dentine and cementum only, enamel not entering into them {radicular
odontomata). (7) Tumors composed of irregular conglomerations of enamel, den-
tine, and cementum, and often made up of two or more tooth-germs fused together,
constitute composite odontomata. All these growths can be understood only by
careful study of the normal development of the teeth. They are rarely diagnosed
before operation, which is therefore in some cases needlessly severe. Sutton says
very truly, " In the case of a tumor of the jaw the nature of which is doubtful, par-
ticularly in a young adult, it is incumbent on the surgeon to satisfy himself, before
proceeding to excise a portion of the mandible or maxilla, that the tumor is not
an odontome, for this kind of tumor only requires enucleation. In the case of a
follicular odontome it is usually suf^cient to excise a portion of its wall, scrape out the
cavity, remove the tooth if one be present, stuf^ the sac, and allow it to close by the
process of granulation.

'

'

The Roof of the Mouth and the Palate.—The mucous membrane cov-
ering the hard palate is so fused with the periosteum as practically to be inseparable
from it. It is dense, resistant, and comparati\'ely insensitive. A vertical trans-

verse section of the roof of the mouth (Fig. 1294) shows the mucous membrane to

be thickest laterally and thinner in the median line.

Cleft palate (page 1590) results from imperfect fusion between the horizontal
palatal plates of the maxillary processes of the first visceral arch. It is always in the
middle line. It may involve the soft palate and uvula. If it extends forward as far

as the al\-eolus, it follows the line between the maxilla and the premaxillary bone,
usually terminating in a harelip (page 1589) opposite the interval between the lateral

incisor and canine teeth. If it separates the maxillae on both sides from the pre-
maxillary bone, it is almost always associated with double harelip.

The toughness of the muco-periosteum of the hard palate facilitates the forma-
tion of flaps in operations for the closure of such a cleft. In dissecting up the flaps

it is well to keep close to the bone and to avoid the descending or posterior pala-

tine branches of the internal maxillary artery. These vessels, on which the nutri-

tion of the flaps as well as of the bone depends, emerge from the posterior palatine

canal at a point on the line of junction of the hard and soft palates 8 mm. (^ in.)

anterior to the hamular process and a little to the inner side of the last molar tooth.

They run forward in a shallow groove just internal to the outer border of the hard
palate. They are nearer to the bone than to the mucous surface, but their pulsa-

tions can often be felt by the finger. For these reasons incisions in uranoplasty
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Fig. 1352.

slu)uld be iiKide close to the alveolus and the bone should be hupped as the flaps

are raised. In troublesome bleedinj^ from these arteries the posterior palatine canal

may be plui^ii^ed by a sharpened stick, which should previously be sterilized.

When the clelt involves only the soft palate, staphylorrhaphy is required.

The muscles that tend to pull the ed^es apart are the tensor palati and levator

palati. The former turns around the hamular process and passes almost horizon-

tally towards the median line, the latter lies close to the posterior surface of the

soft palate and runs oblicpiely from aljove downward and inward. These muscles

may be divided by various incisions, the simplest being a section of the \elum near

its lateral border and parallel with the cleft.

The hamular process may be felt behind and a little internal to the last molar

tooth. The pterv.c^o-mandibular lig"ament may l)e felt passing from the hamular
process to the posterior end of the mylo-hyoid ridge of the lower jaw just behind the

last molar tooth. The fold of mucous membrane covering it may be seen when the

jaws are separated widely. The
lingual branch of the fifth nerve

may be felt between the mucous
membrane and the bone anterior to

the base of the pterygo-mandibular

ligament and below the last molar.

With a finger passed behind the

last molar, the swell of the alveolar

ridge can be recognized as it nar-

rows to pass into the ramus. The
nerve is below and parallel with

that ridge. It is sometimes divided

for the relief of the unbearable pain

of carcinoma of the tongue. This

may be done by entering the point

of a curved bistoury a little less

than three-quarters of an inch be-

hind and below the last molar and
cutting on the bone towards the

tooth.

The Floor of the Mouth.
—The mylo-hyoid muscle, extend-

ing from the symphysis to the last

molar tooth, separates the buccal

cavity from the neck. Infections

or neoplasms beginning above this

muscle are first recognized through
the mouth ; those below it in the

neck. The sublingual gland, for

example, lies altogether above it

and directly beneath the mucous
membrane of the floor of the mouth ; the duct of the submaxillary gland occupies

a similar position. Afltections of these structures, therefore, manifest themselves

in the mouth. The submaxillary gland, however, lies partly beneath the poste-

rior border of the mylo-hyoid. Accordingly, disease of this gland is apt to show
most markedly beneath the jaw (Fig. 267, page 247). " Ludwig's angina" (page

553) may spread to the loose connective tissue between the mylo-hyoid muscle

and the mucous membrane of the floor of the mouth.. That membrane is reflected

from the under surface of the tongue to the alveoli and is di\'ided anteriorly by

the frenum linguae. On either side of this may be seen the ridges indicating the

situation of the sublingual glands, and close to the frenum at the inner end of the

ridge the- papillae at the opening of Wharton's ducts, into which a fine probe may
be passed (Fig. 1352"). The inelastic character of the walls of the latter should be

remembered as explaining in part the intense pain caused by an impacted submax-

illary calculus. This is also in part due to the close relation of the duct to the

Anterior lingual
gland

Cut surface of

mucous membrane

—Lingual vein

—Lingual arter>'

Subniaxillary duct
—^Sublingual gland

Dissection of under surface of tongue and sublingual space;
mucous membrane removed and tongue drawn upward and for-

ward from mouth.



1594 HUMAN ANATOMY.

lingual nerve. The relation of that nerve to the floor of the mouth posteriorly
has already been descriljed (page 1249).

The fold of mucous membrane constituting the frenum may be abnormally
short and prevent the free movements of tlie tongue, interfering with sucking during
infancy and with articulation later. Wht-n its division is necessary, it should be cut
through close to the jaw, and with blunt-pointed scissors directed away from the
tongue so as to avoid the ranine veins which may be seen close to it on the under
surface of the tongue.

The ranine arteries lie farther out and are more deeply situated, being placed
beneath two converging raised fringed lines of mucous membrane, the pliccB

Jimbriatcs.

A siibliyigual bursa is described by Tillaux as a triangular space situated between
the genio-hyo-glossus and the mucous membrane, its tip being at the frenum, its

base at the sublingual gland. Its existence, by no means constant, is said by Tillaux
to explain the occurrence of the acute cystic tumor {grenoiiillctte), "acute ranula,''

which is occasionally met with in this region.

Ranulae—ordinary retention cysts—are common in the floor of the mouth, and
branchiogenic cysts, due to the incomplete closure of the first branchial cleft, are
sometimes found there.

The Cheeks.—The buccal limits of the cheeks are accurately indicated by the
reflections of mucous membrane lining them. By making outward traction on the
angle of the mouth that membrane can be seen and pali)ated, and ulceration, as

from a jagged tooth or beginning epithelioma, or mucous patches, or abscess, or new
growths, can easily be detected.

The papilla indicating the opening of the parotid duct may be seen or felt

opposite the upper second molar tooth. A fine probe may be made to enter

the duct for a short distance, the normal curves then interfering with its passage
(Fig. 1343).

Lipoma originating in the " boule de Bichat " (page 493) can be recognized.

As the jaws are separated and closed the anterior border of the masseter may
be seen and felt. The important structures of the cheek—the facial vein and artery

and the parotid duct—are all anterior to this line (Fig. 69 1).

The Tongue.—Congenital deformity of the tongue is rare. Forked tongue
—normal in some birds and reptiles and in seals—is rare ; it is usually in asso-

ciation with other developmental defects, as cleft palate. Congenital absence has
been noted (de Jussieu).

Macroglossia {lymphaiigioma cavernosuni, Virchow) is a congenital affection

in which the lymph-channels and lymph-spaces are dilated and the lymphoid tissue

throughout the tongue, but especially at the base, greatly increased. The tongue
may attain an enormous size, and has even, by pressure, caused deformities of the

teeth and alveolar arches and luxation of the mandible. The foramen caecum, indi-

cating the junction of the pharyngeal and buccal parts of the tongue, is the superior

termination of the fcetal thyro-glossal duct. " Ducts lined with epithelium have been
found leading from the foramen Ccccum to accessory glands about the hyoid bone.

It is probably from these glandular and epithelial collections about the hyoid bone
that certain deep-seated forms of cancer of the neck are developed. Some of these

take the form of malignant cysts" (Treves).
The upper surface of the tongue has for centuries been the object of especial

observation in disease. The practical value of these observations is not univer-

sally conceded, and too much weight has been placed upon them ; but there can

be no doubt that some help in prognosis and even in diagnosis in digestive de-

rangements, in fevers, and in various toxaemias may be obtained by inspection ol

the tongue.

The "fur," so carefully studied, consists of a mixture of desquamated epithelial

cells, food particles, and micro-organisms of various kinds overlying living epithelium

which may be abnormally proliferating.

The surface between the circumvallate papillae is apt to be the most heavily

coated, either in health or disease, because it is the least mobile part of the tongue
and is not kept clean by friction, as are the sides and tip. The appearance of
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the coatiny^ and of tlie tonj^juc itself varies j^rcaily, but it may be said that dry-

ness not due to niouth-brealhinj^, but from deficient secretion, as in fevers ; dark-

ness, from decomj)ositit)n and desiccation of the coatin^j, or from imjjerfect oxy-

genation of the blood ; roui^/iness, from papillary overj^rowth with marked epithelial

l)roliferalion and di-squamalion ; redness, from epithelial denuilalion ; and stiff-

ness, sio^vness, or Iremu/oiisness in protrusion, from either tliick, inflexiljle coating,

musiular weakness, or nuiUal hebetude, are uniformly regarded as unfavorable

conditions.

Unilateral furring f)f the tongue has been observed in cases of dental caries, of

fractured skull, and of intracranial disease, in all three instances the furring being on

the siile on which there was irritation of the branches of the fifth jjair of nerves. In

some of them it was confined to the anterior two-thirds of the u])per surface,—/.<?.,

to the distril)ution of the lingual branch of the fifth ( Hilt(jn).

In tonsillitis the tongue will often be furred over its posterior i)art only —
i.e., the |)ortion which, like the tonsil, receives its nerve-supply from the glosso-

pharyngeal (Jacobson). Unilateral furring in the presence of toothache may be due

partly to the instinctive immobilizing of that side of the tongue nearest the painful

tooth (Hutchinson).
In chronic superficial glossitis the epithelium thickens at places into rounded,

whitish patches, which are difificult to heal on account of the constant exposure

to warmth, moisture, infection, and minor traumatisms, and the impossibility of

securing rest. This condition {leukoplakia) may precede the development oi

epithelioma.

In rare cases the epidermis covering the filiform papillae undergoes hypertrophy,

producing the so-called " hairy tongue."

The lymphoid tissue behind the circumvallate papilke, from overgrowth, forms

an irregular rounded mass just beneath the mucous membrane,—the lingual tonsil,

—which from its proximity to and interference with the epiglottis may require

removal.

The connective tissue of the tongue is scanty, but is abundant enough to permit

of great swelling in cases of acute glossitis, and this is fa\'ored by the vascularity of

the organ. The cause is always infection through a surface solution of continuity

either traumatic or during some disease attended by drying and fissuring of the

tongue. On account of the vascularity, naevoid growths are frequent.

Carcinoma of the tongue is exceedingly common, and Treves calls attention to

the fact that it usually affects the anterior two-thirds or that portion which is derived

from the mandibular arch, as is the lower lip, which is also one of the commonest
sites of epithelioma. Cancer of the fore part of the tongue may follow the lym-

phatics of that region into the submaxillary glands, or pass by the main lymphatic

channels into the deep cervical glands. Those first demonstrably enlarged, what-

ever the site of the cancer, are apt to be in the group beneath and behind the angle

of the jaw.

The pain in cancer of the tongue is almost always associated with what are

described as "earache," "toothache," "faceache," and sometimes with spasm of

the muscles of mastication. These svmptoms are due to the connection of the

lingual branch of the fifth pair with other branches of the third division of the fifth,

especially the auriculo-temporal and inferior dental, with the tympanic branch of the

glosso-pharyngeal, and with the chorda tympani from the facial.

Pressure upon, or disease of, the hypoglossal nerve may cause unilateral atrophy

of the tongue. The various paralyses should be studied in connection with the

nervous supply of the tongue.

As the tongue depends upon muscular and not ligamentous attachments for the

preservation of its position in the mouth, its tendency to drop backward by gra\ity

during complete anaesthesia or some other forms of profound unconsciousness in

which muscular relaxation or paralysis occurs should not be forgotten. If it is

allowed to fall back, the pressure on the epiglottis may close the opening into the

larvnx. During anaesthetization it is well to press the lower jaw well forward, carry-

ing the tongue with it through the attachments of the genio-glossi, and to elevate the

chin, which still farther advances the tongue and removes it from close proximity to
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the epiglottis. Often this does not suffice, and direct traction on the tongue itself

is required.

Excision of the entire tongue necessitates division of the muscles of the tongue,
its connections by mucous membrane with the soft palate, the alveoli, and the
epiglottis, the lingual arteries and veins, and the glosso-pharyngeal, lingual, and
hypoglossal nerves.

In opening abscesses of the tongue the position 'of the lingual arteries—much
nearer the lower than the upper surface—should be remembered.

Hemorrhage from wounds or during operation may temporarily be controlled by
pressure from behind forward on the base of the tongue by two fingers thrust well
below and behind it in the pharyn.x. By this procedure, or by forcing up the soft

tissues between the inferior maxilla and the hyoid bone with the finger or thumb,
the cut surface during partial e.xcision may be brought well into view^ and the
hemorrhage controlled while the vessels are sought and secured,

THE PHARYNX.

The pharynx is a bag, open in front, with musculo-membranous walls, lined with
mucous membrane, extending from the base of the skull to the lower border of the
larynx, near the level of the top of the seventh cervical vertebra. Thus it is bounded
behind by the spine, covered by the prevertebral muscles and fascia, and by the basilar

process of the occipital bone, which, especially in the median line, is separated by
much areolar tissue, as well as by muscles from the posterior wall. The steep rise

of the basilar process, together with the downward growth of the face, forms the
deep recess known as the naso-phajynx. The roof is formed bv a little of the front

of the basilar process and by the back part of the basi-sphenoid. The anterior wall is

formed by the back of the framework of the face, the soft palate, the back of the
tongue, the hyoid bone, and the larynx. The pharynx communicates in front with
the nasal chambers and the mouth ; the Eustachian tubes open into it on either side

near the top ; and below it contains the opening of the larynx, behind which it passes
into the oesophagus. The framework consists of the pharyngeal aponeurosis, a dis-

tinct fibrous membrane above, placed between the mucous membrane and the mus-
cular layer, which grows weaker below and is continued into the gullet. This is

attached above to the pharyngeal tubercle and to the occipital bone on either side

of it, to the cartilage between the petrous portion of the temporal and the basilar

process, to the Eustachian tube which passes over it, and to the base of the internal

pterygoid plate. This fascia is wanting in front. The parts forming most of the

anterior wall—the soft palate and the back of the tongue—are capable of changing
their relations. The pharynx is enclosed by a layer of fascia, the bncco-pharyngeal
(not to be confounded with the pharyngeal aponeurosis^, the front part of which is

connected with the pterygo-mandibular ligament and co\ers the buccinator muscle.

This fascia lies beneath the parotid gland and mingles with the cobweb-like tissue of

the carotid sheath to make a large amount of rather dense areolar tissue on either side.

At the back it is very lax, allowing the pharyn.x to move on the smooth prevertebral

fascia. The condition there approaches that of a serous bursa.

The pharynx is divided into the 7iaso-, oro-, and laryngo-pharyyix by folds on
the anterior and lateral w^alls. The uninterrupted posterior wall is covered with
smooth mucous membrane, which, behind the larynx, tends to be puckered into

longitudinal folds. The 7iaso-pkarynx is that part above the free edge of the soft

palate. The oro-pha^ynx communicates at the anterior pillar of the fauces with the

mouth. The isthmus, a niche between the faucial pillars containing the tonsils, is its

anterior part. It is separated from the larvngo-pharynx bv Xha pharyngo-epig/otiic

fold, w^hich extends from the epiglottis to the side of the pharynx, as more j^articu-

larly described later. The length of the male pharyn.x is about 13 cm. (about 5 in.),

which is rarely much exceeded. The greatest breadth (4-5 cm.) is near the top of

the laryngo-pharynx, rather below the greater horns of the hyoid bone. The greatest

breadth in the naso-pharynx, between the deepest points of the fossa of Rosenmiiller,

is 3.5 cm., or perhaps a little more. Behind the upper margin of the cricoid cartilage

the breadth is not over 3 cm. , below which it abruptly diminishes. The antero-
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posterior diameter in tlie inediaii line is j^reatest in the naso-pharynx,—about 2 cm.

Tlie back of the lower part of the soft palate is less than half that distance from the
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Sagittal section of head, slightly to right of median plane; tongue has been pulled down.

posterior pharyngeal wall. The greatest depth in this direction (^3-4 cm.) is at the

side, from the anterior pillar to the posterior wall. Behind the cricoid cartilage the
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front and back walls are probably in contact. In the female several of these distances

are smaller. Thus the pharynx is in horizontal sections at most levels a transverse

cleft.

The naso-pharynx, broad from side to side and short from before backward,
passes insensibly into the oro-pharynx when the soft palate is not raised so as to cut
off communication. Anteriorly are the nasal openings, described with the nose.

The separation of the two regions on the lateral wall is determined by the naso-

pharyngeal fold which runs from the base of the skull to the beginning of the soft

palate. This fold is \ery irregular in course dnd de\'elojMiient. It occasionally is

groo\'ed so as to present a furrow. Sometimes the furrow takes the place of the fold

and at other times the fold joins that in front of the opening of the Eustachian tube.

This orifice is on a level with the end of the inferior turbinate bone and less than
I cm. behind it. It is usually a triangular opening without a distinct border below,

although it may be oval or even round. The longest diameter is about i cm. The
end of the cartilage of the tube curves over the top of the opening from the front

and descends along its posterior border, producing a strong fold of the mucous mem-
brane, the salpingo-pharyngeal, which descends to be lost in the lateral wall of the

oro-pharynx, or even sooner. The salpiyigo-palatine fold in front of the opening of

the Eustachian tube is, as a rule, less prominent and \ery variable. It is formed
above by the bent end of the cartilage, and below by a small band of fibrous tissue,

the salpiyigo-palatine ligament, running from the cartilage into the soft palate. The
fossa of RosenmiUler is a deep pocket at the angle of the pharynx between the

posterior wall and the back of the projection of the cartilage of the tube. Its anterior

and posterior walls are almost in contact and are often connected by accidental

adhesions. This is the broadest part of the naso-pharynx. Adenoid collections—the

tubal to7isils—are found in varying degree about the orifice of the tube, especially

over the fold behind it. The belly of the levator palati muscle makes a prominence
in the lateral wall below the tubal orifice.

The oro-pharynx opens into the mouth at the anterior pillar of the fauces.

The posterior pillar, covering the palato-pharyngeus muscle, runs down the side of

the pharynx as the palato-pharyngeal fold. It may be traced to the base of the

superior horn of the thyroid cartilage, or, as is most common, it is lost on the lateral

wall a little higher. The pharyyigo-epiglottic fold above mentioned arises from the

front of the epiglottis near the lateral edge and runs upward and backward across

the pharynx. It may end soon, or it may reach the palato-pharyngeal fold, or,

crossing this, may extend even as far as the salpingo-pharyngeal one. It contains

muscular or tendinous fibres from the stylo-pharyngeus. If well marked, it may
bound below the niche containing the tonsil. The anterior wall of the oro-pharynx
is formed, the mouth being closed, by the posterior vertical part of the tongue. The
respiratory tract, passing through the nose, and the digestive, passing through the

mouth, cross each other in the oro-pharynx, so that the former is the anterior below
this point.

The laryngo-pharynx, the lowest part of the pharynx, is, roughly speaking,

the part below the level of the hyoid bone. It is separated from the oro-pharynx
by the pharyngo-epiglottic fold. In the middle of it is the opening of the larynx

behind the epiglottis and enclosed by the aryteno -epiglottic and interarytenoid folds.

The sintis pyriforniis is a depression on either side of the entrance of the larynx

between the aryteno-epiglottic fold and the arytenoid cartilage internally and a part

of the great wing of the thyroid cartilage and the thyro-hyoid membrane externally.

It is open behind. The thin mucous membrane lining the sinus has a transverse

fold, formed by the superior laryngeal nerve, in front between the hyoid bone and
the thyroid cartilage. The lower part of the palato-pharyngeal fold is seen in frozen

sections near the superior horn of the thyroid cartilage at the lateral aspect of the

cleft, which is all that appears of the pharynx. The anterior wall behind the aryte-

noid cartilages and the structures between them slants backward as it descends.

Behind the cricoid cartilage it is vertical. Here the pharynx narrows to join the

oesophagus.

The mucous membrane of the pharynx is smooth, except for the elevations

caused by collections of lymphoid follicles. It is more loosely attached and more
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disposed to he tlirown into folds in tin- lower |>;irt. Mucous j^lands. on th<- other

iiaiid, are lumierous in the u])|)ir part, scarce helow ; they lie partly within the

mucosa and partly in the suhnnicous tissue and between the muscular bundles. The
character of the pharyni^^eal epithelium varies in different localities. In the nasal

pharynx the stratified ciliated columnar cells of the nasal fos.sa are continued as the

coverinj.^ of the pharyngeal muccjus membrane, while the oro-pharynx is clothed with

stratitiecl s(|uamous epithelium continued fmin the mouth. The last-named type

of epithelium likewise covers the j^reater part of the laryn^a-al portion. The
exact distribution of the two varieties of cells is subject to considerable individual

variation. The ciliated columnar ty|)e extends laterally to include the openings

of the Eustachian tubes, but lower ilown ^ives place to the squamous. liy no

Fig. 1354.
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means the entire posterior surface of the soft palate is clothed with ciliated colum-

nar cells, since the entire uvula and the edges of the palato-pharyngeal folds are

invested with stratified squamous epithelium. The latter also covers the posterior

wall of the pharynx and extends above as far as the vault. When covered with

ciliated epithelium, the mucous membrane is redder,, thicker, and contains more
glands, but fewer papillae, than in those parts in which the squamous cells prevail.

While containing much lymphoid tissue, fat is limited to a few deeply seated lobules

of adipose tissue.

Lymphoid Structures.—The upper part of the pharynx contains many
lymphoid collections which make the surface uneven. They are much less frequent

below. The larger and more constant masses are called
'

' tonsils.
'

' These include

the/auda/ tonsils in the oro-pharynx, between the pillars of the fauces, the pharyn-
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gcal tonsil in the upper part of the pharynx, the tubal tonsils at the openings of

the Eustachian tubes, especially on the ])osterior fokl, and the lingual tonsil, con-
sisting of the scattered adenoid collections

over the posterior third of the tongue. Many
additional lymph-nodules are scattered over
the sides and roof, so connected as to form
a lymphoid ring at the upper part of the

pharynx.
The faucial tonsils (Figs. 1326, 1353)

are theoretically two almond-shaped masses
of adenoid tissue, placed one on each side <jf

the oro-pharynx, between the pillars of the

fauces. The long diameter is vertical, and
they have an outer and an inner surface and
an anterior and a posterior border. The
length is conventionally put at from 20-25
mm., the breadth at 15 mm., and the thick-

ness at 10 mm. Practically, however, there

is no definite shape nor size. In childhood
the tonsil generally projects as a globular

mass. If it extends more than slightly be-

yond the level of the faucial pillars, it is said

to be enlarged. After middle life it rises usu-

ally but little from the floor of the niche.

The shape of the free surface gives no clue

to the size of the deep surface. In structure

the tonsil is a mass of adenoid tissue en-

closed in a fibrous capsule which is crossed

on both the deep and free surfaces by a thin

layer of muscular fibres. The superficial layer

belongs to the palato-glossus ; the deep or

external layer arises from the superior con-

strictor and passes to the tongue. Beyond
this externally are fat and areolar tissue. The closely adherent mucous membrane
covers the free surface, which is full of pits from i or 2 mm. to i cm. in depth.

The larger ones often exi)and be-
FiG. 1356. low the orifice, so that they may

collect and retain secretions. A
small free space, the sup? ato7isilia?-

fossa, lies above the tonsil at the

apex of the niche containing it ; at

the front of this there is very often

a series of crypts with detached
adenoid tissue about them, bur-

rowing under the anterior pillar

from behind and making a pouch
beneath a fold, the plica tria7i-

gularis. The adenoid tissue is

continuous below with^that of the

tongue. The mucous membrane
of the oro-pharynx shows many
scattered lymphoid follicles in its

walls, especially on the sides at

and above the level of the tonsils.

Vessels.—The arteries sup-

plying the faucial tonsil are de-

rived from several sources, and the arrangement of the vessels is extremely irregular
;

the branch from the ascending pharyngeal and that from the facial artery—one or

both—enter its base, while twigs from the lingual and descending palatine arteries,

Section through faucial tonsil, showing general dis-

position of lymphoid tissue. X 20.

mphocytes,
invading

Epithelium

Blood-vessel

Portion of faucial tonsil, showing epithelial lining of crypt invaded
by escaping lymphocytes. X 325.
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and iHrlia|)S otlicrs, reach it bcncalli tin- imicous incinbranc. Under ordinary cir-

ciimstaiKfS the tonsil is not very vascular, but recci\cs a lar^e (luanlity of bl<jod

wlu-ii inflanuil. 'I'Iutc is a venous />/rxus coniniuiiicalinjj;^ with the veins <jf the

pharynx. The lynif^hatics probably conununicate both with th(jse of the dorsum
of the tonijue and with the glands near the ani,dc of the jaw.

.Vrrrv.s. — The ner\'ous sup|)ly is from the lifth and the ghjsso-pharyn^eal.

(The relations of tin- tonsils are given with those of the pharynx, page 1602^)

« The pharyngeal tonsil (Fig. 1353), sometimes called the third tonsil, is a

median mass of adenoid tissue in the postero-superior wall of the pharynx, which

reaches its greatest development in early childhood, generally dwindling after the

twelfth year. When well de\iloped, it lies below the occipital and the basi-sphenoid,

nearly filling the space from the nasal septum to the back of the pharynx and ahiKjst

touiliiiig on eithi-r side the folds made by the tubal cartilages. Its thickness in the

median line is nearly i cm. Thus without being hypertro])hi((! it nearly hlls the naso-

pharynx. The pharyngeal tonsil is a lobulated organ, the swellings being often regu-

Forameti cxcutn

Fig. 1357.
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Anterior portion of mesial sagittal section of child's head, probably of about three years. Reduced one-fourth.

larly arranged around a central depression ; consequently it presents many pockets.
The central one, which varies widely, is often improperly called the bursa pharyngea.
It has absolutely nothing to do with the canal from the rnouth to the sella turcica,

through which a process of the oral tissue passes in early foetal life to the pituitary

body (Fig. 1357), being decidedly behind that passage. >Jeither is it the true hirsa
pharyngea, since this term is more properly applied to a structure of uncommon
occurrence,—namely, a still more posterior pocket in the mucous membrane leading

from the roof of the pharynx, just behind its tonsil, into a small recess not over 1.5

cm. in length, on the under side of the basilar process.

Relations of the Pharynx.—The str.uctures behind the posterior wall have
been mentioned (page 1596). The tip of the normal uvula hangs on a level near the
lower part of the axis or the top of the third cer\'ical vertebra. The tip of the epi-

glottis is usually opposite the lower part of the third. The second and third cervical

vertebrcE are those behind that part of the pharynx seen through the open mouth.
The pharynx ends at about the top of the seventh cervical vertebra. The lateral wall

of the pharynx is \'ery narrow, except in the region of the tonsils, where it reaches for-

ward to the anterior pillar of the fauces. From the top of the thyroid downward it
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Fig. 1358.

Phar>"ngeal tonsil of child one year
old. (Schwabach.)

"'-v^^^;*

-Lymph-nodule

is nothing more than the fold around the end of a transverse linear cleft. The whole
lateral aspect is covered by a thick layer of areolar tissue, continuous with that

of the carotid sheath. It is most convenient to give the relations of the lateral wall

from below upward, excepting the nerves. The upper
part of the lobes of the thyroid gland comes very close

to the lower part of the pharynx, and may even touch

it without undue enlargement. They separate the

common carotid from the phar^-nx. A little higher

this vessel is on the outer side of the great wing of

the thyroid cartilage, but if the head be turned to

one side the vessel of the other side will rest on the

phar^'nx. The common carotid artery is very close

to the pharynx just before its division. The inter-

nal carotid lies against it until it reaches the skull.

The beginning of the external carotid with its lingual and facial branches is also

against it. The ascending pharyngeal artery runs along it, the middle meningeal
lying against its upper part. The internal jugular vein is. probably, nowhere in

direct contact with the phar^'nx unless just below the skull. The submaxillary

gland touches it at the angle of the jaw.

The sympathetic ner\e comes in contact with the back or side of the pharynx.

The vagus lies against the pharj-nx behind the internal carotid ; on reaching the

common carotid, however,
Fig. 1359. it is in less direct contact.

Its superior larjmgeal branch
crosses the pharynx to reach

the thyro-hyoid membrane.
The spinal accessory and the

glosso-pharyngeal nerves lie

against the upper part of the

pharynx.

The faucial tonsil lies

about 2.5 cm. above the angle

and opposite a vertical line di-

viding the ramus of the jaw

into a front and a back half. It

lies between the pillars of the

fauces, and is separated from

the mucous membrane by a

thin layer of muscular fibres.

The lower end reaches the

tongue, the adenoid tissue

being at times continuous

between them. The tonsil is

covered by the superior con-

strictor. External to this is a

yielding mass of areolar tis-

sue, continuous with that of

the carotid sheath, into which

the tonsil may force its way
if enlarged. This areolar tis-

sue is bounded in front by
the internal pter}-goid muscle,

and is pierced by the stylo-

glossus and the stylo-pha-

ryngeus, which subdivide it,

leaving a small part of it be-

tvveen them and the tonsil. At this level both carotids are at a considerable dis-

tance from the tonsil. The internal is posterior and external, about 2 cm. distant.

According to Zuckerkandl, a transverse line through the posterior pillar will pass

Bundles of
tnusculdr tis-

- ie of constric

r-
' Pharyngeal

*,<: aponeurosis

Surface-
epithelium

Sagittal section of posterior wall of pharynx of child, showing part of

pharyngeal tonsil.
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2 cm. in front of the vessel. The exti rnal caioli*! is |>lacc(l more (Urectly outward and
is rather the nearer of the two. The parotid jiilaiid, accorchiijj; to Tillaux, sends a

process in front of tin- styloid proci-ss, which reaches the lateral wall. This extension,

however, docs not seem to in- l>v ;iny means constant.

Development and Growth of the Pharynx.—An account of the formation

of the ])rimili\e pharynx is included in the Development <jf the Alimentary Tract

(pag;e 1694), the later chani^is heinu: '^cre noted. In the section on the bones it was
shown that the chief peculiarities of the infant skeletcjn in this re^iim are due to the

small size of the face and the more horizontal base of the skull. The naso-pharynx
has very little height while, owinji; to the peculiar disjjosition of the ])arls, it has nearly

the same antero-posterior diameter as in the adult. It is relatively brr)ad and lonj^,

but very shallow. The loni^uc, in proporticjii, is much less thick at the base than

later. The larvnx is small, and, moreover, is i)laced hii^her in relation to the vertebral

column, so that the termination of the pharynx is also hip^her. The position of the

larynx at different ages is considered with that organ (page 1828). The soft palate is

in the main horizontal at birth and about on a level with the top of the atlas. The
uvula is rudimentary. In a child of probably not over three years w-e have found

the tip of the uvula rather below the middle of the body of the axis. In Symington's
section of a girl of thirteen it is pretty nearly in the adult position. In infancy the

soft palate probably closes the passage into the naso-pharynx from below less perfectly

than later.

The opening of the Eustachiayi tube, although necessarily in the naso-pharynx,

is in the foetus below the level of the hard palate. At birth it is at about that level,

but rather below than above it. According to Disse, there is but little change for

nine months, after which the opening is on the level of the inferior meatus. Proba-

bly the adult position is generally reached after puberty. The opening is small

in the infant and young child, and, owing to want of development of the cartilage,

there is but a slight elevation about it and consequently but a small fossa of Rosen-
miiller. The entire adenoid system of this region ' has made but little progress

before birth.

At birth the pharyngeal tonsil is a very small collection of adenoid tissue at the

back of the roof, covered by more or less converging folds of the mucous membrane.
It is not necessarily present. During the first year it grows rapidly, and particularly

forward, so that by the end of that time it extends to the back of the upper margin of

the choanae. Under normal conditions the pharyngeal tonsil retains its relative size

to the cavity of the pharynx up to twelve years ; but during this time the total amount
of adenoid tissue has decidedly increased, owing to the development of the tubal

tonsils.

The faucial tonsils are developed in a recess of the primitix'e pharynx between
the second and third visceral arches. By the fourth foetal month the tonsillar anlage

presents a number of slit-like depressions, lined with entoblastic epithelium, from
which secondary epithelial sprouts invade the neighboring mesoblast. This process

continues after birth during the first year. The young connective tissue surrounding

the epithelial sprouts— the latter being at first solid, but later possessing a lumen

—

becomes infiltrated by accumulating leucocytes and gradually assumes the character

of adenoid tissue, the differentiation into distinct h'mph-nodes, however, being delayed

until after birth. The source of the lymphoid cells is a matter of dispute. Accord-

ing to some, these elements are leucocvtes from the circulation caught within the

young connective tissue ; others maintain that they are derived from the transforma-

tion of the epithelium, the lymphoid tissue resulting from the mutual invasion and in-

tergrowth between the ento- and mesoblastic elements. According to Hammar,' who
has carefully studied the development of the tonsils, the lymphoid cells are derived

chiefly from the fixed connective-tissue elements. At birth the tonsils are insignifi-

cant, but grow rapidly during the first year. At from the twelfth year to puberty

the entire adenoid svstem of the pharynx enters upon a stage of retrogression. In

the adult the pharyngeal and tubal tonsils are much smaller ; after middle age they

undergo atrophy.

* Escat : Evolution de la Cavit^ Naso-Pharyngienne, 1894.
' Archiv f. mikro. Anat., Bd. xli., 1902.
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THE MUSCLES OE THE PHARYNX.

The arrangement of the muscular tissue differs from the ordinary one of the

digestive tract, inasmuch as the outer layer is approximately circular and the longi-

tudinal fibres are largely internal. The chief elements are the three constrictors,

which o\erlap one another from below upward, the stylo-pharyji^eus, the palato-

phary?igeus, and certain accessory and rather irregular bundles of muscular fibres.

Fig. 1360.
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portion 01 luierior constrictor has been removed.

The superior constrictor ("Figs. 1339, 1360) arises from the lower part of the

internal pterygoid plate, from the hamular process, the pterygo-mandibular ligament

which is stretched from it to the lingula of the lower jaw, from the neighboring end

of the mylo-hyoid ridge, and from the side of the tongue. From this origin the fibres

pass backward to meet their fellows in a median raphe, which e.xtends almost the
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entire length of the posterior wall ol the pharynx. Ikmh^ attached above to the

pharvnueiil tubercle on tlu- under side of the basilar process. 1 he upper edge of

[he n'u.scle is concave on enher side, not reaching the base of the skull and pa.ssnig

under the Kustachian tul)e, the vacant space being f.lied by the pharyngeal aponeu-

rosis The lower fibres pass somewhat downward as well as backward 1 he pterygo-

mandibular ligament separates the superior cnstrictor fn.m the buccinator, wUh

whirii il would otherwise be continuous, t<.rnnng a arcle annuid the ahnientary canal.

Fic. 13^)1

Aiilcrior margin of forainiii magnum

Styloid process

Pharyngeal aiioiieurosis

Stylo-hyoid ligament

Stylo-glossus

Stylo-hyoid

-itJ'A J:!'!^ ::! Deep fibres of superior
constrictor

Palato-pharyngeus

'!,/ / Great cornu of hyoid bone

Ml̂
Stylo-pharyngeus

Thyroid cartilage

_^ Pharyngeal aponeurosis

/

-Oisophagus

Pharyngeal aponeurosis and longitudinal musculature, seen from behnid.

The middle constrictor (Figs. 1339, 1360) arises from the lower end of the

stylo-hyoid ligament, from the lesser horn of the hyoid bone, and from the upper

border of the greater horn. The fibres diverge from this narrow origm, the upper

reaching the pharyngeal tubercle, the lower going to nearly the lower end of the

pharynx, and all meeting their fellows in the median raphe. It conceals a consider-

able part of the preceding muscle.
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The inferior constrictor (Figs. 1339, 1360;, the thickest of the three, arises

from the posterior part of the outer aspect of the cricoid cartilage, from the obhque
line and the triangular surface below and behind it on the thyroid cartilage, including

the inferior horn. It overlaps the preceding muscle, its upper fibres reaching to some

3 cm. below the base of the skull and the lower ones being nearly horizontal. The
median raphe, which receives almost all the fibres, is wanting below. The lowest

fibres are circular and continuous with the circular fibres of the gullet.

The stylo-pharyngeus (Fig. 1361J arises from the inner side of the styloid

process near its root and descends to the interval between the superior and middle
constrictors near the hyoid bone, where it passes under the latter and ends by expand-
ing in the side of the pharynx, some of its fibres going to the posterior border of the

thyroid cartilage and others joining the expansion of the palato-pharyngeus. A
bundle from the thyroid division passes to the side of the epiglottis, forming on the

wall of the pharynx the fold known as the plica pharyyigo-epiglottica. The fibres

of the superior constrictor may be inseparable from the upper part of this layer.

The salpingo-pharyngeus has been described in connection with the levator

palati (page 1571).

Variations.—Additional muscles are very common, being chiefly longitudinal bundles due
to splitting of one of the normal muscles, especially the st)lo-pharyngeus, or to new bundles of

fibres arising from the base of the skull in the vicinity of the upper insertion of the pharyngeal
fascia. There may be a pair of occipito-pharyyhgcal muscles^ arising from the occipital bone on
either side of the median line and descending to be lost in the posterior pharyngeal wall ; or
there may be an azygos muscle instead. Bands may arise at the side from the petrous portion
of the temporal bone or the spine of the sphenoid.

Actions.—The general action of the pharyngeal muscles is sufficiently evident;

the constrictors decrease the size of the pharynx, probably drawing the larynx upward
and backward at the same time. The longitudinal muscles raise the larynx and
pharynx, acting chiefly on the latter.

Vessels.—The arteries of the pharynx are from many sources and are irregu-

lar. The chief is the ascending pharyngeal, which runs up near the posterior lateral

angle. Occasionallv, when enlarged, it is seen pulsating on the posterior wall.

Branches from the facial play an uncertain part. The vcijis form the pharyngeal

plexus situated outside of the constrictors and communicating in all directions. The
chief outlets are by a pair of veins on each side, one going up to the internal jugular

near the base of the skull and the other down to the external jugular or some of its

tributaries (Luschka). A submucous plexus is particularly developed in the lower

posterior wall, which opens into the pharyngeal plexus by several branches piercing

the inferior constrictor. The following are nearly constant : a superior and posterior

one near the middle line, one running outward on each side near the back of

the thyroid cartilage, forming a part of the origin of the pharyngeal vein, and one

passing forward to the superior thyroid vein.^ The lymphatics, which are numerous,
run in the upper part to the prevertebral nodes and to the deep cervical system, as

do the lower ones at another level. The presence of lymphatic nodes behind the

naso-pharynx is of practical importance, as they are sometimes inflamed and may
suppurate. They lie near the fossae of Rosenmiiller.

Nerves.—The constrictors are supplied by the pharyngeal plexus, the lower

receiving fibres also from the recurrent laryngeal. The stylo-pharyngeus is supplied

by the glosso-pharyngeal. The nerves of the mucous membrane are from the glosso-

pharyngeal, the pneumogastric, and the sympathetic, to a great extent in a plexiform

arrangement.

PRACTICAL CONSIDERATIONS : THE PHARYNX.

The pharvnx maybe said to present only three sides for consideration, but its

continuity above with the nares, anteriorly with the mouth, and below with the ori-

fices of the larynx and oesophagus associates it intimately with the diseases of those

regions. The naso-pharynx and the laryngeal relations will be considered with the

Respiratory Passages (page 1829).

' Bimar et Lapeyre : Comptes rendus de I'Acad. des Sciences, Paris, tome cv., 1887.
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Vh<. posUrior wall u[ llu- pharynx is separated from the ant<-rior surfaces of the

bodies of the first tive cervical vertebrae only l)y so.ne loose connect.ve tissue and by

fhe prcvem>bral fascia and muscles. ThrouKh it. by pushing the hnger up above

le oft palate, the basilar process of the occipital bone may be felt, and l>elow the

Hi i o he upper four cervical vertebr.e-in children the upper six-may be p=d-

;;;a'!d \w- harll palate, or the lower margin of the posterior nares. and the anterior

irch of the atlas are on the same level.
, , , i ^u 1 n

n lisease of the body ..f the sphenoid, in fracture of the base of the skull

involving "the basilar procc-ss. or in fracture or dislocation of the cervical vertebra.

the information gained by this examination will often be of great value.

T e S opharvngeal alveolar tissue-which is necessarily lor^e to permit of

the no erne ts of the^harynx during deglutition and of its distensibihty-is some-

i ne the seat of infecti'on which may have gained access through the pharynx
1
seU

o tl r u -h the Ivmphatics which spring from the posterior nares. he summit of the

nh VI x' nd the prevertebral nuiscles, and which empty mto a Lymph-gland s u-

\ed'bets"en le'prevertebral fascia and the pharyngeal wall. Abscess in this

s tuatim nay by g avity descend by the side of the cesophagus into the mediasti-

num id has been known to reach the base of the thorax (page 553, Fig. 546)^

Dt"ring its descent it may cause much dvspncea by setting up cedeim in the region

Sthe^g'lottis Usually it f^rst pushes forward the posterior wall of the pharynx,

and ctifbe recognized L a fluctuating swelling and opened
^ ^^^^^^^^^^^^

Collections of fluid resulting from tuberculous disease of the cervical %ertcDr^

may occupyTe same space after perforating the thin prevertebral fascia and may

Ske the same course, or they may be guided by the lateral expansions of that

asda o thi posterior and lateral portions of the root of the neck or to the axilla

(page SS2Fr 54s). As in these cases the avoidance of mixed mfection is very

mportant sucli tuberculous collections, when they require opening, should be

approached through the neck by an incision along the posterior border of the

''"'"L"r'oTha;yngeal abscess of any type should never be allowed to open spon-

taneously on account of the danger of immediate suffocation from flooding of the

^''^'Tnlti'o?' fracture of the posterior fossa of the base of the skull, ^y'ith hemor-

rhage into the pharynx (fracture of the basilar process), or of the middle fossa

vi?h hemorrhage reaching the pharynx through the Eustachian tube (fracture of

he petrous portion of theSemporal). the need for frequent and persistent attempts

to make and keep the pharynx as nearly aseptic as possible should never be

^°'^
The" adenoid tissue of the posterior wall-the pharyngeal tonsil-may undergo

hypertrophy, cause deafness or respiratory obstructiori, and require ^^"^^v^^.

^

Th^ lateral walls of the pharynx are in such close relation with the interna

carotid artery that in aneurism of that vessel the pulsations may most easily be felt

and seen throucrh the pharynx. In many instances the vessel has been opened in

'penetrating wounds of Ihe p'haryngeal wall by foreign bodies. The -ternal^ugula

vein is not so exposed to injury and is more rarely wounded. In one instance ot

pulsadng turgor o^ the pharynx, pressure on the external carotid arrested the pulsa-

tions^(Ban.es).^
process and a rigid or ossified stylo-hyoid lif"-f

.-? ^e jejt

throuc.h the lateral wall. Attempts have been made (in cases of hysterical persist-

ence o pharyngeal symptoms after the supposed swallowing of a foreign body) to

remove ^hese structured or a cornu of the hyoid bone, under the impression that

thev were the of?endine substances.
"^

The pharynx is very distensible, and foreign bodies, if not of g-at size are

apt to pass through it as far as the level of the cricoid cartilage, where its diameter

is only^S mm iV, in.). In an adult this point is beyond the reach of an average

finger! as itTabout thi entrance of the oesophagus, which is about six inches from

the i"^^^;^;

l^^f
^;

,^^1 ^f \n.^^ci^d foreign bodies, or for operation on malignant dis-

ease, the pharynx may be reached, after a preliminary tracheotomy, by an incision
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through the neck from a point midway between the symphysis and the angle of the
jaw to the cricoid cartilage, dividing the platysma and the omo-hyoid and sepa-
rating the posterior belly of the digastric and the stylo-hyoid from the hyoid bone

;

or a subhyoid pharyngotomy will gi\e access to the lower walls of the pharynx by
division of the superficial fascia, the sterno-hyoid and thyroid muscles, the thvro-
hyoid ligament and membrane, and the mucous membrane of the pharynx at the
level of the lower margin of the hyoid bone. These operations are more interest-

ing anatomically than surgically.

The tonsils, as seen from the mouth, are situated between the arches of the
palate and the base of the tongue. They may be almost concealed in these re-

cesses or may project into the pliarynx, and when hypertrophicd may actually meet
in the middle line. They rest on the superior constrictor muscles and move with
those muscles during the act of deglutition. They are somewhat elexated and with-
drawn from the pharynx by the coincident contraction of the stylo-pharyngei.
Swallowing is therefore apt to be i)ainful in all forms of tonsillitis. If not enlarged,
they are often almost hidden in persons who have large palato-glossi muscles, and
therefore prominent anterior palatal arches. Externally they are separated by the
pharyngeal aponeurosis and the superior constrictor muscle from the pharyngo-
maxillary space. This space is bounded by these fibro-muscular structures
internally, the internal pterygoid muscle externally, and the antero-lateral aspects of

the bodies of the second and third cervical vertebrae. It is occupied by some con-
nective tissue and fat. According to Zuckerkandl, the stylo-pharyngeus and stylo-

glossus muscles di\'ide the space into an anterior portion in relation to the tonsil

and a posterior in relation to the internal carotid artery and internal jugular vein.

Tonsillitis in the lacunar or follicular form does not usually invoke the stroma
of the gland, the infection and the exudate being limited to the tonsillar crypts and
to the surface. In the suppurative form the infection is deeper, the stroma is

afifected, and the resulting abscess may in rare cases become peritonsillar, extend to

the cellular tissue of the pharyngo-maxillary space, and open the internal carotid

artery. Usually, as the infection progresses, even if this space is invaded, the out-

ward extension is limited by the internal pterygoid muscle, and the swelling and the

ulceration or necrosis take the line of least resistance,

—

i.e., towards the pharynx,
where tonsillar abscesses often open spontaneously.

During an acute tonsillitis the palato-glossus and its covering of mucous mem-
brane, with the soft palate on the affected side, are tense, thinned, and spread out
over the surface of the tonsil. Abscesses may be evacuated by incision directly

through these structures and from above dow-nward in a direction parallel with the

anterior pillar,—that is, with the fibres of the palato-glossus.

The vascular relations of the tonsil should be remembered in this operation or

in tonsillotomy for hypertrophy. The internal carotid is nearly 2.5 cm. (i in.)

behind and to the outer side of the tonsil. The external carotid is still farther re-

moved, as it lies outside of the stylo-glossus and stylo-pharyngeus muscles. Its

ascending pharyngeal branch is nearer the tonsil than either of the main trunks, and
in a case of accidental wounding by a foreign body has been the source of fatal

hemorrhage. Wounding of the tonsillar branch of the facial artery has likewise

proved fatal after tonsillotomy, and either this vessel or the facial itself, especially if

it is tortuous where it passes between the stylo-glossus and digastric muscles, is prob-

ably involved in cases of grave hemorrhage after this operation. The plexus of

lymphatics surrounding the follicles of the tonsils communicates directly with the

deep cervical lymph-glands behind and beneath the angle of the jaw. These glands

are therefore commonly enlarged in affections of the tonsils, and when tender and
palpable are sometimes mistaken for the tonsils themselves. The latter cannot,

however, be palpated externally, except in cases of new growth, as the resistance

offered by the constrictor, the internal pterygoid, and" other structures intervening

between the tonsils and the skin causes them to project towards the pharynx. This

projection may be a cause of various forms of ill health associated with deficient

oxygenation, of chronic pharyngitis from mouth-breathing, of thickened articula-

tion and even of alterations in the facies or in the skeleton,

—

e.g., "pigeon-
breast" (page 167).



Till". <i-:s()i'ii.\c.r.s. 1609

The tleafncss often associated wiili liypcrliophied t(jnsils is the result of adenoid

growth ill ant! al)()Ut the liustachian tube. The intervention of the soft palate pre-

vents tlirect pressure by the enlarj^ed tonsil upon that e.mal. Rellex spasmodic

coUjt;h niav follow irritation of the ^losso-pharyn^eal lilainc-nts by ins|)issated secre-

tion within the follicles ; fetid breath often results from the decomj)Osition of such

secretion ; ei)ithelial necrosis and denudation render such tonsils a common si-at (jf

entrance of various infections, as the tuberculous—emphasized by the frecjucncy

with which the cervical glands just mentioned are the first to enlarge in tuberculous

adenitis of the neck—or those streptococcic or staphylococcic varieties in which

acute arthritis (includinj; many cases of so-called "inflammatory rheumatism" j or

endocarditis may follow a tritlinj^ "sore throat."

THE CESOPHAGUS.

The cesophac^us or gullet is a musculo-membranous tube, about 25 cm. f 10 in.)

in length, connecting the pharynx and the stomach. It begins at the lower border of

the cricoid cartilage near the disk between the sixth and seventh cervical vertebnt,

about 15 cm. from the incisor teeth, and ends below the diaphragm, oj^jjosite the tenth

(sometimes the eleventh) thoracic vertebra. The entrance into the stcjmach is marked

by a groove on the left of the gullet, best seen when the organs are inflated. There

is no line of separation on the right when the parts are unopened. The form and

calibre of the oesophagus are very variable and uncertain. Longitudinal folds are

sometimes found, especially in the upper part, which give the cavity a star-shaped

appearance on transverse section. Often the front wall lies in contact with the back

one ; at the lower part, however, there may be a permanent cavity. Constrictions

have been described very variously. Probably the most marked occurs at the very

beginning, with a diameter of perhaps only 14 mm. There is usually one at the

passage through the diaphragm, often one at the point where the arch of the aorta

crosses the gullet, and another where the latter goes behind the origin of the left

bronchus. Mehnert ' has described thirteen places, at any one of which there may be

a constriction. They correspond to the points of entrance of the arteries, and, accord-

ing to him, have a metameric significance. Occasionally the oesophagus is much
dilated, the diameter exceeding 3 cm. It is probably constricted in life. After

passing through the diaphragm it presents a funnel-like expansion.

Course and Relations.—Throughout its course the gullet is surrounded by

much areolar tissue and frequently sends fibres from its muscular coat to neighbor-

ing parts. While following the general direction of the vertebral column, although

not closely, below the bifurcation of the trachea the gullet lies i or 2 cm. in front

of the spine. Directly after its beginning it inclines to the left, so that soon it pro-

jects by one-half beyond the left border of the trachea. We have seen, in a child,

the two tubes lie side by side. Just above the bifurcation of the trachea the oesophagus

meets the arch of the aorta, which, so to speak, pushes it to the right ; it lies, how-

ever, always behind the beginning of the left bronchus, while to a less degree, or even

not at all, it is in relation to the right one. Owing to the influence of the aorta, the

gullet passes farther to the right; but, leaving the spine, it lies behind the pericardixnn

in a plane somewhat anterior to that of the aorta, and near the diaphragm sweeps in

front of the aorta to the left of the median line, passes into the abdomen near the

lower border of the tenth thoracic vertebra, and, running very obliquely, presently

ends in the stomach. Hardly more than i cm. , which lies behind the left lobe of the

liver and in front of the left pillar of the diaphragm, can be said to be subdiaphrag-

matic, when examined from without. The line of separation between the oesophagus

and the stomach, however, is very clear on the inner surface, owing to the sudden

change in the nature of the epithelial lining. There is often a fold on the left of the

end of the gullet, usually at the upper and back part, from 2-5 mm. broad, ^ which,

perhaps, acts as a vah^e against regurgitation. The subdiaphragmatic part is about

3. cm. long. Sometimes the longitudinal folds of the gullet seem to project into the

stomach, but usually it ends in a gradual expansion.

* \'^erhandlung. der Anat. Gesellschaft, 1898.
' Berry and Crawford : Journal of Anatomy and Physiolog>', vol. xxxiv., 1900.



l6lO HUMAN ANATOMY.

At first the oesophaq^us lies behind the trachea on the prevertebral fascia, the
lobes of tJie thyroid jrland touching- it on either side. As it descends to the left, the
trachea is partly on the ri^irht. The left recurrent larynti^eal nerve runs on the front.
The right one is in relation with only the very beginning of the gullet. The right
inferior thyroid artery is against it. On the right also a chain of lymphatics in the
areolar tissue lies very close to it. The left carotid and subclavian arteries are very
near it, if not in actual contact. As may be inferred, the gullet and the aorta are
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spirally entwined. The thoracic duct and the vena azygos major are in contact with
it from the diaphragm to above the roots of the lungs, the former lying between it

and the aorta as far as the level of the aortic arch, the latter, at first more posterior
than the duct, passing as it rises behind the oesophagus and finally arching forward
close to its right side. The left vena azygos, such left intercostal veins as open into

the azygos major, and the right intercostal arteries pass behind the gullet. The pneu-
mogastrics reach it in the thorax : the right after crossing the subclavian artery and
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the left after crossing the aorta. The nerves then break up into plexuses, from which
they einerj^e near the diaphrai,Mn, the left in fnjnt, the rij^ht behind the food-tube.

On entering the thorax, the (esophagus is in contact with the left pleura, and con-

tinues Ui be until separated from it l)y the aorta. Behind the pericardium it is in

ctintact with the right [)leura, and just i)»-fore passing through the diaphragm it is in

contact with both.

Muscular fibres bind the teso|)hagus to various neighljoring structures. A toler-

ably constant band attaches it to the left bronchus, and others may go obliquely to

the right bronchus. Several irregular bands, mostly muscular, pass from it to various

parts of the pleune and j^ericardium.

Structure.—The wall of the oesophagus (3.5-4 mni. thick j consists of four

Fig. 1363.
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layers, which, from within outward, are the mucous, the submucous, the muscular,
and the fibrous coats.

The nrncous coat, usually thrown into longitudinal folds, is composed of a tunica

propria formed of fibrous connective tissue and delicate elastica and covered with

stratified squamous epithelium. Beneath the latter the surface of the stroma-Iayer

presents longitudinal ridges and papillae, between which pass the ducts of the glands in

their course to the free surface. The deeper part of this laver is occupied by a rmis-

cularis mticoscB, the involuntary muscle of which begins at the cricoid cartilage, first
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appearincr in the continuation of the elastic lamina of the pharynx. At the upper end
only slightly developed, the muscularis mucosae becomes more robust until in the
lower portion of the oesophagus it is conspicuous.

The submucous coat, between the mucous and muscular layers, although consid-
erable, is not dense, and therefore allows free motion of the former upon the latter,

as well as the formation and effacement of folds. It is continuous with the j haryn-
geal fascia abo\e.

The (esophageal glatids 2S(iq{ two kinds,— the ordinary mucous, situated within
the submucous coat and scattered throughout the length of the tube, and special
glands within the tunica propria limited to the two ends of the oesophagus. The
last mentioned correspond in structure to those found at the cardiac orifice of the
stomach ; they are therefore known as the upper and lower cardiac (esophagealglands
(J. Schaffer).

The usual secretory structures are small tubo-alveolar mucous glands in which
mucus-producing cells are alone present, crescents of serous elements being absent.
The ducts are commonly somewhat tortuous, and often present dilatations or ampullae;

the smaller tubes are clothed with simple
Fig. 1364.
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columnar epithelium. In the larger the
epithelium may be stratified, and near the
free surface assume a squamous character.

The cardiac glands at the lower end
of the oesophagus are continuations of

those situated about the entrance of the
gullet into the stomach, in connection with
which organ they are more fully described

(page 1624). They form oval or pyrami-
dal groups of branched tubular glands, the
bases of which lie against the muscularis

mucosae, the narrow parts being directed

towards the free surface onto which their

wavy or tortuous ducts open. The upper
cardiac glands form, according to Schaf-

fer,' a constant, though variable, group
around the superior end of the oesophagiis.

Lymphatic . tissue occurs within the

mucosa of the oesophagus as more or less

distinct aggregations. Sometimes these

are in the form of small diffuse areas of

infiltration around the ducts of the mucous glands ; in other places, especially towards
the lower end. distinct lymph-nodules are present (Fig. 1364;.

The muscular coat consists of an inner circular and an outer longitudinal layer,

although the disposition of the individual bundles is often irregular and oblicjue, and
above somewhat intermingled. In the upper one-fifth of the tube the muscular
tissue consists entirely of striped fibres, the circular ones being continuous with the

similarly disposed fibres of the inferior constrictor of the pharynx. The longitudinal

fibres arise from a tendon attached to the median ridge of the cricoid cartilage and
to the fascia covering the posterior crico-arytenoid muscles, whence they descend
to embrace the gullet. They are few at the top behind, but lower down the circular

and longitudinal layers are distinct and symmetrically disposed. Towards the middle
of the oesophagus the muscular coat includes both the striated and non-striated form
of tissue, the involuntary variety gradually predominating until in the lower two-fifths

it alone is present.

The fibrous coat is poorly developed above the diaphragm, consisting of the

areolar tissue which connects the gullet to the surrounding structures. After piercing

the diaphragm, the peritoneal investment contributes a limited serous tunic which from
this point on is well represented.

Vessels.—The arteries are links in the chain nmning the whole length of the

alimentary- canal. The highest are from the inferior thyroids, succeeded by those

' Beitrage zur Histologie mensch. Organe, Bd. vi.
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from the thoracic aorta ami the j^astric. The veins are interestinj^ only inasmuch
as the upper ones open u\U) the azyy;(js system and that of the inferitjr thyroid above
and the j^astric system below ; they thus f(jrm a communication between the general

and the portal venous systems. The lymphatics—not numerous—go to tiie nodes
of the deeper part of the neck and of the posterior mediastinum.

Nerves arc from the tesophaj^eal ple.xus.

The mechanism of the closure of the cardiac end of the stomach is most properly

considered with the (LS(jphai,ais, depeiulinj^ as it does jjartly on the direction of that

tube, partly on the relation of the diajjliraj^^m to it, and partly f)n the folds of mucous
menil)rane at its orifice. ] rozen sections ( I- ij^^. 1509), both horizontal and fn^ital

(GiibarofT' ), show that the termination is almost horizontal. Dissectifjiis of the dia-

phraiirm from al)o\e demonstrate that the arrangement of the muscular fibres is that of

a spliincter, although a weak one. The projection of the folds into the stomach is a
furtJK'r protection. It has been shown that the cardia will resist moderate pressure

from below upward, but will yield to considerable force. The action of the longi-

tudinal fibres from both the cricoid cartilage and the diaphragm is to dilate the tube.

PRACTICAL CONSIDERATIONS : THE CESOPHAGUS.

Coyij^enital malformations are rare, as yet unexplained embryologically, and usu-

ally fatal. The cesophagus may be double, deficient, or absent. Most commonly
there are an upper cul-de-sac and a lower segment opening into the stomach, some-
times communicating with the respiratory passage. Cases in which there has been
an oesophago-pleuro-cutaneous fistula are possibly associated with this malformation
(MacLachlan, Osier). Congenital diverticula are found, and Francis suggests three

theories for their occurrence : first, that they might be analogous to the diverticula

which were found in some of the Sauropsida and in ruminant animals, forming the

first two compartments of the stomach ; secondly, that they were foetal varieties

analogous to the oesophageal diverticulum from which the laryn.x, trachea, and lungs
are formed ; and thirdly, that they resulted from a failure in the internal closure of

a branchial cleft (Maylard).
The curves, distensibility, and constrictions of the normal oesophagus and its

relations to surrounding structures are of importance with reference to foreign

bodies, to stricture, to disease of the gullet with possible extension to neighboring
organs, or to extrinsic disease involving the oesophagus either by mechanical pressure

or traction or by extension to its walls.

Foreign bodies, if moderately smooth or regular in shape, are apt to be arrested

at one of the three relatively constricted portions,

—

i.e. (i), and most commonly,
at the commencement, 15 cm. (6 in.) from the incisor teeth, which (with the head
midway between flexion and extension) is opposite the lower edge of the cricoid

cartilage and the sixth cervical vertebra. At this point its average diameter is 14
mm. (approximately ^ in. ) ; foreign bodies arrested here are really in the lower
pharynx. (2) At the point, about 10 cm. (4 in.) lower, where the left bronchus
crosses the oesophagus and where the lumen is again lessened by pressure (the dis-

tance occupied by the left bronchus in crossing the oesophagus is about 2.5 cm.).

(3) At the diaphragmatic opening, where the diameter is once more reduced to

14 mm. by the constriction of the muscular and tendinous fibres surrounding the

opening. This point is about 12.5 cm. (5 in.) below the level of the left bronchus,
and therefore, approximately, 38 cm. (15 in.) from the incisor teeth. The majority

of foreign bodies that pass completelv from the pharynx and are arrested in the

oesophagus are stopped at or about the level of the left bronchus. Many of them
can be extracted through the mouth by suitable instruments ; others require an

oesophagotomy, which may be done through an incision along the anterior border
of the left sterno-mastoi'd muscle from the cricoid cartilage to the sternum. The
longitudinal fibres of the cesophagus will be recognized a little to the left of the

trachea, at the bottom of the space between the sterno-thyroid muscle and the

common carotid artery. An oesophageal bougie passed through the mouth will aid

in the recognition of the tube.

' Arch, fur Anat. und Phys., Anat. Abtheil., 18S5.



i6t4 human anatomy.

The recurrent laryngeal nerve lying in the groove between the trachea and
oesophagus should be avoided, as should the superior and inferior thyroid arteries

which run across the deeper part of the wound.
With the additional help of a gastrotomy, digital exploration (with perhaps the

disengagement of impacted foreign bodies) is possible throughout at least the lower
two-thirds of the gullet. If the impaction is near the cardiac end, gastrotomy alone
may suffice.

Mediastinal or posterior oesophagotomy has been done on both the left and
right sides by resection of three or four ribs (third to eighth), pushing the parietal

pleura to one side. The pleura on the left side is more easily displaced than that on
the right, which extends across the median line as far as to the right of the thoracic

aorta.

Sin'durcs from escharotics or from trauma of foreign bodies may occur at any
point, but are, for obvious reasons, most often found at the upper end. Compression
of the oesophagus, giving rise to the clinical phenomena of stricture, may be sec-

ondary to enlargement of the thyroid body or of the bronchial lymph-glands, to

tumors of the mediastinum, to disease of the lower cervical or upper dorsal verte-

brae, or to aortic aneurism. The measurement from the incisor teeth to the seat of

the narrowing, and comparison with the oesophageal relations at that point, may be

of great service in diagnosis.

Carcinoma is the chief disease by which the gullet is attacked. It is found

most often at either the upper or lower end of the tube in accordance with its j)redi-

lection for sites where epithelium changes in character, as at the various muco-
cutaneous outlets of the body. It is also not infrequent at the region where the

left bronchus crosses. It may extend by continuity to the pharynx or stomach or

to any of the structures with which the oesophagus is in close contact, or it may
spread to the bronchial or mediastinal lymph-glands.

Extrinsic disease may not only (as in the case of tumors or of aneurism) affect

the oesophagus by causing compression of its walls {vide S2ipra), but may open it by
pressure-necrosis or ulceration, or may involve it in the extension of the disease, as

in cases of tracheal, bronchial, or pulmonary suppuration or gangrene, or of verte-

bral caries.

Disease extending from the left lung or pleura to the oesophagus, or in the

reverse direction, is more apt to affect the upper portion of the gullet on account of

its closer relation to the pleural sac on the left side. Below it is in more intimate

relation to the right pleura.

Diverticula of the oesophagus, when acquired, may be due to (a) pressure

from within, as in the region just above a stricture, or oftener on the posterior wall

at the pharyngo-oesophageal junction. At this point the inferior constrictor and the

circular fibres of the oesophagus—both horizontal in direction— fuse ; it is a point of

marked constriction ; the cricoid cartilage in front is movable and non-resistant.

In whatever situation found they are apt to be in effect a hernia of the mucous and
submucous tissues through the thinned and weakened muscular fibres of the oesoph-

agus or of the inferior constrictor ; or they may be due to (b) fraction from without,

as in cases of bronchial lymphadenitis, in which adhesions and subsequent cicatricial

contraction have dragged the wall out into a pouch. It is apparent that the anterior

wall in the neighborhood of the bifurcation of the trachea and of the left bronchus

is most likely to be thus affected.

The recorded cases in which hemorrhage into the oesophagus has taken place

from the ascending portion of the aorta, the innominate artery, and the superior vena
cava will readily be understood. The relation of the oesophagus just below the

aortic arch to the pericardium and left auricle explains the dysphagia sometimes
seen in pericardial dropsy or in cardiac enlargement when the patient is supine, as

well as the cases in which foreign bodies impacted in the oesophagus have wounded
the heart.

In a general way it may be said that the upper or tracheal curve or segment
of the oesophagus is most liable to invasion by diseased conditions from without and
to obstruction from within, and the lower or aortic curve is relatively free from

liability to external pressure or intrinsic occlusion (Allen).
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III the use of (L'sophajfcal inslruimiiis ilie normal curves, measurements, and
constrictions shoukl be reincml)erecl, as should the possible relation of abnormal
siarrowinLj to abscess, anemism, or thoracic disease. The curve made by the roof

of the mouth, the pharynx, and the bcj^iiininj^^ of the (esophagus should be s(jme-

what straightened out by throwing the patient's head sligiitly back ; the tongue and
anterior pharyngeal wall should be pulled forward or pushed in that direction by a

finger in the pharynx. The point of the instrument should be guided past the

epiglottis and brought in contact with the posterior wall of the pharynx before it is

pushed downward. This wall—like the upper wall of the urethra—is the more
fixed and should guide the instrinnent safely into the gullet, except in cases of

pressure of diverticula. The beginning of the j)rocedure may be facilitated f^y

voluntary deglutition on the part of a non-anaesthetized j)atient.

In some cases, especially in chiklreii, it is preferable to pass the instrument

through the nose to avoid the struggle to keep the mouth open.

THE ABDOMINAL CAVITY.

The general shape of the abdominal cavity is best understood by dividing it into

three imaginary zones, one above the lumbar region of the spine, one opposite to it,

and one below it. The anterior wall is but slightly convex. The upper zone,

excepting a small part in front, is within the cage of the thorax, from which it is

separated by the dome of the diaphragm, the lower part of which is nearly vertical

and posterior to the abdominal viscera. This zone is very capacious. The second
zone, bounded behind by the convexity of the lumbar spine, which is broadened on
each side by the psoas muscle, is very shallow in the middle, the antero-posterior

diameter not being more than 5 cm. (2 in.). At the sides it is deep, extending into

the hollow of the lower ribs. Thus it presents two deep lateral recesses connected by
a shallow median portion. The lowest zone, below the promontory of the sacrum,

consists in the middle of both abdominal cavity proper and of the cavity of the true

pelvis ; for, owing to the inclination of the pelvis, the promontory is near the level

of the anterior superior spines of the ilia. On each side of this deep median portion

the lower zone is bounded behind by the shallow iliac fossae, rendered yet more so

by th^ ilio-psoas muscles. The deep lateral divisions of the middle zone pass with-

out interruption into these shallow ones.

It has been so long the custom to divide the abdomen into nine regions by
drawing two vertical and two transverse lines on the anterior wall, that the names
applied to these conventional regions must be retained for general and vague use,

although the method is inadequate for accurate description. ^ Hardly two authorities

agree as to the location of the lines, but for general pvirposes the following suffices.

Draw a vertical line upward from the middle of Poupart's ligament on each -side.

Let the upper transverse line cross these at their points of contact with the lower

borders of the costal cartilages ; let the lower line connect the anterior superior spines

of the ilia. The three middle regions thus mapped out are named, from above down-
ward, epigastric, umbilical, and hypogastric ; the lateral ones, the right and left

hypochondriac, lumbar, and iliac. The advantage of this method is that the \ertical

lines approximately represent the borders of the median divisions of the two lower

zones, and the lower cross-line is near the level of the sacral promontory.
The abdominal cavity is lined by a serous membrane, t\\G perito7ieu7n, which, in

addition to covering the walls of the space, forms a more or less extensive investment

for the abdominal organs. The latter, however, all lie really without the cavity of

the peritoneal sac, the serous membrane being pushed in by the viscera. When the

latter remain attached to the body-wall, as the kidneys, the peritoneal reflection is

limited ; if, on the contrary, the organ becomes otherwise free, as the small intestine,

the serous covering forms practically a complete investment. The latter is, however,
never absolutely complete, since there is always an uncovered area through which
the blood-vessels, lymphatics, and nerves reach the organs. The detailed description

of the complex relations of the peritoneum will be given later (page 1740) ; suffice it

^ The information conveyed by this method is of the same nature as that given by saying
that Boston is north of Washington and Chicago west of it.
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now, in anticipation of the references to peritoneal relations which necessarily follow

in the consideration of the organs, to point out that the parietal and visceral portions

of the serous membrane are continuous, the former investing the abdominal walls,

the latter the organs. The peritoneal folds passing from a viscus to the body-wall

have received in many cases the name lif^amcnts, although often such bands con-

tribute little support. The intestinal canal was originally attached to the abdominal
wall by a fold covering vessels and nerves named the mcseyitcry^ parts of which per-
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sist as free folds, while others fuse with the abdominal walls. The term tnese7itcry is

vaguely applied to that portion going to the jejuno-ileum, while other parts are distin-

guished by the name of the part of the intestine to which they are attached, as nicso-

colon. The term omcntiim is aj^plied to folds attached to the stomach, as the gasiro-

hepatic omentum. The peritoneal sac is entirely closed, except in the female at the

upper end of the oviduct, where the mucous membrane of the tube and the serous

lining are directly continuous. The opposed smooth walls of the peritoneal sac are
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in contact antl liibiicatcd with a thin layer of scions (luici, secreted by the membrane,
by wliich friction l)ctwcen the organs and movable snrfaces is rednced io a minimum.

The serous nu-mbrane, consisting of the endothcHum and the lil;ro-elastic tunica

propria, is attached to the subjacent fascia; of the abdominal wall and the orj.(ans by
a layer of subperitoneal tissue, an arecjiar stratum forminj^ a more (jr less intimate

connection between the serous coat and the structures which it covers.

The relations and attachments of the peritoneum observed in the adult are in

some places entirely different from those existinj.^ in eialy life ; hence the history of

the chanties occurrin^^ during development is essential for understanding the complex
relations found at later periods.

PLAN OF rill': DIGESTIVE TRACT BELOW THE DIAPHRAGM.

The subdiaphragmatic ditrestix'c tube is di\ided into the stomach, \.\\c small intes-

tine, and the lari^e intestine. The small intestine is subdivided intc) the duodenum and
the jejuno-ilcum. The former of these is an imj)erfect ring or horseshoe-shaped
portion from 25-30 cm. (10-12 in.) long, all of which, except the first inch or two,

lies on the posterior abdominal wall behind the peritoneum in the adult ; then comes
something over 6 m. (usually about 21.5 ft.) f)f intestine thrown into folds by its

attachment to the free edge of the mesentery. The upper two-fifths of this is called

\.\\itJejunum and the rest the ileum ; but, as the di\'ision is arbitrary, it is better to

s[)eak of this portion of the small intestine as the jejuno-ileum, sometimes alluding

to the upper part as jejunum and to the lower ds iletim. It ends at the right iliac

fossa by joining the larffe intestine, a little over 1.5 m. (usually about 5.5 ft.) long,

which is subdivided into the azcum, a blind pouch, and the colon, which is asccrid-

ing in the right flank, transverse across the middle of the abdomen, and desce?iding

on the left. This is followed at the crest of the ileum by the sigjnoid flexure, a free

fold attached to the left of the pelvis, usually reckoned as a part of the colon, which,

after crossing the left sacro-iliac joint, descends in the hollow of the sacrum, to

become the rectum at the third sacral vertebra. The termination of the gut, passing
through the thickness of the floor of the pelvis, is the anal canal. Two large glands
—the liver and the pancreas—pour their secretions into the second part of the duo-
denum, from which they originally sprouted.

The liver, the stomach, and the spleen occupy nearly all the space in the dome-
like upper zone of the abdomen ; the right kidney, caecum, and ascending colon
on the right, the left kidney and the descending colon on the left, occupy the lower
lateral recesses, leaving the middle space—shallow in the umbilical region and deep
below it—for all the rest of the intestines, except such parts as can be squeezed into

the preceding r.egions, and for the greater part of the pancreas.

THE STOMACH.

The stomach, the most dilated part of the digestive tube, follows the oesopha-
gus, lying in the upper part of the abdomen below the diaphragm on the left, and
passing downward and inward across the median line. In the early embryo it is a
tubular dilatation, but it becomes flattened from side to side and the posterior

border develops excessively, so that it rises above the upper opening and descends
below the lower one. The stomach also swings on its long axis, so that its posterior

border is carried to the left and the original left side to the front. The lesser curva-
ture is that part of the right border of the stomach between the two orifices. It is

straight or nearly so, and runs downward and forward to near its end, when it rises

and passes to the right. The lesser omentum, originally the anterior mesentery, is

attached to it. The greater curvature is more difficult to define. It is usually

erroneously described as identical with the line of attachment of the greater omentum.
It is more accurate to define it as the line from one orifice to the other which passes
along the left side of the stomach and separates the anterior from the posterior

aspect. The greater omentum—the modified posterior mesentery—is attached to the
greater curvature all along except at the upper part, where it passes onto the pos-
terior surface.
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The shape of the stomach may be compared to that of a pear, somewhat flat-

tened, with the large end up and the point bent to the right. The fundus is the
highest part of the stomach which projects upward above the level of the end of the
oesophagus. The greatest breadth of the stomach is at about the level of the oeso-
phageal or cardiac orifice, and exceeds the antero-posterior diameter. The fundus
generally contains air, if nothing
else, and is somewhat distended,

although thrown into uncertain

contours by the partial contraction

of its walls. Towards the lower
or pjy/oric end the stomach gradu-
ally becomes more tubular, but
the termination is often dilated

into a cavity known as the antrum
Pylori. The constriction on its

left may be very slight, so that Pyiorus-

the antrum is hardly to be seen,

or it may be so deep as to be
mistaken for the pylorus. The
antrum may be double or even

^^^^^^

triple. Sometimes, on the other

hand, the terminal part of the

stomach is tubular and to be dis-

tinguished from the intestine only by its thick walls. Fig. 1368 shows such a case

which seems to extend beyond the usual limits of the stomach. The superior or

cardiac orifice faces upward and to the right, being much nearer the front than the

back of the stomach. Its diameter is at least 2 cm. and may be much more. When
the stomach is distended a well-defined groove appears between the fundus and
the left of the oesophagus. Further details have been given with the gullet (page

1609J. The position of the lower orifice or pylorus may not be recognizable on the

outer surface, or it may be marked by a groove. Internally, it presents a distinct

ring caused by the thickening of the layer of circular muscular fibres, improperly
called the valve of the pylorus, which raises the mucous membrane. This can
always be felt through the walls. It is only by touch that the position of the pylorus

can be certainly recognized when the
1367.
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Anterior aspect of stomach, moderately distended.
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parts are unopened. The gastric cavity

gradually narrows towards the pylorus
on the stomach side, but from the duo-
denum there seems to be a perforated

partition across the tube like an optical

diaphragm. The opening, although
nearly always elliptical, is sometimes
almost circular. Some of the larger

openings in a series of thirty casts

'

show a long diameter of from 17-18 mm.
and a short one of from 13-15 mm.
Some of the smaller openings measure
6x7 mm. and 8x8 mm. We have
observed more extreme figures at both
ends of the series than those quoted.
It is difficult to say whether some of

the smaller ones would admit of greater

dilatation. Probably 13x15 mm. is

not far from the average size. The
position of the longer axis of the orifice is uncertain, although it usually runs down-
ward and backward.^

Owing to the difference in size of the two ends of the organ, the axis of the

' Dwight
: Journal of Anatomy and Physiolog>', vol. xxxi., 1897.

* Berr}' and Crawford : Ibid., vol. xxxvi., 1902.

Pylorus i

Right aspect of stomach, moderately distended.
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Imc. 1308.

Pylorus.

Outline of stomach with
constricted and fjreally elon-
gateil pylorus.

stomach is nect;ssarily oblicjue, althou^di tlic lesser curvature is vertical until near its

end. The axis slants downward and to the right as well as forward, the jjyloric

portion being disregarded. The stomach is sonietiines comparatively tubular, the
finulus l)(.ing but little d(Vclo[)etl, although the cardiac opening is always on the
right side. This is a continuation of the ftetal form, and is more often seen in

women. There is often ([possibly normally) a hint of a con-
striction about the middle.

The foregoing conventional description is that of a dis-

t( III led stomach. The shape of the stomach during life,

wluii not distended, is j)robahly much more tubular, the
gicaUr part (jf the organ being often reduced to ahiiost the
diameter of the duodenum. Based on the di\isions of the fcetal

organ (Fig. 1369), Schwalbe recognizes three chief segments
in theadultstomach : {i) saccns cardiac2is, the upper jKirt which
remains saccular even during contraction

; ( 2) tubusgastricus,
the lower part which, when contracted, resembles the intes-

tine; and (3 ) pars pylorica, subdivided into the pyloric vestibule and canal. Local
contractions of the muscular coat account for many irregular forms of the stomach.

Weight and Dimensions.—Not only is the normal development of the
stomach very variable, but it is impossible to define the limits between the normal
and the pathological ; naturally, therefore, statements differ widely and are of little

value. According to Glendinning, the weight is 127 gm. (43^ oz. ) for man and a
little less for woman. The greatest length, directed nearly vertically, is some 25 cm.

(10 in.), the greatest breadth from 10-12 cm. (4-5 in.;, and its diameter from before
backward from 7.5-10 cm. (3-4 in.). The average adult capacity is said to range
from 600-2000 cc. (1.25-4.25 pints), with an average of 1200 cc. (2.50 pints).

Peritoneal Relations.—The greater omentum, the original posterior mesentery,
passes to the back of the stomach just to the left of the oesophagus, where its layers

diverge so as to leave a small triangular part behind it attached to the diaphragm with-

out peritoneal covering. The lower of the diverging lines runs to the lesser omentum.
The line of attachment then passes across the posterior surface of the fundus near the top,

but posterior to the greater curvature. At the left of the stomach the line of insertion is

at the greater curvature, and
continues so till it reaches the

pylorus. The fold passing to

the diaphragm at the begin-

ning is the gastro-phrenic lig-

ament. This is joined by the

gastro-pancreatic fold on the

posterior abdominal wall which
conveys the coronary artery to

the right of the cardiac open-
ing. This last fold is impor-

tant in relation to the typog-
raphy of the peritoneum, but

not to the stomach. The lesser

omentum is attached along the

whole of the lesser curvature,

except that its posterior layer

may lea\e it below the cardia

to join on the back ot the

stomach the layer of the greater omentum which forms the inferior border of the non-

serous triangle. With the exception of this triangle, and of the trifling interval be-

tween the lines of attachment of the omenta, the whole organ is invested by peritoneum.

Position and Relations.—The cardiac opening is opposite the tenth thoracic

vertebra and not far from the level of, but from 8-10 cm. (3-4 in. ) behind, the sixth

left costal cartilage, about 12 mm. {]A in.) to the left of the median line. The
lesser curvature descends vertically in an antero-posterior plane, parallel to the left

border of the ensiform, but slanting strongly forward, until it suddenly turns to the

Fig. 1369,

(Esophagus

(Esophagus

Saccus cardiacus

Tubus ^astricus

Tubus
ijastricus

Anterior (.4) and posterior (B) aspects of stomach of human foetus ot

20S mm. (.Schwalbe.)
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Xoii-peritoneal area

Cardiac orifice

right, rises, and ends opposite the space between the ensiform and the end of the
eighth or nintli right costal cartihige, on a level with the first lumbar vertebra or the
disk below it, about 1.2 cm. (>^ in.) from the median line. The pyloric orifice is

affected to such an extent by changes incident to variations in distention that it

is manifestly impossible definitely to fix the j)Osition of the lower end of the stomach.
The pylorus is usually separated from the anterior abdominal wall by the over-
lapping liver, when the stomach is empty lying near the mid-line. According to
Addison, a jioint 12 mm. {)A inch) to the right of the median plane midway between
the top of the sternum and the pubic crest will ordinarily correspond to the position
of the pylorus. The fundus is at the top of the left side of the abdomen under the
diaphragm, reaching the level of the sternal end of the fifth costal cartilage. The
anterior surface, looking upward as well as forward, is covered by the left and quad-
rate lobes of the liver. A varying part of it touches the diaphragm in front of the
former. The extent of this must depend on the size of both organs. The liver may
separate it entirely from that part of the diaphragm below the pericardium, or the
stomach may be against the diaphragm in the anterior part of this region. A small
triangular part of the stomach, normally in contact with the front wall of the abdo-
men, bounded below by the greater curvature, is seen, on opening the abdomen,
between the liver and the line of the left costal cartilages. This appearance gave
rise to the old error that the stomach is placed transversely. According to Tillaux,

the stomach in its most con-
l^iG. 1370. tracted state always descends to

a line between the ends of the

ninth costal cartilages. The pos-

terior surface, forming a part of

the anterior wall of the lesser

peritoneal cavity, rests against

the transx'erse mesocolon, which
lies on the organs at the back of

that space, so as to make a part

of the concavity for it which Bir-

mingham^ has well called the

stomach-bed (Fig. 137 1). This
hollow is made by the diaphragm
on the left of the aorta, by the

left suprarenal capsule, the gas-

tric surface of the spleen, the

antero-superior surface of the
pancreas, and usually by the upper part of the left kidney, although exceptionally
this may be shut off from the stomach by the spleen and pancreas. The left crus
of the diaphragm makes a deep indentation in the stomach to the left of the car-
dia. The coeliac axis and the semilunar ganglia are rather to the right of the lesser
curvature. The transverse mesocolon continues the lower part of the stomach-bed
forward to the transverse colon, which lies below the stomach, following its curve
when the stomach is distended. The splenic flexure of the colon is close against
it. When free from solid contents, the stomach is usually found in dissecting-room
subjects hanging more or less vertically in longitudinal folds containing more or less

air and fluid ; but during life, as already stated, it is in a contracted and puckered
condition, the long axis running strongly for\vard as well as downward. '\\'ith dis-

tention the stomach enlarges at first upward, backward, and to the left, then forward
against the abdominal walls. The upper part enlarges chiefly backward, the lower
forward. This does not imply a forward swing of the greater curvature such as
has been described. The pyloric end is moved to the right, it may be as far as
the gall-bladder. The antrum may thus, according to Birmingham, be carried to
the right of the pylorus. The latter rarely moves more than 5 cm. to the right of

the median line. Except in its last part, the lesser curvature continues essentially
vertical, as seen from before. The transverse colon is driven downward unless it be
so much distended as to offer effectual resistance.

* Journal of Anatomy and Physiology, vols, x.xxi., x.x.xv., 1S97, 1901.

Lesser omentum

Pylorus

Posterior aspect of stomach at birth, showing peritoneal relations.
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Structure.—The walls of the stomach, thickest and most resistant near the

pylorus, consist of four coats,—the mucous, the submucous or areolar, the muscu-

lar, and the serous.

The mucous coat or ?nucosa is soft and velvety, easily movable on the lax

subjacent areolar tissue, thickest near the pylorus, and presents many fr)lds ov ri/q-^,

which durin.t^ distention are more or less completely effaced. The folds are in the

Fio. i,s7i-

Falciform ligament—•

Duodenum

Gall-bladder

Ascending co

Caecum

Ileum

— Left lobe of liver

Transverse mesocolon

Transverse colon

ii'

Descending colon

—r Sigmoid •

Abdominal organs of formalin subject ; stomach has been removea to show that part of its " bed " formed by trans-

verse mesocolon and colon.

main longitudinal, especially at the pyloric end, but many smaller ones run in all

'""^""j^eepifMrnm covering the free surface of the mucous membrane consists of a

simple layer of tall columnar elements, from .020-. 030 mm. m height, many ot which

are goblet-cells engaged in producing the mucus lubricating the gastnc surface. At

the passage of the esophagus into the stomach, some 2-3 cm. below the diaphragm,

the opaque stratified squamous epithelium of the gullet abruptly changes into the
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transparent columnar cells clothing the stomach. The line of transition is zigzag

and well defined, the oesophageal surface being paler than the highly vascular red

gastric mucosa. At the pylorus the mucous membrane is raised into a ring, chiefly

Fig. 1372.
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Falciform ligament
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XI 111
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Frozen section across bodv at level of twelfth thoracic vertebra.

in consequence of the local thickening of the circular fibres of the muscular coat, but

also in part on account of the increased thickness of the mucosa itself, which in this

part of the stomach may measure over 2 mm. At the cardia it is thinnest,—.5 rnm.

or less,—while in the intermediate region it is about i mm. The increased thick-

ness at the pyloric end is due to the considerable depth of the depressions, or

Fig. 1374.

Fig. 1373.

^mMi
m
'M

^4

Surface view of mucous membrane from pyloric end
of stomach. Natural size.

,

Surface view of gastric mucous membrane, show-
ing reticular appearance due to orifices of groups of

gastric glands. X 30.

gastric crypts, into which open the gastric glands. Beyond the summit of the

pyloric ring the mucous membrane assumes the characteristics of the intestine. In

addition to the larger rugae, the gastric surface exhibits a mammillated condition
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consistinpf of small polyi^onal areas pitted by the crypts which receive the orifices of

the j^daiuls.

The gastric glands constitute two jjrincipal ^aoiips, the //<;/<///.v and \\\(i pyloric

glands ; the foriiKT occupy the major part of the stomach, iiichidiui^ the fundus, the

anterior and posterior wails, and tlie curvatures ; the latter occur in the pyUjric I'lfth

of the origan. An atlditional fundus \ariety—the cardiac gIanih— is represented by

a narrow zonular ^roup in the immediate vicinity of the oesophageal opening.

The fundus or peptic glands—the gastric glands proper—consist of numerous
closely set tubules, usually somewhat wavy and from. 4-2 mm. long, which extend

the entire thickness of the mucosa and abut against the muscularis mucosae. Each
gastric crypt, corresponding to the excretory duel, usually receives a group of sev-

eral of the smaller tubules, which include the body and fundus of the gland, the

constricted commencement of the tubule constituting the 7ieck. At the latter position

Fig. 1375.
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Transverse section of stomach (left end), showing general arrangement of coats. X 20.

the columnar epithelium prolonged into the crypts from the free surface becomes
lower and modified into the secreting elements.

The cells lining the gastric tubules are of two kinds, the chief and the parietal.

The chief, central or adelomorphous cells correspond to ordinary glandular epi-

thelium, being low columnar or pyramidal, and surrounding a circular lumen from
.002 to .007 mm. in diameter. During certain stages of digestion they contain

numerous granules, which are probably concerned in producing pepsin.

T\\(i parietal cells, known also as acid, oxyntic, or delomorphous, although rela-

tively few, are conspicuous elements which occupy the periphery of the gland-tubes.

Their position is indicated by protrusions of the profile of the gastric tubules caused

by the cells lying immediately beneath the basement membrane. The parietal cells,

although arranged with little regularity, are most numerous in the vicinity of the

neck, where they may equal or even outnumber the central cells ; in the body of the
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gland they decrease in number towards the fundus, in which locality they may be
almost absent. Their protoplasm is finely granular and lighter than that of the chief

cells. The parietal cells, although apparently excluded by the central ones, are con-
nected with the gland-lumen by means of lateral intercellular secretion-capillaries

;

the latter extend from the axial space to the peripherally situated elements, over
which they form characteristic basket-like net-works.

The pyloric glands, branched tubular in type, differ from the fundus glands
in the excessive width and depth of their excretory ducts, into which a group of

relatively short but very tortuous gland-tubules opens, and in the simple character of

their lining. The latter consists of

a single layer of low columnar or
pyramidal elements, which corre-

spond to and resemble the chief

cells of the fundus glands. Their
secretion often reacts as mucus
(Bensley). Owing to the tortuous
course of the pyloric tubules, the
deeper parts of the glands are cut
in all planes, portions of the same
tubule often appearing as isolated

transverse, oblique, or longitudinal

sections. The transitional or in-

termediate zone connecting the py-
loric and adjoining portions of the

stomach contains both forms of

glands, those of the fundus variety

with parietal cells being intermin-

gled with the pyloric type. Towards
the intestine the change of the py-
loric glands into those of the duo-
denum is gradual, the gastric tubules

sinking deeper until, as the glands
of Brunner, they occupy the sub-

mucous coat of the intestine.

The cardiac glands form a

narrow annular group, some 5 mm.
broad, surrounding the orifice of

the gullet, into which they are con-

tinued for a short distance (page
161 2). These glands, which in some
animals constitute a much wider
zone (in the hog almost a third of

the entire stomach), are to be re-

garded as modified fundus glands

(Oppel), since they possess similar

epithelium, including usually a few

parietal cells. Their excretory ducts

or crypts, lined with the gastric

epithelium, often exhibit ampulla-

like dilatations. Among the typi-

cal tubules are a few shorter ones
which recall the glands of Lieber-

kiihn of the intestine, since they contain goblet-cells and exhibit a cuticular border

(J. Schaffer).

The stroma or tunica propria of the gastric mucous membrane consists of a
loose fibro-elastic connective tissue containing numerous cells and resembling lym-
phoid tissue, which fills the interstices between the glands and, in conjunction
with the extensions of the muscularis mucosae, forms envelopes and partitions for

the groups of tubules constituting the deeper parts of the gastric glands. In

Chief cell

Parietal cell

Deeper portion of gastric glands from fundus, showing two
varieties of lining cells and secretion-capillaries connecting pari-
etal cells with lumen, X 423.
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the vicinity of the pylorus, and sometimes also at the cardia, a number of small
lymphatic notlcs—the so-called lenticular glands—normally occupy the deeper
parts of the mucosa ; occasionally they are of sufficient size to almost reach the
free surface.

The ntuscularis mucosce, as in other f)arls of the intestinal tube. C(jnsists of a
well-marked colleclfon of involuntary muscle, deeply situated next the submucous
coat. Two layers are usually distinguishable, an inner circular q^d an outer longi-

FiG. 1377.
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Transverse section of stomach, pyloric end ; ruga is cut across, showing mucosa supported by core of submucous
tissue. X 20.

tudinal. Towards the mucosa numerous bundles of muscle-cells extend between the
glands and in places penetrate almost as far as the epithelium.

The submucous coat consists of lax connective tissue, allowing the mucous
membrane to move freely on the muscular layer. It contains blood-vessels of con-
siderable size, a mesh-work of lymphatics, and the ner\'e-plexus of Meissner.

The muscular coat comprises three layers,—an outer longitudinal, a middle
circular, and an imperfect inner oblique,—of which the middle one is the most
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important. This layer is composed of cirnilarfibres, which are thickest and most
simply arranged near the pylorus. Owing to the enlargement of the upper end of

the stomach, and the fact that the cardiac opening is not at the end but at the side,

the arrangement becomes complicated. The fibres surround the cardia, but become
oblique at a short distance from it. At the top of the fundus they are arranged in a

whorl mingling with those of the internal layer. Still lower, although in the main
circular, their course is uncertain. Towards the pylorus they thicken considerably,

being particularly well developed in stomachs of which the pyloric part is tubular.

At the opening they are collected into a ring

—

\}i\(t pyloric sphincter—capable of closing

the orifice. The longitudinal layer is outside of the circular one and continuous

Fig. 1378.

'M^

Fundus of gland

Lymph node

Muscularis mucosas

Section of pyloric end of stomach, showing glands and part of lymph-node.

with the longitudinal fibres of the oesophagus. Along the lesser curvature, and to a

less extent along the greater, these fibres are collected into bands ;
over the front

and the back of the stomach they are oblique. At the antrum pylori, although the

layer is continuous all around, it presents an anterior and a posterior band,—the

Pyloric lis;anients,—that pass over folds of all the layers internal to them, thus

forming the duplicature at the beginning of the antrum. At the pylorus itself the

longitudinal layer, which has become thicker, sends a series of fibres through the

circular fibres, subdividing them into many groups, (Fig. 1391). The innermost

muscular layer consists of oblique fibres spreading out from the cardia o\-er the

front and back of the stomach. They are continuations of the circular fibres of
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tin- jj^ulli't and diverj^c to citht-r side, showing,' a well-marked hDrdor near the lesser

curvalure. Tluir posterior expansion is the stronger. The diver^inj^ fibres are lost

near the ])ylonis, while in the vicinity of the fundus they niini(le with the circular

ones that form the u horl. The latter, according' t(j Birminj^diam, is formed by this

layer alom-.

Tlu' serous coat corresponds in structure with (jther portions of the perito-

neum, consistini; of the enilothelium of the free surface, beneath which lies the

fibro-elastic stroma attached

to the muscular tunic.
^'"^'- '•379-

glands

attached to the greater cur- >:^4 fivvfr-'v-

vature below passes behind it >?!''/"
"''*"

on the fundus. The arch

along^ the lesser curvature is

formed by the i^astric ar-

tery, which sends an oesopha-

jjeal branch upward to meet
the lowest of the oesophageal

arteries, and joins the py-
loric branch of the hepatic

artery below. The arteries

of the greater omentum are

the right and left g^astro-cpi-

ploic, reinforced behind the

fundus by the vasa brevia

of the splenic artery. The
gastro-epiploicade.xtra passes

do
part

to

arism

regio

make an arterial ring around
the organ. The gastric ar-

tery supplies the longer

branches to the walls, there

being a richer arterial distri-

bution on the back than on
the front and at the cardiac

than at the pyloric end. The
general plan is as follows : on
the anterior surface several

arteries, of which some four

are large ones, run from the

lesser curvature across the

stomach, sending out successive lateral branches to- inosculate with those from their

fellows ; finally, the main vessel breaks up into branches that meet those from the

greater curvature. On the posterior surface the chief trunks divide with less rcgu-

laritv. At first the arteries are just beneath the peritoneum, between the folds of

which they gain the stomach ;
presently they enter and pierce the muscular coat, the

outer parts of which are supplied during their passage. On reaching the submucous
coat the arteries, now reduced, but still of considerable size, divide into smaller

branches, some of which pass to the muscular tunic, while the majority enter the

mucous coat. The latter soon break up into capillaries which surround the gland-

< •" * ''

. Muscularis
mucosae

Oblique section of mucous membrane from pyloric end of stomach, show-
ing glands cut at various levels. X loo.
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Pyloric ring

Stomach turned inside out, showing dissection of oblique and
circular muscular coats.

tubules with a close mesh-work. Somewhat larger ca{)illaries constitute a superficial

plexus beneath the eiMthelium encircling the orifices of the gastric cryjits. The
veins, relatively wide, begin in the subepithelial capillary net-work and traverse the
gland-layer, between which and
the muscularis mucosae they form Fig. 1380.

a plexus ; from the latter radicles

pass into the submucous coat, in

which the venous trunks run {paral-

lel with the arteries, but lie nearer
the mucosa (Mall). The emerging
tributaries are often provided with

valves at their junction with tin-

larger gastric veins.

The lymphatics originate

within the mucous membrane, be-

neath the epithelium, as wide, ir-

regular capillary channels which
freely communicate with one an-

other and pass between the glands
as far as the muscularis mucosae ; at this level they form a plexus from which vessels
descend into the areolar coat to join the wide-meshed submucous plexus. Larger
lymphatics pierce the muscular tunic and unite to form the chief channels which
escape from the walls of the stomach along both curvatures to empty into the lymph-
nodes which occur in these situations.

The nerves supplying the stomach are from the pneumogastric and the
sympathetic, and contain both medullated and nonmedullated fibres, the latter

predominating. On
Fig. 1381. reaching the organ, the

f:•>..f^fk,^r,.^.^^i^ stems pierce the exter-

nal longitudinal muscu-
lar layer, between which
and the circular layer

they form \\\^plextis of
A2ierbach. The points

of juncture in this net-

work are marked by mi-
croscopic sympathetic
ganglia, from which
non-medullated fibres

supply the involuntary

muscle. Leaving the
intramuscular plexus,

twigs pass obliquely-

through the circular

muscular tunic, and on
gaining the submucous
coat form a second net-

work, the plcxiis of
Mcissjier. Numerous
non-medullated fibres

leave the latter to enter

the mucous coat, in

which some end in deli-

cate plexuses supply-
ing the gastric glands
(Kytmanow), as well as

in special endings in the muscularis mucosae (Berkley). Large medullated fibres, the
dendrites of sensory neurones, are also present within the mucosa, where they form
a subepithelial plexus after losing their medullary substance. The ultimate termi-

Mucosi

Submucosa -

Musculan

Serosa -

,

Transverse sccliun ul injected stomach

^^<s-
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nations of the nerve-tibres within the mucosa, especially their relations with the

gland-cells, are still uncertain.

Growth.—At hirth the capacity C)f the stomach is 25 cc. The organ, although
sometinies rather tubular, does not differ very much in shape from that of the adult.

The cesophagus enters it less obliquely than later, so that regurgitation occurs more
readily. The sj^hincter of the pylorus is already devdopecl. We do not remem-
ber ever to have seen at birth a well-marked antrum pylori. An important pecu-

liaritv of the growth of the stomach is the unecpial development <»f the two sides at

the funtlus. At an early period the top of the original left side, which becomes the

anterior one, grows
upward, so that the Fig. 1382.

line of attachment oi

the greater omentum
is along the posterior

surface. This unequal
growth is ([uite analo-

gous to that of the

caecum. According to

Keith and Jones, this

asymmetry is most
marked in the third

and fourth months of

foetal life. We have
examined no younger
foetuses than these,

and cannot state how
early the process be-

gins.' From the end
of the first week after

birth the growth of the stomach is very rapid during the first three months. It is

slow in the fourth month, and in the two months following it is almost quiescent.^

We have seen it at a few weeks relatively broader than in the adult. While it is

probable that individual variations show themselves early, the shape and size of the

stomach depend, beyond question, to a great extent on the nature and quantity of

the food. With advancing years the stomach often becomes dilated, and, apart

from dilatation, is likely to descend lower in the abdomen. The female stomach,

except for its greater tendency to subdivision, differs less than the male from the

foetal form.

Variations.—Apart from those of size and shape, already alluded to, the important ones
are those of subdivision. There may be a constriction at the middle dividing the organ into

two chambers connected by a narrow passage : the " hour-glass stomach." There may also be
a reduplication of the antrum, or, indeed, there may be three, or, on the other hand, the place of

the antrum may be taken by a tube with thick walls. It is probable that these changes are

sometimes caused by a local contraction becoming fixed.

-^^«f»T5a£«^ke«

-.mach, showiii.Surface view of fragment of muscular C'AU
glion-cells and nerve-fibres of plexus of Auertiach.

A gan-

PRACTICAL CONSIDERATIONS : THE STOMACH.

Congenital tnalfomiations are rare. Perhaps the most common is a constriction

dividing it into two unequal compartments, — "hour-glass constriction,"—a condi-

tion somewhat similar to that found normally in the kangaroo.

The position of the stomach varies with its degree of distention. W^hen it is

empty the pyloric end descends and the long axis of the stomach is oblique from
left to right, approximating the vertical (i.e.. the foetal) position or that which pre-

ceded functional use. This falling of the pyloric end is due to gravity, the nearest

firmly fixed point of the alimentary canal below being the lower portion of the duo-

^ Priority of publication of this peculiarity,- of .development belongs to Mr. Arthur Keith and
to Mr. F. Wood Jones : Proceedings of the Anatomical Society of Great Britain and Ireland.

Journal of Anatomy and Physiology, vol. .xxxvi., 1902.
* Rotch's Pediatrics.



1630 HUMAN ANATOMY.

denum (the fixation being due to the relation of the superior mesenteric artery and
to the root of the mesocolon in front), while above the cardiac end is suspended
from the oesophagus and held in place by the gastro-phrenic and gastro-splenic liga-

ments. The transverse colon may then lie in front of the stomach and may, if dis-

tended, be taken for it. The empty stomach lies upon the posterior abdominal
wall. If the emptiness is habitual, the pylorus will resemble the first portion of

the duodenum and regurgitation of duodenal contents is exceptionally easy. The
"gnawing j)ains" of hunger or starvation (distinct from the sensation of hunger
itself) are at least partly due to the traction on the nerve-plexuses and filaments

resulting from this altered position, and can, therefore, in many cases be relieved

temporarily and partially by tightening the clothing about the waist and abdomen,
giving support to the viscera.

When the stomach is distended the enlargement, which occurs at first upward
and backward and towards the left side, raises the arch of the diaphragm in that

region and with it the heart and pericardium. The gastric plexuses derived from
the two pncumogastrics and the associated sympathetic fibres, together with the

coronary plexus from the sympathetic, are all in close relation with the lesser

curvature, especially its cardiac end. It is not, therefore, difificult to understand

how this change in the position of the stomach aids in producing the flushed

face, embarrassed respiration, and irregular heart action often seen in various forms

of dyspepsia or after overeating. If distention continues, the right lobe of the

liver is also pushed upward, the pylorus moves to the right, and the transverse

colon downward ; the stomach comes in close contact with the anterior wall of the

abdomen, the " scrobiculus cordis" (page 171) is obliterated, and a tympanitic

note replaces the normal resonance.

Conversely, cardiac disease may cause vascular congestion of the stomach,

catarrh, dyspepsia, or even haematemesis. The " black vomit" of moribund per-

sons is due to a similarly produced distention and rupture of the stomach capillaries.

The position of the stomach varies with the respiratory movements. In forced

inspiration the cardiac opening descends about one inch with the crura of the dia-

phragm ; the pylorus reaches about the level of the umbilicus.

Eructation of stomach contents in its typical form is accomplished by con-

traction of the muscular walls of the stomach ; vomiting by compression of the

stomach against the under surfaces of the liver and diaphragm through contrac-

tion of the abdominal muscles. This is associated with contraction of the circular

pyloric fibres and relaxation of the oblique fibres at the cardia, and is probably

aided by contraction of the stomach walls themselves.

It is obvious that a full stomach is more easily and directly compressed in this

way, and therefore the ingestion of large quantities of fluids favors emesis.

Vomiting is a clinical symptom often of the greatest significance, and should

be studied in relation to the pneumogastric and sympathetic distribution to the

stomach, lungs, and abdominal viscera ; and its various causes—central, reflex, and

direct—should be worked out systematically.

Injio'ies of the Stomach.—The changes in position and the degree of distention

are of the utmost importance in trauma expended upon the stomach, which, if quite

empty, almost certainly escapes contusion and rupture. It is, at any rate, much less

frequently ruptured than the intestines on account of its thicker walls and of the

protection afforded it by the overhanging ribs and the interposed liver. The
"stomach-bed " (page 1620) supplies an elastic and movable base of support, which

also favors its escape from injury.

In penetrating or gunshot wounds its condition as to emptiness or the reverse

is even more important. When either wall is opened by rupture or wound, eversion

of the mucous membrane, which is favored by its thickness and by the laxity of the

submucous connective tissue, may temporarily plug the opening, and through the

formation of adhesions permit of spontaneous cure. The different directions of

the muscular fibres in the three layers of that coat ordinarily prevent wide separa-

tion of the margins of the wound, and thus also favor its closure by natural processes.

In escape of stomach contents through ulceration, wound, or rupture, if the poste-

rior wall is involved, the lesser omental cavity is infected, and a localized—sub-
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phrenic—abscess iiiav follow ; if the anterior wall is o|)iiu(l, infection of the general

peritoneal ca\ity and septic peritonitis are more likely to result. On account of the
course of the blood-vessels

(
paj^e 1627), wounds parallel with the axes of the curva-

tures are attended by free bleedinjj^, especially if near those borders of the stomach.
Wountls runninjj^ more or less at right angles to the curvatures and removed from
them are much less likely to open large vessels. The vessels just beneath the sur-

face of the mucous membrane are numerous but smaller. Bleeding from them may
be controlled by separate suture of the mucosa, which is facilitated by its thickness

and bv the looseness of the submucous cellular tissue.

Ulcers of the stomach are found most often on the posterior wall at the pyloric

end anil along the lesser curvature. It has been suggested that they originate in a

bacterial necrosis of the epithelium, which is favored by the absence of the fundus
or peptic glands (page 1623) at this region, and is followed by "digestion" of the
subjacent tissues. Allen think.'? that the immense preponderance of pyloric ulcers is

an illustration of the "law of localization of diseased action,"—viz., that parts

enjoying the most rest are least liable to involvement by structural disease. When
they cause hemorrhage, it is apt to be from the branches of the coronary artery. Per-

foration occurs with much greater frequency in ulcers situated on tiie anterior wall,

which is the one with the greatest range of motion in varying stages of digestion

and degrees of distention, and also during the movements of respiration. Perfora-

tion from such ulcers with spontaneous cure may result in adhesions between the

stomach and pancreas, colon, duodenum, or gall-bladder, and may be followed by
fistuke communicating with those viscera. They may perforate the diaphragm and
cause empyema. They have opened into the pericardium and into a ventricle of

the heart. An ulcer may be so surrounded by adhesions that, even when on the

anterior wall, perforation does not cause a general peritonitis, but a localized abscess.

If this is, for example, in the splenic region, it will be observed that there is immo-
bility of the upper left quadrant of the abdomen with restriction of the respiratory

movements of the left thorax, both occasioned by the connection between the

splanchnic and the intercostal nerves through the sympathetic ganglia. The local-

ization of such collections of pus after perforation of the anterior wall near the

cardia is favored by the " costo-colic" fold of peritoneum extending from the dia-

phragm opposite the tenth and eleventh ribs to the splenic flexure of the colon
and forming part of the left portion of the "stomach-bed." This fold, especially

with the patient supine, forms a " natural well," containing the spleen and a part

of the stomach, into which any fluid exudate or stomach contents may gravitate

(Box).
Cancer of the stomach occupies by preference the pyloric region. When the

growth becomes palpable, but before it is tied down by adhesions to neighboring
organs, it often illustrates the mobility of the pyloric end of the stomach {vide

supra), as it can be pushed even across the mid-line of the body into the splenic

region.

Carcinoma, according to its situation, may extend in the course of the Ivm-
phatic vessels running along the lesser curvature in the gastro-hepatic omentum and
emptying into the lymph- nodes near the coeliac axis and hepatic blood-vessels, or
along the greater cur\'ature and the cardia to the retro-cesophageal glands. The
retro-pyloric lymph-nodes may be invaded in cancer of the pylorus. Its early recog-
nition as a tumor obviously depends upon its anatomical site. If it occupies the
fundus, the cardia, the lesser curvature, or the upper and outlying portions of the
anterior wall, the ribs and the liver intervene and prevent palpation of the growth

;

and if on the posterior wall, the depth at which the tumor lies renders its palpation
difficult and unsatisfactorv.

Dilatation of the stomach {gastrectasis^ may be due to simple hypertrophy of

the pyloric muscle, may follow stricture of the pylorus or duodenum from cicatriza-

tion of an ulcer, or may result from pyloric occlusion, as from carcinomatous growth
invading the pylorus itself, or from pressure of an extrinsic tumor, or a displaced
liver or right kidney. The distention is often extreme, and in spme instances the
outline of the distended stomach can plainlv be seen, the lesser curvature a couple
of inches below the ensiform cartilage and the greater curvature passing obliquely,
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from the tip of the tenth rib on the left side, towards the pubes, and then curving

upward to the right costal margin (Osier). The dilatation may be of any degree,

the lower border of the stomach sometimes reaching to the level of the pubes.

Displacement of the stomach {gastroptosis) is attended by great stretching of

the gastro-hepatic, gastro-splenic, and gastro-phrenic folds. It is sometimes a dila-

tation with the stomach vertical instead of oblique rather than a true descent of the

whole organ.

Three forms are described : ( i ) a slight descent of the pylorus, and with it of

the lesser curvature, so that the latter comes from beneath the liver
; (2) "vertical

stomach," already alluded to; (3) a descent of the lesser curvature, the pylorus

remaining fi.xed, making a U-shaped stomach (Riegel). The last is very rare. All

forms are favored by the use of corsets or clothing constricting the lower thorax,

especially in women with flaccid abdominal walls. The displacement may be con-

genital, or may be due to primary elongation or relaxation of the peritoneal folds

which act as ligaments, or to malposition or displacement of other abdominal

viscera.

Hernia of the stomach is usually diaphragmatic and often congenital. The
viscus may enter the thorax through a stab wound or rupture, or through weakened
or enlarged spaces at («) the central tendon, (b) the posterior inferior muscular area,

(<:) the interval between the sternal and costal fibres, (i/) the oesophageal foramen,

(<?) the fissure between the lumbar and costal portions, or (/") the point of passage

of the sympathetic trunk (Sultan). These possible locations have been mentioned

in the order of frequency.

The hernia may carry the peritoneum with it {true hernia), as in cases of

partial rupture or non-penetrating wound of the diaphragm, or may avoid or pass

through the peritoneum {false hernia). The latter are more common. All forms

are found most frequently on the left side in consequence of the presence of the

liver on the right side.

Operations on the Stomach.—The stomach is most accessible for operation

through a triangular space, apex upward, bounded on the left by the eighth and
ninth costal cartilages, on the right by the free edge of the liver, and below by a

horizontal line joining the tips of the tenth costal cartilages and corresponding

approximatelv to the line of the transverse colon. The tenth cartilage has a dis-

tinct tip and plays over the ninth cartilage, producing a peculiar crepitus ( Labbe).

If the incision is median, it passes between the recti muscles ; if lateral and

vertical, it is made through the rectus or along its outer edge ; if oblique, through

the rectus and the external and internal oblique and transversalis. The terminal

branches of either the superior or deep epigastric artery may be divided, or the latter

vessel itself if the vertical incision is prolonged downward. As the blood-supply

of the stomach comes from three distinct sources—the gastric, hepatic, and splenic

arteries—and the anastomoses are very numerous, the nutrition of the flaps, even

after extensive resection, is usually maintained, in the absence of infection or of

cardio-vascular disease. On the contrary, in operations on the intestines the greatest

care must be exercised in dealing with the mesentery to preserve the vitality of

the gut.

Upon exposing the stomach, it is well to bear in mind its oblique position and

the facts that the pylorus is the only part that is really transverse, that three-

fourths of the stomach are to the left of the middle line, that the upper part of the

cardia is an inch above the level of the lower end of the oesophagus, and that the

larger part of the greater curvature is directed to the left and of the lesser curvature

to the right. According to Meinert, the pylorus lies behind the intersection of a

transverse horizontal line drawn through the tip of the xiphoid cartilage with the

right costal border ; while the lower curvature, beginning at the latter point, crosses

the mid-line and ascends, describing a half-circle around an antero-posterior hori-

zontal line drawn through the xiphoid tip.

The relations of the stomach in general have been described (page 1619). The
transverse colon—especially in cases of oesophageal stricture in which the stomach is

contracted and rests far back and well up under the diaphragm—may present itself,

and has been mistaken for the stomach. The gut, however, is thinner, not so
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pinkish, and the- loni^itiidinal hand, ihc sa<(iilatic>ns, and the epiploic appendages

on its lower aspect may be seen. If any doubt exists, the under surface of the left

lobe of the liver should be followed u|) by the hnj^jer to the transverse fissure and

then down on the gaslro-hepatic omentum to the lesser curvature of the stomach.

The dependent ^nx-ater omentum antl the _t;astr(j-epiploic artery on the j^reater cur-

vature aid in the recoijnition of the stomach.

\\\ jrastrolomv—as for foreign body, for ex|jloration, or for retrograde dihitation

of the iesoi)hagus—the incision may be vertical and midway between the two curva-

tures to minimize the hemorrhage (vide supra).

In i^astroslomv—the establishment, for purposes of feeding, of a dirf.rt com-

munication between the surface of the body and the stomach cavity—the abdominal

incision maybe oblicpie, parallel to the left costal cartilages, and 2.5cm. (i in.)

from them, or vertical down to the left rectus, the fibres of which may be separated

without division. In either case a part of the anterior wall of the stomacli, made
conical by traction, is brought out, carried upward beneath a bridge of skin, and

fixed to the margins of a second opening over the costal cartilages. Various mod-

ifications are employed, all with the idea of securing a valvular or sphincteric con-

dition in or about the orifice so as to prevent leakage of the stomach contents.

\x\ pyloroplasty—applicable to simple hypertrophic stenosis or cicatricial stric-

ture—an incision is made from the stomach to the duodenum through the pylorus

and parallel to the long axis of the tract at that point. Its borders are then

separated as widely as possible so that their mid-points become the ends of the

opening, the edges of which are then sutured together in this position, materially

widening the lumen of the canal.

\x\pyIgrectomv or ^asirecio??i}' large portions of the stomach, or the whole organ,

are excised for malignant disease ; in the former the omental connections of the

pylorus must be severed and the right gastro-epiploic, the pyloric, and the gastro-

d'uodenal arteries divided ; in the latter, in addition, the pneumogastric nerves

below the diaphragm and many more vascular trunks.

Partial gastrectomies, as for the excision of a nodular carcinoma or of a gastric

ulcer, are much less serious. Division of the gastro-hepatic omentum, which holds

the stomach up under the costal margins, wall facilitate the freeing of the pylorus and

lesser curvature and permit of ready access to the lesser peritoneal cavity. The
gastro-colic omentum attached to the region of disease can then be made tense by

the fingers passed behind and beneath the pylorus and can be ligated and divided

(Mayo).
In gastro-enterostomy—as a palliative in cancerous pyloric stenosis or for the

treatment of gastric ulcer—the intestinal canal (usually that of the jejunum, as

the highest movable portion of the small intestine) is made directly continuous with

the stomach cavity by the establishment of a permanent fistula between the two. The
posterior wall of the stomach is now usually selected because of its nearness to the

jejunum. It may be reached through the transverse mesocolon, the greater omentum
with the transverse colon having been turned upward ; or the gastro-colic omentum
may be torn through or divided.

Gastroplasty (analogous to pyloroplasty) has been done in cases of hour-glass

stomach following cicatricial contraction after gastric ulcer. Occasionally in these

cases the constricting band has been mistaken for a thickened, contracted pylorus.

Adhesions sometimes connect the constrictions with neighboring parts, as with the

right rectus muscle (Elder) or the liver (Childe).

THE SMALL INTESTINE.

The stomach is followed by the long and complicated tube of the small intestine,

divided into the duodenum and \.\\e Jejimo-ileion. According to Treves, the average

length in the male is 6.8 m. (22 ft. 6 in.) and in the female nearly 15 cm. (6 in.)

more. This excess, however, would probably not be confirmed by a larger series.

In the male the extremes were 9.7 m. (31 ft. 10 in.) and 4.7 m. (15 ft. 6 in.), in

the female 8.9 m. (29 ft. 4 in.) and 5.7 m. (18 ft. 10 in.). The outer wall of the

tube is regular, without sharp folds or sacculations, beyond the duodenum. The
103
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circumference is greatest in the duodenum (not always at the same point), beyond
which it gradually decreases, the diameter of the gut at its lower end being nearly

one-third smaller than at the beginning. Since certain structural features are com-
mon to the entire small intestine, it will be convenient to consider these in this place,

further details being given with the descriptions of the special parts.

Fig. 1383.

Transverse colon

Falciform ligament

Stomach

5
(

".reater omentum (cut
-urface)

Coils of jejunum

-_ -Descending colon

Sigmoid flexure

Abdominal organs of formalin subject. Stomach was unusually large, giving an exaggerated impression of its

transverse position.

Structure.—The small intestine, as other parts of the alimentary tube below

the diaphragm, consists of four coats, the mucous, the submucous, the juuscular, and

the serous.

The mucous coat, in addition to the glandular structures, possesses folds and

villi that not only gready increase its surface, but also contribute peculiarities which

aid in differentiating between typical portions taken from various regions. The
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epilhclinm coverinj^^ the free surface consists of a silicic layer of cylindrical cells which

exhibit a striated ciiticiilar border next the intestinal hnnen. This border lacks

stability, and is resolvable into minute prismatic ntils, placed vertically and probably

continuous with the sponj^ioplastic threads within the body of the cell. In many

places, especially over the villi, mucus-producing^ goblet-cells share the free surface

with the ordinary epithelial elements. Between the latter mi^aatory leucocytes are

alwavs to be seen. The stroma or tunica proj)ria (A the muc(jus coat resembles

lymi)hoid tissue, bein^ com|)osed of a connective-tissue reticulum containin^^ numerous

small rountl cells similar to lymphocytes. This stroma fills the spaces between the

glands antl f.Muis the core of the villi ()\er wliich the (i)ilhelium stretches. The deep-

Duct of Brunner's

Muscularis mucosx

brunner s gla

- —-.--.—^^-—^

„

- ^.,.> -_
" Longitudinal muscle

Serous coat — •"

Transverse section of small intestine (lower part of duodenum), showing general arrangement of coats. X 90.

est part of the mucous coat is occupied by a well-marked ynuscularis vmcoscs, in

which an inner circular and an outer longitudinal layer are distinguishable.

The villi are minute projections of the mucous surface, barely visible to the un-

aided eye, the presence of which imparts the characteristic velvety appearance to the

inner surface of the small intestine. Although found throughout the latter, from the

pylorus to the ileo-colic valve, they are most numerous (from 20-40 to the sq. mm.)
in the duodenum and jejunum and less frequent (from 15-30 to the sq. mm.) in the

ileum. In the duodenum they appear immediately beyond the pylorus, but reach

their best development in the second part, where they measure from .2-5 mm. in

height and from .3-1 mm. in breadth ; they arp, therefore, here low and broad. In

the jejunum the villi are conical and somewhat laterally compressed, while in the

ileum their shape is cylindrical, filiform, or wedge-like, their length and breadth

being from .5-1 mm. and from .2-. 4 mm. respectively. The villi are projections of
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the mucous coat alone, and consist of a framework of the lymphoid stroma-tissue,

covered by columnar epithelium, which supjxjrts the absorbent \essel and the blood-
vessels, together with involuntary muscle. The reticular tissue constituting the \illus

is condensed at the periphery, the existence of a definite limiting membrane being
assumed by some (J. Schaffer. Spalteholz, Ebner). Each villus is supplied by from
one to three small arteries, derived from the vessels of the submucosa, which break
up into a capillary net-work lying beneath the peripheral layer of the stroma. The
blood is returned usually by a single vein which, beginning at the summit by the
confluence of capillaries, traverses the central parts of the \illus and becomes trib-

utary to the larger venous stems within the submucous coat.

The absorbent, chyle-vessel, or lacteal, as the lymph-vessel occupying the \illus

is variously termed, lies near the centre of the projection, surrounded by the mus-
cular tissue and the blood-capillaries. While the slender cylindrical \illi contain
only a single lymphatic, from .025-035 mm. in diameter, those of broader form often

contain two, three, or even mor^ such vessels, which may communicate by cross-

channels. Their walls consist of a single layer of endothelial plates. The muscular
tissue within the villus, prolonged from the muscularis mucosae, forms a delicate

layer of slender fibre-cells, longitudinally disposed, which surround the central chyle-

vessel. Contractions of this tissue

shorten the villus and aid in propel-

ling the emulsified contents 'of the

lymphatic.

The presence of numerous oil-

droplets of considerable size within

the epithelial cells, as well as stroma,

of the villi during certain stages of

digestion has caused much specula-

tion as to their mode of entrance.

On histological grounds there is

good reason for assuming that a large

part of the fat* particles seen within

the tissues gains access in a condition

either of solubility, saponification,

or exceedingly fine molecular sub-

division, the accumulations observed

within the tissues being due to sec-

ondary change (PLbner).

Surface view of mucous membrane of jejunum, showing villi The Valvulae COnniVenteS
and orifices of giauds. X 12. (pllcac clrciilarcs ) , within the duo-

denum and the jejuno-ileum, model

the mucous coat and greatly increase its secreting and absorbant surface; they

also retard the passage of the intestinal contents, thereby facilitating the diges-

tive processes. These transverse folds begin in the second part of the duodenum
and consist of duplicatures which involve not only the entire thickness of the

mucosa, but contain a central supporting projection of the submucous coat;

hence, while they may fall on their sides, they cannot, as a rule, be effaced by dis-

tention. The height of the folds, where well developed, rarely much exceeds i cm.,

and towards the lower part of the jejunum is much less. The majority of the valves

do not extend more than two-thirds or three-fourths of the circumference of the

gut ; exceptionally, however, circular and spiral ones describe two or three com-

plete turns. Their ends, usually simple, may be bifurcated. Smaller folds, more or

less effaceable, run obliquely as offshoots from the larger ones. The valves are much
larger on the attached side of the gut than on the free one ; in the latter position

they may be entirely absent in localities in which the folds are feebly developed.

Succeeding the first part of the duodenum, the valvulae conniventes are very numer-

ous and large, and so near together that in falling over any fold would come in con-

tact with the next one. Descending the small intestine, they gradually become
smaller and farther apart, so that the distance between them considerably exceeds

their height. They also become more eftaceable, and finally very much so. In

Gland

Villus
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this respect much variation exists, wliich partially accounts for the differences found

at the lower part of the small intestine, where often the valves are absent, wiiile at

other times they are well marked. Sernoff ' founil in subjects treated with chnjmic

acid injections that the valves were as frecjuent in one jjart of the small intestine

as another, but less re.i,ailarly transverse in the lower. lie ol^served places without

valves, usually at the convexity of folds, in all j) irts of the j,Mit, and re^^irds them as

lariielv depcndc-nt upon the condition of the muscular coat. It is certain, however,

tka tile valves of the upper part of the intestine are independent of this influence ;

those in the lower portion, perhai)s, may be produced in such manner.

Glands.—The structures within the alimentary tube to which the term " j^dands"

has been applied include two entirely different groups, the Imc and ihc/a/sr .^lands.

Fig. 1386.

Stroma of tunica propria rface epitlielium

Submucous coat

Lieberkiihn

f "^* ..^^Circular muscle

Transverse section of small intestine (jejunum), shuuin^ \illi cut lengthwise. X 150.

The former are really secreting organs,—the glands of Lieberkiihn and of Brunner ;

the latter are more or less extensive accumulations of adenoid tissue, and are appro-

priately spoken of as Ivmphatic nodules or follicles.

The glands of Lieberkiihn are simple tubular depressions which are found not

only throughout the entire small intestine, but in the large as well. They are very

closely set, narrow, and extend the thickness of the mucous coat as far as its mus-

cular layer. In length they vary from .3-4 mm. and in diameter from .060-.D80 mm.
The fundus of the glands is slightly expanded and in exceptional cases divided. The
lining of the crypts rests upon a delicate basement membrane, and consists of a single

1 Internat. Monatsschrift f. Anat. u. Physiol., Bd. xi., 1894.
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layer of columnar cells directly continuous with those coverinq- the villi. They differ

from the latter in beint( only about half so hi,i;h (.018 mm.) and in not presentint,^ the
characteristic cuticular border. This last gradually disappears as the cells dip into

Fig. 1387.

^Si^—C.oblet-cell

Capillary

Cuticular border

W-'®;"^'^' '-'"^rof epithelium

^l'^*^.m^''«TST:?^7S^fr^-^^^J^Stroma of

jP/% *^',:- '^ '*.-< J^^^ZV mucosa

Transverse section of siiiijle intestinal villus, showing relation of
epithelium, stroma, and vessels. X 350.

Fig. 13

end of jejunum show liiji vahukc conni-
ventes. Stippled appearance is due to villi

covering folds. Natural size.

the follicles to become the lining of the glands. Under low magnification the sur-

face of the small intestine presents numerous pits, the orifices of the glands, which
almost entirely fill the spaces between the bases of the villi ; with the exception of

Fig. 1389.

Submucous coat Villi

Mucosa

Submucosa

Longitudinal section of duodetmm ; valvulae conniventes cut across, showing relation of these folds to villi. X 15.

the areas immediately over the lymph-nodules, where they are partially pushed aside,

these glands are present in all parts of the intestine. They, however, take no part in

absorption, never containing fatty particles during periods in which such substances
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are seen uiihin ilu- tj)iiluliuiu of the villi. It is worthy of note that even in the adult

mitotic figures are freciuentiy ol)servecl within the cells lining Lieberkijhn's glands,

although such evidences of cell-division are rare among the elements covering the

Fig. 1390.

. ^,;^^ Duel of I'.ruiiricr's K'iinds

^"T'r?^^ Villus Gland of Licberkiihn

Lymph--^,';^^^j^^y^^
node

^' s'-^i^k^l^^^'^^^^h^

Longitudinal
muscle

Serous coat

Longitudinal section of duodenum, showing Brunner's and Lieberkiihn's glands, villi, and lymph-node. X 100.

villi. The lining of these crypts is an active source for the regeneration of the intestinal

epithelium. Migratory leucocytes are also present. Small groups of granular ele-

ments, the cells of Paneth, occur within the crypts, constantly in the ileum and uncer-

tainly in the other parts of the small intestine. Their significance is undetermined.

Fig. 1391.

Pyloric glands

Stomach

Longitudinal section through junction of stomach and duodenum, showing transition of pyloric into duodenal glands;
also thickening of circular muscle to form sphincter pylori. X 23.

The glands of Brunner, also often appropriately termed ih^ duodenal gla?ids,

are limited to the first division of the small intestine. Beginning at the pylorus,

where they are most numerous and e.xtensive, they gradually decrease in number and
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size, being sparingly present beyond the opening of the bile-duct and entirely want-
ing at the lower end of the duodenum. These glands are direct continuations of

the pyloric glands of the stomach, with which they agree in all essential details.

While, however, their gastric representatives are confined to the mucous coat,

Fig. 1392.

Snlitnry f g-^ '̂

nodule TW vl

Fold.

Surface views of mucous membrane from upper {A) and lower (B) part of ileum, showing folds and solitary lymph-
nodules. The velvety appearance is due to.the villi. Natural size.

1393-

Brunner's glands chiefly occupy the submucosa, the migration taking place at the
pyloric ring (Fig. 1391). The duodenum, therefore, possesses a double layer of true
glands,—those of Lieberkiihn within the mucous coat, beneath which, in the submu-
cosa, lie those of Brunner. The individual glands, tubo-alveolar in type, form some-
what flattened spherical or polygonal masses, measuring from .5-1 mm., which con-
sist of richly branched tubules, ending in dilatations. Their excretory ducts pierce
the mucous coat and open either directly on the free surface or into the crypts
of Lieberkiihn. While narrower than that of the alveoli, the epithelium of the
ducts is the same as that found in

the deeper parts of the tubules. Fig.

The clear, low columnar cells lining

the duodenal glands are proba-

bly identical in nature with those

of the pyloric glands, the varia-

tions in size and granularity some-
.times observed depending upon
differences in functional condition.

Brunner's glands correspond to

the pure mucous type (Bensley).

Lymph - Nodules. — The
lymphatic tissue within the intesti-

nal tube occurs in the form of cir-

cumscribed nodules, which may
remain isolated, as the solitary nod-

ules, or be collected into consider-

able masses, as Peyer s patches.

The solitary nodules vary
greatly in number and size, some-
times being present in profusion

almost wanting ; they are usually

middle and lower parts.

Surface view of mucous membrane of ileum. X 10.

in all parts of the small intestine, at other times

scanty in the upper and more numerous in the

They appear as small whitish elevations, spherical or pyri-

form in shape, and from . 2-2 or even 3 mm. in diameter, at the bottom of small pits.
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The walls of the latter, however, are so closely apjjlied to the nodules that the exist-

ence of the pit is not at first evident. Villi are wanting over the prominence of the
nodules ; likewise the glands of Lieberkiihn, the orifices (jf which are arranged as a

wreath annind the nodules. The
iMo. 1394. latter are found as much on one

side of the intestinal tube as on
the other.

In structure the solitary nod-
ules correspond to similar Ivmph-
nodes in other localities, con-

sisting- of a capsule of denser
tissue enclosing the delicate ade-
noid reticulum which supports
the characteristic lymphocytes
within its meshes. Within the

larger nodules germ-centres,

spherical or ellipsoidal in form,

I )ccuijy the middle of the nodules

;

the germ-centres are, however,
not constant, being present, as a

rule, in young subjects, but often

absent in old indi\iduals. A
generous blood-supply is pro-

vided by the rich net-work of

small vessels which surrounds the nodules ; fine capillaries penetrate into their interior,

but usually do not reach the centre of the nodes. Definite lymph-paths ha\e not

been demonstrated within the nodules, although a plexus of lymphatics surrounds
their exterior (Teichmann).

Payer's patches ( noduli lymphatici aggregati) are collections of solitary

lymph-nodules, the individual follicles being blended by intervening adenoid tissue.

They are seen in the lower half of the small intestine, especially near the lower end
(ileum) ; exceptionally they are found in the upper part of the jejunum in the

vicinity of the duodenum. The patches appear as slightly raised, elongated ovals,

Surface view of portion of mucous membr.int of ileum, showing
Peyer's patch and solitary lymph-nodules. Natural size.

Fig. 1395.

Submucous fold supporting mucosa with villi

Transverse section of ileum, showing Peyer's patch cut across. X 10.

always on the side of the intestine opposite to the attachment of the mesentery'.

Their usual number is about thirty, although as few as eighteen and as many as

eighty-one have been counted (Sappey). In length they ordinarily measure from
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Mucous coat

1-4 cm. and in breadth from 6-16 mm. ; exceptionally their len^^th may reach 10 cm.

or more. In j^'^eneral the size of the patches increases as the termination of the ileum

is approached! Each patch contains usually from twenty to thirty lymjih-nodules,

although as many as sixty or less than ten may be {^resent. The individual nodules

are commonly somewhat pear-shaped, and when well developed occujiy both the

mucous and submucous coats, their smaller end almost reaching the epithelium and

their base the muscular timic. The free surface of the patches is modelled by minute

pits, from .4-2 mm. in diameter, and low intervening ridges ; the former mark the

positions of the component nodules, the latter that of the blending internodular

tissue. The villi and the crypts of Lieberkiihn are present over the areas between

the pits, although less developed than beyond the patch. In their minute structure

the lymph-nodes composing the patch closely correspond to the solitary nodules, the

aggregated nodules be-

FiG. 1396. iiiR blended into a con-

^^^_,., tinuous mass by the less

^ dense adenoid tissue
^" which tills the spaces

between the individual

follicles. The entire

patch is defined from
the surrounding struc-

tures by an imperfect

capsule.

The submucous
coat is lax, but not

enough so to allow the

displacement of the val-

vulae conni\entes, ex-

cept at the lower part.

As in other segments
of the intestinal tube,

the submucosa contains

blood- and lymph-ves-

sels of considerable size

and the nerve-plexus of

Meissner.

The muscular
coat, about .4 nun.

thick, consists of an

outer longitudinal and
an inner circular layer.

The latter is some two
or three times as thick as

the former and is pretty

regularlv arranged. The
thin longitudinal layer,

thickest at the free bor-

der, is often imperfect, especially at the attachment of the mesentery. The entire

muscular coat diminishes in thickness from above downward.
The serous coat, with the exception of that of the duodenum, completely sur-

rounds the gut except at the line of attachment of the mesentery, where the two layers

of peritoneum diverge, leaving an uncovered space between them just large enough
for the passage of the vessels and nerves. Its structure resembles that of the serous

coat of the stomach (page 1627), and includes the fibro-elastic stroma covered with

the endothelium.

The blood-vessels supplying the small intestine are distributed to the walls of

the tube in a manner closely agreeing with the arrangement found in the stomach
(page 1627); the same general plan applies also to the large intestine. The arteries^

which pass to the intestine between the peritoneal folds constituting the mesentery,

Muscular
coat

Transverse section of injected small intestine, showing general distribution. X 55-
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after supplying the serous coat, penetrate the muscular tunic to reach the submucosa.

Within the hater branches arise which, in conjuncticjn with those directly j^ivcn off

durinj^ the passa^^e ihrouj^^h the muscular coat, supj)ly the muscular tissue. The more
important antl larLi^er arterial twiijs from the vessels of the submucosa enter the

mucous coat, in which some break up into capillaries f(jrminj^f net-W(jrks surrounding

the gland-tubules and supplying the muscular and stroma tissue ; others pass directly

towards the villi, which they enter and sui)ply by capillary net-works occui)ying the

perijjhery of the projections. The veins of the intestinal walls commence within the

mucosa beneath the epithelium and, gradually enlarging as they descend, become
tributary to the larger veins within the submucosa. The latter follow the arteries in

their passage through the muscular tunic, uniting to form the larger emergent venous

channels which accompany the arterial trunks between the peritoneal folds.

The lymphatics of the small intestine, long known as the laclvals from their

conspicuous milky appearance when filled with emulsified fat during certain stages of

digestion, begin as the absorbent or chyle-vessels within the \illi. In addition to

these, radicles comment wiiiiin the stroma-tissue of the mucosa, in which the lym-

FiG. 1397.

Branch of mesenteric artery

Mesenteric vein

Lyni|)h-nod Nerves

Lymphatics

Cut edge of removed
peritoneum

Portion of small intestine and me~^- • _; arteries, ner\-es. and lymphatics; latter have been injected with
quicksilver. Anleriur layer of mesentery has been removed.

phatics form a ple.xus in the plane of the muscularis mucosae. From the latter tribu-

taries descend to the larger plexus within the submucosa, which is characterized by
channels of irregular form and calibre containing numerous valves. The emergent
lymphatics form larger vessels within the serous coat, which pass to the lymph-
nodes situated between the peritoneal layers ; from these smaller lymphatic masses

efferent vessels converge to the larger mesenteric lymph-nodes at the root of the

mesentery.

The nerves supplying the small intestine, derived from the solar plexus and
consisting of both medullated and non-meduUated fibres from the cerebro-spinal and
sympathetic systems, closely follow the disposition observed in the stomach (page
1 62S j. After piercing the other longitudinal layer they form the intramuscular ^/d'.iv/i

of Aiierbach, consisting of both varieties of fibres and microscopic sympathetic gan-
glia. The nerves continue obliquely through the circular muscular layer and form
within the submucous coat the plexus of A/ei'ssfier. From this plexus non-medullated
fibres enter the mucous coat and are distributed as periglandular and subepithelial

net-works, as well as supplying the muscular tissue, in which, according to Berkley,

additional special end-organs exist. Within the villi a rich plexus of non-medullated
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Pylorus

Casts of duodenum, showing V- and V-forms.

fibres has been demonstrated from which terminal fibrillre are distributed to tlie mus-
cular tissue and vessels, as well as beneath the epithelium.

THE DUODENUM.
The duodenum at an early stage is a loop with a forward convexity passing from

the pylorus back to the spine. It enlarges into nearly a circle and turns onto its

right side, its termination remaining attached below the coeliac axis to the top of the
second lumbar vertebra. The part immediately following the stomach remains free,
but a little farther back it is suspended from the liver by the duodcno-hcpatic ligament,

which is the free border of the lesser

Fig. 1^08. omentum, containing the portal vein,
the hepatic artery, and the bile-duct
with the connective tissue about them.
This structure is strong enough to de-
serve to be called a ligament. The
duodenum is therefore nearly a ring sus-
pended at two points, one near the
beginning and the other (to be de-
scribed later) at the end. In the adult
the shape is more or less a modification
of this imperfect ring. When relaxed
and empty it often nearly retains this

shape. When distended by inflation

or injection it usually shows four parts. The y?ri-/, some 5 cm. (2 in.) long, runs
backward from the pylorus, slightly upward and to the right. The beginning of
this portion is movable ; later the part is fixed by the structures just mentioned.
The other divisions of the duodenum are disposed so as to form a U. The second
part descends along the right of the spine to the fourth lumbar vertebra. The third
runs forward and to the left, with a slight rise. The fourth ascends on the spine to
the upper part of the second lumbar vertebra, where, after a sharp bend,—the
diiodeno-jcjimalflexiire,—it becomes the jejunum.

The next most common form is the V-shaped, of which there are two varieties. In the
more usual one the second part descends, as in the preceding form, and the third and fourth
are represented by one u hich ascends obHquely to the termination. The less frequent variety
has the second part inclining forward and to the left as it descends, so that the V is more sym-
metrical. A modification of the U-form, which we have called the C-shaped, is characterized by
a very short second part, so that the first and third parts are almost in contact. From seventy
observations' on adults (including one girl of fourteen), mostly by means of casts, we find the
following forms :

Male. Female. Sex not noted.

U-shaped 10 3 9
V-shaped 9 9 3
Ring-shaped 2 2

Indeterminate 7 3 1

C-shaped 5
Not to be classified 5 . . 2

38 17 15

By "indeterminate" is understood those that might be placed in any two of the U, V, or C
types, according to the classifier. Those marked "not to be classified" are absolutely irregular.
The V-shape is particularly common in women and the irregular forms in men. It should be
noted that a very large part of the duodenum lies in an essentially antero-posterior plane,

—

namely, the first, second, and a considerable portion of the third part, the organ being moulded
on the spinal column. The length of the whole duodenum and of its parts is so variable that a
statement can be only general. The first part is, according to Testut, 5 cm., the second 8 cm., the
third 6 cm., and the fourth 7 cm., the total length of the duodenum being 26 cm., or about
10 in. The circumference varies greatly in different bodies. The fourth part is the smallest.
The second increases in size as it descends, and the largest point is in either the second or third.
The two largest circumferences that we have measured were in the second part. We are sat-
isfied that the size of some immense duodena is in no way due to artificial distention ; to what
extent it is pathological is uncertain.

* Journal of Anatomy and Physiology, vol. xxxi., 1S97.
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TIk- first part is oiu-n t-j^^-shapcd, iKinouiim al the i-iids. Its main direction

is backward, sliijluly upuaril and to the rii^lu, to reach the first himhar vertel^ra ; l>iit,

as it is movable, its ihriclion is somewhat \ariable. The ^iit rests abo\c ai^ainst the

<Hia(halt' lobe of the li\'er and the neck of the j^all-bladder, behind which it is free,

forming; the lowir border of the foramen of W'inslow. The left side looks int(» the

lesser peritoneal ca\ity, and is crossed near the back by the comincjn bile-dnct. 'I'he

ri^ht side is chiefly against the liver and ii:;ill-l)ladder ; otherwise it is in contact, as

is the lower sidi-, with coils of the small intestine. The lower side, morecjver, rests

on the lu-ad of the pancreas.

1 he second part descends \crticall\', f(»rmini4 an acute an_i(le with the first.

It is bent so sharply that a fold of the entire thickness often projects into the i^ut. It

lies on the rij^ht side of the vertebral bodies beside the vena cava, and behind rests on
the ris^hl suprart-nal capsule and kitlney, beinj^ in c(.)ntact also with the pehis of the

latter, the renal \ein, and the beyimiin^ of the ureter. The precise relations with
the riiL^ht kidney are uncertain, owin^- to the variations both of that or^an and of the

duodenum. It lies on the rig^ht aj^ainst the ascending coh^n and on the left against

the head of the pancreas, which may overlap it in front. The bile-duct runs along the

left side and passes obliquely through the intestinal wall, to empty, in conjunction with

the pancreatic duct, some 10 cm. from the pylorus.

From ob.servations on fifty-four adult duodena (thirty-eiiilit male, si.xteen female) we have
found that in the great majority of duodena of botli sexes the lowest point is opposite the fourth
luinl)ar vertebra or the disk alnne or below it. In al)out one-cjuarter of the cases it is opposite
the thirtl, and only some half dozen times opposite the fiftli, <jf wliich cases some were probably
palliological. The mean of the female duodenum, in wliich se.x the V-shape is most frequent,
is a little lower than that of tlie male, but uot strikintjly so. The angle between the second
and the third parts in the U-form is rather less .sharp than that between the first and the .second.

The third part curls around the spinal column, passing forward to its front and
then to the left with a slight ascent till it reaches the aorta. It crosses the vena
cava and has the pancreas above it, which, with the first and second parts, it tends to

enclose. The head of the pancreas may, however, more or less overlap the third part

as it does the second, and also insinuate itself behind it. In less than one-quarter of

the cases the third part crosses the aorta, its course being more transverse than the

one just described. It may be connected to the aorta by areolar tissue or, especially

if it run only just beyond the aorta, a fold of peritoneum may intervene.

The fourth part usually begins at an obtuse angle with the third, and ascends
on the front of the spine to the top of the second lumbar vertebra. In this course
it overlaps the aorta and usually ends either directly over it or just at its left. In
fifty-four observations the duodenum was on the right of the aorta until just before
its final flexure twenty-si.x times. It was wholly on the right of the aorta six times.

The fourth part lay in front of the aorta ele\'en times and the third part actually-

crossed it eleven times. It is clear from the above that it is exceptional for the duo-
denum to reach the left kidney and ureter, but it may do so when it really crosses
the aorta. The tail of the pancreas is behind it, as is usually a part of the left supra-
renal capsule. The head of the pancreas may be so developed as to oxerlap it, but
this is rare. The mesentery of the small intestine usually rises abo\'e on its front sur-

face and gradually crosses it to the right. It may be very nearly surrounded by
peritoneum, or the posterior surface may be without it. Sometimes, although rarely,

the last part stops short of the second lumbar. In the V-shaped duodenum the third

and fourth parts are in one. This form evidently is wholly to the right of the aorta,

except, perhaps, the very end. It sometimes ascends along the right side of the right

iliac artery, and then on the right or front of the aorta. The duodenum ends in a
sharp turn, the diiodeno-jejiinal flexure. The very top of the gut at the bend is

suspended from the left crus of the diaphragm and from the areolar tissue about the
coeliac axis by the diiodeyial suspe?iso)y muscle of Treitz, a small triangular band of

muscular and fibrous tissue, which reaches the gut where it is uncovered by perito-

neum, and is said to join the layer of longitudinal muscular fibres. This band and
the duodeno-hcpatic Ii2;ainent hold all the duodenum after the A-ery beginning sus-

pended and fixed so that only the beginning is movable. It is further secured by
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the retro-peritoneal connective tissue and by the peritoneal reflections. The shape
allows the food from the stomach as well as the fluid poured into it from the liver

and pancreas to accumulate and thus to act as an S-trap to prevent the passage of

gases from the intestine into the stomach. At the same time the great development

of the plicae tends to retard the passage of the food.

Peritoneal Relations.—The peritoneum of the front and back of the stomach

is continued along the right and left sides of the first part of the duodenum respec-

FiG. 1399.

Right lung

Cut diaphragm

Hepatic vein

Right suprarenal body.

Gastro-hepatic omentum
Protie in foramen oi
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Head of pancrea
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Tail of pancreas
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transverse colon

Jejunum
Superior mesen-

teric artery

Left mesocolon

Cut root of

mesentery

Sigmoid flexure

Abdomen of formalin subject ; peritoneum partially dissected of?, exposing organs in situ on posterior wall ; transverse
colon, mesocolon, mesentery, and jejuno-iieum removed.

tively. These layers meet above along the greater portion of the first part to form

the lesser omentum, which ends posteriorly, as already stated, by forming the hcpatico-

duodenal ligament, consisting of the vessels entering the portal fissure of the liver

with their enveloping connective tissue. The free edge where the peritoneum passes

behind the ligament is on the inner side rather than above the gut. Just back of this
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fold the upper surface of the fust part of thi- duodenum is covered by peritoneum
and forms the tloor of the foramen of Winslow. The attachment of the greater

omentum, w hii li is continued from the greater curvature of the stomach onto the

under sitlc ot tlic tkujclcnum, passes along its inferior surface to the second part,

where in the adult it has fused with the mesentery of the transverse colon. The peri-

toneum of the right side of the first part of the duodenum looks into the general

peritoneal cavity and that of the left sitle into the lesser cavity.

The relations of the remainder of the duodeuum necessarily \ary with the dis-

tention of the intestine ; but it is correct to say that it lies behind the peritoneum,

owing to the change into connective tissue subseciuent to the fusion of the serous

membrane of the right side of the duodenum and that of the posterior abdominal
wall. \'ery often when the fourth part lies in front of the aorta a fold of peritoneum
passes some distance in between them from the left ; but this pocket disappears when
the gut is distended. The pancreas, when it overlaps the second, third, or even the

fourth part, more or less displaces the peritoneum. The duodenum is crossed by
the attachment of the mesentery of the jejuno-ileum and by that of the transverse

mesocolon. The series of changes by which this has occurred is dealt with under

Fig. 1400.

Transverse mesocolon
Jejunum Duodenum

Superior
duoileiial fossa

,i_Branch of left

colic artery

Inferior duodenal
fossa

Descending colon

Mesentery of small
intestine

Duodeno-jejunal junction, showing duodenal fossae
;
jejunum turned to the right.

Peritoneum (page 1742), the adult condition alone being here considered. The line

of attachment of the transverse mesocolon crosses the second part of the duodenum
a little below the deep flexure which on the front separates it from the first. The
position of the line of attachment of the mesentery of the jejuno-ileum varies with

the shape and position of the duodenum. Should the latter have, its third part

crossing the aorta, the attachment of the mesentery will cross the third part only,

passing somewhat obliquely downward to the right. In the more usual arrangement,
in which the fourth part of the duodenum either ends on the front of the aorta or

crosses it only just before its termination, the line of attachment starts on the front

of the fourth part or somewhat on the right of it 'and descends on more or less,

sometimes on the whole length of this portion, or else lies just to the right of it and
then crosses the third part. In the case of the \^-shaped duodenum the mesentery
runs down on or along the right of the oblique portion.

Duodeno-jejunal Fossae.—Several pockets formed by folds of peritoneum
are found near the end of the duodenum in the greater cavity of the peritoneum.

Some are vascular,—that is, containing a vessel at or near the edge of the fold,—while

others are not. We have adopted the classification of Jonnesco, who describes five

forms.



1648 HUMAN ANATOMY.

T\i^ inferior duodenalfossa (Fig. 1400) is the most common form, occurring-,

according to Jonnesco, in 75 per cent. , and to Treves in 40 per cent. It is non-
vascular, formed by a fold of peritoneum passing from the left of the fourth part of

the duodenum to the posterior wall, with a free concave edge looking upward. The
pocket extends down behind this fold for a variable distance. It may reach the
fourth lumbar vertebra.

The superior duodenal fossa occurs in 50 per cent. This corresponds to the
preceding, only it runs upward behind a fold, with a concave free edge looking
downward, passing frorh the duodeno-jejunal flexure to the posterior wall on the
left. The pocket is less deep than the preceding. It is usually vascular, the in-

ferior mesenteric vein running in the fold, sometimes near its edge. These two
fossse frequently coexist, and the left ends of the folds may be continuous, so as to

form a large C-shaped fold, open to the right, with a pocket under both the upper
and the lower limbs. In this case the vein may be in the vertical part of the fold.

An arterial arch, formed either by the ascending branch of the left colic artery or
by the left branch of the middle colic, is often very close to the vein. Such a

pouch may extend deeply under the fourth part of the duodenum.
The mesocolic fossa,^ found in 20 per cent., and always alone, is a little pocket

on the top of the duodeno-jejunal flexure under a fold from the posterior layer of the

transverse mesocolon. When this membrane is reflected so as to show it, the fossa

appears to run upward. The in-

FlG. 1401. ferior mesenteric vein may be in

the fold.

The paraduodeyial fossa is in

the peritoneum of the posterior

abdominal wall, less intimately

connected with the gut than the
others. It is a pocket formed by
the superior branch of the left colic

artery raising a fold of the perito-

neum. The mouth of the pouch
is to the right. It is not uncom-
mon in the infant, rare in the adult.

The retroduode7ialfossa is an
uncommon pouch under the third

and fourth parts of the duodenum,
extending upward with the mouth
below.

Interiorof the Duodenum.
—The mucous coat is smooth in

the first part and overlies the

glands of Brunner (page 1639),

which lie chiefly within the submucosa and form a continuous layer for some 4 or

5 cm. ; beyond they are scattered for some distance farther. The villi are small at

the beginning, but soon attain their complete size. The valvulae conniventes are at

first absent for about 4.5 cm., appearing at the end of the first part, and are almost

at once large, near together, and non-effaceable. A very large one is formed by the

folding in of the wall at the junction of the first and second parts ; beyond this the

valves at once reach their greatest development. In the second part the bile-papilla

is seen in the hack part of the left or inner wall, from 8.5-10 cm. (about 3>2-4 in.)

beyond the pylorus, or rather below the middle, through which the common bile-duct

and the duct of the pancreas pass to open by a common orifice. The papilla is almost

always overhung by a valvular fold (Fig. 1401 ), and when non-distended is only some

5 mm. long. The accessory duct of the pancreas often opens 2 or 3 cm. above

the main one through a much smaller and inconstant papilla. The submucous coat

holds the mucous membrane pretty firmly in place, so that the folds are permanent.

•Jonnesco calls this ?i\?,o \hQ fossette duodeno-jejunale ; but, although following him other-

wise, we have retained duodenal as the generic name.

Surface view of mucous membrane of duodenum ; entrance of

bile and pancreatic ducts shown by probe, which lies in bile-duct.

Papilla is surrounded by hood-like fold. Natural size.
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Blood-Vessels.— Arteries.—TIk' duoclcnuni, like the stomach, is attached to

that part of the orij^inai inesentery throiij^h which the branches of the cceliac axis

nm. riu' stomach is siii)plie(l chielly l)y the gastric and the splenic arteries, the

duodenum hv thi" hepatic with the help of a recurrent branch from the superior

mesenteric. Thi- hepatic artery j^ives off the pyh^ric, whicli scuds some insij^nil'icant

twi^s to the be^nuiiui; of the chiodenum, and the j^astro-duodenal,

wliich runs on the left of the lirsl pari and sends off tlie superior ^lo. 1402.

pancrealict)-duodenal, which passes downward and to the l(;ft in the

concavity of tiie duotlenum between it and the pancreas, lying

rather on the front of the duodenum, of which it is the chief artery.

The superior is met by the inferior pancreatico-duodenal artery,

whicli arises from the right side of the superior mesenteric and

descends along the riglit of the fourth part of the duodenum. The
superior mesenteric distributes one or two small twigs to the very

end of the chiotlenum.

Veins.—The pyloric xein, — larger than the artery of the same Atmonnai f.,rm

name,—in coniunction witli the sui:)erior i)ancreatico-duodcnal, a'ui course of duo-
, . ,

' fill T-i • (lenum. {.Schwffer
drams the greater jxirt of the duodenum. 1 hey may oj)en m com- decker.)

mon or separately into the portal vein, and are in direct connection

with the inferior pancreatico-duodenal, which opens into the superior mesenteric

vein.

Tiie lymphatics pass to the pre-aortic lymj)h-nodes.

The nerves of the duodenum, as are those supplying other parts of the small

intestine, are from the solar plexus.

Variations.—As already shown (page 1644), much variation exists in the shape of the
duodenum ; moreover, very extraordinary duodena sometimes occur. It is probable that these
are generally due to an over-long duodenum, which, after having completed the usual course,
describes one or more additional curves before reaching the duodeno-jejunal flexure. We
have seen a case in which the end of the V almost touched the pylorus and then, mounting still

higher, described a loop to the left behind the peritoneum. This occurred in a man with the
sigmoid flexure and rectum on the right. These cases usually are associated with other errors

of intestinal or peritoneal development. In the remarkable case of Schiefferdecker^ (Fig- 1402

j

there was a mesenterium commune.

THE JEJUNO-ILEUM.

The jejuno-ileum includes the remainder of the small intestine, which, disposed
in folds attached on one side to the mesentery, extends from the duodeno-jejunal fold

to the ciecum, its length being, therefore, approximately 6.75 m. (nearly 22 ft.), of

which the first two-fifths are conventionally credited to the jejunum and the remain-

ing three-fifths to the ileum. It is a cylindrical tube continually decreasing in size.

The diameters are variously stated, Testut giving the mean diameter of the upper
part as from 25-30 mm. and that of the lower as from 20-25 mm- These latter figures

our own measurements confirm, since on thirty-seven inflated specimens of the lower
end the average diameter was 24 mm., the extremes being 17 and 37 mm. Chaput
and Lenoble' assert that the inferior circumference is reduced internally to 32 mm.
(on inflated specimens to 50 mm.) by a valve near the caecum. This valve, which
we have found in about one-third of the cases, is remarkable in being always situ-

ated on the posterior aspect of the gut, generally at a sharp bend ; it often contains

a small artery, and is probably formed by the folding in of the muscular coat. Its

position is frequently near the point at which the ileum begins to lie against the
wall of the caecum, but it may be 2.5 cm. or more higher. The valve is sometimes
double, and varies in height from 2 mm. to i cm. We have not found, however,
that this fold is necessarily the narrowest point of this part of the gut. A piece of

the intestine from the upper part of the jejunum weighs more than one of equal area

from the lower part of the ileum, owing to the greater thickness of the walls of the
former and to the greater development of the valves in that part. The structure

of this part of the small intestine has already been described (page 1634).

' Arch, fiir Anat. und Entwicklng., 1887.
' Bull. Soc. Anat. de Paris, 1894.
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The Mesentery and Topography of the Jejuno-Ileum.—Since consid-

eration of the mesentery is indispensable ft)r the study of the disposition of the folds

and relations of the small intestine, this structure next claims attention. The serous
covering of the t,fut itself requires no further description than to note that it com-
pletely surrounds the bowel, except at the double line of its attachment, where there

is left space just large enough for the passage of the vessels and ner\es. The attached
border of the mesentery (Fig. 1399) extends from the left of the front of the first

Fig. 1403.

Left lung

Diaphragm (cut)

Hepatic vein

Behind Spigelian
lobe

Right
suprarenal body
Probe in foramen

of Winslow

Right kidney

Beginning.
of duodenum

Left end of.

transverse colon f

Duodenum

OEsophagus

Spleen
Lift suprarenal body

Jejunum

Ascending colon

Ileum.

Left end of colon

Duodeno-jejunal
flexure

iioid flexure

Formalin subject; liver, stomach, transverse mesocolon, and colon have been removed, leaving other abdominal
organs in situ ; attachment of cut peritoneum indicated by white line.

or second lumbar vertebra, immediately below the end of the duodenum, where the

superior mesenteric artery enters it, to the right sacro- iliac joint, a distance of about

15 cm. (6 in.). The relations of the upper part of the fold are determined by the

shape and position of the duodenum. Probably the usual course of the mesenteric

attachment is from the front of the aorta downward on the fourth part of the duo-
denum, across the vena cava to the right sacro-iliac joint. With a V-shaped duo-
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clciuini the line of the mesentery is usually on the ri^ht of the j^ut ; with a duodenum
that crosses the aorta the line is across the third part. The Icnver end of the mesen-
tery is determined by the degree of adhesion of the right mesocolon to the abdomi-
nal wall. It rarely stops short of the sacroiliac joint, but it mav be continued
farther into the right iliac fossa.

The frrc or intestinal bonier (jf the mesentery is some 6 m. or about 20 ft. long.

In the middle the distance between the borders is from 2CJ-22.5 cm. ( .S-9 in.;.

Near its origin, in the first six inches of the intestine, the mesentery has reached a
breadth of from 12-15 ^'"-

(
5-^^ i'l- )• At the lower end its breadth is more uncer-

tain, being usually slight, only from 2.5-5 cm. for the last six inches. It increases

with age, presumably concurrently with the increase of girth. The mesentery con-
tains vessels and nerves as well as lymphatic nodes between its folds; these struc-

tvires may lie in a considerable mass of fat, adding to the thickness, which is much
greater, on account of the size and number of the vessels, in the u[)per part than in

tile lower. The larger lymph-nodes
and the fat accumulate chiefly near the

spinal border, where the mesentery
may be very thick and heavy, while

the part near the intestine, except in

the case of excessive fatty accumula-

tion, is always thin and yielding. It

is evident that the mesentery with an

attached border of only 15 cm. ( 6 in.

)

and a free one of 6 m. (20 ft. ) must be

very much folded ; and further, that

while the intestinal border must pre-

sent a \ast number of totally irregular

and transitory folds, changing with

the movements of the gut, the heavier

and more fi.xed part of the mesentery

near the root must present certain chief

folds the position of which is tolerably

stable.

Henke ' has shown that if the hand
be introduced among the coils of intes-

tines in the line of the left psoas muscle
and carried upward, it enters the con-

cavity of a horseshoe-shaped fold of the

mesentery, and that the intestines easily

fall apart to either side. The coils on
the left are in the main transverse and
those to the right chieflv vertical. This
plan, although sometimes obscure, is often beautifully clear, especially in infants.

Weinberg,' from studies on the new-born infant, has carried the plan into further

details. He finds that the upper two-fifths of the intestine are arranged in trans-

verse folds in the upper left part of the abdomen ; the middle fifth lies in the left

iliac region without definite arrangement ; the last two-fifths are in the median
part and in the right iliac region, disposed in the main vertically. Still, cases
occur at all ages in which the plan is obscure. Mall ' has traced the plan of the
intestines throughout development, and incidentally confirms Weinberg's state-

ments. The following account of the normal arrangement in the adult is essentially

according to his researches. The gut is to be conceived as arranged in spiral coils

travelling from the left hypochondriac region to the right iliac fossa, successive coils

being in the main parallel. Starting from the duodenum, there are two transverse

folds in the left hypochondrium, followed by a long fold that goes across the body
and back. Some less distinctly transverse folds occupy the left iliac fossa. The

' Arch, fiir Anat. und Entwicklng., 1891.
' Internal. Monatsschrift fiir Anat. und Phys.. Bd. .xiii., 1896.

'Arch, fiir Anat. und Entwicklng., 1897. Supplement Bd.

Typical disposition of folds of mesentery shown aftei
removal of jejuiio-ileum. i, end of duodenum ; 2, 3, 4. jeju-
num

; 5, ileum ; 6, termination of ileum into large intestine.
(Ma//.)
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remainder is disposed vertically, occupying the lower part of the umbilical region
and the pelvis, and extending on the right as far as the large intestine will allow.
The vertical arrangement of this portion is generally less striking than the trans-
verse disposition of the preceding. The end of the ileum rises from the pelvis into
the right iliac fossa. There are, of course, frequent deviations from the above i)lan
of arrangement of the folds. It is easy to see that the appearance at the surface of
some that are usually deep would obscure the plan. It is worth noting that adjacent
folds sliould nex'cr be assumed to be continuous.

Blood-Vessels.—The arteries of the jejuno-ileum are branches of the
superior mesenteric, which enters the mesentery below the pancreas. The vessels
for the gut are straight ones arising from the arterial arches. In the upper part
they are from 4-5 cm. long, 3 cm. in the middle, and very small at the end of the
ileum. They run without anastomoses to the edge of the gut, where they break up
into bunches of slightly diverging branches. All of these usually go to one side of

the gut, each alternate vessel taking a different side, although sometimes a vessel
may send branches to both sides. Anastomoses in the walls of the gut between
the branches of neighboring arteries are not numerous, and occur only between
very fine vessels, except opposite the mesentery, where vessels of the different sides
meet. The distribution of the veins is essentially the same.

The lymphatics, large and numerous, empty into the mesenteric nodes,
which they connect. These lymph-nodes vary in number from one to two hundred,
the largest lying near the root of the mesentery, from which position they grow
smaller as they approach the free edge. There are no nodes, however, between the gut
and the last vascular arch, unless, perhaps, near the very end of the small intestine.

The nerves of the entire small intestine are from the solar plexus. They
receive many cerebro-spinal fibres through the splanchnics.

Meckel's Diverticulum.—This is a protrusion from the ileum, shaped like

the finger of a glove, and found in some 2 per cent. It is the remnant of the vitel-

line duct, which at an early stage connects the gut with the yolk-sac. It springs
most frequently from the free border of the bowel, sometimes, however, from the
side, and, as a rule, but not invariably, is composed of all the intestinal coats. Its

usual position is within i m. (on an average, 82 cm.) of the caecum. The diameter
of the diverticulum is usually that of the gut, but it may be less and associated with
a conical form. The length varies from 2.5 cm. or less to 17.5 cm. (7 in. ), although
ordinarily between 2.5 and 7.5 cm. (i and 3 in.). As a rule, its end is free, but
often a delicate band extends from its apex to the umbilicus or to some of the contents
of the abdomen, generally the mesentery. 1 The occasional diverticula, found especially
in the duodenum, are probably pathological and do not include the muscular coat.

PRACTICAL CONSIDERATIONS : THE SMALL INTESTINE.

I. The Peritoneal Coat.—This is complete below the duodenum except at the

mesenteric aspect, where the two layers of peritoneum diverge for about 8 mm. (yj, in. ).

The jejuno-ileum is therefore practically an intraperitoneal, and not merely an intra-ab-

dominal, viscus, although, of course, really outside the peritoneal sac. Infiammation
of this portion of the general peritoneum is more a])t to be acute, to spread rapidly,

and to be attended by serious or fatal results than is that of any other portion. Such
infection is frequent on account of the great length of the small intestine, its exposure
to trauma, the thinness of its muscular walls, the variety and number of the lesions

of its mucosa, its close relation to all the intra-abdominal viscera, and its consequent
participation in their injuries and diseases. Direct transmission of infection from
within outward is favored by the relatively intimate relation between the peritoneal

and muscular coats, the subserous areolar tissue being much scantier and containing

much less fat than that intervening between the parietal peritoneum and the fasciae

and muscles of the abdominal wall. The extent and fatality of peritoneal inflam-

mation result from the facility with which it spreads by both continuity and contiguity,

and from the fact that, ccrteris paribus, its toxic products are proj)ortionate in amount
to the area involved. The association of the spinal and sympathetic nerves in the

^ Lamb : American Journal of the Medical Sciences, 1893.
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intramuscular pUxus of Aiurbach and the sul)nuicoiis/)/r.r«J of Mcissuer, and their

conntclion with the lower seven intercostal nerves distributed to the skin and muscles

of the abdomen, explain {a) the abdominal ri]L,ddity and tenderness which often pre-

cede an extension of disease from the visceral to the parietal peritonc-um
; {b) the

pari'sis or paralysis of the intestines which is so common as a symptom of peritonitis,

and which favors stasis of inti-slinal conti-nts, putrefaction, and distention
;
{c) the

vasomotor disturbance which is an important, if not the chief, factor in the production

of meteorism ;
{d) the vomitinj;, lirst retlex and then from irregular muscular con-

traction (reversed peristalsis) ; and (<) the reference of the early pains, no matter

what the seat of the ])eritonitis, to the epij^astrium or umbilicus,

—

i.e., to the solar

and superior mesenteric plexuses.

The usual cause of peritonitis of the small intestine, by infection from within, is

j)enelration of its walls by the colon bacillus, following,'- epithelial necrosis or ulceration

due to catarrh or to various forms of infection, or secondary to diseases which pro-

duce enmorui^ement of the terminal vessels of the portal system. It is sometimes, in a

less acute form, a final jjhenomenon in fatal cases of renal or cardiac disease. It may
follow tuberculosis or typhoid ulceration of the solitary or agminated lymph-nodules.

In all cases of enterorrhaphy—as after resection or anastomosis—especial atten-

tion should be paid to the non-peritoneal area included between the two mesenteric

layers. The success of these operations depends primarily upon the rapid union of

apposed peritoneal surfaces ; hence the serous coat, includinjj;- the two layers of the

mesentery, should be brout^ht together throui^-h the complete circumference of the

bowel and accurately sutured.

2. The Muscular Coat.—Irregular or spasmodic contraction of the muscular wall

of the small intestine produces typical "colic," the pain being analogous to that felt

in a "cramp" of one of the voluntary muscles. Intestinal colic is not a.ssociated

with tenderness of the surface of the abdomen, or with rigidity of the abdominal

muscles, and is usually relieved by firm pressure,—supporting and controlling the

affected segment of gut. The abdominal wall may be moved freely over the under-

lying viscera. It may thus be distinguished from the early pain of peritonitis.

The greater thickness of the inner—circular—coat causes longitudinal wounds to

gape more than transverse ones. The latter are more apt to gape if they are at the

free border of the gut, where the longitudinal fibres are most numerous. As the

muscular coat in its entirety lessens in. thickness from above downw-ard, wounds of

the jejunum gape more than those of the ileum. Intestinal punctures usually, and

very small wounds not infrequently, are closed by muscular action, so that healing

takes place without extravasation of intestinal contents. Slightly larger wounds
may be stopped by a plug of mucous membrane. This is favored in the upper

portion of the tube by the presence of the valvulre conniventes and in the lower part

by the laxity of the submucosa. This eversion of the mucous membrane, caused by

muscular contraction, must always be overcome in the suture of intestinal w'ounds,

since the mucous surfaces will not unite with each other.

3. The mucous and submucous coats and their contained glandular and vascu-

lar structures are subject to many varieties of disease. If catarrhal inflainiyiation

affects the mucosa of the small intestine, it is apt, if localized in the duodenum, to

be associated with gastritis and to extend into the bile-ducts, causing jaundice. If

in the jejuno-ileum, it may be mistaken for colitis ; usually, if in the small intestine,

the diarrhoea is less marked, the colicky pains are greater, borborygmi are fewer,

less mucus is found in the stools, and tenesmus is absent. Neither duodenitis, jeju-

nitis, nor ileitis can, however, positively be diagnosticated from one another or from

general intestinal catarrh (Osier).

Ulcers of the duodenum are in the vast majority of cases (242 out of 262, Col-

lin, quoted by Weir) situated within 5 cm. (2 in.) of the pylorus (the most movable

portion of the duodenum) and are most often on the anterior w-all, especially its

right side. The peritoneum of the right side of the first part of the duodenum looks

into the general peritoneal cavity, and of the left side into the lesser cavity (page

1647). When perforation follows, the general peritoneal cavity is therefore likely to

be infected, and the death of one-half of the subjects of perforating duodenal ulcer

from general peritonitis is thus accounted for. The second part of the duodenum is



1654 HUMAN AXAIOMV.

in close relation on the lower part of the ri_i,du aspect with the liver and j,^all -bladder
on the upper part of the left aspect with the head of the pancreas and foramen of

W'iiislow, and posteriorly is partly uncovered by peritoneum and rests on areolar
tissue and the common bile-duct.

The general relations of the duodenum (pa<^e 1645) explain the remaining
lesions following duodenal ulcer,

—

e.g:, perforations into the gall-bladder, liver, or
colon ; opening of the hepatic artery or the aorta, or of the superior mesenteric or
portal vein ; or the development of subphrenic abscess.

As compared with the symptoms of gastric ulcer, pa/fi is apt to be less on
account of the relative immobility of the duodenum

; vomiting after feeding is

later : hemorrhage is often greater on account of the larger vessels that may be
in\olved : bloody sloo/s are more common, as is Jaundice from the inxolvement of

the bile-duct.

In e.xposure of this part of the duodenum it is well to remember the suggestions
of Pagenstecher (quoted by Weirj,—viz., that the fundus of the gall-bladder when
distended lies in front of the duodenum

; that by raising and drawing forward the
transverse colon, which lies in front of and below the horizontal portion of the duo-
denum, the first portion is revealed ; and that by pushing the stomach and pylorus
to the left and elevating the liver, access to the region of perforation mav be gained.
In emaciated patients with contracted stomachs the duodenum may be found lying
abo\e the level of the transverse colon.

Infcctio7i through the mucous coat has already been spoken of. If of the tuber-
culous \ariety, it aftects chiefly the lower part of the ileum, and tends, as is charac-
teristic of that disease, to follow the course of the vessels which run from their

entrance at the mesenteric attachment transversely around the gut. If such ulcers

cicatrize, they are therefore especially prone to lead to stricture of the intestine, a very
rare sequel of typhoid ulceration, which, affecting the same portion of the small
intestine, extends in the line of the agminated lymph-nodules,

—

i.e., longitudinally.

The tuberculous ulcer sometimes produces a slow-general peritonitis, rarely a local-

ized abscess, much more rarely an acute perforation with general septic peritonitis,

as the process is so slow that protective adhesions to neighboring coils of gut or to

the parietal peritoneum have time to form.

Typhoid ulcers cause perforation in 6.58 per cent. (Titz ; of all cases. The large
majority of perforations occur in the ileum, most of them within 60 cm. (2 ft.) of

the ileo-c^ecal junction. In operation this should therefore be sought for and the
ileum followed upward from that point. The ulceration may so thin the intestinal

wall as to permit of leakage and the production of general peritonitis without actual

perforation ; or it may be accompanied by such an extensive exudate as to make the
ileum palpable, a condition which, in conjunction with localized tenderness and
abdominal rigidity (vide supra), has led to many mistaken diagnoses of appendicitis

in cases of typhoid fever.

Syphilitic ulccratioti of the small intestine is rare, but is said to be most frequent
in the upper portions f Rieder ).

The lymphatics of the mucous and submucous coats empty into the mesenteric
lymph-nodules (page 1643) "^^^ convey to them various forms of infection or disease,

—typhoid, carcinomatous, tuberculous, etc.

The veins emptying into the vena porta through the superior mesenteric are
likewise channels of infection, ulceration of the bowel sometimes resulting in abscess
of the liver.

Contusion and rupture of the small intestine are favored by its exposure to
trauma through its close apposition to the abdominal wall, which, if relaxed,

ofters but little protection. The interposition of the greater omentum with its con-
tained fat is a slight safeguard, but the movement of the coils of gut upon one
another and their elasticity are of much more value.

Contusion here, as elsewhere, may be followed later by infection and ulceration.

Traumatic rupture is much more frequent in the jejunum and ileum than in any
other portions of the alimentary canal (of 219 cases, 79 per cent, were in the small
intestine, 11. 5 per cent, in the colon, and 9.5 per cent, in the stomach, Petry).
The duodenum suffers very infrequently on account of its sheltered position ; other-
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wise its lowLT portion—the most lixed ])art of tlie intchtinc uoulcl prcjbably be more
often injured. The up|)er portion of the jejunum, which partakes somewhat of this

fixity, is more commonly ruptured than any otlier part. So, too, the most f'i.\ed

part of the ileum—that nearest the ileo-citcal juncti(jn—is most often the site of rup-

ture. An incarcerated or irreducible Iiernia may constitute a fixed ])oint of the gut
and favor its rupture elsewhere from trauma to the surface of the abdomen.

Rujitures of tlie intestine, like wounds or obstruction, are more sericjus the

higher they are situatc-d. The nervous disturbance and shock are greater, possibly

on account of the more immediate relation of the lesion and of the resulting patho-

logical changes to the great nerve-plexuses or to the j)cricardial portion of the dia-

phragm (Crile) ; vomiting begins earlier and is more severe for the same reason
;

peristalsis is more vigorous (as the muscular coat of the gut is better developed)
and therefore rapid extravasation of intestinal contents is more likely and spontane-

ous closure of a wound less likely to f)ccur ; and, if the condition is at all chronic,

nutrition is interfered with to a greater extent. Clinical experience shows that in

such injuries the anatomical are more potent than tin- purely bacteriological factors,

which would tend to make jejunal wounds less dangerous than those lower in the

tract. Investigation has shown ( Cush-

FiG. 1405.

Entering layer

Returning
layer

ing and Livingood, and later Lorrain

Smith and Tennant) that the bacterial

flora in the upper portion of the intestinal

tact is more scanty than in the lower

portion ; and it is true that peritonitis

following intestinal wounds, operati\"e or

accidental, is dependent for its charac-

teristics upon the bacteria at the site of

lesion, and that the prognosis should be
favorable in proportion to the scarcity

and innocuousness of the micro-organ-
isms present. But the anatomical con-

ditions, by adding to shock, favoring

intestinal extravasation, and minimizing
the chance of a reparative peritonitis, are

more than sufficient to counterbalance

the relati\'e dearth of bacteria.

It should be remembered that the

position of the wound or contusion on the

surface of the abdomen is of but slight

value in determining the area of gut in-

volved. Thus, a jejunal fistula following

a wound was situated midwa\' between
the umbilicus and pubes, but measurements made by attaching ligature silk to portions

of food swallowed and extruded at the fistula showed that the latter was but 119 cm.

(3 ft. 1 1 in. ) from the incisor teeth, and was therefore high in the jejunum ( Cushing. )

It may be noted that fistulce ao situated are apt to be complicated by excessive

dermatitis, supposed to be due to the presence of pancreatic juice in the discharge,

as gastric, biliary, and colonic fistulae do not give rise to this trouble in any such

degree of severity.

Obstruction of the small intestine may be due to {a) foreip;n bodies (including

intestinal concretions and gall-stones that have ulcerated into the duodenum), and

is then most apt to occur at the ileo-crecai junction on account of the narrowing of

the canal at that point; {b) bands, producing constriction of a coil or knuckle

of gut, such bands arising from the elongation of adhesions due to previous perito-

nitis, from inflammatory attachment of the free end of Meckel's di\'erticulum (page

1652), of adventitious diverticula (from protrusion of the mucous membrane through

the muscular coat), or of the appendix. Either the Fallopian tubes, the appendices

epiploicae, the omentum, or the mesentery may in like manner becorne converted

into constricting bands
;
(f) stricture, as from tuberculous ulcer in the ileum or

syphilitic ulcer in the jejunum ; (^) volvulus, especially in the lower part of the

Intussuscipien

Longitudinal section of intussuscepled gut, showing
layers.
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ileum when its mesentery has been elongated by prolonged stretching, as in the
presence of an old hernia (Maylard); (<?) internal herniiz, as into the duodeno-
jejunal, pericaecal, or intersigmoid fossae, or through the foramen of Winslow, or
through an aperture in the omentum (page 1758;, which may be traumatic or may
be one of the rounded openings due to congenital atrophy of a comparatively avas-
cular area of the mesentery of the terminal portion of the ileum and embraced
within the ileo-coHc artery and the lowest vasce intestini tenuis

; {/) hernice through
the usual hernial apertures or regions of the parietes (page 1762); {g) mtussuscep-
tion, one form of which is due to irregular contraction of the circular fibres of the

muscular coat,- so that as the peristaltic wave passes downward a segment of gut,

made smaller by this contraction, is forced into the portion immediately beneath it,

which is of larger calibre as a result of ha\'ing failed to contract at the proper time
;

{Ji) pressurefrom without, as from tumors, which, as they must meet with counter-

resistance and relative fixity of the gut to produce constriction, most often affect the
duodenal (as in cancer of the pancreas;, upper jejunal, or ileo-caecal segments;

(/j peritonitis, the relation of which to intestinal obstruction will be subsequently
explained (page 1756); (^j) tumors of the intestines themselves, not very frequent in

the small intestine, but most often found at its two extremities.

T\\Q positiofi of the different portions of the small intestine varies greatly. The
lower end of the duodenum, the upper end of the jejunum, and the lower end of

the ileum are the most fixed points. A description of the normal arrangement of

the coils of the jejuno-ileum has been given (page 1651).

Of the duodenum only the first portion has been found involved in internal

hernice. The more or less vertical coils of the jejunum, and especially those of the
terminal portion of the ileum which occupy the pelvis when the bladder, rectum,
and sigmoid are not distended, are those most likely, ior a priori reasons, to be
found in inguinal or femoral enteroceles, but clinical evidence in support of this is

not conclusive. In umbilical hernia the jejunum is apt to be involved, and the
gravity of this form of hernia, when strangulated, is supposed to be partly due
to this fact as well as to the effect upon the circulation of the constricted coil

produced by the sharp edge of the cicatricial tissue which surrounds the opening
and aggravated by^ the downward pull, through gravity, of the remainder of the
intestines.

When the stomach is full the intestines are depressed ; when it is empty they
rise, so that in the left hypochondriac region they may be in contact with the dia-

phragm. If the colon is distended, the small intestine can occupy but little of the
lumbar, epigastric, or hypochondriac regions. Conversely, if the small intestine is

distended, it may so fill the pelvis and compress the rectum as to prevent the
passage of a tube or bougie into the sigmoid, and thus give rise to a mistaken diag-
nosis of obstruction at that point. If the spleen is enlarged, they are carried down-
ward and to the right

; if the liver, downward and to the left ; if the bladder or
uterus, upward.

In ascites they are above the fluid,

—

i.e., in the umbilical region in the supine
and the epigastric region in the erect position.

Normally the coils of the small intestine are xrlosely applied to one another, and
this condition, by permitting of rapid adhesion, and thus of isolation of an infected
focus, has saved thousands of lives, especially in cases of appendicitis and pyosal-
pinx, and less frequendy in cholecystitis and other forms of intra-abdominal infection.

Operations.—The principles which should govern in opening the small intestine,

in avoiding or controlling hemorrhage, and in suturing wounds accidental or opera-
tive have been sufficiently explained (page 1653).

The recognition of the duodenum is not difificult. It occupies portions of the
right hypochondriac, right lumbar, and umbilical regions. The spine of the second
lumbar vertebra is just above it. The hepatic flexure of the colon is anterior to it

at a point just below the ninth rib on the right side. The mesentery commences at
the duodeno-jejunal junction. A notch which can be felt in the peritoneum serves
as a guide to this particular part (Maylard).

Duodejiotomy may be required, either as an aid or as the main avenue of ap-
proach, in cases of impacted calculus in the common bile-duct (page 1732). It is
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rarely neeclcd for the removal of forcij^n bcjtiics, as those small enough to pass the

pylorus effect, as a rule, only temporary lodgment in the duodenum and usually

reach the ileo-cacal region.

The jejunum may be distinguished from the ileum by its greater width and
thickness, its deeper color, and by the presence of the many large folds of the val-

vuhe conniventes which can be seen in the collapsed and tense gut by transmitted

light. By drawing a loop of intestine <jut of the abd(jmen so that, with the lofjp

parallel with the long a.xis of the body, its mesentery is stretched and straightened,

it is' easy to determine which is the upper end of the loop, and so to folhnv the gut

either towards the duodenum or the ciecum, as may be desired. The finger should

be passed down to the spine, keeping in close contact with the mesentery ; if it

remains on one side until the posterior attachment is rcacherl, it is evident that

there is no twist of the loop and that its u{)per portion is normally the portion

nearest the stomach. As loop after loop is examined, if the intestine leads in an

upward direction the color becomes paler, and the walls become thicker owing to the

valvuhe conniventes and to the increase in the submucous and muscular coats.

Other methods of locating with accuracy a given coil of bowel are (
i ) by means

of the length of the vasa recta (3-5 cm. in the upper and i cm. or less in the lower

portion)
; (2) by the vascular loops from which the vasa recta originate, which are

primary in the first four feet of the mesentery. Secondary loops appear as we go
farther down, until in the lower third there is a net-work of loops

; (3) by the loops

or "lunettes" at the intestinal attachment of the mesentery, best visible by trans-

mitted light. Below the first eight feet these lunettes disappear (Monks j.

Enterotomy—for temporary relief of obstruction or distention or for the removal

of a foreign body—is done at as low a point as circumstances permit, through a

transverse incision at the part opposite the mesenteric attachment.

Enterostomy—the establishment of a permanent fistula for the purpose, if it is a

Jejiiuostomy, of feeding the patient in cases of obstruction of the alimentary tract

above the opening ; or if it is an ileostomy, of relieving fecal accumulation in cases

of obstruction at a lower point—is done by suturing the selected knuckle of gut to

the parietal peritoneum by a double line of sutures and opening the bowel between

them.
Enterectotfiy and e^itero-anastomosis (either lateral or end-to-end) require for

their performance, so far as anatomy goes, application of the facts and principles to

which reference has already been made.

THE LARGE INTESTINE.

The general plan of the large intestine has already been given (page 1617). It

is easily distinguished from the small intestine, not so much by its greater size as by
being sacculated, excepting, perhaps, the sigmoid fiexure.

The length of the large intestine from the root of the appendix to the beginning

of the rectum is, according to Treves, about 1.4 m. (4 ft. 8 in.) in man and 5 cm.

(2 in.) less in woman. The extremes were 2 m. (6 ft. 6 in.) and i m. (3 ft. 3 in.).

Excluding the dilated part of the rectum, the capacity decreases from above. Owing
both to variation and to occasional cases of extreme contraction as well as of dis-

tention, the diameter is very uncertain. It may vary from 7 cm. (2^ in. ) to 3.5 cm.

(if in. ) without the more extreme figures implying a pathological condition.

Structure.—The mucous coat of the large intestine agrees in its essential

structure with that of the small gut, consisting of a stroma resembling adenoid tissue,

covered bv a single laver of columnar epithelium exhibiting a cuticular border. The
chief difference, on the other hand, is the absence of villi, in consequence of which

the velvety appearance imparted by the latter is not seen in the large intestine.

V'alvulae conniventes are also wanting, although there are projections into the large

gut involving all or a part of the coats internal to the serous tunic. The muscularis

mucosae is less regular in its development, being feebly represented in the colon and

exceptionally thick in the rectum.

The glands of Lieberkuhn in general resemble those of the small intestine,

but are larger (about .45 mm. in length), and form a more regular and less inter-
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rupted layer of parallel tubules. The largest ones are in the rectum, where they
measure. 7 mm. (Verson). The lining of the glands is conspicuous on account of

the great number of goblet-cells, which in the middle and upper j)arts of the tubules

Fig. 1406.

.CJ.^O.

Surface views of mucous membrane of ascending colon. A, natural size ; B, magnified 30 diameters, sliowing orifices
of Lieberkiihn's glands.

often exist in such profusion that the ordinary cells are almost entirely replaced
;

towards the deepest part, or fundus, of the glands they are comparatively infrequent.

The presence of goblet-cells in such numbers accounts for the considerable amount
of mucus normally poured into the large intestine.

Fig. 1407.

Lieberkiihn's y-'ands

Circular
muscle

Longitudinal
muscle

Serous coat

Longitudinal section of ascendiiiK colon, showing general arrangement of coats and solitary l\mph-nodule. X 30.

The hnnphatic tisstie in definite collections occurs as solitary nodules only,

Peyer's patches being absent within the large intestine. The lymph-nodules, which
occupy a portion of the submucous coat as well as the mucosa, are largest and most
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numerous in the caecum , and especially i

nodules are so plentiful that they torn) in ph

Fig. 140R.

1 -•'"•rr "v

Portion of mucosa of large intestine, showing; Lie-

berkiihn's glands cut lengthwise; many epithelial ele-

ments contain mucus and are " goblet-cells." X 225.

Fig. 1410.

n the vermiform appendix, in which the

ices almost a continuous mass of lymphoid
tissue. The solitary follicles are less fre-

(juent in the colon, hut are ay^ain numer-
ous in the rectum. They are generally

of larger size than in the small intestine,

nieasurinj^ from 1.5-3 "i"^- ^^ diameter,

and are situated at the bottom of pit-like

depressions on the mucous surface into

which the nodules ])rojcct.

The submucous coat closely cor-

resijonds with the similar areolar tunic of

the small intestine, allowing of fairly free

Fig. 140Q.

'/^ uy

Mucosa of large intestine sectioned parallel to free

surface, showing Lieberkiihn's glands cut crosswise;
glands separated by intervening stroma of mucous mem-
brane. X 225.

Fig. 1411.

-Peritoneal coat

Jsi/'

mm.
.Adipose tissue

Vein

r-,: ->\,{

II
-Artery

Portion of descending colon, somewhat distended, show-
ing sacculations, taenia, and epiploic appendages.

Longitudinal section of epiploic appendage. X 23.

play of the mucosa. In addition to the blood-vessels, lymphatics, and nerve-ple.xus

of Meissner, it contains the deeper and more expanded parts of the solitary nodules.
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Mucous coat

The muscular coat consists of a thicker layer of internal circular fibres and of

an external longitudinal one, the fibres of which are in most places collected into

three bands. Although longitudinal fibres exist between these, they are few and
apparently not quite universal. Beginning in the caecum, at the base of the vermi-

form appendix, the three bands, or tcenice co/i, continue along the large intestine as far

as the sigmoid flexure, over which
Fig. 1 41 2. 3j^j j-j^g rectum the bands are

only two, and no longer sharply
defined. In the rectum one is

on the front and the other—the

stronger—behind. The circular

fibres increase very much towards
the end of the rectum, the muscu-
lar apparatus of which will receive

special description (page 1675).
The serous coat which once

surrounded the gut, in certain

places disappears during develop-

ment, and in others its arrange-

ment becomes modified by new
relations with other peritoneal

layers. These features will be
described with the parts con-

cerned. In structure it corre-

sponds with the serous coat of

other parts of the intestinal tube.

The appendices epiploicae

are little fringes or bags of perito-

neum containing fat hanging from

the large intestine. They may
be as much as 2. 5 cm. ( i in. ) in

length, and are very prominent in

fat subjects, but in thin ones may
be overlooked. They are found
particularly on the inner aspects

of the ascending and descending
colon and on the lower one of

the transverse colon. It is often

stated that they occur along one
of the bands, but this relation is

at least not constant, although

thev are generally arranged in a

single line. They are found also

on the sigmoid flexure. It is usu-

ally stated that they are not pres-

ent during childhood. Oddono,^
however, has shown that they ap-

pear in the fifth month of foetal life, first on the descending colon and sigmoid
flexure. We have seen them before birth.

The blood-vessels, lymphatics, and nerves of the large gut in general

follow the arrangement already described in connection with the small intestine

(page 1642).

J^^ Circular
":^' muscle

^€^.

I ongitudinal
muscle

Serous coat

Transverse section of injected larjje intestine, showing distribution
of arteries to coats. X 30.

THE C^CUM.
The caecum, or blind gut, the first part of the large intestine, is a pouch hanging

downward at the junction of the ileum and colon, from which the vermiform appendix
arises. The ileum opens into the large intestine by a transverse orifice placed in-

^ Dal Bollettino della Societa Medico-Chirurgica di Pavia, 1889.



THE C/FXUM. t66i

Anterior band

Ascending colon

ternally and somewhat posteriorly. From the top of the ileum a deep furrow passes

posteriorly partly around the ^ut, and a less marked one is found in lumt.

Alth()u.iL,di starting as just stated, the furrows at once descend a litde, so as to repre-

sent truly the miildle of the orifice. These serve as an external boundary between

the ciecum and the colon, which are much alike in ijeneral characters. The averaj^^e

leni^th of the cecum in the adult is between 6 and 7 cm. (about 2j/^ in.), and its

breadth about 8 cm. (3>^ in. ).' The bands of the colon are continued onto the

cecum of the adult, and terminate at the orii^nn of the ai)pendix. One band is in

front and the other two externally and internally at the back. The jjarts between

the bands are generally expanded pouches, which may be subdivided by horizontal

constrictions. There are two chief forms of Ccccum with several minor modifica-

tions : the first is a persistence of

the fcetal type, in which the caecum Fig. 1413.

has the shaj)e of a cornucopia bent

towartls the left, with the taperinj^^

end continued as the vermiform

appendix ; the other, which is the

usdal, and occurs in from 91-94
per cent, of adults, is due to the

part between the external and the

anterior band growing out of all

proportion, so that the pouch be-

tween them becomes the lowest

part, apparently the apex, the ap-

pendix arising from the internal

posterior side near the ileum. In

extreme cases the two may be very

close together. Very rarely the

caecum is symmetrically sacculated,

with the appendix at the lower end.

To understand the interior

of the caecum it must be remem-
bered that the end of the ileum is

thrust in at the angle between the

colon and caecum in such a way
that originally in foetal life all .the

coats were involved. The serous

coat is replaced by areolar tissue

where two layers come together

and new longitudinal muscular

fibres are subsequently developed
which do not enter the folds ; how-
ever, the original longitudinal mus-
cular layer, as well as the circular

one, does so. The latter is thick-

ened inside the fold. The ileum,
as it approaches its end, lies between the surface of the caecum below and the lower

swelling of the colon above ; thus the upper of the two lips of the elliptical opening

is composed of colon and ileum, the lower of ileum and caecum. They form promi-

nent shelf-like projections into the large gut, opposite the external furrows, and

constitute the ileo-csecal valve (valvula coll). The folds meet at the ends of

the opening, forming single continuations or retinacida, of which the posterior is

much the larger. It often extends across the posterior to the lateral aspect of the

gut. The two segments converge, but at different angles. The upper, slanting

somewhat downward, is approximately horizontal, while the lower is more nearly

vertical. The orifice of the ileum between these folds is elongated when the gut

is distended, the posterior end being sharper than the anterior. The diameter of

the segments, measured from the origin to the free edge on 35 inflated and dried

* Berry : The Anatomy of the Caecum, Anat. Anzeiger, Bd. x., 1895.

o-c£ecal valve

Ileum

Caecum

Opening of
appendix

Beginning of large iiilePtiiie, somewhat inflated ;
part of an-

terior wall removed to show ileo-caecal valve and orifice of vermi-
form appendix.
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specimens, is as follows: averag-e of upper segment 25 mm., of lower 33 mm.
The largest pair was an upper of 37 mm. and a lower of 44 mm. ;

the smallest of

12 mm. and 3 mm. respectively. The last, perhaps, was pathological
;
the next

smallest was 14 mm. and 19 mm. We have seen a ciecum with the upper seg-

ment entirely wanting. The absence of both has been observed. The average

length of the ileo-caecal opening on 30 similar specimens was 31 mm., the extremes

being 46 mm. and 21 mm. It is probable that, owing to the shrinking of the tissues,

these dimensions of the opening are excessive. Although the lower fold is the

larger, the upper overlaps it almost invariably, so that when the valve is closed the

two edges do not come in contact, the orifice being closed by the application of the

lower fold to the under surface of the upper one. Inflated specimens show that

the upper fold is tense, while the lower remains flaccid. Much difference of

opinion exists as to the completeness of the closure of the ileo-caecal valve, and

experiments do not agree. If the experiment of injecting water or air from the

colon be performed in situ, the closure is more likely to be perfect than if the parts

have been removed. These experiments, however, do not represent the true con-

Ascending colon

Anterior band

Caecum

caecal artery

Superior ileo-caecal fossa

Mesentery

Ileum

Appendicular artery

Meso-appendix

Vermiform appendix/

Ccecum and related structures seen from the left.

ditions during life, since the tonicity of the muscular fibres of .the gut is lost, and,

in the opened abdomen, the pressure of the viscera on the end of the ileum is less

than normal. In life the valve probablv is efificient.

The orifice of the vermiform appendix is very variable. In some cases

the cajcum narrows to it so gradually that it is hard to say where it begins
;

in

others it begins suddenly with an oval or round opening measuring from 5 mm. or

less to I cm. or more. The valve which often is found at the orifice is not usually

a true valve, but the projection made by the wall at the union of Ccnecum and appen-

dix in the entering angle when it arises obliquely. According to Struthers, there is

no valve when it arises at right angles. Owing to its usual upward course, the fold

is most often on that side when present. We have seen a true valve as a small

independent fold ; usually, however, there is no effective guard to the entrance of

the appendix. . u t
Position.—The caecum is situated in the right iliac fossa, resting on the iliac

fascia covering the ilio-psoas muscle, above the outer part of Poupart's ligament,
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about half below and half above the level of the anterior superior iliac spine. Some-
times, owiny: to the shortness of the ascending colon, the ciecum remains in the

fcetal position under the liver, or it may be arrested at any part of its descent. It

not rarely hanys down into the pelvis, and when the lower part of the mesentery is

lonji^, particularly if the lower part of the ascending colon be nf)t attached to the

posterior wall, it may be very freely movable. In cases of mescntcrium commune
there seems to be no anatomical reason why it should not be anywhere. The
caecum is sometimes turned up ()\cr the lower part of the ascending colon, but we
cannot agree with Curschmann's ' statement that this is not rare. In these cases the

appcntli.x rises from near the highest point of the ciecum. We have seen the ciecum

in the uml)ilical region with two vertical coils of small intestine occupying the right

flank.

Structure.—Tiic description of the structure of the large intestine already

given (^pagc 1657J applies in general to the Citcum. Its mucous membrane, like

Fig. 141.5-

Lumen of cacuni

Lymph nodule

Submucous tissue

mm^
.v..'^ V ^^h

-Lieberkiihn's glands

Groups of fat-cells

Longitudinal section through junction of appendix with caecum. X 12.

that of the rest of the large intestine, has no villi. This change occurs near the

margin of each segment of the ileo-caecal valve, the villi gradually diminishing and
finally disappearing before the free edge of the folds is reached (Langer). The
bands of longitudinal muscular fibres always end at the base of the appendix, but

the precise manner of their termination is uncertain. According to Struthers,^ each

band bifurcates as it approaches the appendi.x, and the divisions, meeting those of

the others, form a ring around a weak spot close about it. According to Toldt,' the

ring is formed by the circular layer. The arrangement is not always clear, but we
incline to think the latter the more common. The coats of the caecum are all found

in the appendi.x. The lumen of the latter is small, except near the entrance, and
the walls may be in contact. The lymph-nodules of the appendix are exceedingly

numerous and large, in places fusing into masses of considerable size, which en-

' Deutsches Archiv fiir Klin. Med., Bd. liii., 1894.
* Edinbursjh Medical Journal, 1893.
* Sitzungsber. Acad. Wissen., Wien, Bd. ciii.., 1S94.
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croach upon the mucosa and its glands to reach ahiiost the free surface. The layer

of circular muscular hbres is i mm. thick, or about twice the thickness of the lon-

gitudinal one. Both layers have interruptions, so that the submucous and subperi-

toneal layers are in places continuous. This occurs particularly along the insertion

of the fold of jieritoneum called the mesentery of the appendi.x.

The vermiform appendix
(
processus veniiiformis} is a long, slender, worm-

like diverticulum from the c;ecum, formed of all the coats of the intestine. Its length

varies from i cm. (^3 in.) to 24 cm. (9^3 in.), the average being probably about

8.4 cm.^ (3^ in.). Monks and Blake, ^ from the records of 641 autopsies at the

Boston City Hospital, give the average length as 7.9 cm. (3 in.), with the extremes

as above. Berry finds that the appendix is on the average about i cm. longer in

Fig. 1416.

I ongitudinal muscle

Circular muscle

"^^'^ Lvmohatic

'^^^^^^^~^^*^
'

Transverse section of vermiform appendix. X 12.

.,..^'' Submucous
^"^ ' coat

H.^
/

the male ; others find no particular difference. The diameter at the base is 6 mm.
and at the apex 5 mm. Its usual origin is from the postero-median aspect of the

caecum. According to Berry, this occurs in more than 90 per cent., the point of

origin being 1.7 cm. distant from the end of the ileum. This is very important as

showing a relatively fixed point of origin, as the general direction of the appendix is

very uncertain. That of the distal half especially is largely a matter of chance.

Moreover, the position after death is, except in certain cases, no guide to that

during life. The appendix is attached to the caecum and to neighboring structures

by a peritoneal fold to be described later. If this fold be long and narrow, the

movements of the appendix are much restricted ; if the base of the fold be short

and its attachment to the appendix a long one, the appendix is thrown into coils.

' Fawcett and Blatchford (for the average length) : Proceedings of the Anatomical Society

of Great Britain and Ireland, journal of Anatomy and Physiology, vol. xx.xiv., 1900.

^ Boston Medical and Surgical Journal, November 27, 1902.
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This, to a j^reater or less extent, is the normal condition. There is no doubt that in

the i^reat majority of cases the ajjpendix is wholly behind the ciecum, mesial to it,

or below it. Monks and Hlake found a reference to this jjoint in the records of

572 autopsies. It was " tlow n and in" 179 times, "behind" with no statement of

the direction 104 times, "down" 79 times, and "in" 62 times. Thus in almost
three-quarters of the cases it was in one of these positions. It ran "up" 52 times,

"up and in" 39 times, and "up and out" 29 times. In 9 cases it was "out,"
"down anil out" in 5, and "in ])elvis" in 14. It sometimes is attachetl to the as-

cendinij colon by its j)eritoneal fold, and runs upward with jjrobably accidental incli-

nations to one sitle or the other. It may also be found in some of the peritoneal fossa:

of the rei^ion. In many of the cases marked "down and in" it hun^^ over the

pelvic brim. Of 123 cases in which the appendix was covered by perit(jneum, and
therefore presumably normal, F'erguson ' found it han^inu^ downward in 11, placed

mesially in 18, on the right of the csecuni in 19, and behind it in 75. Total absence

of the appendix is extremely rare, but has been observed by ourselves and others.

Obliteration of the Cavity of the Appendix.—The adenoid tissue of the vermiform ap-
pendix is, as elsewhere, most develo|)ecl in cliiklhood and lends lo atrophy in middle life.

Coincident with this atrophy is a tendency (the cause of wiiich is not clear) in the walls to

adhere, more or less obliterating the ca\ity. Ribbert''' found in 400 specimens more or
less obHteration in 25 percent., and, putting aside those under twenty years, in 32 per cent.

After fifty it occurred in more than 50 per cent. He found, however, the obliteration complete
in only 2,14 per cent. In appro.ximately one-half of the cases it involved only about one-half
of the tube. The process usually begins at the closed end of the tube, and is much more fre-

quent in short than in long appendices. Zuckerkandl ^ observed more or less obliteration in

23.7 per cent, of 232 specimens, the process being nearly or quite complete in 13.8 per cent.

Ribbert saw tiie process beginning in childhood, but never under five years. Fawcett and
Biatchford* found the appendix pervious 196 times in 221 cases, and 91 of the pervious ones
were from those over fifty years. We agree with them that much more conclusive evidence is

needed to establish the existence of a special atrophy of the appendix in old age or after

middle life.

Peritoneal Relations.—The caecum, being originally an outgrowth from the
con\'ex side of the primitive intestinal loop, is completely covered by peritoneum
and has no mesentery, since the mesentery of the ileum passes directly to the colon.

The appendix, being the original end of the caecal pouch, is consequently also com-
pletely invested with peritoneum. When the ascending colon has come to lie in the
right flank, the posterior layer of its mesentery degenerates into areolar tissue, fusing

with that resulting from the degeneration of the parietal peritoneum behind it, and
by the same process the back of the colon is attached by areolar tissue to the
abdominal wall behind. This condition almost always ends a short distance above
the caecum. It is far more common to find the lower third of the ascending colon
with peritoneum on its posterior surface than to find none on the upper posterior

part of the caecum. This condition, indeed, does occur, we having seen it at birth
;

but it is very exceptional. From the preceding facts it follows that the caecum
and the appendix can have no mesentery in the strict sense ; nevertheless, the

term mesentery of the appendix, or vieso-appcndix ( raesenteriolum processus vermi-

formis), is applied to an almost constant fold of peritoneum, presumably caused
by the artery of the appendix, which usually is attached to nearly the entire length
of that organ. Authorities differ widely as to how far the line of attachment ex-

tends along the appendix. Beyond question it is very variable. According to

Monks and Blake, it extends nearly or quite to the end in fully one-half of the
cases, and in most of the other half it reaches or passes the middle of the appendix.
Its general appearance is triangular, but, according to both Jonnesco^ and Berry.*'

with whom we agree, it is more properly described as quadrilateral. One side runs

^ American Journal of the Medical Sciences, 1891.
- Virchow's Archiv, Bd. cxxxii., 1893.
3 Anat. Hefte, Bd. iv., 1894.
* Proceedings of the Anatomical Society of Great Britain and Ireland, Journal of Anat-

omy and Physiology, vol. xxxiv., 1900.
^ Hernies internes r^tro-p^ritonlales, Paris, 1890.
* The Caecal Folds and Fossae and the Topographical Anatomy of the Vermiform Appendix,

Edinburgh, 1S97.
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along the proximal half or even the whole lt;ngth of the appendix, one is free, and
the other two are attached to the left side of the mesentery and to the caecum
respectively. These latter are not readily distinguished from each other; hence the
triangular effect. The artery of the appendix enters the fold on the back of the
caecum, and runs at first from 5 mm. to i cm. distant from its free edge, which
gradually approaches it. Although the fold may terminate before reaching the end
of the apj)endix, it does not follow that the whole of the latter is not enclosed in peri-

toneum, since under normal circumstances it always must be. The course, shape,
and size of the meso-appendix are very irregular. It is almost invariably so short
that the proximal half of the appendix is thrown into coils. We have seen this fold

attached to the right side of the mesentery, as well as not attached to it at all.

Sometimes it runs upward along the posterior part of the left side of the colon, so
that the appendix is vertical ; at other times it is attached to the floor of the iliac

fossa ; and very rarely it is wanting. In the female adult a secondary fold can very
often, but by no means always, be traced from the meso-appendix to the broad
ligament. This fold is probably due to the persistence of one which in the fcetus

often connects the appendix or caecum with the early ovary and the oviduct. The
lymph-nodt which the meso-appendix is said to contain we have seldom found.

It happens frequently that, from

Fig. 14x7. pathological causes by which ad-

hesions have changed the perito-

neal relations, the appendix lies

behind the peritoneum. Fergu-
son found it so 77 times in 2Cxd.

Pericaecal Fossae.— An
indefinite number of fossae or

pouches, all more or less variable,

are to be found about the caecum.

The two following are usually

demonstrable, although not so

constant as held by some authors.

The superior ileo-caecal

fossa' (^ig- 1414J is roofed in

by a peritoneal duplicature, the

siiperior ileo-ccecal fold, which,

starting from the right surface of

the mesentery, curves over the

end of the ileum from behind forward. The attached border, in which the ileo-colic

artery lies, runs along the colon just where it joins the ileum, and is usually con-

tinued forward down onto the front of the caecum for a short distance. The pouch

between this fold above and the end of the ileum below opens to the left, but if the

ileum be distended, the free edge of the fold is so closely applied to it that the fossa

is easily overlooked. The depth of the fossa may reach 3 cm. It is most distinct

in infants and frequently obliterated in middle life,-although careful examination often

reveals a small fold and recess that may be overlooked. Berry found this fossa

absent in 12 of 100 cases, all of the 12 being over forty years.

The inferior ileo-caecal fossa^ C^'g- ^\^1) '^^ ^^'^^ constant and much more

complicated than the preceding. Its practical importance is greater, since it may
contain the appendix. To display it the ileum must be drawn upward and the

appendix downward and to the right ; the caecum may or may not require to be

displaced to the right or inverted. This fossa is situated in the entering angle

formed by the end of the ileum joining the caecum, and is bounded on the right by

the first part of the appendix. The meso-a[)pendix shuts it in behind, and in front

it is covered by the inferior ileo-ccecal fold} The latter, which usually joins the

* There is much to be said in favor of the term ileo-colic, since the pocket lies at the an.2:Ie

of the ileum and colon. It, however, so frequently extends downward to the front of the caecum

that the more usual nomenclature is here adopted.
2 Known also as tlie ileo-colicfossa, the ileo-appendicularfossa, etc.

3 This is the "bloodless" fold of Treves or the ileo-appendicular fold of Jonnesco.

Ileum, turned up

Inferior ileo-cascal

fold

Inferior ileo-

csecal fossa

Meso-appendix

Caecum from inner side and below.
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meso-aniH-ndiv, is in its conventional U>nu described as havin^^ four sides : a superior

on tlu> ileuni a riuht one on the ca-cuin, an inferior yniun^ tiie appendix or the

meso-appendix, and a free concave one looking towards the left and overhan^mK'

the entrance to the f..ssa. which may be nearly 4 cm. ( i /. ni )
ni dqjth. The lold

usually contains only small vessels, and has been described as bloodless^ It

sometimes contains muscle-hbres passing between the ileum and caecum. The size

as well as the formation of this pocket is very variable. When we consider the

extreme variability of the meso-appendix which is concerned m its typical forma-

tion it is manifest that such must be the case. Sometimes the meso-ai^pendix is in

no way connected with it, only a small fold of peritoneum passing from the 1 eum to

the aecum at the side most removed from the mesentery. Berry found this fossa in

'"^ ^'

The" Retro-Colic Fossa.— In the great majority of cases the posterior sur-

face of the c£ECum lies free in the abdominal cavity, covered by its original peri-

toneum • At a variable distance from it the back of the colon becomes adherent to

the posterior abdominal wall and to the front of the right kidney
;
hence there is,

or imv be. especially if the colon be drawn away from the wall, a fold on either side

stretching from the gut to the wall. These are the /(^amenis of the colon, the exter-

nal and the internal. The f.^rmer runs outward and downward from the side of the

colon along the abdominal wall, or perhaps across the lower end of the kidney, and

presents a'free concave border overhanging a pouch running upward and outward.

The internal or mesian fold is the more often distinct, and is formed chiefly by the

insertion of the mesentery. According to its degree of development, the free falci-

form edge overhangs a pouch, looking downward and more or less to the right.

The fold may be continued downward either to the right or to the left. In the

former case it mav form a pocket, of which the lower end opens upward, it is

clear therefore, that with both these folds well developed a retro-cohc fossa exists,

whS/is shown when the cecum is turned up. Its greatest depth is in the middle

behind the colon, and it is continued downward on either side under the folds

caused bv these ligaments. Should either ligament be wanting, there can be no

fold on that side.
' Some authors have thought it best to describe an external and

an internal fossa under each of the ligaments, of which the intermil is the more fre-

quent ; it is more simple, however, to describe only one. The fossa may be sub-

divided by a median fold. Very often there is no definite fossa at all. 1 he internal

part is more commonly well developed than the external.

The subcaecal fossa is an uncommon pouch, sometimes small and sometimes

large situated above the middle of the iliac fossa. It seems to be due to an irregu-

lar development of the iliac fascia, which forms a pocket in itself, with the mouth

above ouarded in front by a semilunar fold. The fossa is lined by the parietal peri-

toneum It may unite with the inner fold of the retro-colic fossa, or the two may

exist at the same time. It may contain the appendix, even a part of the caecum,

or according to Jonnesco. coils of the small intestine.
,• u u

Blood-Vessels.—The artery supplying the caecum is the ileo-cohc. a branch

of the superior mesenteric arterv., which sends to it both an anterior and a larger

posterior branch, which ramify downward over the front and back of the caecum.

A large branch from the posterior division runs between the folds of the posterior

retinaculum ; less constantly a smaller vessel courses in the anterior one. Ihe

segments of the ileo-c^ecal valve are very vascular. The artery of the vermiform

appe7idix arises from the posterior division of the ileo-cohc, crosses the back of the

ileum and runs in the fold of peritoneum to the end of the appendix. Ihe vevis

of the cacum are arranged on much the same -plan as the arteries. That of the

appendix is relatively more important, receiving tributaries from the front and the

back of the cfficum. It passes behind the end of the ileum to the ileo-colic vein.

The lymphatics are divided into a posterior and an anterior set. 1 he tormer

emptv into small nodes on the back of the caecum beneath its peritoiieal covering.

The anterior ones are in or near the fold between the caecum and colon. The appendix

contains a large Ivmph-sinus at the base of the follicles. Lymphatics pass through

the interruptions of the muscular laver. They may enter a node in the peritoneal

fold in the angle between the c^cum and ileum. There are several possible communi-
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cations : one with nodes in the mesentery ; one with nodes on the left of the as-

cending colon behind the peritoneum ; one with nodes of the iliac fossa ; and, in

the female, one with the system of the ovary. There is a constant lymph-node at

the angle between the ileum and colon.'

The nerves supplying the ciccum and ai)j)endi.\ are derived from the superior
mesenteric plexus. Their mode of distribution within the gut has already been
given (page 1643).

Development and Growth.—At birth and for some years after the caecum
is very small and the foetal or cornucopia shape is more frequent than later. The
appendix is relatively rather long. In eleven cases below ten years Berry - found the
average length of the ciecum 28. mm. and the breadth 37 mm. In eighteen cases
he found the average length of the appendix 74 mm. {2yi in. ). Ribl)ert gives the
following lengths of the appendix : at birth, 34 mm. ; up to five years, 76 mm.
(3 in.); from five to ten years, 90 mm. (3^ in.).

At birth the caecum is usually higher than in the adult, since it has not de-
scended to its permanent position and the adhesion of the mesentery of the ascend-
ing colon has not occurred in the lower part of the flank. It is often rather above
the anterior superior spine of the ilium. In five of about thirty-five observations
on young children, mostly newly-born, it was so free from fixed attachment that it

could hardly be said to have any definite position.

THE COLON.

The ascending colon extends from the caecum to the under side of the liver,

where it makes a sudden bend—the hepatic flexure (flexura coll dextra)—and be-

comes the transverse colon, which crosses the abdomen to \X\^ splenicflexure (flexura

coli sinistra) at the spleen, whence, as the descending colon, it passes to the crest of

the ilium. From that point to the middle of the third sacral vertebra it is known as
the sigmoidflexure. The three bands of the colon, or tcsnicE coli, formed by accu-
mulations of longitudinal fibres, are each about i cm. broad. Their disposition in

the walls of the gut is difificult to follow and is not constant. The following arrange-
ment is probably the most usual. In the ascending colon one is in front and two
behind, one of the latter being near the outer and the other near the inner aspect.

On reaching the transverse colon, the anterior becomes the inferior, while the
external becomes the superior, receiving the attachment of the transverse meso-
colon. The internal also lies on the upper surface, but behind the preceding. On
the descending colon they resume their original positions, but tend to grow indis-

tinct. They are still more so in the sigmoid flexure, and before the rectum is

reached there are but two bands, an anterior and a posterior, of which the latter is

the stronger. The interior of the colon shows the sacculated condition, but there

are no folds or valvulae conniventes like those of the small intestine. The solitary

lymph-nodules continue, much like those of the jejuno-ileum.

Relations.

—

The ascending colon is in the right flank against the psoas and
quadratus lumborum, but does not overlap the latter unless greatly distended. It

lies in front of the lower end of the right kidney, projecting but little beyond its

outer border, with the second part of the duodenum on its inner side. It ends with
the hepatic flexure, which makes a large impression on the under side of the right

lobe of the liver directly anterior to the kidney. It is often completely covered in

front by the small intestine.

The transverse colon is suspended between its beginning, the hepatic

flexure, and its end, the splenic flexure, like a festoon, forward and downward
;

for the ends are near the back of the abdominal cavity. The splenic flexure, in front

of the lower part of the spleen, is both higher and more posterior than the hepatic

one. The transverse colon is covered above and in front by the greater omentum.
It runs along the liver, touching the gall-bladder and the greater curvature of the
stomach, around which it ascends to the spleen. The splenic flexure may or may

* Lockwood : Proceedin.^.s of the Anatomical Society of Great Britain and Ireland, Journal
of Anatomy and Physiolofjy, vol. xxxiv., 1900.

^ Anat. Anzeiger, Bd. x., 1895.
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not rest against the under side of the diaphragm, according to its distention and

that of the stomach. It rests l)eliind and l^elow on the small intestine. It may or

mav not hi- in imnndiatf rrlalion to the tail of the jjancreas.

The descending colon descends partly in front, but still more e.xternal t<> the

kidney, and after jjassinp^ the kidney rests wholly on the (juadratus lumljormn.

Although more externally placed than the ascendinj^ colon, it does not usually prcjje*:!

beyond that muscle. It may be very much contracted and sacculated.

The sigmoid flexure (colon sij,'nioideum ), the continuation of the large intestine,

begins at tiie crest of the ilium as a loop of very varying length, which is attached by

Fig. 1418.

Left side of abdomen; small intestine turned to right, exposing mesentery, mesocolon of descending colon, and
mesosigmoid.

a mesentery, and ends at the middle of the third sacral vertebra. Its usual length is

from 25-56' cm. ( lo-i 8 in. ) , but is occasionally much longer. While it is true that the

gut does not always become free at the crest of the ilium, but may descend, bound

down closely, to the iliac fossa for some distance, it is best to regard the sigmoid

fle.xure as beginning at a definite although arbitrary point rather than at the less

certain one at which the gut really has a mesentery. Moreover, there is no grea*:

inaccuracy in the statement that this generally occurs at the crest; of the ilium or

just below it. The simplest form of the sigmoid flexure is a loop. If it be a small

one, it usually is made of the last part of this section of the gut ;
very often the first

part is but slightly free while the last part is very much so. Short sigmoid flexures.
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especially with short mesenteries, can hardly vary much from a simple loop ;
under

opposite conditions, however, they may present the most diverse forms, so that a

definite. shape can hardly be assumed. The M-form is common. We have seen

the sigmoid disposed in three parallel vertical folds occupying all of the left iliac

fossa and overhanging the true pelvis. As the sigmoid flexure descends along the

sacrum it usually curves to the right and crosses the median line.

Peritoneal Relations.—the lower part of the ascending colon is very

often, for one or two inches, completely surrounded by serous membrane. The
ligaments of the colon (described with the retro-colic fossa, page 1667) occur more or

less well marked at the line where the peritoneum leaves the jjosterior wall. Above
this the colon is connected by areolar tissue to the kidney. Occasionally the colon

is adherent as far as the caecum. The non-peritoneal portion of the upper part of

the ascending colon equals about one-third of its circumference.

The transverse colon is attached to the transverse mesocolon and otherwise

completely surrounded by peritoneum. The transverse mesocolon, after attaining

its permanent condition, arises along the back of the abdomen from one kidney to

Fig. 1419.

Anterior band

—

I

Rectum

Bladder

Anterior abdominal wall turned
forward

Sigmoid flexure
pulled up

1 .Mesentery of
sigmoid

J Antprior superior
ne of ilium

|^_Recto-veesical fold

Sigmoid flexure and rectum ; sigmoid has been displaced upward to show its mesentery.

the other. It crosses the front of the right kidney, the second part of the duo-

denum, and passes along the lower border of the pancreas above the duodeno-jejunal

flexure, to end on the left kidney. Sometimes in the left part of its course its

origin rises onto the superior anterior surface of the pancreas. Its greatest breadth

—z.<?., the distance from its origin to insertion—is at the middle, and varies from

10-15 cm. The posterior layer of the greater omentum fuses with it. The phreno-

colic Hgameiit, which runs inward, shelf-like, from the left abdominal wall under the

spleen, although in acquired relation with the mesentery of the transverse colon, is

really a part of the greater omentum. The latter hangs down from the transverse

colon over the small intestine, but its relation to the colon is not the same through-

out. On the right it is fused with the peritoneum of the anterior surface of the gui

and leaves it at the lower border. On the left it leaves the upper surface of the

colon, or even the transverse mesocolon, before the latter reaches the gut. Thus

the line at which it leaves the intestine rises gradually from right to left.

The descending colon is usually uncovered posteriorly bv peritoneum.

According to Lcsshaft,' whose results have been generally accepted, it has more or

less of a' mesentery once in six times. According to Symington,* the mesenteries

' Reichert and Du Bois-Reymond's Archiv, 1870.
"^ Journal of Anatomy and Physiology, vol. xxvi., 1892.
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thus luund arctluc to a ciisphiccuunl of llic pL-ribJiiLUin, which is but hjoscly attached.

True mesenteries are prolnibly less frequent.

At the sigmoid flexure tlie i)eritoneuni usually be]L^ins to surround tiie j^ut,

although the point at which this commences may be mu(:h lower. In the former

case the line of origin of the mesentery descends tolerably straight to the middle of

the third sacral vertebra, where it ends. The ji^ut may, however, be pretty closely

bound down to the iliac fossa as far as the true pelvis over the posterior border of

the obturator foramen, in which case the line of attachment runs thence backward
along the border of the true pelvis until it crosses the sacro-iliac joint, after which

it descentls across the sacrum. There may, of course, be an indefinite number of

variations between these e.xtremes. The attachment to the sacrum is usually near

the median line over the second and third vertebra.', but it may diverge to either

side of it. Variation also exists as to the point at which the mesentery ends. The
greatest l)readth

—

i.e., from origin to insertion—of the latter is usually found in the

part which springs from the first sacral vertebra. It is, on the average, about 9 cm.,

rarely less than 5, not more than .16 ; exceptionally it may be as much as 25 cm.

With a long loop it is, of course, relatively narrow at its origin.

The intersigmoid fossa is an inconstant small peritoneal pouch, present

about three times out of four, on the under side c^f the mesentery of the sigmoid

flexure, which is shown by throwing the loop upward and to the right. It is f)b-

viously due to the failure of the sigmoid mesentery to unite completely with the

peritoneum of the posterior wall, and consequently is under the edge of the part that

fails to unite, lying usually just above the true pelvis near the common iliac artery.

The orifice of the pocket is very likely to be circular, with a diameter of from 1-3

cm. , in most cases nearer the lower figure. The pouch may be quite rudimentary,

or may e.xtenci up like a tunnel between the layers of peritoneum for an inch or two,

or exceptionally for a greater distance.

Development and Growth.—The length of the intestines, and especially of

the colon, is, according to Treves, singularly constant at birth. He found the

average length of the small intestine about 287 cm. (9 ft. 5 in.) and that of the large

about 56 cm. ( i ft. 10 in. ). It is remarkable that while during the first two months
the small intestine grows at the rate of about two feet a month, the large intestine

remains of the same length for three or even four months. This is due to the fact

that during this period the large intestine grows at the expense of the sigmoid flexure,

which at birth forms nearly one-half of the whole, while at four months it has

assumed approximately its permanent proportions (Treves). After this the growth of

both small and large intestine is extremely irregular, as shown by the following table :

Observer.

Dwight.
Dwight.
Treves.
Dwight.
Treves.
Treves.

As the sigmoid flexure is relatively large in the infant and the pelvis very small,

the convexity of the loop lies in the right side of the abdomen.

Variations.—The mesentery of the small intestine arid of the ascending and the transverse

colon may remain attached only at the ori.gin of the superior mesenteric arten*-, giving tlie con-

dition known as tnesenteriiini commune. The ascending colon may, on the other hand, be so

long as to make secondary folds. Curschmann • has seen its mesentery long enough to be
twisted. The transverse colon may be short, wanting one or both flexures. In the latter case

the ascending and the descending colon are almost like the sides of an inverted \'. Probably
much more often the transverse portion may be too long and descend in the middle like an M,
with the middle point at the pelvis. A fold is more common at the left than the right. A
double fold of the transverse colon lias been seen. This part of the gut, when over large, may
decidedly diminish the area of the liver dulness. The descending colon may also present

folds, but an immense sigmoid flexure, which usually is accompanied by great length of the

large intestine, is more common. The convexity of this fold may reach to the transverse

colon or to the caecum. Sometimes the sigmoid flexure consists of two successive folds.

^ Deutsches Archiv fiir Klin. Med., Bd. liii., 1894.

Age.
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Blood-Vessels.—The arteries of the colon are derived from the superior and
ihe inferior mesenteric. The former suppHes the caecum, the ascending and the

transverse colon, and a varying- amount of the descending colon. The supply of the

latter is completed by the inferior mesenteric, which is also distributed to the sigmoid

fle.xure. The general plan includes a series of anastomoses between neighboring

branches, by which long arterial arches run near the border of the gut, to which

they give off irregular twigs. There is no system of straight vessels as in the greater

part of the small intestine. In the sigmoid flexure there is a recurrence of the

superimposed arches, which may be three in number. The superior hemorrhoidal

branch of the inferior mesenteric artery runs in the last part of the mesentery of the

sigmoid, and often divides in it into two branches, which run side by side on the

back of the gut towards the rectum. The veins are disposed much the same as

the arteries, but with a system of straight vessels from the intestine.

The lymphatics, which are many, empty into lymph-nodes on the posterior

wall of the abdomen, which are a jiart of the same system as those of the small

intestine.

The nerves are from the superior and inferior mesenteric plexuses, which are

derived chiefly from the solar and the aortic plexus respectively.

THE RECTUM, ANAL CANAL, AND ANUS.

The Rectum.—The rectum begins at the middle of the third sacral vertebra,

the point at which usually the mesentery that restrains the sigmoid flexure termi-

nates. It was formerlv described as beginning at the left sacro-iliac joint, but this

division, which is unwarranted, has now become obsolete. The rectum descends

Fig. 1420.
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Sagittal section of pelvis passing through rectum, anal canal, bladder, and urethra.

along the hollow of the sacrum and coccyx, passes the point of the latter, and con-

tinues until it reaches the lower and back part of the prostate gland in the male or

the vagina in the female. Its length is about 12.5 cm. (approximately 5 in.). The

gut is then continued by the anal canal, sometimes called the sphincteric portion of
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the rectum, situated in the thickness of the pelvic i\i)or, and directed downward
anil l)ackward, making a sharp anj^le with the rectum [jroj^er.

The trctum proper, ha\ inij passed the tip of the ccjccyx, rests on the levator ani

muscle, althouj^h sep.uated from it, as well as from the sacrum and coccyx, by the

dense rectal fascia. The rectum, althouj^h not exhibiting the pouching seen in

the colon, is sacculated, i)resentinj^, when distended, usually three dilatations, of

which the lowest and largest, called the ampulla, may measure 25 cm. (9^'^ in.), or

even more, in circumference. The saccules are separated by deep crea.ses, passing

about two-thirds around the gut, caused by a folding in of all the coats internal to the

two bands of longitudinal muscular fibres. The folds form the valves 0/ the rectum,

to be described wilii its interior. In the male the ampulla extends against the back

of the prostate and the lower part of the seminal vesicles and the terminal jiarts of

the vasa deferentia, to all of which it is connected by areolar tissue. A pocket of

peritoneum intervenes higher up, the walls of which, however, come in contact wht-n

the hollow organs are distended. In the female the end of the ampulla lies against

the posterior wall of the vagina from about opposite the level of the os uteri to the

junction of the middle and lower thirds. There is above this a fold of peritoneum

corresponding to that of the male.

Fig. 1421.
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The Anal Canal.—This part of the large intestine (pars analis recti) is situ-

ated in the thickness of the pelvic floor and extends downward and backward. It

differs from the rest of the intestinal canal in having no lumen under ordinary cir-

cumstances, when the sphincters surrounding it are contracted. The anus is the
very vaguely used name of the termination of the anal canal. It is deeply situated

between the nates, especially in the female ; its distance from the tip of the coccyx,
variously stated by different observers, may be said to be about 5 cm. (2 in.).

Much confusion has arisen from the dilificulty of defining the lower end of the anal

canal, since the skin, which is puckered up by the external sphincter and the cor-

rugator cutis ani, somewhat resembles mucous membrane, so that the canal appears
longer than it really is. The anatomical boundary, the ano-rcdal groove, the so-

called white line oi Hilton, is a slight zigzag furrow, usually to be seen on the living

and not on the dead. It lies a little above the lower limit of the internal sphincter,

which, covered by dilated veins, projects towards the potential lumen above the

external sphincter, and is i cm. or more within what, on a superficial examination,
would be called the anus. When the dissected rectum is laid open, much is e\idently

a part of the skin which during life is drawn into the canal by the contraction of the

muscles ; hence the length of the canal is very variously stated. Seldom does it
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Fig. 1422.

measure as much as 15 mm. from its upper end to the ano-rcctal g^roove
;
probably

this distance is usually about i cm., while what may practically be called the canal is

twice as much, or even more. It is longer in men than in women. In the male the

beginning of the anal canal is near the lower part of the prostate and the mem-
branous urethra, at a point from 3.5-4 cm. in front of and somewhat lower than the

tip of the coccyx. Lower still, the bulb of the urethra is separated from the anal

canal by the pyramidal mass of connective tissue constituting the perineal body.

The latter is of greater importance in the female, and separates the anal canal from

the lower part of the vagina and from the vulva. The moist and dark skin which

is puckered up to form the continuation of the anal canal is at first very thin, but

gradually assumes the appearance of ordinary integument. The so-called anal glands

surrounding the anus are of two kinds, both of which have their orifices in this skin.

Those nearest to the boundary line are sebaceous follicles, and external to them is a

zone of large sweat-glands. Just at the termination of the skin apparently forming the

end of the canal there is, especially in the male, a considerable development of hair.

Structure of the Rectum.

—

The mucous coat is thick and vascular, and

corresponds in its general histological details with the mucosa of other parts of the

large intestine. The glands of Lieberkuhn, however, are exceptionally large, at-

taining a length of .7 mm. The muscularis

mucosae is better developed than in the colon.

The rectal valves (pliae transversales recti)

are two or three folds, exceptionally four or

five, projecting like transverse shelves into

the cavity when it is distended, and hanging

loose when it is not. They are semilunar

in shape, with the greatest breadth from the

attached border to the free edge, ranging

from I cm. to more than 3 cm. They cor-

respond to, or rather are the causes of, the

constrictions between the saccules. They
contain all the coats of the gut, except that,

chiefly on the posterior wall, some of the

longitudinal muscle-fibres pass outside of

them, thus securing the fold. In large folds

there is an accumulation of the circular

fibres. These folds tend to be effaced in

the isolated and opened rectum, but they

are unquestionable, being shown by casts

and frozen sections, and in both the living

and the dead body when placed in the

knee-chest position with the rectum cleared

of faeces and distended with air. They are placed laterally, and have in common
that their points cross the middle line, although not symmetrically, extending more
onto the front than the back. According to the usual arrangement, the lowest,

which is also the smallest, projects from the left ; the second, the largest, from the

right; and the third from the left. The first is about 2.5 cm. (i in.) above the

anal canal and the second about as much higher. If the first—as often happens

—

be wanting, the second is not necessarily any lower. The third is usually at about

the same distance above the second, but is subject to greater variations, since the

two may be very near together.^ The cohanns of Morgagiii are a series of per-

manent vertical folds of mucous membrane passing from the anal canal upward into

the rectum. The number of these folds varies from five to considerably more than

ten, which latter number is perhaps about the average. The length of the folds is

in most cases from 1—2 cm., but some are considerably longer. They are broad
and highest at their anal end, or base, from which they diminish to the upper end,

a transverse cut near the lower end showing them to be triangular on section. The
valves of Morgag7ti are semilunar folds of the mucous membrane connecting the

bases of the columns of the same name, and forming with them a number of

^ Otis : Anatomische Untersuchungen am menschlichen Rectum, Leipzig, 1887.

Folds of rectum seen after dilatation. {Otis.)
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pouchci opcnintT upward. Tlu-y arc siluatcd in the anal canal at the upper part

of the internal s|)hin(.ter. The mucous nienil)rane of the rectum is thrown into a

series of lonj^ituihnal folds. These are easily eflaceable, although some are continu-

ous with the columns of Mori^^amni.

The submucous coat is la.\, allowing the mucous membrane to be readily dis-

placed, but at the lower enil of the anal canal the latter is firmly attached t(i the
piuscles.

The muscular coat of the rectum is thicker than that of the colon, reaching to

2 mm. The thic keiiing is greatest in the layer of the circular fibres. The longitu-

dinal ones, although forming a continuous layer, are for the m<jst part C(jllected

front and back into the two ixinds already mentioned, of which the posterif»r is the
larger and tiie more concerned in bridging over the folds. The internal sphincter is

but an hyi)ertrophy of the circular muscles, while the external sphincter is a muscle
of the perineum. It has been thought advisable to describe here together the

muscles and some of the fasciae of the rectum and anus, including some that are

largely extrinsic.

THE MUSCLES AND FASCIA OF THE RECTUM AND ANUS.

The levator ani(Figs. 1423, 1424) arises from the back of the body of thepul)es,

about mitlway between the upper and lower border, very close to the middle line,

and thence, from the "white line" formed by the splitting of the pelvic fascia, as

far as the s[)ine of the ischium. The anterior fibres from the pubic bone pass below
the prostate, some going to its capsule, as a strong muscular bundle to the central

Prn. T423.
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point of the perineum and the front and sides of the rectum, in which some of them
end. The remainder of this set passes with the fibres from the white line to the
side of the coccyx and to a fibrous band (lisiamentutn anococcygeuml running from it

to the anus. This latter part of the muscle is thinner and more transversely placed
than the former. In the female the pubic portion sends some fibres to the vagina
and some around it to the central point of the perineum. The fibres, for the most
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part in both sexes, pass by the rectum so as to compress it, although some enter

its walls and mingle with those of the sphincters.

^erve.—A branch from the sacral plexus (sometimes there are more than one)

runs to the levator ani on its upper surface. The fibres come from the third and

fourth sacral nerves. According to some, the muscle also receives fibres from the

inferior hemorrhoidal branch of the pudic nerve.

The coccygeus (F"ig. 1424J, a triangular muscle arising from the spine of the

ischium and inserted into the border of the coccyx, is in the same plane and practi-

cally continuous with the levator ani. The two muscles of both sides have been well

called the diaphragm of the pelvis. They form a funnel-like structure with the walls

converging downward to the anal canal, and an anterior opening for the prostate in

the male and the vagina and urethra in the female.

Fig. 1424.
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Nerve.—The muscle receives branches from the fourth and fifth sacral nerves

and perhaps from the first coccvgeal.

The external sphincter ani CFig. 142^), situated beneath the skin and car-

ried up into the puckerin^^ at the anus, is a flat oval muscle composed of striated

fibres surrounding the end of the rectum. It arises from the tip of the coccyx,

from the skin over it, and from a raphe extending from it to the anus. The fibres

diverge on either side to enclose the anus, meeting in front of it at the central

point of the perineum (page 191 7), where they mingle with other muscles which
meet at that point. Some of the inner fibres completely encircle the anus. In

the female some fibres decussate with those of the sphincter vaginae. This sphinc-

ter is "external" in two senses: it is nearer the outer surface than the internal

sphincter and also surrounds it.

Nerve.—It is supplied by branches of the fourth sacral and of the inferior

hemorrhoidal nerve.
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The internal sphincter ani (^I-ii;. 1421 >, cijinposcd of iiuDluniary muscular

fibres, is a thickcniiv^ u( tin- i ircular layer <>\ the reituin, which becomes marked at

the begiimiiij^ of the anal « anal. It surruuiuls tiie latter fi^r a distance of from

2.5-3 cm., and is about 4 mm. thick.

jVfri'fs reach the internal sjihincter throuj^h the sympathetic system. \'ery

probably some of them ct)me directly from spinal nerves.

Accessory Muscular Bundles.—As they reach the anal canal, the longi-

tudinal fibres of the rectum semi bundles to the skin, which gain their destination by

coursing through those of the external sphincter ; the longitudinal muscle-fibres of

the mucous coat, becoming enlarged, pass in the same way between the bundles of

the internal sphincter. No imp(jrtant accessions are received from the levator ani.

The longitudinal muscular fibres of the rectum, moreover, enter into connection with

the areolar tissue of the {)elvic fascia between the peritoneum and the levator ani, and

perhaps with the latter also. Various bundles of muscle-fibres, apparently arising

Fig.' 1425.
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from the pelvis, mingle with those of the rectum. The redo-coccygetis of Treitz
arises from the anterior surface of the coccyx above the pelvic floor and mingles with
both the longitudinal and circular fibres at the back of the rectum. It is said to con-
sist of striated fibres at its origin. Bundles of fibres are described as arising from
the fascia on the deep surface of the transversiis perhiei profiaidns muscle and pass-
ing to the front of the gut.

The corrugator cutis a7ii is a small system of muscular fibres radiating from the
submucous tissue at the anus to the deep side of the skin, which it tends to pucker.

Actions.—The function of the sphincters is to keep the anal canal close'd.

They differ, inasmuch as the external, although mostly acting automatically, is

under the control of the will and the internal is not. The levator ani has a more
complicated and in part an apparently inconsistent action, since it may pull the anus
upward and probably dilate it, as it pulls its borders apart under the resistance of
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the descendinij; feces, while at other times, by its antero-posterior fibres, it may
compress the sides of the gut. To the action of the levator is probably due the

control of the faeces which sometimes persists after division of the sphincter, unless,

indeed, the up|)er part of the latter has escaj)ed.

The Ischio-Rectal Fossa.—This space is a deep, roughly pyramidal hollow,

filled chietiy with fat, on either side of the rectum. The base is at the skin between

the tuberosity of the ischium and the anus, bounded in front by the line of reflection

of the deep {)erineal fascia and l:>ehind by the great sacro-sciatic ligament and the

edge of the gluteus maximus. The base measures some 5 cm. (2 in.) from before

backward and half as much crosswise. The fossa is bounded externally by the tuber-

osity of the ischium and above the latter by the obturator fascia, internally by the

external sphincter and the under surface of the levator ani. The space narrows

above to a line at the splitting of the pelvic fascia ; hence it can only vaguely be

called pyramidal. The depth of the fossa is about 5 cm. (2 in.).

Fig. 1426.
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The diaphragmatic fascia, the inward continuation of the pelvic fascia which

covers the upper surface of the levator ani, reaches the side of the rectum as a bed

of areolar tissue beneath the peritoneum, and is more or less closely attached to the

gut, sometimes by muscular bands, as already stated. The systematic description

of this fascia is given elsewhere (page 559).
The rectal fascia is a dense layer of areolar tissue surrounding the rectum

below the reflection of the peritoneum, being continuous below with the preceding
fascia. It is particularly dense behind the rectum, which it separates from the

sacrum and coccyx.

The anal fascia is a web-like areolar sheet covering the under side of the

levator ani.

A superficial fascia between the skin and the base of the ischio-rectal fossa

can be artificially dissected, but is of little importance.
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Fig. 1427.
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Peritoneal Relations of the Rectum.— The posterior surface of the hijj^hcst

part of tin- nctiim is usu.illy lo.ited like the rest with peritoneum, except near the

mechaii Hue ; but this narrow retroperitoneal surface enlarj^es rapidly, so that soon

the entire posterior surface in the hollow of the sacrum and coccyx is without serous

covering. The gut rests on the dense rectal fascia. The sides and front of the

rectum are covered with peritoneum, which is reflected laterally, first onto the sides

of the posterior wall of the pelvis, then onto the fioor. The peritoneum f(jrms a

deep jjouch in front of the rectum, known from its anterior wall as the rccto-vcsical

in the male and the rccto-utcrinc, or the pouch of Doui^/as, in the female. In man
this pouch separates the rectum from the bladder and the upper jKirt of the senunal

vesicles and in woman from the upper part of the vagina. The distance of the line

of reflection of peritoneum —that is to say, the bottom of the j)ouch— from the ano-

rectal groove may be as little as 5 cm. (2 in.), as usually given ; if, however, by the word
"anus" be understood what is practically the orifice of the gut, the distance is nearly

7 cm. (23/( in.) in both sexes. If both bladder and rectum be distended, the pouch
is considerably raised; when the rectum is collapsed, it contains loo])s of the small in-

testine or the sigmoid flexure. The
rcfto-vcsica/fo/iis in the male, although

described with the bladder (page 1905),
should be mentioned here. They are

reckoned among the false ligaments

of the bladder, and bound laterally

the pouch just described ; extending

backward from the bladder around
the rectum to the sides of the sacrum,

they tend to divide the cavity of the

peh'is into an uj)per and a lower com-
partment. Their free edges are semi-

lunar and sharp, and curve around
the rectum above the ampulla, which
they partially roof in. These liga-

ments contain more or less fibrous

tissue. In the female they are less

developed, although important, and,

arising from the uterus instead of the

bladder, are known as the sacro-iiteruie

folds.

Blood-Vessels.—The arteries

supplying the rectum are derived
chiefly from the three hemorrhoidals.
The superior hemorrhoidal, the ter-

mination of the inferior mesenteric
artery, divides opposite the sacrum,
sometimes near the beginning of the rectum, sometimes higher, and e\en above the
pelvis, into two branches, of which the right is the larger, that descend on either side

of the rectum and give off smaller branches. A median posterior branch usually

arises from the right one. The mucous membrane is supplied by these above the
boundary line. Vessels may be received also from the sacra media. The middle
hemorrhoidal arteries, of uncertain origin and distribution, rarely give any consider-

able supply to the gut. The inferior hemorrhoidals—two or three small branches
from the internal pudic—supply chiefly the external sphincter, but also form a num-
ber of fine anastomoses with the superior hemorrhoidal arterv. The general dis-

tribution of the vei}is is not very different from that of the arteries. The superior

hemorrhoidal veins, tributaries of the inferior mesenteric, drain into the portal system.
They form a very rich plexus throughout the rectum, particularly in the upper and
middle parts of the anal canal. In this situation they present a series of dilatations

encircling the gut on the bases of the columns of Morgagni, just above the boundary
line between the mucous and cutaneous areas ; this line also marks the parting of

the ways between the superior and external hemorrhoidal veins. The latter form

Middle
hemorrhoidal

vein

Groove

xternal
hemorrhoidal
vein

Frontal section of wall of anal canal, showing relations of
hemorrhoidal veins. (Otis.)
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a circle of smaller dilatations just below the line of demarcation, in the rej^ion that

is reckoned as skin, but is practically puckered into the anus. There are communi-
cations between the two systems, some of which pierce the muscular coat.

Lymphatics.—The principal lym])hatics of the rectum, after joining the
lyniph-nodes situated along the suj)erior hemorrhoidal veins, pass to the sacral

glands on the front of the sacrum. In the lower part of the bowel a very rich plexus
is found under the skin around the anus, which drains into the superior internal

inguinal glands, and a still richer one inside, which at the lower part is concentrated
on the columns of the rectum, but few vessels lying in the i)(juches. A considerable
system of lymphatics exists also in the muscular layer. Most of those of the inside

of the anus run to a few small lymph-nodules discovered by Gerota ' on the back
of the muscular coat of the rectum, distributed with the branches of the superior
hemorrhoidal artery.

Nerves.—The ner\e-supply of the rectum includes both sympathetic and
cerebro-spinal fibres. The former are derived chiefly from the inferior mesenteric
and the pelvic plexuses, accompanying the superior and middle hemorrhoidal
arteries respectively. The cerebro-spinal fibres are contributed by the second,
third, and fourth sacral nerves. The skin around the anal orifice is supplied by the
inferior hemorrhoidal branch from the pudic nerve.

Gro\vth.—At birth the rectum is tubular and generally relatively small. We
do not remember to have seen a well-marked ampulla at that period. At least

frequently the anal canal is very long,—about i cm. The trans\erse folds of the

rectum are apparent in the latter months of pregnancy. We have found an ampulla
with a circumference of 13 cm. (5 in. ) at three years. In the same specimen the vahes
were well developed, and, except in size, it resembled the rectum of the adult.

The peculiarities of the infantile sacrum have their eftcct on the course of the rec-

tum, which is necessarily straighter than in the adult and does not run so far forward
in front of the coccyx.

PRACTICAL CONSIDERATIONS : THE LARGE INTESTINE.

The Csecum.—This part of the large intestine may remain undescended in its

foetal position in the left hypochondrium, at a point abo\'e and to the left of the

umbilicus, the ileum opening directly into it in this locality ; or it may be found in

the right hypochondrium just below the liver, or at any level between that and its

normal situation. The caecum is rudimentary in man and other meat-eating animals,

being much more capacious and of greater functional importance in the hcrbivora.

The caecum is larger, more distensible, and more superficial than any other

portion of the large intestine, and more mobile than any other portion except the sig-

moid. On account of its mobility it is selected for the operation of iliac colostomy
when that operation is done on the right side.

As a result of the inspissation of the intestinal contents, which first occurs here,

it is a common seat of fecal impaction, or of distention by gases arising from fermen-

tation. The increase- in numbers of the intra-intestinal pathogenic bacteria due to

impaired inhibiting power, which, as we descend the gut, first becomes marked in

the lower ileum, continues in the caecum. As in the former situation, where it prob-

ably aids in determining the localization of typhoid and tuberculous lesions, so in

the csecum, in conjunction with fecal accumulation, or with disturbance of circulation

from distention, such augmentation adds to the frequency and severity of catarrhal

inflammations and of stercoral ulcers, which are found oftener here than elsewhere.

Fecal concretions fthe formation of which is favored by intestinal catarrh just

as is that of renal calculi by catarrhal pyelitis) are often found in the caecum, and
undoubtedly by mechanical irritation favor here, as they do in the appendix, epi-

thehal necrosis and subsequent infection.

In the erect position gravity aids in bringing about these pathological condi-

tions, since the caecum, having no mesentery of its own. and yet completely co\ered

by peritoneum (so that it is never anchored to the posterior parietes or to the iliac

fossa by areolar tissue), depends upon its attachments to the colon and ileum to hold

^ Arch, fiir Anat. und Entwicklng., 1895.
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it in position. It has often l)ecn part of tliu contents of ri^ht inguinal or femoral

hernia, and has e\eii been found in such hernia^ on the left siile.

The influence of j.jra\ ity in retaininj^-^ fecal masses and favoring concreticjn is

illustrated by the fact that foreign bodies small enough to j^ass through the ileo-ca-cal

valve are prone to remain in tlie ciecum, where tin y ha\ e in many cases given rise

to ulceration and perforation, followed by i)erityphlitis.

With varying degrees of disjjlacement <jr of distention of the cu-cuin come
changes in the tension of the ilet)-colic vessels, and congestion—so (jften the first

stage of serious pathological processes—is thereby favored. The close relation of

the ca'Cinn, if di.stended even slightly, to the anteri(jr abdominal wall and to the ilio-

psoas muscle e.\j)oses it to frecjuent trauma. These relations e.vplain why tle.xion of

tlu- thigii on the abdomen will emjjty a moderately distended ciecum.

Knormous distention sometimes occurs, so that the c^ecuni may fill the larger

part of the abdomen, and in nearly all cases of intestinal obstruction between the anu«

and the ascending colon the Ccccum shows the most marked evidence of the backward

pressure, the ileo-csecal valve, although not absolutely complete, resisting, for a time

at least, the participation of the ileum even in distention from gases. Manifestly, in

uncomplicated cases of obstruction of the small intestine the caecum will be found

flaccid or collapsed.

The ilco-c(rcal valve is usually competent to prevent the return of fecal matter

from the caecum into the ileum. Gas injected per rectum under pressure of from

.7-1.02 kilos ( I '2-2^ lbs. ) (Senn) may be made to enter the ileum, and has been

used in detecting and localizing wounds of the small intestine and in the treatment

of intussusception. Less force is necessary when the patient is anaesthetized, proba-

bly because of the relaxation of both the abdominal muscles and the circular fibres

of the valve itself. F'luids are arrested at the valve, although they may be made to

pass it either bv immediate force sufficient to lacerate the peritoneal attachments and

covering or by slow increase of pressure until the distention of the Ccfccum gradually

overcomes the weak resistance of the circular muscular fibres in the segments of the

valve and separates their margins. Organic or spasmodic narrowing of the ileo-ceecal

valve has been suggested as a possible cause of chronic constipation, and two cases

have been operated upon by making a longitudinal incision through the valve and

uniting its edges transversely, as in pyloroplasty (page 1633) (Mayo).

Invagination of the ileum and the caecum into the colon is the most common
form of intussusception (44 per cent, of all cases, Leichtenstern ; 89 cases out of

.103, Wiggin), and occurs most commonly (70 per cent, of all cases) in children.

The ileo-caecal valve forms the summit or apex of the intussusceptum, and may pass

through the entire colon (the intussuscipiens), reaching the rectum or anus. Ileo-

colic intussusception—in which the ileum passes through the valve, the caecum re-

maining in place—is much rarer (8 per cent, of all cases).

In acute cases, here as elsewhere in the intestinal tract, pressure on the mesen-

tery produces consecutively venous congestion, cedema, swelling, obstruction or

strangulation of the mesenteric vessels, and either leakage through the damaged in-

testinal walls and septic peritonitis or actual perforation, rupture, or gangrene of the

bowel. In chronic cases dense adhesions form between the peritoneal coats of the

entering and returning layers of gut (Fig. 1405). The traction upon the mesentery

narrows the lumen of the intussusceptum so as to prevent the passage through it of

the contents of the intestine.

In adults the situation of the ileo-caecal valve corresponds to a point on the wall

of the abdomen from 3-5 cm. (1-2 in.) internal to and above the anterior superior

spine of the ilium.

The Vermiform Appendix.—On account of the frequency with which it is

the seat of catarrhal or infectious disease, the appendix is of the greatest surgical

interest. In addition to the description of its structure, position, and peritoneal

relations already given (pages. 1664, 1665), various important anatomical data

relating to the causes, symptoms, results or complications, and treatment of

appendiceal inflammations should be here considered, even at the risk of repetition.

Etiology of Appendicitis.— i. The appendix is an apparently functionless organ,

found only in man, in certain of the anthropoid apes, and in the wombat. An analo-
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gous organ exists in some of the rodents and marsupials, but it is a long, tapering

caecum rather than an appendix strictly comparable to that of man. The appendix
is a vestige of the capacious c^cum of some of the lower animals, or may be regarded
as a rudimentary caecum just as the human caecum is a rudiment of that found in the

herbivora or the rodents. Like other vestigial structures, or those which in the his-

tory of either the race or the individual have outlived their usefulness, it appears to

be of low resistant power. This doubtless explains in part the special susceptibility

of the appendix to disease, as it does that of the uterus and the female breast

during the post-sexual period of life.

2. Its mesentery'—a fold made by the passage of the appendicular artery from

the ileo-colic at the back of the ileum to the appendix 'page 1665)—is scanty; its

free border is shorter than the border applied to the appendix, and sometimes does

not extend much beyond its middle. The appendix, like the small intestine, is

therefore thrown into irregular curves or coils. Another peritoneal duplicature—the

ileo-cctcal fold—runs from that part of the ileum most remote from its mesenteric

attachment and is united with the mesentery of the appendix. It carries no blood-

vessels of consequence, and is regarded by Treves as the remains of the true mesen-

tery of the appendix. It is interesting to note the fact that in the difterent types of

the human c:ecum those which involve a disproportionate growth of the caecum show-

that it derives its peritoneal covering partly at the expense of the mesentery of the

appendix, which becomes more scanty and more vertical in direction the larger the

relative size of the caecum. The appendix moves directly with the caecum, but,

through the attachments of the meso-appendix to the caecum and to the mesentery

of the ileum, distention or displacement of those portions of the intestine makes trac-

tion upon it and causes increased curving or angulation. For these reasons, and on

account of the lessened interference with the blood-supply (vide i?ifra), appendices

with exceptionally ample mesenteries extending to the tip of the organ are less fre-

quentlv the seat of disease and, when diseased, are less often found in a condition of

complete gangrene.

3. The single arter\- supplying the appendix and running in the folds of the meso-

appendix, and its accompanying veins, are subjected to pressure by such traction,

or by the angulation of the organ itself, and various degrees of vascular obstruction and

congestion may result. The consequent cedema and swelling of the mucous mem-
brane aid the distortion of the appendix in causing interference with the escape of

the contents of the appendix into the caecum. After infection has started the vessels

are not infrequentlv occluded by septic thrombi. The peritoneal fold, which in the

female is often found running from the appendix to the broad ligament (page 1666),

may contain a second artery the presence of which has been offered as an explana-

tion of the relative infrequency of appendicitis in women.

4. The disproportion between the length and the lumen of the appendix (16
to I, Finkelstein), the similar disproportion between the lumen and the area of the

secreting surface, its removal from the direct intestinal current, the feebleness of its

muscular walls, its dependent position, the absence or inefficiency of any valvular

arrangement at the appendiculo-cacal orifice, and the ease with which that orifice

may be diminished in size by oedema of the mucous membrane in its vicinity readily

explain the fact that under most circumstances in which drainage from the appendix

into the intestine would be desirable, it is apt to be lacking. Even a hyperaemic

catarrh from twists, kinks, or traction may in this way become the starting-point of

serious trouble, the successive steps of which might subsequently be retention of

mucus, epithelium, and fecal contents (possibly in the form of a concretion),

ulceration, parietal infection, or perforation or gangrene, and peritonitis, localized

or general.

5. The abundance of lymphoid tissue in the appendix, as in the tonsils, favors

rapid swelling and infectious inflammations and aids in obstructing drainage. It may
to some extent account for these pathological conditions showing themselves during

the periods of growth and activity of the system much more frequently than in old

age, when the lymph-nodules in the walls of the intestinal canal become atrophied

(Struthers ). In this connection it may be noted that other causes contributing to the

relative frequency of appendicitis in early life are (a) the susceptibility of children
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to catarrhal enteritis, favoriiiij the fitnnatioii of concretions, or at least impairinjj

the protective power of the intestinal epitiielium ; ( d ) the relatively greater lenj^th

of the appendix in youiij^ persons ( in infants one-tenth and in adults one-twentieth

the lenujth of the larj^e intestine, according tcj Ribbert) increasinj^ the difficulty of

drainaj^e ; and ])ossil)ly (r) the tendency to shrinkaj^e or obliteration after middle

life,—a jirocess to be expectetl in a rudimentary orjj^an.

6. It must not be fori^otten, in interpreiini; the forej^oinj"^ anatomical facts as to

(a) the rudimentary character of the appendix, (d) the scantiness of its mesentery,

(r) its dependence for its blood-supply upon one vessel, (d') its imj)erfect drainaj^e,

and (r) the profusion of its hinphoid tissue, that these are but predisposinj^ causes

in most cases of serious apjiendix disease, and that the conj^estion, catarrh, distention,

or ulceration occasioned by them occurs invariably in the presence of micnj-orjj^an-

isms capable of threat virulence, which exist in increased numbers in this portion of

the intestinal tract (page 1680), and which, as has been abundantly proved, are

ready to take on pathoi^enic action in the ])resence of either mechanical or chemical

irritation of the intestinal tissues, especially if there is deficient drainaj^e of the early

products of such irritation or of the resultant inflammation. The proximity of the

appendix to areas of abdominal or pelvic infection, as in typhoid fever, intestinal

tuberculosis, dysentery, or salpiny^itis, is a factor of minor but definite im])ortance.

Anatomica/ Points relating to the Symptoms of Appendicitis.— i. Pain.—This is

at first general and diffused because the superior mesenteric plexus of the sympathetic,

which supplies the appendix, also largely supplies the intestines, and because irrita-

tive nerve-pain is apt to be referred to the peripheral extremities of nerves ; next and

within a very short time felt in the umbilical region, because as such pain increases

in intensity it is often referred to the nearest nerve-centre, and the great sympathetic

ganglia of the abdomen are situated in proximity to that region.

At this time the pain is often colicky in nature, and a discussion has arisen as to

whether or not the circular muscular fibres in the appendix are of sufficient strength

to cause it. The question seems unimportant, as appendix irritation may result in

colicky spasm of neighboring portions of either small or large intestine. The pain of

the later stages of appendicitis may be partly due to peritoneal swelling causing

traction upon the peritoneal attachments.

2. Tenderness.—After a few hours the pain is felt in the right iliac fossa,

because it has then become a neuritis of sufficient grade to cause tender?iess on press-

ure. It is localized tenderness in all the varieties of appendicitis, because, while the

appendix itself is movable, it always arises from the same part of the caecum, and

the mobility of the latter is more restricted. The point of pain on pressure indicates,

therefore, with moderate accuracy, the base, not the tip, of the appendix, and is

rarely absent even in gangrenous cases, because that portion of the appendix is

usually the last to be affected by interference with the blood-supply. This point

is where the omphalo-spinous line (drawn from the umbilicus to the anterior superior

iliac spine) meets the outer border of the rectus, or a point on that line from 5-7.5

cm. (2-3 in. ) from the iliac spine (McBurney's point). In the majority of instances

the base of the appendix lies beneath a circle two inches in diameter, having this

point as its centre. Its situation must ob\'iously vary with that of the ccecum and is

not uncommonly lower. /. e. on the interspinous line. L'ndue diagnostic value has

been placed upon tenderness at this precise position. The chief tenderness may be

lumbar if the appendix is post-caecal in position, or close to Poupart's ligament or to

the median line, or best elicited by rectal touch if the appendix lies in the pelvis.

3. Rigidity of the right rectus m^iscle, and later of the other abdominal muscles

over the right iliac fossa, is often, but perhaps not necessarily, due to peritonitis,

and in any event arises from the fact that those muscles receive their nerve-supply

partially from the six lower intercostals. while the superior mesenteric plexus gets

its contribution from the spinal system through the splanchnics, derived from some
of the same intercostals.

4. Vomiting commonly follows, has little relation to gastric conditions, is ordi-

narily reflex and due to reversed peristalsis, and is apt to be associated with moderate

fever and slightly increased pulse-rate due to autotoxaemia.

Other and later symptoms are mentioned in the next section.
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Resii/ts and Complications of Appendicitis.—A cursory re\-ie\v of the anatomical

relations of the appendix, considered in cijnjunction with the pathological varieties

of appendicitis, will explain the varying results of this disease. The apj)endix is

entirely intraperitoneal in its situation and becomes primarily the focus of intraperito-

neal lesions, although in certain cases {i<ide itifra), from pathological changes, it and

the associated exudate or abscess may be either practically or really extraperitoneal.

That focus may be isolated by adhesions between the peritoneal co\erings of the

neighboring structures—the coils of small intestine, the caecum or colon, the jxirietes

—or may become the starting-point of a general sei)tic peritonitis. In the former case

the usual local symptoms of inflammation or of abscess will follow according to the be-

havior of the exudate, which may remain plastic or may liquefy and become purulent.

In the latter case, to the above-mentioned symptoms—which are much intensified, as

a rule—are added general rigidity from involvement of larger areas of the abdominal

wall, distention and tympany from paresis of the small intestine (page 1756), and from

the same cause obstinate vomiting and more or less complete intestinal obstruction.

The acuteness of the attack, the presence or absence of gross perforation or

gangrene, and the anatomical position of the individual appendix will often determine

the localization or diffusion of the septic infection.

The usual anatomical situations of appendix abscess may be summarized as fol-

lows. ( I ) Anterior, the Cttcum forming the posterior wall, agglutinated coils of

intestines the inner wall, and—after the abscess has attained some size—the parietal

peritoneum the anterior wall. ( 2 ) Posterior, the hinder surface of the c£ecum

forming the anterior wall, especially if the appendix is post-caecal in position, or if a

septic lymphangitis has extended backward between the layers of the meso-appendix.

Such an abscess is extraperitoneal, and may originate in an appendix which, it is

believed by some, was ab initio either wholly or partly extraperitoneal ( 4 per cent.

,

Bryant), or, as seems more probable, had become so through pathological causes

(38 per cent., Ferguson, page 1666). The abscess is limited by the fascia transyer-

salis anteriorly and the fascia iliaca posteriorly, and by their fusion at Poujiart's liga-

ment inferiorly, although rarely it may follow the femoral vessels downward and

appear on the thigh, or may perforate the parietes above the outer third of Poupart's

ligament, or may make its way into the peritoneal cavity, or into the pelvis, escaping

through the obturator or the sacro-sciatic foramen. It may ascend (following some-

timesthe retro-colic fossa, page 1667) to the perinephric or even to the subphrenic

region. (3) Liner, the inner suTface of the colon and caecum and the mesocolon

bounding it postero-externally and adherent coils of small intestine antero-internally.

If the parietal peritoneum does not form part of the anterior wall of such an ab-

scess, the general peritoneal cavity must be traversed in reaching and evacuating

it. (4) Inferior, the abscess occupying part of the peh'ic ca\'ity with agglutinated

intestinal coils bounding it superiorly.

All these abscesses may perforate into the cavity of the peritoneum, but sponta-

neous opening into the caecum, colon, rectum, small intestine, bladder, or on the sur-

face of the body has frequendy occurred ( Finkelstein, quoted by Mynter). The various

symptoms which may result from the propinquity of the abscess to other structures

should be worked out anatomically,

—

e.g., ( i ) (edema of the abdominal wall over the

abscess
; (2) flexion of the thigh, extension of which is painful from m\-olvement

of the iliopsoas ; or marked lumbar tenderness (perinephric) ; or immobility of the

right lower thorax (subphrenic)
; (3) tympayiy over an ill-defined swelling, from in-

terposition of coils of small intestine between the abscess and the parietes ( although

this may be simulated by the escape of intestinal gases through a gross perforation

into the cavity of an abscess of any type) ; or (4) vesical or rectal irritation.

Anatomical Points relating to the Treatme?it of Appendicitis.—T\\q medical

treatment of this disease is of anatomical interest only in its relation to the possibility

of remo\-ing the mechanical causes and favoring either resolution or localizing adhe-

sions. Opium for the purpose of lessening peristalsis and thus permitting omental

and intestinal adhesions to wall off the appendix has still some advocates, especially

when combined with gastric lavage and exclusive rectal alimentation (Ochsner).

But the received views as to etiology {ride supra') and clinical experience are both

overwhelmingly in favor of purgation and starvation as pre\-enting or removing the



PR.\("riCAL COXSIDKRATIONS: Till: LARCF-. IXTF-STIXIv 1685

constipation which, when invoUinj^ the cacuin, may, by causinj^' irritation and swell-

ing of nuudiis nu-nil)rane, hy encoiiraj^enieiit of bacterial j^rowlh, by favoring the for-

mation of fecal concretions, bv proclucin^ traction on the meso-a|>|)en(li.\, or by direct

j)ressure U])on the a|)penilicular vessels, start the chain of j)atholo^ical phenomena
which, bej^inninij with hyperuinia, hypersecreti(jn, and imj)erfect drainay^e, jjroceed

to distention, ulceration, perforation, or j^anj^^rene, with their associated decrees of

parietal or pt-ritoneal infection.

Consti]>ation is i)resent in the majority of cases of appendicitis (58 out of 69,

McCosh), and not only acts as a causative factor, but has a prejudicial eflect on the

result. In 22 cases of peritonitis from ap|)endi.\ disease (jccurrin^ at the London
Hosj)ital there were 9 cases of constipation, with 4 deaths, and 13 cases in which

the bowels were loose or easily moved, with 2 deaths. In another series of cases

(Richardson) there was 8 jier cent, of constipation amonj.( those that recovered and

28 per cent, amontj those that died (White). No other important jjoint of medical

treatment is in disjnite and none has any anatomical bearing.

operation for appendicitis will, of course, vary with the seat and character of

the disease.

1. The preferable nu-thod of access in removal of an apj)endix very early in an

attack, or during an inter\al, or when neither abscess nor extensive adhesifjns are

present, is as follows. The incision begins one inch above a line drawn from the

anterior superior spine to the umbilicus, and crosses that line one and a half inches

internal to the iliac spine. It should pass downward and inward and be about three

inches long. The skin and aponeurosis of the external oblique are divided in that

direction ; the internal oblique and transversalis fibres are separated in a direction

almost at right angles to the first incision ; the transversalis fascia and peritoneum

are divided on the same line with the internal oblique.

The advantages of this incision are thus described by its originator. " Muscu-

lar and tendinous fibres are separated, but not divided, so that muscular action can-

not tend to draw the edges of the wound apart, but rather to actively approximate

them. Excepting during the incision of the skin, almost no bleeding occurs. The
fascia transversalis not being drawn away by the retraction of the deepest layer of

muscular fibres, this fascia is easily completely sutured, and thus greater strength of

repair is assured" (McBurney).
More room may be obtained and the transverse severance of muscular or

fascial fibres still minimized by stripping the external oblique aponeurosis up to the

median line, dividing the anterior sheath of the rectus in the line of the separation

of the internal oblique and transx'ersalis fibres, lifting up and retracting the rectus

towards the median line, ligating the epigastric vessels (which will be seen lying on

the thin transversalis fascia over the peritoneum ), and then extending the original

peritoneal incision as far inward as may be necessary (Weir).

2. In later operations it is best to be guided by the situation of the tumor or

the area of tenderness or dulness, inclining to approach it from without inward.

An oblique incision well out towards the upper third of Poupart's ligament will be

less likely to open the general peritoneal ca\ity unnecessarily in cases of abscess,

and less likely to be followed bv ventral hernia. In retroperitoneal abscess an

incision so placed will not infrequently open the abscess without going through the

peritoneum at all.

3. In the presence of general purulent peritonitis a vertical incision on the

outer border of the rectus or a long median incision will best enable the appendix to

be dealt with and at the same time permit of the efficient cleansing and irrigation of

the peritoneal cavity and the introduction of drainage.

4. After the peritoneal opening is made the appendix can often easily be found

and brought out of the wound. If this is not done readily, the colon should be

identified—the first portion of intestine found attached to the posterior wall as the

finger is passed along that wall inward from the incision—and the anterior muscular

band traced downward to the base of the appendix.
The Colon and Sigmoid Flexure.—Like the other main subdivisions of

the intestinal tract, the colon is larger at its commencement than at its termination,

measuring on the average 8 cm. (3^ in.) in diameter at the caecum and 3.5 cm.
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(i^ in.) at the lower end of the si<:^nioifl flexure. Its average capacity in infants
of six months is Y^ Htre {\ pint;; in cliildren two years old, 1.25 litres (2.5 pints);
and in adults, 4.5 litres (9 pints).

It is normally palpable through most of its extent, the more deeply placed
hepatic and splenic flexures excepted, the former being beneath the liver, the latter

behind the cardiac end of the stomach. The ascending and descending portions are
usually overlapped in front by the more mobile small intestine, which, if not dis-

tended, can be displaced towards the median line. The thickened and sometimes
tender edge of a chronically congested or inflamed ccecum can often be rolled under
the finger against the floor of the iliac fossa, and has been mistaken for the appendix.

The colon is susceptible of great distention, and in cases of obstruction in the
sigmoid flexure or rectum it may occupy most of the abdomen, push up the dia-

phragm, displace the heart, and occasion dyspnoea and palpitation.

Distention either from gas or fecal accumulation renders the colon visible, as
well as palpable, except at the flexures. In chronic obstruction in the rectum or
sigmoid its peristaltic movements may be seen through the thinned abdominal walls.

In the common ileo-csecal variety of intussusception the tumor can often be seen as
well as felt, and sometimes the progress of the intussusccjjtum along the colon can
be traced with the eye.

Tumors of the colon or upper end of the sigmoid are often visible in thin pa-
tients, especially when they have contracted anterior parietal attachments.

Distention of the colon gives rise to prominence and outward curving of the
flanks, as the patient lies supine, and to fulness below the costal arches and the
margin of the liver. The anterior surface of the belly—taking the umbilicus as a
centre—is relatively flat. In distention of the small intestine the swelling is most
marked in the latter region.

Normally the colonic percussion-note is of somewhat lower pitch than that of

the small intestine, but of higher pitch than that of the stomach, the variation being
due to the difference in the size of these viscera and in the thickness of their walls.

In general gastro-intestinal distention the same variations are often observable.

A large quantity of fluid faeces in the colon will give rise to percussion dulness
in the flanks, which may disappear when the patient is turned on his side. That
sign is therefore not conclusive evidence of the presence of free fluid in the peri-

toneal cavity, unless the condition of the colon is known.
Rupture from distention— a rare occurrence—will usually be incomplete, the

mucous membrane remaining unbroken.
Idiopathic dilatation of the colon has been seen in young children, chiefly among

those affected with rickets.

Displacemeyits.—The cacum and ascending colon or the sigmoid and descend-
ing colon may be found in inguinal or femoral herniae, may be at the median line of

the body, or may even lie in the iliac fossa of the opposite side. A misplaced,

movable, or enlarged kidney may cause variation in the position of the colon.
" When the left kidney occupies the iliac fossa or is situated over the left sacro-iliac

synchondrosis there is generally no sigmoid flexure in the left iliac fossa ; but the

descending colon passes across the middle line, and the rectum commences on the

right side of the sacrum" T Morris). Paranephric tumors, by pressure on the colon,

have produced such marked symptoms of intestinal obstruction as to be mistaken

for intussusception Hbid. ).

The transverse colon, as the most movable of the three divisions of the colon

proper, is peculiarly liable to assume abnormal positions, usually as a result of

habitual constipation or secondary to obstruction lower in the gut. It can readily

be understood how the weight of fecal masses may in time exaggerate the normal
downward curve of the transverse colon, resting only on the easily displaced small

intestine, and carry it towards the pubes, which it sometimes reaches. The normal
level of the middle or lower portion of the transverse colon is at the upper umbilical

or the lower epigastric region, or on the line separating those two regions. The
position of the transverse colon in relation to the stomach varies greatly within

normal limits. If the stomach is empty, it is behind the colon; if full or distended,

it will push the latter downward and overlap it from in front.
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Tlic sininoiil llcxurc, the most movable part of the larj^e intestine, normally occu-

pirs the pel\ is r.ilher than the iliac fossa ( bi^. 141H), int(j which, hcnvever, it rises if dis-

placed by pelvic swellings or by a tlistended bladder or rectum, or it it is itself distended.

From its shajjc anil position and the rclatixely mreal lin^ah of its mesentery it is

verv liabU- to assume unusual positions. It may Ije found on the ri_i;ht side of the

alxlonun, may sink low in the pelvis (especially when loaded with fa-cesj, and in

this lalli-r position may, as a result of ulceration, adhesion, and perfcjration, open
into the bladtler, the vai^ina, or even into the vas deferens (Allenj, producin).^ a

fecal fistula.

Obstruction of the lar^e intestine may be due to (
i ) fecal impaction. The

presence of the sacculi, the ins[)issation of intestinal contents, and the necessity for

oveicominjj;- gravity in the ascendini^ colon, the left half of the transxerse colon, and
the lower segment of the sijj^moitl curve favf)r the j)roduction of this condition.

(2 ) Stricture is more connnon in the lar^^e intestine than in the small. It mav be

{a) cicatricial Mxd follow dysenteric ulceration in the rectum, sii^^moid, or descending
colon ; tuberculous or stercoral ulceration in the ileo-c^ecal region ; or syphilitic or

tuberculous ulceration in the rectum ; or {b) malignant, most common as we ap-

proach the termination of the intestinal tract, so that rectum, sigmoid, descending
colon, hepatic flexure, splenic flexure, transverse colon, caecum, and ascending colon

re|)resent the clinical order of frecpiency. The intimate relation of the he])atic

flexure to the gall-bladder subjects it to various forms of irritation, which j^robably

account for its relative susceptibility to malignant disease as compared with the

transverse colon ; while the mechanical conditions present in the caecum (page 1680)
apparently have a similar el^ect upon it, making it more frequently the seat of car-

cinoma than is the ascending colon.

Malignant disease, in addition to producing stricture and obstruction, may ex-

tend into and involve any of the neighboring viscera.

(3) Volvulus, in its usual form, is a twist of a portion of the bowel upon an axis

passing transversely through the at^ected segment of gut and its mesentery. In more
than two-thirds of all cases of volvulus the sigmoid loop is the part involved. The
usual cause is habitual constipation. The gut, becoming paretic from continued dis-

tention, hangs over into the pelvis and drags upon and lengthens the mesosigmoid.

Irregular contraction of the muscular layer of the gut in the effort to rid itself of the

fecal mass, or accumulation of faeces in one segment of the loop, so that it falls over

and descends below the other and less distended segment, may then cause the twist.

The immediate result is stoppage of the fecal current from the pressure of the two

ends of the loop on each other, and intense congestion of the whole loop from ob-

struction of the mesenteric vessels. Meteorism develops early and becomes exces-

sive as the entire intestinal tract is sooner or later involved in the distention. Vom-
iting appears late and is not very marked. The difference in this respect between a

volvulus of the sigmoid and an acute appendicitis (in which vomiting is often an early

and significant symptom) may be due to the fact that the nerve-supply of the former

is from the inferior mesenteric plexus, communicating directly with the aortic plexus

and only indirectly with the solar plexus. The region of the caecum and appendix,

like the small intestine, is supplied by the superior mesenteric plexus, having rela-

tion especially and directly to the solar plexus and to the right pneumogastric. In

volvulus of the small intestine vomiting is an early and persistent symptom. As well

known, for mechanical reasons and because of the greater fluidity of the intestinal

contents, vomiting is more apt to occur early and to be marked the higher the site

of an intestinal obstruction.

The other forms of obstruction involving the large intestine—foreign bodies,

bands, peritonitis, etc.—have no especial anatomical significance. Intussusception

has already been mentioned. Hernia will be described later.

The relations of the large intestine should be carefully studied (Fig. 1383) in

order to understand how {a) a renal, perinephric, or spinal abscess, or malignant

neoplasm of the kidney may open into, obstruct, or involve either the ascending or de-

scending colon; {b) a suppurating gall-bladder or an abscess of the liver may evacuat**

into the beginning of the transverse colon
;

( r) a gastro-colic fistula may become es-

tablished in cases of gastric ulcer in\olving the greater curvature; (^d) an aneurism
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of the abdominal aorta may burst into the gut, the blood passing between the layers

of the transverse mesocolon
;
{e) an iliac abscess may discharge into the Cctcum or

sigmoid flexure
; (/ ) the latter may by ulceration communicate with the bladder or

vagina
; (^) or may, in chronic fecal distention, produce left-sided varicocele (the

more frequent) by pressure on the left spermatic vein.

The angulation at the junction of the lower end of the sigmoid flexure with the
first part of the rectum, caused by the greater mobility of the former and its descent by
gravitation to a lower level, often constitutes an obstacle to the passage of a bougie or

tube, or sometimes even of liquids, into the sigmoid. In various examinations and in

washing out the colon it is therefore frequently desirable to put the patient in the knee-
chest posture, which often, by gravity, lessens or removes this cause of obstruction.

Usually a tube cannot be passed completely through the sigmoid flexure, but
often carries the latter with it by engaging in a sacculus or a fold of mucous mem-
brane. The tip of the instrument may be felt through the abdominal wall at a point

at or beyond the mid-line, which may lead to the mistaken belief that it has entered
the colon. Exceptionally it is possible to make it do so, the passage of the tube
being facilitated by the injection through it, as it advances, of an oily liquid in suf-

ficient quantity to distend as well as lubricate the sigmoid curve.

Wounds of the large intestine are less dangerous than those of any other portion

of the intestinal tract because (a) the lessened fluidity of the intestinal contents dimin-

ishes the risk of fecal extravasation, and (b) if the wound passes through the lumbar
parietes and involves only the posterior wall of the gut, the opening may be entirely

extraperitoneal. According to Treves, a mesocolon is found in connection with

the ascending colon approximately once in four times, and with the descending colon

once in three and one-half times. In 75 cases out of 100, therefore, such a wound
of the colon would be attended by a minimum of danger.

In operations on the large intestine it mav be identified by {a) the longitudinal

bands, especially the anterior and inner, the posterior being uncovered by peritoneum

and therefore less conspicuous, and being placed along the attached border of the

ascending and the descending colon
;
{b) the epiploic appendages found more abun-

dantly along the inner band and on the transverse colon
;
(r) its sacculi which may be

seen, and its fecal concretions which may often be felt ; and in addition, as compared
with the small intestine, {d') its lesser mobility, greater diameter, and the absence

of the palpable transverse ridges of the valvulte conniventes. It should be remem-
bered that when it is greatly distended the longitudinal bands and sacculi are almost

or quite obliterated, and that the epiploic appendages—peritoneal pouches filled with

fat—are absent on the posterior aspect of the gut and in the rectum.

Colostomy.— («) Lumbar.— If the descending colon is opened through the loin,

it should be through an incision following the oblique supra-iliac crease. The course

of the gut corresponds to a vertical line 12 mm. ( }^ in. ) external to the centre of

the crest of the ilium. The incision crosses this at its middle, therefore a little below

the kidney or on a level with its lower edge, and divides the posterior fibres of the

external oblique, the anterior ones of the latissimus dorsi and those of the internal

oblique, the lumbar fascia, the posterior fibres of the transversalis muscle, and the

transversalis fascia. At this level the descending colon lies in the angle between the

psoas and quadratus lumborum muscles. In the absence of a mesocolon (64 per

cent. ) the operation should be extraperitoneal.

(b) Inguiyial.—An incision similar to that often employed in appendix cases

and largely intermuscular may be made, its centre being 4 cm. (about i J4 in. ) from

the left anterior superior spine on a line from that point to the umbilicus. The sig-

moid flexure, the portion of gut to be opened, may be recognized by the taeniae, the

sacculi, the appendages, etc.

The various operations to effect ayiastomosis betw-een portions of intestine above

and below occluded, diseased, or gangrenous areas depend for their success in many
instances upon the mobility of the intestine and therefore upon the existence and the

length of a mesocolon.
In colectomy, or complete resection of a portion of the large intestine, the usual

care as to the vascular supply of the retained gut, the inversion of its edges, and the

approximation of serous surfaces must be exercised.
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The Rectum and Anus.— In rchition to its diseases and injuries, the rectum
niav most coiULiiiciuly Ik- di\idetl into two portions : ( i ) the /><7z7V', from the ter-

mination of the sij^nioitl flexure, at tlie middle of the thirtl sacral vertebra, to the
level of the reflection i)f tlie recto-vesic.il fascia irim\ the upper surface of the levator

ani to the wall of the rectum ; and (2) the pcri)u'iil,—the "anal canal," —which
exteiuls from this level, throuj^h the floor of the pelvis, to the anus.

The recto-vesical fascia (paj^ei678), while perforated by vessels, constitutes an
efficient barrier to the progress upward of infections or collections of pus and ren-

ders the surgical relations of the anal canal perineal instead of i)elvic. The distinc-

tion between these portions is de\elopmental as well as practical.

The pelvic portion is the termination of the hind-gut, which has a blind caudal
end ; the anal portion results from an inflection of the ectoblast. Between them
lies the anal membrane, which may l)e j)ersistent to a greater or less extent, causing
various degrees of constriction or resulting in imperforate anus. If thin, it is car-

ried tlownward by the meconium, and may easily be felt and incised. If the sep-

tum is thicker and includes a layer of fibro-muscular tissue, a considerable distance

may separate the lower end of the rectum and the rudimentary anal canal. Either
portion may be completely absent.

The occasional al^normal opening of the rectum upon the surface of the body
has been observed in the pubic, gluteal, lumbar, or sacral region. Its more fre-

quent communication with the \'agina, urethra, or bladder is explained by persist-

ence of the early association of the gut-tube with the genital and urinary canals in

the common cloacal space (page 1696),

In early childhood the pelvic portion of the rectum is straighter, more vertical,

more of an abdominal organ, and more movable than later in life. The support
given by the fascial reflections from the rectum to the other pelvic organs is less, on
account of the undeveloped condition of the prostate and uterus. The sacral curve
is less marked. The connective tissue between the mucous and muscular coats of

the rectum, always lax, is especially so in children. Prolapsus ani is therefore not
infrequent in them, especially when straining has been caused by the presence of

lumbricoids or by other sources of rectal irritation. It occurs in adults, chiefly in

old age, when muscular tonicity has been weakened, and is favored by chronic vesi-

cal or pulmonary conditions producing frequent straining or coughing. Befween
the normal protrusion from the anus during defecation of a very narrow ring of

mucous membrane, which returns when the act is completed, and the extrusion of a

large portion of the rectum {procidentia recti ^, including all its coats, every degree
of prolapse may be met with. .The anal canal is so firmly held by the lexator ani

that it is rarely involved in prolapse.

In many cases of prolapse the recto-vesical or rerto-vaginal pouch is dragged
down and is followed by coils of small intestine (which the pouch normally con-

tains), so that it constitutes a hernial sac.

Hemorrhoids.—The anatomical conditions related to the development of vari-

cosities or dilatations of the veins of the hemorrhoidal plexus may be summarized as

follows : (i ) The absence of valves and of any muscular or fascial support between
the veins and the mucous membrane and the looseness of the submucous connective
tissue rendering the effect of gravity in the sitting and standing postures particu-

larly harmful. It should be noted in this connection that quadrupeds are almost
free from this disease. (2) The passage of the tributaries of the superior hemor-
rhoidal vein directly through the muscular wall of the rectum, about three inches

above the anus, causing intermittent constriction of the veins at that point. (3) The
communication of the superior hemorrhoidal vein—carrying most of the blood

—

with the inferior mesenteric vein, and thus with the portal system, which is sub-

ject to periodic physiological congestions (as during digestion) and to frequent

pathological obstruction. (4) The plexiform anastomoses just within the anus, be-

tween the inferior and middle and the superior hemorrhoidal tributaries (Fig. 767 ),

so that the former, although connected with the systemic circulation, are subject to

dilatation as a result of portal congestion. (5) The relation of the hemorrhoidal
veins and of the terminal branches of the inferior mesenteric veins to the fecal con-

tents of the sigmoid and rectum, exposing them to frequent pressure.
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It may now readily be understood how, in the presence of the above pre-
disposing conditions, hemorrhoids may result from (a) direct pressure ujjon the
veins, as in constipation, pregnancy, ovarian or prostatic enlargements

; (b) indirect

pressure through the column of blood, as in hepatic or splenic disease, or from
the contraction of the diaphragm and abdominal muscles, as in coughing or lifting

heavy weights, or as in straining due to the presence of stricture or vesical cal-

culus or cystitis ; and (^) irritation of the rectum or anus, causing congestion of

the hemorrhoidal veins.

It will be seen that chronic constipation is a possible cause of hemorrhoids
under each of the above headings : the fecal masses j^ress upon the veins, irritate

the rectal mucosa, and necessitate straining for their ex])ulsion.

Ulceration of the rectum and anal canal, whether from inflammation or infec-

tion following trauma (from indurated faeces or from foreign bodies), or caused by
dysentery, tuberculosis, syphilis, or cancer, is of anatomical interest in its relation,

first, to the vascular and nervous supply of the parts, and, next, to the surrounding
regions.

The rectum proper is characterized, as Hilton long ago showed, by great
distensibility and little sensibility ; the anal canal strongly resists distention and is

extremely sensitive.

The rectum is supplied largely from the sympathetic system through the infe-

rior mesenteric and hypogastric plexuses. The anal nerve-supply is chiefly from
the sacral plexus, especially the fourth sacral and the pudic nerves, the filaments of

which enter the gut at about the level of the "white line" which marks the junc-

tion of skin and mucous membrane and also the demarcation between the internal

and external sphincters. The motor and sensory supply to the anal canal is far in

excess of that to the rectum. Corresponding differences are observed in the vascu-
lar supply. Although the inferior mesenteric artery brings through the superior

hemorrhoidal a relatively large amount of blood to the rectum, it contributes but
little to the anal canal, which is richly vascularized by the pudic arteries.

These facts explain the extraordinary absence of subjective symptoms often

observed in cases of large fecal accumulation, malignant growths, or extensive

ulceration, when the rectum alone is involved. They likewise explain (through the

association of the pudic, the fourth sacral, and other branches of the sacral i)lexus)

the great pain of anal ulceration {fissure^ or of inflamed and protruding hemor-
rhoids and the associated muscular cramps in the limbs, the vesical irritation or

spasm (often causing post-operative retention of urine), the lumbar and iliac pains,

and other reflex phenomena so common in anal disease.

The great power conferred upon the sphincters by their unusually rich nerve-

supply, and developed by the resistance thev must frequently and necessarilv offer to

the peristaltic action of the intestines and to the descent by gravity of feculent matter,

enables these muscles, especially the external sphincter, through their obstinate and
almost continuous reflex spasm, to become not only a cause of the excessive pain of

fissure, but also an obstacle to healing. It is therefore usually requisite in the treat-

ment of such ulcers to paralyze the sphincters by overstretching, often supplemented
by either partial or complete section of the external sphincter. The higher an ulcer

in the rectum the more amenable it is to treatment by physiological rest (Hilton).

Ulceration in the rectum, as elsewhere in the intestinal tract, may result in

stricture, or in fistulous connection with neighboring organs or tracts, as the bladder
or vagina.

Lymph infection proceeding from the rectum involves the pelvic and lumbar
glands, especially those lying on the front of the sacrum ; if from the anal canal, the

upper and inner inguinal glands are involved. The lymphatic distribution, like that

of the nerves and blood-vessels, is thus seen to be quite different for the rectum
and for the anal canal.

If infection spreads by vascular rather than lymphatic channels, it usually travels

by way of the portal vessels and affects organs connected with the digestive system,

especially the liver. Thus a not uncommon sequel of dysentery is hepatic abscess.

On the other hand, emboli from external hemorrhoids have been known to enter the

general venous circulation and have caused death.
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SuhcutaiU'ous or siil)niiK()us inli-ction involvinj^ tlic anal canal may open into

thf canal [ imoiuf^Ute i/itrntai /istii/a in ano), or upon the- cutaneous surface just

without the margin of the anus ( incomplele external fistula in ano), or in both direc-

tions (eo)nf>lete fistula in ano).

It may bejj^in with ulceration within the canal (most often, but not necessarily,

tuberculous), and may extend into the ischio-rectal fossa ; or it may originate in that

space, and, be^innin^ as an ischio-redal abscess, cause either of the above varieties of

fistula. Such abscesses are very frecjuent because of (a) the proximity of the rec-

tum, the treciuency of rectal ulceration, and the invariably sejjtic character of ihe

rectal contents ; {b) the jioorly xascularized fat and hjose connective tissue occupy-
ini;: the fossa

; (c) the effect of j^ra\ity in inducinj^ congestion
; (d) the absence of

muscles comjjetent to facilitate the return of \'enous blood
; (e) the slight but often

repeated trauma caused l)y couiL^hinjL^ or straining', the effect reaching the fossa

through the impact of the intestines on the levator ani, its roof ; (/) the exposure of

its contents to frequent slight external trauma, as in sitting on irregular surfaces, and
to marked changes of temperature.

The anal fascia, the levator ani, and the strong recto-vesical fascia offer usually

a sufficient barrier to the progress of the abscess upward ; its outward extension is

limited by the obturator fascia, the obturator internus, and the tuberosity of the

ischium (Fig. 1426). Internally, below the level of the levator ani, usually about 12

mm.
(
J4 in. ) above the anus, it finds its point of least resistance, and accordingly,

when it results in fistula, the internal opening will usually be found about on the line

between the sphincters, its higher exit from the fossa being prevented by the blend-
ing of the anal and recto-vesical fasciae and the le\ator ani muscle with the bowel-
wall. If it reaches the surface of the body, it will do so inferiorly in the space
between the anus and the tuberosity of the ischium and the edge of the gluteus maxi-
mus behind and the reflection of the deep perineal fascia in front (Fig. 1423). This
external opening is apt to be just beyond the outer margin of the external sphincter.

Such abscesses should be opened early on account of the suffering caused by
pressure on the twigs of the small sciatic, the fourth sacral (on its way to supply the

external sphincter), the inferior hemorrhoidal and superficial perineal nerves, and
also to avoid the formation of fistula, and to forestall any possible extension upward
and a resulting /><?/t7V cellulitis from involvement of the connective tissue between the
recto-vesical and pelvic fasciae and the peritoneum (Fig. 1425). They should be
opened widely to permit of perfect drainage, as the walls cannot definitely be ap-

proximated; the incision should be on a line radiating from the anus, so as to avoid
the hemorrhoidal vessels. In the presence of fistula following such an abscess, the

incision should unite the external and internal openings, and will usuallv divide the

external sphincter and the wall of the rectum. Incontinence of faeces does not per-

sist for any time, unless both sphincters are divided. The levator ani may aid in

preventing it (page 1692).

In women free anterior division of the external sphincter may cause permanent
incontinence on account of the laxness of its anterior connections, the interposition

of the vagina preventing the firmer attachment to the pubes which in men is attained

through the medium of the triangular ligament.

Fistula requires operation because drainage is imperfect and the region is acted

upon by the contractions of the levator ani, the muscular coat of the gut itself, and
by the external sphincter, the latter muscle being especially irritable and sometimes
hypertrophied.

Cancer of the rectum may involve any portion, but is apt to be found within

two or three inches of the anus. In addition to the symptoms of obstruction, the pain

from contact of faeces with an ulcerated surface, and the blood which may streak the

stools, there are symptoms due to its anatomical surroundings which should be care-

fully studied. If it extends towards the hollow of the sacrum, it will press upon the

sacral plexus, causing pain which may suggest sciatica, lumbago, sacro-iliac disease,

or coxalgia. If it extends anteriorly, distressing vesical symptoms in the male may
distract attention from the real seat of the disease ; while in the female menstrual

derangement and suffering may have the same effect. Laterally it may involve the

ischio-rectal fossae, producing abscess and, later, multiple and intractable fistulae.
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If it spreads to distant parts, it should be remembered that, if it is hij^h and fol-

lows lymphatic channels, it involves first the sacral j^^lands in the sacral curve and
then the lumbar j>lands by the sides of the lumbar vertebrae. The former, when
much enlarged, may be felt with the finger in the rectum. The latter are palpable

through the anterior abdominal wall. If the carcinoma is at or near the anus, the
upper inguinal glands are apt to be first involved. If it spreads through the blcjod-

vessels, it may, whatever its seat, follow the superior hemorrhoidal veins to the portal

system and the li\'er or the internal jjudic and iliac \eins to the vena cava and to the

lungs and elsewhere.

The relalions of the rectum are of much practical importance. Those with the

peritoneum have been described (page 1753). The fact that this membrane leaves

the rectum uninvested posteriorly makes it possible in rectal cancer to remove safely

more of the posterior than of the other walls. Penetrating ulcers are more apt to

involve the peritoneal cavity if on the anterior wall.

In the male the rectum is in relation anteriorly to the prostate, the seminal vesi-

cles, and the base of the bladder. Dilatation of the rectum raises the recto-vesical fold

of peritoneum and elevates and advances the bladder, bringing a larger non-peritoneal

surface in closer contact with the abdominal wall. This is sometimes made use of

in suprapubic lithotomy or prostatectomy (q.v.). In the female rectal distention

pushes the fundus uteri upward and towards the pubes.

Injuries to the rectum are dangerous, aside from shock and hemorrhage, on
account of the risks of septic peritonitis or cellulitis. The height of the wound or

rupture or perforation and its relation to the peritoneal pouch or to the recto-vesical

fascia are of great importance. The rectum is less liable to direct trauma than are

other portions of the intestinal tract, on account of the protection afiorded it by the

bony walls of the pelvis.

Enlargement of the prostate may so depress the anterior wall of the rectum as

greatly to diminish its lumen. Occasionally symptoms of rectal obstruction are

produced thereby. Acute prostatic inflammation and prostatic abscess may be

recognized by rectal touch, as may similar conditions of the seminal vesicles. They
are, for obvious reasons, apt to be associated with rectal irritation, tenesmus, and
painful defecation.

In operatio7is on the rectum, as for excision of carcinoma, it may be approached

{a) from beloiv, when the disease is near the anus, by isolating the lower end of the

gut. If the anus is involved, the incision may be made outside the external sphinc-

ter ; if not, the incision may follow the '' white line." It will be necessary to divide

the lateral fascial attachments, the levator ani on each side, the connective tissue

between the rectum and vagina or rectum and urethra and prostate, and numerous
hemorrhoidal branches, (b) It may be approached from above, when the growth is

high, by opening the peritoneal cavity. The sigmoid may also be opened, the dis-

eased segment of gut invaginated into it and excised, and the remainder of the

rectum and sigmoid united (Maunsell). {c) It may be reached from \\\ front

through a median, incision in the posterior wall of the vagina ; or (^ ) from behind

by renio\'al of the coccyx ; or, if more room is required, by detachment of the sacro-

sciatic ligaments ; or, in still more extensive disease, by resection (osteoplastic or

otherwise ) of the left half of the sacrum up to the lex-el of the lower border of the

third sacral foramen. Paralysis of the bladder may follow interference with the third

sacral nerve. The sacral and coccygeal attachments on the left side of the levator

ani, the coccygeus, and the sacro-sciatic ligaments must, of course, be divided, as

must the fourth and fifth sacral and the coccygeal nerves. The lateral and median
sacral arteries and their accompanying veins are raised, with the fibrous tissue on

which they lie, from the anterior surface of the sacrum by a blunt elevator.

Exanunation per rectum may be made by the finger, by inspection, by bougies,

or by the introduction of the whole hand.

{a) With the /in i^er one can feel the involuntary contraction of the sj)hincters

embracing the finger for the space of about an inch. If the patient is asked to con-

tract the sphincter voluntarily, the levator ani will participate, as both muscles are

innervated by the fourth sacral nerve. As a result of this, the upper margin of the

contracted portion

—

i.e.. of the anal canal—will then be felt to "end abruptly and
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jjive a sensation of a l)r()acl nuisciilar band around tht- bowel" (Ciipps). This is

more distinct jjostcriorly and rcprustnls the ijosteiior cil^e of the levator ani. It is

from iIj-2 in. Ironi thr anu>. A |>atulous condition of the anus or a cavernous »jr

"ballooned" contlition ot ihc rectum slujuld su^^a-st stricture, the muscles bel(j\v

which, ha\in_i;" no function to perform, become enlari^ed and yieldinj^. An excep-
tionally tiyht j^ri]) of tlu- linmir, with marked tendern;;ss, slujuld suj^^est fissure.

If the i)atient is asked to strain, a slijL^htly incf .*ased area of bowel will be made
accessibk- to i-xamination bv the linm^er, but, e.\ce|)t anteriorly, the tinj4;er cannot, as

a rule, reach beyond the portions uncovered by peritoneum. The upward distance

thuM made |)alpable is on the average from 3-4 in. The distance from the anus to

the recto-vesical pouch, u lun the bladder and rectum are emi>ty, is about 2}^ in.;

when they are distended, it is about 3)4 in. (irowths in the sigmoid often descenci

so that they may be felt throuj^h the rectal wall with the finger.

Anteriorly, from i>^-2 in. from the anus, the prostate may be felt in the male.

Between its apex and the anus the membranous urethra is accessible to digital

e.xamination and can be distinctly outlined when a catheter or sound occupies it.

Posterior to the prostate there may be felt the triangular area of the base of the

bladder, which is closely held to the rectum by dense connective tissue, and the sides

of which are formed by the seminal vesicles, the base by the edge of the recto-

vesical peritoneal pouch. It is through this triangle, and as near its apex—/.^. , the

prostate—as possible, that the bladder is tapped per rectum, and it may be noted in

connection with what has already been said as to the lack of sensibility in the upper
rectum, that the operation—now rarely performed—is almost painless. The seminal

vesicles, and in some cases a portion of the vas deferens, can be felt above the pros-

tate and at the sides, especially if diseased. Their relations to the rectum explain

the sj^urious cases of spermatorrh(Ea in which, during defecation, their contents are

squeezed into the urethra by the descending fecal masses, exciting the apprehension

of the patient, usually a young neurasthenic.

In children the bladder may be examined to its bas-fond, and, even if not dis-

tended, may be felt by bimanual palpation, one hand being above the pubes.

The back of the pubic bones and symphysis and the obturator foramina may also

be reached anteriorly.

In females the recto-vaginal walls and the os uteri may be felt anteriorly and the

broad ligaments and (in some cases of disease) the ovaries laterally. Laterally also,

in both sexes, the inner aspect of the ischial tuberosities and part of the rami may be

felt, as well as the inner walls of the ischio-rectal fossae, which will be soft and yielding

under normal conditions, and tense, tender, and bulging if an abscess occupies the

ischio-rectal space.

The pulsations of some of the hemorrhoidal arteries may often be felt, and one

or more of Houston's folds and the lower portion of the columns of Morgagni and
the '

' valves
'

' of the same name recognized. Posteriorly the front of the coccyx

and the sacro-coccygeal junction can be reached.

(d) By inspedioji, with the aid of various specula, and with reflected or electric

light, ulcers, polyps, or other new growths, the internal openings of fistulous tracts,

hemorrhoids, fissure, and other pathological conditions may be seen. By placing

the patient in the "knee-chest position" the intestines gra\'itate towards the dia-

phragm, the recto-x'esical and recto-\'aginal pouches are emptied, downward pressure

upon the sigmoid and rectum is removed, the latter has room to dilate upon the

admission of air, and inspection is thus facilitated.

{c) By bougies stricture may be recognized, but care must be taken that ob-

struction due to contact with one of the so-called "valves"—Houston's folds—i?

not mistaken for a contraction. It should be remembered, too, that the sigmoid is

quite movable, and that the demonstration by touch of the presence of the end of the

bougie close to the abdominal wall, even if it is also near the median line, does not

prove that it has passed into the colon. It may have carried the sigmoid with it.

(^) By the whole hand introduced into the bowel there may be felt (in addition

to the structures mentioned in a') (i) the spines of the ischium ; (2) the cur\'e and

promontory of the sacrum ; (3) the outlines of the greater and lesser sacro-ischiatic

foramina
; (4) the external iliac artery from the brim of the pelvis to the crural
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arch
; (5) the internal iliac artery through most >of its course

; (6) in the female the

uterus and the ovaries. If the hand will enter the sig^moid flexure, most of the abdo-

men may be explored.

Examination throu^^h the rectum by this method is distinctly dangerous from

the risk of laceration of the gut. It is therefore not in much favor.

DEVELOPMENT OF THE ALIMENTARY TRACT.

Reference to the cross-section of a young mammalian embryo (Fig. 1428) shows
the early relation between the primitive gut and the yolk-sac, of which latter the

former is evidently a part. The longitudinal section of a very young human embryo
, (Fig. 46, page 39) emphasizes the wide communication between the two. The
differentiation of the gut from the yolk-sac is accomplished by the approximation
and union of the two splanchnopleuric folds which consist of the entoblast internally,

continuous with that of the yolk-sac, and the visceral layer of the mesoblast exter-

nally. As the union of the splanchnopleurse proceeds, the gut-tube becomes closed

Fig 1428. Xeural tube
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Transverse section of early rabbit embryo, showing differentiating gut-tube still communicating with vitelline
sac. X 80.

throughout its cephalic and caudal segments, between which, however, it remains
open and connected with the yolk-sac by a communication that rapidly narrows and
elongates into the vitelline or umbilical duct, a structure that for a considerable time
remains as a canal bearing the diminishing yolk-sac or umbilical vesicle at its outer
end. The primitive digestive tract, therefore, is closed both anteriorly and pos-
teriorly, and soon may be divided into three segments : the/o?'c-, mid-, and hind-gut.

Formation of the Mouth.—The cephalic segment, the fore-gut, is somewhat
dilated at its anterior extremity, and there constitutes the />rzw///t'<?///rtrr;/.i-, which at

first is separated from a bay-like depression, the oral recess (stowodcriau ), which
meanw^hile has been formed by the downward flexure of the anterior cerebral vesicle

and the development of the visceral arches. The septum between the fore-gut and
the oral recess, XhQ p/mry7igealmetnbrane {¥\^. 1429), consists of the directly apposed
entoblast lining the primitive pharynx and the ectoblast continued from the surface,

no mesoblast intervening. The jjharyngeal membrane very early (probably about
the thirteenth or fourteenth day in man) becomes broken up by the formation of

holes and soon disappears, the primitive oral and pharyngeal spaces thereafter freely

communicatincf.
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The entrance into the priinarv oral cavity is a jjcntagonal opening bounded by
five projections,—superiorly by ihv uninnixd Jro/i/a/ p/oass, extending tlowinvard
from the region of tlie anterior cerebral vesicle, laterally by the maxillary processes,

and inferiorly by the fused mandibular processes of the first visceral arches (Fig. 74).
The further changes leading to the formation of the definitive mouth and the sepa-
ration of the oral and nasal cavities are described in connection with the development
of body-form (page 59).

The primitive pharynx bears on each side a scries of four lateral dilatations, the
pharyuircal pouches (Fig. 73), corres[)onding to the inner half of the visceral clefts

seen in water-breathing animals. In the mammals true fissures are not formed, the

visceral clefts being represented by the external and internal furrows lying between
the \isceral arches and separated l)y a delicate ecto-entoblastic partition. The details

of the de\elo[)ment and metamorphosis of the visceral arches and furrows have been
considered (page 60).

Fig 1429.
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Formation of the Anus.—The posterior or caudal segment of the primitive

gut-tube is the seat of the changes leading to the formation of the excretory orifice.

Formerly the development of the anus was regarded largely as the repetition of a

process similar to that leading to the communication between the oral recess and the

fore-gut, an external depression (proctodccum) being separated from the hind-gut by
an ecto-entoblastic partition which later was broken down to form the anus, which was
considered a new structure.

The studies of Gasser, Kupf^er, Bonnet, Hertwig, and others have emphasized the

close relations between the anus and the blastopore. According to these investigations,

the blastopore probably gives rise to the transient neurenteric canal, while behind the

latter lies the rapidly proHferating tissue of the primitive streak. When the primitive

streak is regarded as the fused and elongated blastopore (page 25), it follows that

the anlage for the anus is located in the posterior part of that structure, and, further,

that the primary position of the anal anlage is on the dorsal surface of the embryo.
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Its migration to the ventral surface is associated with the j^rowth and chanc;-es affect-

ing the tract situated between the neurenteric canal and tlie anal anlage giving rise

to the tail-bud ( Hertwig) from which the caudal api)endage arises. In conse-
quence of the displacement occasioned by these changes, the anal anlage gradually
assumes a ventral position immediately beneath the tail.

Coincident with this migration the primitive gut-tube becomes enlarged in the
vicinity of the allantois to form a common space, the cloaca, into which open the hind
gut, the allantois, the Wolffian ducts, and the caudal or post-anal gut, a temporary
entension of the gut-tract toward the tail-bud. The ventral wall of the cloaca shutting

it off from the exterior is formed by a delicate partition, the anal or cloacaI mem-
brane (Fig. 1644), consisting of the apposed entoblast and ectoblast. A slight de-

pression, \.\\it pyimitive anal groove, indicates the position at which the membrane
breaks through to establish the cloacal orifice in those forms, as birds and mono-

A
Fig. 1430.
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tremes, in which the cloaca persists. In the higher mammals the cloacal stage is

only temporary, the cloaca becoming subdivided into two compartments by the for-

mation of a septum, which grows downward to meet the cloacal membrane. The
anterior compartment becomes the uro-genital sinus, the posterior the rectum.
Later the remains of the cloacal membrane disappear, and these spaces are prox'ided

with the uro-genital cleft and the definitive anus respectively.

Differentiation of the simple gut-tube into distinctive segments begins with the

stomach, which appears as a small spindle-form enlargement at some little distance

below the primitive pharynx, the portion of the tube between the two correspond-
ing to the early oesophagus. The gut-tube lies close to the posterior wall of the

body-cavity, and at this stage (corresponding to about the fourth week in the human
embryo) presents five divisions,—the primitive oral ca\ity, the primitive pharynx,
the oesophagus, the stomach, and the intestinal tube, which latter freely communi-
cates with the yolk-sac through the vitelline duct.
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The tli^^cstivc tube is at first closely hoiiiui to the postericjr body-wall by a short,

broad mesoblastic band. Tiiis attachment, or primitive mesentery, from the lower

end of the cesophagus downward, j^radually increases in its sajj;^ittal dimensions, at

the expense of its breadth, in conseciuence of the p^iit-tube leaving the dorsal wall and
assumini^ a more ventral position, the entire tj^astro-intestinal tube beinj^- thus attached

by a mesentery. That portion of tli:* latter connected with the stomach is known as the

mesoi^astrium, that with the inti:stinHl tube as the mesenterium commune {Vx^.ij^'j^).

The elon^^ation of the stomach soon results in loss of the primary sagittal direc-

tion of its axis, which becomis oblicjue, the lower entl of the ort^an passinj^^ to the

rij^ht, while its ujjper ind is displaced towards the left in consecjuence of the increasing

volume of the liver. lOmbryos of the sixth week exhibit marked change in the form

of the stomach, since the dorsal wall, later the greater curvature, has become bulged

spincward, while the ventral surface presents a slight concavity foreshadowing the later

smaller curvature. Somewhat later the stomach also undergoes rotation about its

longitudinal axis, its primary left surface becoming the ventral or anterior, and its

primary ventral border the lesser or upper curvature. The primary wall of the
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intestinal tube and its mesentery. Within the mesogastrium course the three
branches of the coeHac axis ; the superior mesenteric artery passes within the mesen-
tery between the Hmbs of the intestinal loop, while the inferior mesenteric artery is

distributed to the last part of the intestinal tube.

The subsequent changes which the intestinal tube exhibits during its growth have
been carefully studied in reconstructions by Mall,' whose conclusions differ materially

from the prevailing views. According to this investigator, the rapidly augmenting
liver-mass occupies so large a ])ortion of the still small abdominal cavity that there is

no space left for the expansion of the intestinal tube. In consequence of this con-
dition the greater part of the gut is early displaced from the abdominal cavity into

the coelom within the umbilical cord, the upper limb of the U-loop then lying to the
right and the lower to the left. The growth of the small intestine—more rai)id than
that of the large—soon results in the production of six primary coils, the identity of

which is retained not only throughout development, but can be established even in

the adult (Mall). The first part of the gut-tube, continuous with the stomach and
receiving the ducts of the liver and the pancreas, increases relatively little in its

Fig. 14,32.

Future diaphragm ^

Connection of

vitelliae stalk

Anterior mesentery
(falciform ligament)

Liver

Anterior mesentery
(gastro-hepatic omentum)

Umbilical vein

Body-cavity

Stomach

Spleen

Mesogastrium

Ccsliac axis

Pancreas

Duodenum

Superior mesen-
teric artery

MeseiUerium
commune

Inferior mesenteric artery

Allantoic duct

Cloaca

Beginning of large intestine

Diagram showing early relations of anterior and posterior mesentery. (Based on figures of Mall and Toldt.)

length, and therefore does not become secondarily convoluted, as do the remaining

coils of the small intestine. This part is later represented by the duodenum. The
other primary coils undergo great elongation, and consequently present secondary

convolutions of increasing complexity, all of which for a considerable time (until the

embryo has attained a length of about 30 mm. ) are retained within the umbilical

coelom. About this period the lower part of the body grows rapidly, resulting in

increased space within the peritoneal cavity, which now affords room for the tempo-

rarily displaced gut-coils. In consequence of these changes the intestine returns to

the abdominal cavity, and in embryos of 40 mm. length the coils no longer lie within

the umbilical cord. Mall has shown that their return to the abdominal cavity occurs

in a definite order, the upper part of the small intestine being first withdrawn, the

large intestine with its csecal dilatation last. On re-entering the abdomen the upper
part of the small gut passes to the left hypochondriac region, while the lower segment
of the small intestine with the ca;cum takes up a position towards the right hypo-

chondriac region. Coincident with this migration the large intestine is differentiated

' Arch, fiir Anat. u. Physiol., Supplement Bd., 1897.
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into a descending ami a transverse colon, the fornK-r luiiij^' the upper part of the vertical

linil) of tlic ori,i,Mnal dorsal Hcxiire lyinjii: below the stomach. This fie.xure indicates

the division hetwei-n the desccndinij and transverse colon, since the latter corres[jonds

to the sci^MiL-nl in front of the bend. Once back in the pi-ritoneal cavity, the loops,

wliich collectively lay in the saj^ittal

Fig. 1433. plane of the cord, are arranged gen-— erally at right angles to the long axis

of the body, and the antero-posterior

colon becomes transverse ( Mall ' ). In

conse(iuence of these changes the p(^r-

tion of the large gut that lay within the

cord now lies obliquely across the ab-

domen in front of the duodeiunn, the

remaining coils of the small intestine

being placed below. The ca-cum,

therefore, occupies a position beneath

the liver, on the right side, as a slight

dilatation at the beginning of the

transverse colon. The caecum, while

gradually increasing, retains this gen-

eral position until adjustment in the

length of the segments of the large

intestine takes place shortly after birth.

The lower part of the large gut is

thrown into a loop extending across

the abdominal cavity, which becomes the sigmoid flexure, the latter at birth including

nearly one-half of the entire length of the colon. After the fourth month after birth,

the sigmoid tiexure becomes shorter and the other parts of the colon proportion-

ately longer, in consequence of which the caecum is pushed downward towards the

right iliac fossa, with corresponding lengthening of the ascending colon. These por-

tions of the large intestine, however, continue to grow for some time after birth,

and it is not until the third year that they acquire their definitive relations.

The anomalous arrangement and position of the transverse and ascending colon

and the caecum, not infrequently observed in the adult, are usually dependent upon

arrested development, the large intestine failing to take up a transverse and superior

location, and hence altering its relations with the small intestine.

Reconstruction of intestinal tube and part of liver of
human embryo of 17 mm. vertex-breech length. (Same em-
bryo as representee! in E'-iR. 1436) HI', hepatic vein; Vl\
umbilical vein; PW portal vein; GF, ^all-bladder ; FU\
foramen of Winslow. The figures in this and in the two
following reconstructions refer to corresponding parts of the
gut-tube, I being gastro-duodenal junction. X 12. (Mall.)

Fig. 1434. Fig. 1435-

Reconstn:ctioi. of intestinal coils of human embr>-o
Ot 28 mm. vertex-breech length. .Arrow indicates po-
sition of foramen of Winslow. X 8. (A/all.)

Reconstruction of intestinal coils of human embryo erf

80 mm. vertex-breech length. X 2. (Mall.)

The caecum, which first appears as a slight lateral diverticulum from the larger

inferior limb of the primary U-loop of the gut-tube (Fig. 1432), increases in size until

it forms a conical pouch, joining the colon where the latter receives the small in-

testine. The growth of all parts of the caecum, however, is not uniform, since its

'Anatom. Anzeiger, Bd. xvi., 1899.



ijoo HUMAN AXATOMV.

dependent terminal portion does not keep pace with that nearest the intestine. The
apical segment of the caecum remains proportionately small, and persists as the ver-

miform appendix. The latter, therefore, corresponds to the unexpanded morpho-
logical termination of the ciecum. This relation is evident at birth, when the appendix
forms the direct continuation of the funnel-shaped caecum ; it is exceptionally re-

tained in the adult as the foetal type of caecum occasionally observed. Usually the

caecum continues to expand with the colon, the demarcation of the appendix be-

coming progressively more emphasized, until the relative size gf the two tubes com-
monly seen is established. The usual displacement of the appendix, so that it arises

from the left and posterior wall of the ca;cum, results from the later unequal expansion

of the right side of the latter, whereby the origin of the appendix is pushed to the

left.

Differentiation of the walls of the intestinal tube begins early in the third month
by the formation of longitudinal folds, at first in the upper part, later the entire

length of the small intestine. These folds increase in number and size, and subse-

quently break up transversely into areas from which the \illi are formed. The latter

first appear in the upper part of the small intestine in embryos of about 30 mm.
in length (Berry'), and gradually extend to the lower segments, the villi being

present throughout the small intestine in embr\-os of about 10 cm. in length. Villi

also exist temporarily in the large intestine, but later undergo absorption, so that

shordy after birth they have completely disappeared, while those \\ithin the small

intestine have greatiy increased in numbers and size. Early in the fourth month the

intestinal glands appear in the upper part of the tube as minute di\erticula clothed

with extensions of the entoblastic lining of the gut. The glands of Brunner develop

somewhat later during the same month as outgrowths of the entoblast. During the

fourth month the mesoblastic stratum, from which arise all parts of the intestinal wall

except the epithelial elements of the mucosa and the glands, undergoes differentia-

tion into the muscular and areolar layers ; by the close of the fifth month all coats

of the intestine are well defined.

Differentiation of the Body-Cavity.—Owing to the precocious develop-

ment of the mammalian heart, the latter organ is formed by the approximation and

fusion of two lateral anlages, at first widely separated, in consequence of which union

the upper part of the ventral body-wall is closed, while the more caudally situated is

still incomplete, the gut-tube being but imperfectly separated from the yolk-sac.

With the more advanced closure of the ventral body-wall the abdominal cavity is de-

fined. The primar}' coelom, according to His, may be divided, therefore, into an

upper and a lower portion, theparietal and the trunk-cavity respectively. These spaces

communicate on either side by an extension of the parietal ca\ity, the parietal recess

of His. The \entral portion of the parietal ca\ity, which from its earliest appear-

ance contains the heart, becomes the pericardial cavity, and is, therefore, appropri-

ately named the /^rzVar^za/ ^a'A^w (Mall-j. The upper part of the parietal recess,

since it later contains the lung and forms the greater portion of the surrounding

lung-sac, may similarly be designated the pleural ccelom. For a time the separation

between the pericardial and pleural cceloms is imperfect, owing to the incompleteness

of the postero-lateral walls of the heart- sac. This deficiency is corrected by the

growth and differentiation of xhe puhuouajy ridge Olall), a structure that extends

from the liver along the dorsal wall of the duct of Cuvier to the dorsal attachment of

the early fold suspending the heart, or mesocardium. Mall has shown that the pul-

monan>^ ridge grows headward as i\\q plcuropericardial membrane, which completes

the separation between the heart- and lung-sacs, and later tailward to form the pleuro-

peritoneal membrane, which subsequently aids in closing the communication between

the pleural and peritoneal cavities.

At first, immediately below the young heart lies the wall of the wide yolk-stalk,

embedded within the mesoblastic tissue of which the two large vitelline veins pass in

their course towards the lower end of the heart. With the formation of the body-

wall and the narrowing of the yolk-stalk, the enlarged vitelline veins, in their journey

towards the heart, produce a broad fold which projects horizontally into the body-

* Anatom. Anzeiger, Bd. xvii.. 1900.
* Johns Hopkins Hospital Bulletin, vol. xii., 1901 ; Journal of Morphology-, vol. xii., 1897.
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cavity, and extends from the ventral wall to the sinus venosus, its median part be-

neath the heart beini^ attached tlorsally to the jfut-tuhe, while its lateral expansicjns

form the floor of the pleural ccelom. This imperfect partition, the septum tratis-

versiim of His, also allords passai^e for the two ducts of Cuvier, formed on each side

by the union of the primitive juw^ular and cardinal veins, t<j j^ain the sinus venosus
;

the septum transversum receives the heijatic outj^rowth from the primitive duodenum,
which soon develops a conspicu(jus liver-mass within the substance of the septum.

The rajiid increase in the mass of the developinjif Hver is attended by j^reat thicken-

ing of the sei)tum transversum, ])articularly towards its dorsal ed^e. Coincidently

with this auiL^uKiUation, the septum differentiates into a thinner ujjper and a thicker

lower stratum, the former constitutini^ the floor of the pericardial cavity and sur-

rounding the ducts of Cuvier, the latter enclosing the liver.

Fig. I43'^i
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The subsequent development of the liver is attended by progressive, although

only partial, separation of the inferior layer from the superior stratum of the septum
transversum, the latter layer remaining as the primitive, but still imperfect, dia-

phragm between the pleuro-pericardial and peritoneal divisions of the body-cavity.

The dorsal attachment of the septum transversum, at first high in the cer\ical region,

gradually recedes taihvard. On reaching the level of the fourth cervical segment the

fourth myotome is prolonged into the upper layer of the septum to supply muscular

tissue to what now becomes the diaphragm. The latter, however, is still incomplete

dorsally, owing to the existence on each side of the communication between the pul-

monary and peritoneal sacs. This opening is gradually closed by the backward
growth of the diaphragm and the forward and downward extension of the pleuro-

peritoneal membrane until the aperture between the thoracic and abdominal cavities

is effaced and the diaphragm is complete.
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Development of the Peritoneum.—The attachment of the primitive ali-

mentary tube, from the oesophagus downward, to the j)osterior wall of the body-
cavity by means of a sagittal fold, the priinary 7ncscntcr}\ has already been noted
(page 1697). Likewise the conventional division of this duj)licature into a lower part

attached to the intestines, the vicsentcrium commune, and an upper portion passing to

the dorsal surface of the stomach, the mesogastrium. The latter differs from the
common mesentery in not ending at the ventral border of the digestive tube, but,

after enclosing the stomach and the upper part of the duodenum, in continuing for-

ward, embracing the liver, to be attached to the ventral body-wall. The portion of

the duplicature between the stomach and duodenum and parietes is known as the

ventral mesogastrium, or anterior jnesentery, as distinguished from the dorsal meso-
gastrium behind the stomach. The ventral mesentery is at first attached above to

the septum transversum and in front to the body-wall as far as the entrance of the

umbilical vein, which occupies its lower free border as far as the liver. As already

Fig. 1437.
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noted incidentally, the latter organ during its development is almost entirely freed

from the diaphragm by the appearance of grooves on each side and before which

cleave the septum transversum and almost completely separate the lower layer con-

taining the liver, the lateral expansion of which organ materially aids in this process

of delamination. The separation, however, is not complete, since the recesses over

the sides and top of the liver do not quite meet in the mid-line, but leave a sagittal

fold attached above to the diaphragm and below to the supero-ventral surface of the

liver, beyond which it extends along the body-wall as far as the umbilicus. It is

evident that this primitive, sickle-shaped fold foreshadows the persistent /«/f{/br?« or

S7ispensory ligament of the adult organ, the lower free border of the duplicature en-

closing the umbilical vein, later the ligamentum teres, in its passage to the under

surface of the liver. The portion of the sagittal fold continued from the liver to the

digestive tube later constitutes the gastro-hepatic or lesser ojnentum and contains the

bile-duct, portal vein, and hepatic artery.
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In general, the serous membranes lininj^ the pleural and peritoneal ccx-loms rep-

resent the specialized mesohlastic layer forming the immediate boundary i>i these

cavitii'S. The peritoneum, therefore, covering the lower surface of the diaphragm

and certain surfaces of the liver is derived from those pf)rtions of the septum trans-

versum that constitute the upper and lower walls of the hepatic recesses which are

instruniental in freeing the liver from its primary position within the sei)tum. The
separation of the li\ir from the diai)iuagm is incomplete not only above, as already

noted, but also behind ; conseciuciuly the greater part of the posterior surface of the

organ remains attached to the posterior body-wall by areolar tissue and is n(jn-jjeri-

toneal, the remains of the peripheral portion of the lower layer of the septum trans-

vcrsum, which becomes the peritoneum of the liver, being reflected at the sides

backward as the coronary /iiratneuls.

Coincidently with the development of the liver and its liberation from the sep-

tum transversum, the stomach undergoes change in its axis, which becfimes less vertical

and more oljlicjuely transverse, and in consequence its attachment to the liver,

the primitive gastro-hepatic omentum, is drawn towards the right and assumes a

Fig. 1438.
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transverse position almost at right angles to its former sagittal plane. These altera-

tions in the position of the stomach and its anterior mesentery affect the mesogas-

trium, which becomes elongated and twisted towards the right to follow- the stomach
in order to maintain its attachments to the greater curvature. The result of these

changes is the production of a pocket behind the stomach, the floor and left wall of

w^hich are the mesogastrium, the roof being the under surface of the liver. This

pocket, i\\e lesser sac of the peritoneuju , communicates with the remaining part of

the peritoneal cavity on the right by means of a passage behind the displaced lesser

or gastro-hepatic omentum, the free border of the latter bounding the opening lead-

ing into the passage or vestibule (page 1749). The opening, at first large, later

diminishes in size and becomes the foramen of Winslow, which leads from the

greater peritoneal sac into the vestibule of the lesser.

Beneath the stomach very soon appears an extension of the pocket, which

pushes out betw^een the stomach above and the transverse colon below. This protru-

sion, the omental sac, continues to grow downward and forms an apron which later,

as the greater omentum, covers the loops of the small intestine. On referring to

Fig. 1439, it is evident that the greater omentum at first comprises a duplicature the
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anterior and the posterior fokl of which each consists of two serous surfaces enclosing

a thin stratum of interveninj^ tissue ; there are, therefore, four serous layers inchuled

within the original omental curtain. Tracinj^' the posterior fold of the latter upward,
it is seen to pass over the transverse colon and the mesocolon, without attachment,

to reach the posterior body-wall. On g-aining the latter, the anterior or inner serous

layer may be followed in front of the pancreas as the posterior wall of the lesser

peritoneal sac, being continued over the under surface of the liver. The outer or

posterior serous layer passes behind the pancreas to reach the body-wall, from which
it is reflected to become continuous with the upper layer of the transverse meso-
colon. For a time these original foetal relations persist, the greater omentum being
unattached to and removal)le from the transverse colon and its mesentery. Later this

separation is no longer possible, since the posterior layer of the greater omentum and
the transverse mesocolon and colon become fused, the intervening serous surfaces and
space being obliterated in consequence. Thereafter the peritoneal layers of the

greater omentum are attached to and apparently enclose the large gut, one passing

as the upper, the other as the lower serous layer of the transverse mesocolon. In

consequence of these fusions the serous surfaces originally behind the pancreas also

disappear, and the gland thenceforth assumes its permanent, although secondary,

retroperitoneal relation. Subsequently the originally distinct folds constituting the

greater omentum fuse, and after birth usually appear as a single sheet attached above
to the greater curvature of the stomach and behind and below to the transverse colon.

The excessive volume of the right half of the liver not only induces the ob-

liquity and rotation of the stomach, but likewise influences the disposition of the in-

testinal coils on their return from the umbilical coelom into the peritoneal cavity.

The duodenal segment necessarily follows the migration of the pylorus ; its begin-

ning, therefore, lies to the right, while the lower end passes to the left with the

jejunum. Since the most available space within the abdomen, to the left and below,

is appropriated by the coils of the small intestine which first return to the peritoneal

cavity, the most movable portion of the elongating large intestine, the transverse

colon, is displaced upward and assumes an obliquely transverse position beneath the

stomach and liver, above the rapidly increasing volume of the coils of the small gut.

The latter tend to displace the descending, later also the ascending, colon later-

ally and backward. In consequence of these influences and changes the transverse

colon crosses and lies in front of the duodemmi, which is thus pushed against the

abdominal wall. The serous investment of the duodenum undergoes obliteration

where such contact is maintained, and later occurs chiefly on the anterior surface of

this part of the gut (Fig. 1403).
Reference to the original relation of the primitive mesentery (Fig. 1432) in-

cluded between the limits of the U-loop shows tne principal dorsal attachment of the

mesentery to be the comparatively limited area along the body-wall opposite the um-
bilical loop. The intestinal margin of the mesentery, on the contrary, rapidly expands
to keep pace with the increasing length of the gut-coils, the result being that the

mesentery attached to the upper—soon right—limb of the umbilical loop assumes
more and more the form of a rufifle, towards the edge of which ramify the branches
of the superior mesenteric artery supplying the small intestine,—the later vasa intes-

tini tenuis. The branches distributed to the left or colic limb of the U-loop pass to

the large gut through a mesentery only slightly wavy. When the arrangement of

the intestinal coils takes place, the small gut occupying the left and lower parts

of the peritoneal cavity and the large intestine being reflected upward and across the

duodenum, twisting or "rotation" takes place around a fixed point marking the

duodeno-jejunal junction. This location also corresponds in general to the early

position of the superior mesenteric artery, the relations of the branches of which are

also affected by the rotation of the mesentery, since thereafter the vessels passing to

the coils of the small intestine lie on the left and those to the large gut on the

right side,—the opposite of their original situation.

On assuming its position in front of the duodenum, the attachment of the trans-

verse colon is at first a limited sagittal one. With the backward displacement of the

duodenum, the mesentery of the transverse colon also comes into relation with the

posterior parietal peritoneum and acquires a secondary attachment extending cross-
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wise, thus forminp^ the dorsal connections of the transverse mesocolon which exist

until fusion lakes jjlarc between this duplicature and the jjostericjr fold of the omental

sac. Siinc orij^iiialK' all parts of the larj^e j^ut possess a mesentery, the descending

colon and sij^moid an- for a lime proviiled with a free mescjc<jl(jn. In consctjuence

of the increasing; bulk of the small intestine the descending colon is pushed not

only to the left, but also aj^ainst the body-wall. The intervening serous surfaces

usually disaj)pear behind the ,iiut, which later, therefore, ordinarily jxjssesses a peri-

toneal coat only in front and at the sides. In a considerable number oi cases, haw-

ever, this fusion and obliteration do not take place, the mesocohjn, althouj^h displaced

towartls the left, then persisting as a free mesentery for this segment of the gut.

The fold attached to the sigmoid for a time allows of great mobility
; subsequently

this is reduced, although partly retained as the definite mesosigmoid. The rectal

segment of the large gut retains its primary sagittal situation, but loses the greater

part of its peritoneal coat, becoming attached to the posterior pelvic wall by areolar

tissue.

The ascending colon and ca-cum, in their downward growth towards the right iliac

fossa from the hepatic flexure, carry with them a peritoneal covering. This remains

Diagrams illustrating formation of greater omeiuum and omental sac. A shows duodenum and pancreas in

TTiesogastrium unattached ; in j9 these organs are partly against posterior abdominal wall, posterior wall of lesser

peritoneal cavity is still free; in Cduodenum and pancreas lie against posterior abdominal wall, posterior wall of

omental sac has fused with transverse mesocolon, a, aorta ; d, diaphragm ; /, liver ; y/, falciform ligament ; uv. um-
bilical vein ; j, stomach ; tc, transverse colon attached by transverse mesocolon (hue) ; si. small intestine attached by
mesentery im); fi, pancreas; rf«, duodenum; ifis, lesser peritoneal sac; os. omental sac; lo. lesser omentum; g^o,

greater omentum; n^-o and p^^o, its anterior and posterior layers; _/", fusion between posterior wall of lesser peri-

toneal sac and transverse mesocolon. (After Kallmann and tiertwig.)

imattached over the ccecum and appendix, but forms secondary connections where
the ascending colon comes into contact with the abdominal wall ; hence this part of

the colon usually possesses a serous coat only anteriorly and laterally. Sometimes,

however, obliteration of the serous covering does not take place, the ascending colon

being attached by a mesocolon.
The vermiform appendix being primarily an outgrowth from the large gut, since

it represents the morphological apex of the caecum, is completely invested with

peritoneum and is without a mesentery. Later the appendicular artery, in its course

from the ileo-colic to the appendix, produces a serous fold which stretches from the

left layer of the mesentery of the ileum to the caecum and appendix. This fold, the

meso-appendix, is, therefore, functionally, but not morphologically, a true mesenter)\

THE LIVER.

The liver (hcpar), the largest gland in the body, is formed of very delicate tissue

disposed around the ramifications of the portal vein. It is developed in the anterior

mesentery, its mesoblastic elements having a common origin with the diaphragm,
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while its duct and glandular elements are derived from a sprout from the duodenum
;

hence the liver, as are other glands connected with the digestive tract, is an out-
growth and appendage of the alimentary tube. Its peculiar shape is chiefly due to
the pressure of surrounding organs, as its tissue is so plastic that it is moulded by
them. In the adult it becomes firmer from the increase of connective tissue, but
under normal circumstances it is always very soft, and, unless hardening agents are
used before its removal, collapses into a flattened cake-like mass affording little

information as to its true form. Indeed, it is only in the present generation, since
the introduction of adequate methods of hardening in situ, that this has been
learned. The liver in general may be described as an ovoid mass which in the young
fcetus nearly fills the abdomen, but in the adult has the appearance of having had at

least a third of its substance scooped out from below, the back ha\ing been left intact

at the right end only. The organ is therefore a thick mass in the right hypochon-
driuni, growing thinner to the left. The greatest diameter is trans\'erse and the
next vertical. The liver is usually described as composed of five lobes,—namely,
the right, the left, the lobe of Spige/iiis, the qtmdrate, and the caudate. More
properly it consists of a right and a left lobe, separated on the superior surface by
the falciform ligament. The other lobes are subdivisions of the right lobe, the lobe

Fig. 1440.
Left layer of falciform
lig;ament continuous
.with lateral ligament

Union of riylit

and left layers
of falciform
ligament

Right lobe \

eft lobe

Obliterated umbilical vein in free margin of falciform
ligament

Gall-bladder

Antero-siiperior surface of liver hardened in situ.

of Spigelius being at the back and the other two below. They are described with

the respective surfaces. The size varies greatly with the size of the body and from

many other causes. The transverse diameter usually nearly equals that of the cavity

of the abdomen, although it often falls an inch or so short of it. It may be given at

from 22-24 cm. (8j4-g}4 in.)- The greatest vertical dimension or depth is about

16 cm. (6}{ in.); the antero-posterior diameter 12-18. 5 cm. (4^-7^ in.). One
peculiar form of liver occasionally met with shows great increase of the right lobe,

particularly in the vertical direction, with a want of development of the left lobe,

which is thin and short (Fig. 1456). The weight is, with considerable variations,

generally from 1450—1750 gm., or approximately from 3-3'^4- lbs., and in the adult

is about one-fortieth of the body weight. The specific gravity is given at from

1005-1006. The color is a reddish brown. The naked eye can recognize that the

surface is covered with the outlines of polygons from 1-2 mm. in diameter. These
are the lobules, each of which is surrounded by vessels and ducts in connective tissue,

and contains in the middle a vessel, the beginning of the system of the hepatic vein.

Sometimes the centre of the lobule is lighter than the periphery, sometimes the

reverse, depending upon whether the blood has stagnated in the portal or hepatic

system respectively.
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Surfaces, — In its ii;itur;il form, as shown in spcciniens hardened before removal
from the botly, the hver presents five surfaces. Tlie superior surface is in the
main convex, lookinj^ upwartl beneath the chaphraj^m. The anterior surface, directed
forward, is continuous with the former, on the hardened hver a fairly distinct line

markini; the chanj^e of direction that separates them. The ri\rlil surface faces

towards the rij^ht and is sejjarated in a similar way from the superi<jr. It passes
insensibly into tiie .interior surface. In a flaccid liver, in which the normal f(jrm has
been lost, these three surfaces are indistiuji^uishable, constituting the old superior
surface. In the hardened origan the three represent a dome, cjf whicli the flattened

upper surface is sli}.jhtly separated from the others. The posterior surface is on the
back of the ri^ht lobe. The inferior surface is moulded over the organs beneath it.

The borders are best described from the posterior surface as a starting-pijint.

The upper border of the latter separates it from the superior and right surfaces ; the
lower border from the inferior. On the right these meet at a mor" or less acute
angle. On the left the j)osteri()r surface narrows to a border, first thick and then
sharp, which runs around the liver, separating first the upper and lower .airfaces of the

left lol)e and later the lower from the anterior and right ones, until finally it reaches
the right end of the lower border of the posterior surface. Along the front of the

liver the border is sharp and directed downward, overhanging the concave lower
surface. A conspicuous incision, the umbilical notch (incisura uint)ilicalis), in the

anterior border marks the place at which a sickle-like fold of peritoneum, \\\(t falci-

form ligatnent, conveying the obliterated umbilical vein, now the round ligament
(liiiaincntntn teres hepatis), to the lower surface, reaches the liver. The falciform

ligament is continued back between the top of the liver and the diaphragm, and marks
of! on the anterior and superior surfaces a large right lobe and a small left one.

The superior surface (Fig. 1440) includes the upper part of both lobes and is

moulded to the opposed surface of the diaphragm. The top of the right lobe fills

in the whole of the space below the corresponding half of the diaphragm, but the

left lobe does not usually reach the walls of the abdomen, unless in front. It may,
however, touch the left wall. Well-hardened livers show a slight cardiac depression

on the left lobe beneath the heart. The posterior border of the superior surface is

marked on the right lobe by the reflection of the peritoneum onto the diaphragm
above the triangular posterior surface, and on the left by the rounded posterior

border of the li\'er.

The right and anterior surfaces lie against the diaphragm, except where
the anterior rests against the abdominal wall between the costal arches, and of^er

little for description.

The posterior surface (Figs. 1441, 1456), on the back of the right lobe, con-
sists of a triangular non-peritoneal area and of the lobe of Spigelius. The former,

adherent to the diaphragm, extends from the inferior vena cava to the right, where
it ends in the point formed by the meeting of the upper and lower borders. The
greatest vertical dimension of the non-peritoneal area is not over 7.5 cm. (3 in.), and
the transverse not over 12.5 cm. (5 in. ). A triangular hollow at the lower border of

this space, just to the right of the vena cava, receives the right suprarenal capsule,

which rests also on the lower surface. To the left of this depression is a deep furrow

for the inferior vena cava, which sometimes at the top is converted into a canal. Still

farther to the left is the lobe of Spigelius (lobuscaudatus),—a four-sided prism placed

vertically on the back of the liver, bounding a part of the lesser cavity of the perito-

neum. The lower end, which hangs free, is continuous on the right with the caudate
lobe (processus caudatus). It often presents on the left of the lower end a distinct

tubercle, the tuber papillare (His), which is by no means constant. The Spigelian

lobe lies between the fossa of the vena cava on the right and \}i\& fissure of the ductus

ve?iosus on the left. The latter joins the former in front of this lobe, just below the

diaphragm, so that the lobe ends in a point above. It more or less encircles the vena
cava, sometimes meeting the right lobe behind it. The vena cava is frequently over-

lapped by a projection from the right lobe, and sometimes the overlapping is done
both by this and by the lobe of Spigelius. The prismatic shape of the latter is well

shown by transverse sections. The amount of attachment to the rest of the liver

raries, and the shape of the lobe with it. Sometimes the fissure of the ductus
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venosus makes but a small angle with the i:)ortal fissure, so that it is a three- instead

of a four-sided prism. It is also influenced by the depth of the fossa for the vena

cava, at times being attached merely by a line of tissue. To the left of the fissure

of the ductus venosus the posterior surface of the liver is continued as the posterior

border. This at first is thick, and presents a rounded cesopliageal impression for

the end of the gullet to the left of which it becomes sharp.

The inferior surface (Fig. 1442) of the liver is subdivided by a system of

fissures formerly described as resembling an H. This description must be modified

by recognizing that the posterior limbs of the H are not horizontal, but run vertically

on the hind surface of the liver, and that the cross-piece—the portal fissure—is not

in the middle, but very near the posterior border of the inferior surface. The old

error came from studying distorted livers in which the posterior surface had flattened

out so as to be reckoned a part of the inferior. The/tr/f?/ or transverse fisstire

(porta hepatis) is of an entirely different nature from the others. It is the Jiilian of

the organ for the passage of the vessels and ducts ;
while the other fissures more

properly deserve the name, being due to the pressure of the gall-bladder and of

vessels. The portal fissure is from 4-5 cm. (i>^-2 in.) long. It transmits the por-

tal vein, the hepatic artery, the subdivisions of the gall-duct, the lymphatics, and

spigelian lobe X

Fig. 1441.

Faleifoiiii ligament

Fissure for
ductus venosus

Tuber omentale

Renal
impression

Right lateral
ligament

Obliterated umbilical \ein /
y

Quadrate lobe

Caudate lobe Gall-bladder

Posterior surface of same liver
;
peritoneal reflection indicated by white line.

the nerv'es, all enveloped in a mass of areolar tissue known as Glisson' s capsule.

The large portal vein is posterior. The hepatic artery lies before it on the left and

the hepatic duct, formed by two chief tributaries, lies before it on the right. The

lesser omentum is attached to the lips of the fissure outside of these structures. At

its left end the portal fissure receives the umbilical fissure, which runs backward

from the notch in the anterior border and contains the obliterated umbilical vein, in

the adult known as the round ligameyit. This fissure is very often bridged over.

Continuous with the umbilical fissure, the fissure of the ductus venosus ascends the

posterior surface, onlv a small part of it being on the inferior aspect. In foetal life it

contained the blood-channel (ductus ve7iosns)v.'h\c\\ established a short cut between the

umbilical vein and the inferior vena cava ; after birth it is reduced to a cord of fibrous

tissue (ligamenttim venosum). At the left end of the portal fissure the falciform liga-

ment joins the lesser omentum, the latter being continued backward in the fissure of

the ductus venosus. Th^ fossafor the gall-bladder (fossa vesicae felleae) is a depres-

sion on the under surface of the right lobe, in which that organ rests. It may or

may not indent the anterior border. Broad in front, the fossa narrows to a fissure

behind that joins the right end of the portal fissure. The quadrilateral region on the

under surface of the right lobe, bounded by the portal fissure behind, the border of

the liver in front, the gall-bladder on the right, and the umbilical fissure on the left,
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is tlu' quadrate lobe ( lobus (|ua(lr;«tus). Ikhiiul tlu- portal fissure the lower end of the
lobe ot Sjiimlius appears on tlu- inl\rior surface, with the jirot)\e for the vena cava
on its rii;lu aiul the fissure of the ductus venosus on its left. The caudate lobe
(processus caudatiis ) is a rountled rid^^e, particularly developed in early life, rinnnnj^^

from the under side of the right lobe, just behind the right jiart oi the portid fissure

and in front of the vena cava, obliquely backward and to the left into the lower end
of the lobe of Sj)igelius. A groove caused by the hepatic artery separates it from the
tuber papillare. The caudate lobe overhangs the foramen of Winslow. In the adult
it is sometimes rounded, sometimes shar]), and not always to be distinguished. The
under side of the liver, being moulded over the neighboring organs, presents many
irregularities dejicndent on their pressure. The j)osterior jjart u[ the under side of

the right loI)e is hollowed into the rouxl impirssion, a concavity htting closely over
the right kidnev. The suprayenal capsidc rests against the liver to the left of this,

at the beginning of the caudate lobe on the under surface and also on the [posterior

surface. The first part of the duodemim rests against and moulds the under side of

the right lobe between the renal impression and the gall-bladder. This area of con-

FlG. 1442.

Vena cava

Spigelian lobe

CEsophageal impression'' /

Kijjht capsular vein

Fissure ior

ductus venosus

N'li-peritoneal
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Hepatic arter\v^'
Portal vein//

Common bile-ducl

Caudate lobe

enal impression
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Duodenal
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Obliterated umbilical vein

Quadrate lobe /

Cystic duct

Gall-bladder

Inferior and posterior surfaces of same liver. It must be clearly understood that the Spigelian lobe and vena cava
are on the posterior surface, the limit of the inferior surface behind being the transverse fissure.

tact can hardly be called an impression, for the surface here is slightly convex. In

front of the renal impression is a hollow for the colon of \'ery varying size. It may
be almost wanting, or it may be very deep. It may be confined to the right part of

the under surface, or it may compress the front of the gall-bladder and indent the

quadrate lobe, and even the left one. The under side of the
,
right lobe presents

also one or more occasional fissures which seem in the main to diverge from the

right end of the portal fissure and from the fossa for the gall-bladder. They are

more common in the foetus, and some of them occur more or less frequently in

anthropoid apes. ^ The under side of the left lobe is in general concave, resting

against the fundus and anterior wall of the stomach. Near the posterior part of

the umbilical fissure on the left lobe is a rounded prominence,

—

tuber omentalc,—due
to the growth of the liver against the non-resisting lesser omentum.

The Blood-Vessels.—The portal vein, some 15 mm. or more in diameter,

divides into a right and a left branch, 10 mm. or over in diameter, of which the right

is a little the larger and shorter. From the right end of the transverse fissure it runs

' Thomson : Journal of Anatomy and Physiology, vol. xxxiii., 1S99.
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backward in a curve to the right of the vena cava, keeping in the lower part of the

liver and giving off successively a series of large branches to the front and right of

the' organ. Smaller branches arise from the sides of these. The right primary-

division soon gives off a large superior branch almost ecjual to itself, whicii describes

a similar but smaller curve at a liiglier level. The general course of the left subdi-

vision is towards the posterior angle of the organ, giving branches chiefly from its

anterior side, and also one that supplies the greater jjart of the quadrate lobe. The
lobe of Spigelius generally receives a chief branch near its lower end, which runs

upward within it. This branch is most often from the left subdivision, but it may
be from the right, or from the vessel directly behind the end of the portal vein.

There are several systems of so-called accessory portal veins around the liver in the

lesser omentum near the gall-bladder, about the diaphragm, and, most important,'

in the falciform ligament, where the parumbilical veins communicate with veins of

the integument of the abdominal walls. These accessory vessels, small and incon-

spicuous under normal conditions, may become enlarged and important channels

Fig. 1443-

Portions of inferior and posterior surfaces of liver have been removed to show injected blood-vessels and bile-

ducts. Vena cava is somewhat displaced forward, its course being more vertical when supported on posterior sur-

face. Large upper branch of right division of portal vein is hidden by liver-substance. Portal veui and branchcE

are purple ; hepatic artery, red ; hepatic veins and vena cava, blue ; bile-ducts, yellow, uv, obliterated umbilical vein
;

vc, inferior vena cava.

for the return of the blood conveyed by the portal vein when the hepatic circula-

tion is obstructed. Under such conditions the blood finds its way from the portal

vein into the accessory veins and by the anastomoses of the latter into the general

circulation.

The hepatic veins carrying of? the blood from the liver arise as the intra-

lobular vei7is, which empty into the sublobular, which join larger vessels converging

towards the vena cava. At first the general direction of the small branches is paral-

lel to that of those of the portal system of the same size ;
but the hepatic branches

always travel alone. The direction of the large branches as they near the vena cava

is at right angles to that of the portal. The arrangement of the hepatic branches is

in the "main like that of the portal, but near the edge of the liver we find more

instances of the union of two rather small trunks meeting symmetrically like the

arms of a Y. The main trunks of the right lobe run between the upper and lower

branches of the portal. The upper end of the vena cava is considerably enlarged,

and immediately below the diaphragm receives two large hepatic veins, a right and a

left one, from 15 to 20 mm. in diameter. The latter is formed by two large branches

that unite just before its end. Many small veins open into the vena cava at different
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points alon^ its course in the ^moovi- on tlie posterior surface of the Hver, several

cominjr from the Spiijelian lobe. Sometimes (|uile a lar^a- hrancli fnun the right

lol)e opens at a low level. There is no such thinj.^ a.s an hepatic vein in the adult

consideretl as an isolated structure. The ramiticatit^ns of the portal and hepatic

veins are inextrical)ly min.L,ded throuj^hout, but in the main the branches of the latter

lie above those of liu- former ( I-'ig. 1-143)-

The hepatic artery, the nutritive vessel iA the liver, divides into two

branches which, ioi,a'ther with the bile-duct, accompany tlie p(jrtal vein, the two arte-

ries vjenerally beini; on the same side of the vein. The lupatic artery ^i\ys ofl so

many branches in its course as to be almost or tjuite oi capillary size when it reaches

the twi.ns of the portal vein that break up into the interh^bular net-work. The blood

conveyed by the hepatic artery is distributed by three sets of branches, the capsular,

the vascular, and the lobular. The first ramify within the connective- tissue envelope

of the origan and anastomose with branches from the internal mammary, phrenic, cystic,

suprarenal, and sometimes right renal. The second sujjply the structures between

the lobules, esjieciallv the wails of the ramifications of the portal vein and the bile-

ducts. The third are small in size, and accompany the intralobular branches of the

portal vein for a short distance within the lobule. There is no special system of

veins to return the blood carried by the hepatic artery to the venous trunks outside

the organ, the minute veins collecting the blood from the capsular and vascular sets

being tributaries usually of the smaller branches of the portal vein. The blood

passing through the lobular arterioles is emptied into the intralobular capillary net-

work.
The lymphatics of the liver constitute a superficial and a deep set, the former

lying beneath the peritoneum, the latter within the deeper interlobular connective

tissue. The superficial lymphatics of the superior surface are arranged as three

groups, posterior, anterior, and superior. The posterior group forms a right trunk

which passes from the right triangular ligament across the right crus of the dia-

phragm to the coeliac lymph-nodes. Middle trunks—from five to seven in number-

accompany the inferior vena cava to end in diaphragmatic nodes around the vein.

Left trunks traverse the left triangular ligament and terminate in the oesophageal

nodes surrounding the lower end of the gullet. The anterior group passes in the op-

posite direction to those just described and, crossing the anterior border of the liver,

empties into the hepatic lymph-nodes within the lesser omentum. The superior

group, the most important of those of the upper surface, ascends within the falciform

ligament. A number of anastomosing vessels form a posterior trunk which crosses

the inferior vena cava and enters the thorax with the latter, to end in the lymph-nodes

around the vena cava. An anterior trunk accompanies the round ligament to the infe-

rior surface and ends in the hepatic nodes at the hilum. Numerous middle trunks

form vessels which pierce the diaphragm, to end in the anterior mediastinal nodes,

becoming tributaries to the right lymphatic duct. The superficial lymphatics of the

inferior surface include, on the right lobe, a posterior group, accompanying the vena

cava into the thoracic cavity, to end in nodes around that vein, a middle group passing

to the hepatic nodes around the cystic duct, and an anterior group terminating in the

same nodes as the preceding. On the left lobe the vessels pass to the nodes of the

hilum and about the hepatic arterv. The Ivmphatics of the Spigelian lobe pass partly

to the hilum nodes and pardy to 'those surrounding the thoracic segment of the infe-

rior vena cava. Communications exist between the superficial and deep lymphatics.

The deep Ivmphatics include two distinct groups, the one following the branches

of the portal vein, the other accompanving the hepatic veins. The first descends

within the capsule of Glisson in companv with the portal \ein and other interlobular

vessels. On emerging at the hilum. the fifteen to eighteen trunks, arranged as

two groups at theends of the transverse fissure, join the hepatic nodes. The

lymphatics which accompany the hepatic veins form a plexus surrounding the

blood-vessels and proceed towards the vena cava, with which they pass through

the diaphragm to enter the nodes Iving immediately above the caval opening.

The nerves are chieflv derived from the solar plexus of the sympathetic with

some fibres from the left pneumogastric which reach the liver by passing from the

anterior surface of the stomach between the layers of the lesser omentum. 1 he
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sympathetic fibres accompany the hepatic artery, forming the hepatic plexus, to

the transverse fissure, where, \ogether with the fibres from the vagus, they pass into

the hver along with the interlobular vessels, to the walls of which they are chiefiy

distributed. According to Berkley, the interlobular plexuses give off fine intralob-

ular twigs which terminate between the liver-cells.

STRUCTURE OF THE LIVER.

In its fundamental arrangement the liver corresponds to a modified tubular

gland, the system of excretory ducts of which is an outgrowth from the primary

gut-tube. Early in fcttal life, however, the terminal divisions of the tubules unite

to form net-works, after which the tubular character of the liver becomes progressively

Fig. 1444.
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more masked by the intergrowth of the cell-cords and the large veins. Among
some of the lower vertebrates, as in certain vermiform fishes or cyclostomes

(Myxine), the primary tubular arrangement is retained.

The glandular tissue composing the liver is subdivided into small cvlindrica!

masses, the lobules, by the connective tissue which, in continuation of the fibrous
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ciu'clopc, or t(i/)sfi/f, invc'stin^^ the cxtirior, at the transverse fissure enters the

orj^an ami accompanies the interlobular vessels in their raniihcati(jns as the capsule

of (r/isson (capsula fibrosa;. The distinctness with which the lobules are defined

depends upon the amount of this interloljular tissue. In certain animals, notably

in the ho^, this is }.,freat, the lobules being completely surrtjunded and plainly dis-

tinguishable as sharply marked polygonal areas. In the human liver, on the con-

trary, the interlobular connective tissue is present in small amount, the lobules, in

consequence, being poorly defined and uncertain in outline.

The Lobular Blood-Vessels.—Since the arrangement cjf the blo<Kl- vessels

is the salient fealun- in the architecture of the fully formed lobule, it is desirable to

studv the \ascular distribution before considering tlie disp(jsition of the hepatic cells.

As already tlescribeil, the branches of the portal vein, the functional bhjod-vessel

of the organ, ramify within the capsule of Glisson and encircle the jjeriphery of the

lobule ; inasmuch as these vessels supply the di\isions of glandular tissue with

blood for the performance of their secretory role, they correspond with the inter-

lobular arterioles of ordinary glands.

Numerous minute branches are given off from the interlobular ramifications of

the portal vein which enter the periphery of the adjacent lobules and break up into

Fig. 1445-
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Central vein

Section of liver injected from hepatic vein, showing intralobular capillary net-work, y 100.

the intralobular capillary net-work. The disposition of the latter is in general
radial, the capillaries converging towards the middle of the lobule, where they join

to form the central or intralobular veiti, the beginning of the system of the hepatic
veins by which the blood passing into the lobules is eventuallv carried into the
inferior vena cava. The general course of the central vein corresponds to the long
a.xis of the lobule (Fig. 1444), and hence in cross-sections of the latter the vein
appears as a transversely cut canal towards which the capillary vessels converge
(Fig. 1445).

The capillary net- work within the lobule is composed of channels with a
diameter usually of about .010 mm. ; the widest capillaries—some .020 mm. in
diameter—are found in the immediate vicinity of the afferent and efferent veins,
the narrowest occupying the intermediate area. The meshes of the vascular net-
work vary from .015-040 mm. in their greatest dimension, those at the periph-
ery being broader and more rounded, while those near the centre are narrower
and more elongated. The central vein occupies the long axis of the lobule and
increases in size as it proceeds towards the base of the lobule, as the side of the
latter through which the vein escapes is termed. It begins usually about midway

108
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between the base and the opposite side of the lobule, by the confluence of the capil-

laries, which, after the central vein is formed, open directly into the latter at

lower planes. In those lobules which form part of the exterior of the liver the

central vein ascends almost to the free surface ; otherwise its commencement is

separated from the periphery by about one-half the thickness of the lobule. Im-

mediately on emerging from the lobule the central vessel opens into the sublobular

vein, which runs generally at right angles to its intralobular tubularics and along and

beneath the bases of the lobules, the outlines of which are often seen through the

walls of the vein. The channels for the sublobular veins are thus surrounded by

the bases of the lobules, a single central vein returning the blood from each. The

Fig. 1446.
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lobular) vein-

^Interlobular
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Section of uninjected liver, showing general arrangement of lobules, interlobular and intralobular vessels. X 120.

sublobular veins join to form larger vessels, which in turn unite and constitute the

branches of the hepatic veins.

The Liver-Cells.—The meshes of the interlobular capillary net-work are oc-

cupied by the hepatic cells, the bile-capillaries, and a meagre amount of connective

tissue. The cells are arranged as cords or trabeculae which conform in their general

disposition to the intercapillary spaces, which they completely fill. In a sense, the

entire lobule consists of a solid mass of hepatic cells elaborately tunnelled by the

radially coursing capillaries and their short anastomosing branches, the proportion

of the space occupied bv the vascular channels to that filled by the cells being ap-

proximately as one to three. When isolated, the liver-cells present a polygonal
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outline ami measure usually from .015-.025 mm. in their longest dimension. F3ach

cell comes into contact with from si.\ to nine other elements, the surfaces of contact

beinj^ plane from mutual pressure. Always one side, often nujre than one, e.xhii)its

a shallow depression which indicates the surface of former contact with a ca(>illary

and emphasizes the intimate relation existing between the blootl-vessels and the cells.

The latler lie aj^ainst at least one caj)illary and sometimes several, this relation being

depeiulent vipon the size of the blootl-channels. The larger the latter, as at the

periphery and near the centre of the lobule, the greater the number of cells with

only one or two capillary facets ; conversely, where the capillaries are of small

diameter, the cells come into contact with three or four. The liver-cell consists of

finely granular protoplasm which sometimes exhibits a differentiation into an outer

and an inner zone. It is without a cell-membrane, although the peripheral zone

of its cytoplasm is condensed, especially when it forms part of the wall of the bile-

canaliculi. The nucleus, of vesicular form and from .006-.008 mm. in diameter,

contains a small amount of chromatin and usually a nucleolus. Occasional cells

are conspicuous on account of their large size, as well as the unusual diameter of

Fig. 1447-
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Section of uiiinjected liver, showing cords of hepatic cells between capillary blood-vesseis. X 450-

their nucleus. Such cells, according to Reinke,^ soon undergo division and pro-

duce the double nucleated elements constantly encountered in sections of normal

liver. Centrosomes have also been observed in resting hepatic cells. Particles of

glycogen, minute oil droplets, and granules of bile-pigment are more or less constant

constituents of these elements. The fat- containing cells are most numerous at the

peripherv of the lobule, those enclosing pigment particles near the centre.

The Bile-Capillaries.—These minute canals, representing the lumina of

ordinarv tubular glands, form a net-work of intercommunicating channels throughout

the lobule closely related to the liver-cells. Whereas in the usual arrangement a

single surface of several gland-cells borders the lumen, in the exceptional case of the

liver the excretory channels are bounded by the opposed surfaces of only two cells,

the bile-capillary occupying but a small part of the surfaces, on each of which it

models a narrow, centrally situated groove. Moreover, not only a single surface

of the hepatic cell takes part in bounding the canaliculi, but the latter are found

between all surfaces where two liver-cells are direcdy in contact, so that each hepatic

element comes into direct relation with a number of bile-capillaries. The latter,

^ Verhandlung d. Anatom. Gesellschaft, 1898.



I7i6 HUMAN ANATOMY.

however, never lie on the narrow sides of the Hver-cells opposed to the blood-

vessels, the bile-canal never separating the blood-capillary from the cell. While the

predominating direction of the bile-capillaries is radial and corresponds to the

Fig. 1448.
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Fig. 1449.

Section of liver in which both blood- and bile-capillaries have been injected ; the latter surround the individual liver-

cells. X 3cp.

similar general disposition of the cylinders or leaflets of hepatic tissue, the radial

arrangement is converted into a net-work by the numerous cross-branches. The
resulting meshes correspond in size with the individual liver-cells, which, in appro-

priate sections, often appear almost com-
pletely surrounded by the bile-capillaries.

The latter possess no walls other than the

substance of the liver-cells between which

they lie. The diameter" of the bile-capil-

laries, from .001-. 002 mm., remains prac-

tically the same throughout the lobule until

the canaliculi reach the e.xtreme periphery.

At this point the liver-cells abruptly dimin-

ish in height and are transformed into the

low cuboidal cells lining the excretory tubes

that pass from the lobule into the surround-

ing connective tissue to become tributaries

to the larger interlobular bile-ducts.

The ultimate relations between the

bile-capillaries and the liver-cells is still a

subject of discussion. Based upon the evi-

dence supplied by injections and silver

impregnations, it is believed by some
(Kupffer, R. Krause. and others) that ex-

tensions of the bile- capillaries normally exist

within the substance of the cells, thus form-

ing iyttracellular secretion canaliculi. The latter are sometimes pictured as ending in

connection with minute dilatations or secretion vacuoles. While it seems certain

that such appearances are not artifacts, or in the least due to changes after death of

Section of liver treated by Golgi silver method,
showing part of intralobular net-work of bile-capil-

laries. X 200.
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the cells, the secretion vacuoles are j^rohaMy ilue to the coalescence of minute drops

of bile, exist only as transient details, and cannot be rejiarded as constant features of

the hepatic cells. Holmgren' asserts the existence of " juice-canaliculi " within the

liver-cells in addition to and inde-

Fio. 1450. pendent of the intracellular secretion

channels. Schiifer* has described

nutritive channels within the liver-

cells which cf)nimunicate with the

blood-capillaries.

The intralobular connective

tissue, or nlirn/iim, consists ot deli-

cate prcjlon^ations of the fibroustissue

of Glisson's capsule which unite the

blood-capillaries and cords of liver-

cells. This tissue is very meagre

in amount and forms a delicate retic-

ulum extending between the blood-

channels and the glandular elements

throughout the lobule, and connects

the peripheral fibrous tissue with the

perivascular tissue that exists around

^. , . >.,^> ^^.^^^^^^v;^-^_p^ the central vein. The intralobular

^K^ 'j^^^^/^<:^'^ aV*^" connective tissue is so meagre that
"^

.
, -

-V ,

^^^ liver- cells lie virtually in contact

with the capillaries. Irregularly

stellate elements, the cells ofKnpffer,

lie between the capillaries and the

hepatic cells. They are probably

endothelial plates, derived from the

here imperfect walls of the capillary

blood-vessels, permitting the blood to gain direct access to the liver-cells.

The interlobularbile-ducts, which receive the biliary canals that pierce the

periphery of the lobule as the outlets of the intralobular net-work, accompany the

. Fig. 1451-
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Artificiallv digested section of liver, showing supporting inter-

lobular fibrous tissue and intralobular reticulum. X 230.

Portal vein

* /\

Interlobular connective-
tissue

Hepatic cells

Section of liver, showing interlobular tissue and vessels. X 160.

branches of the portal vein and the hepatic artery within the capsule of GHsson.

These ducts, from .030-. 050 mm. in diameter, constitute a net-work over the exterior

> Anatomischer Anzeiger, Bd. xxii., No. i, 1902. * Ibid., Bd. xxi., No. i, 1901.
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surface of the lobule. They consist of a dense fibro-elastic coat lined with cylindri-

cal epithelium, some .020 mm. tliick, which latter is continued into the low cuboidal

or flattened cells that form the lining of the excretory channels connecting the intra-

lobular net-work of bile-capillaries with the bile-ducts. Beginning as the small

vessels that surround the lobules, they become tributary to the larger bile-ducts,

which increase in diameter as they approach the transverse fissure. In the \-icinity

of the latter these trunks join into tlie two main lobular ducts forming the hepatic

duct. The largest bile-vessels possess bundles of unstripcd muscle which in the

hepatic duct are arranged principally as a longitudinal layer, supplemented by cir-

cular and oblique bundles (Hendrickson).

Gall-bladder

THE BILIARY APPARATUS.

In addition to the small interlobular bile-vessels already described, the system
of canals recei\'ing and conveying the secretion of the liver to the intestinal tract

consists of the hepatic duct, the excretory tube of the organ ; the gall-bladder, a res-

ervoir in which the bile ac-
FiG. 1452. cumulates, during intervals

of digestion; the cystic duct,

the continuation of the bile-

sac opening into the side of

the hepatic duct ; and the

common bile-duct, which, al-

though formed by the union
of the other two, is in struc-

ture and direction really the

continuation of the hepatic

duct.

The hepatic duct (duc-

tus hcpaticusj) is formed be-

low the hilum by the union

of its two—a right and a

left—chief tributaries. The
latter issue frorh the portal

fissure, one on each side,

and generally unite with the

hepatic duct nearly in the

shape of a T, the last-named

canal forming almost a right

angle with each of its tribu-

taries. Tracing the chief

ducts into the liver, the left

branch runs at first in front

of the left division of the

portal vein, while the right

one usually crosses it. We
have seen the hepatic duct

issue from the right lobe

and, forming a loop in the

fissure, leave it with the left

division of the portal vein,

recei\'ing branches along its

convexity from the various parts of the liver. Sometimes the chief ducts are longer

than usual, and meet to form the hepatic duct at an acute angle farther from the

liver. The length of the hepatic duct, therefore, varies with these details, proba-

bly being usually from 20-40 mm. {'i/^-i'^A in.), with a diameter of from 4-6 mm.
It lies in the gastro-hepatic omentum, in front of the portal vein and to the right

of the hepatic artery, and inclines downward to the inner side of the second part

of the duodenum, resting previously on the top of the first part. The hepatic duct

Vena cava
Probe in foramen
of Winslow

Hepatic duct

Cvstic duct

Common bile-duct

Poital vein

Head of
pancreas
turned back

Superior
mesenteric
vein

Superior
mesenteric
artery

Portions of liver, duodenum, and pancreas, showinj
ducts ; head of pancreas turned 1

: biliary and pancreatic
lack.
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ends at the point at which the cystic chict opens into it. The duct is lined with

nuicoiis nicnibranc, covered with simple cc^lumnar epithelium, and presents many
minute j)its, into which o|)en the orifices of numerous small tubular j^dands. Its

walls consist of tibro-elastic connective tissue and unstriped muscular fibres. The
latter, neither numerous nor separated into a distinct l.iyer, are grouped for the

most part into loni:;itudinal bundles, but there are also circular and oblique ones.'

The gall-bladder (vesica fcllca) is a pcar-shajied receptacle for the bile, rest-

injjf in its fossa on the under side of the liver, with the large end forward. The
long a.xis runs also somewhat inward. The length is from 8-10 cm. (3X-4 '"•

)

and the capacity some 50 c.c. (about I j/2 fl. oz. ). It narrows to a point where

it usually bends to the left and ends in the cystic duct without definite external

demarcation. The bent terminal portion, or neck, about i cm. long, is more or

less closely bound beneath the peritoneum to the side of the gall-bladder, so that

before this is separated it sometimes looks as if the duct arose from the side of

the latter.

The fundus of the gall-bladder lies near the end of the ninth right costal carti-

lage. The neck is at the right end of the portal fissure. Anteriorly the bladder

rests on the transverse colon, behind which it lies first to the right of and then above

the first part of the duodenum.

Fig. 1453-

Surface view of portion ol mucous "membrane of gall-

bladder. X 12.

Gall-bladder

mon
le-duct

Portion of gall-bladder and biliary

pa.'^sages laid open, showing surface of

mucous membrane. Natural size.

The wall of the gall-bladder is very resistant, being composed of a mixture of

fibrous tissue and of unstriped muscular fibres. Most of the latter are disposed circu-

larly, but oblique and longitudinal ones are interwoven. The fibro-muscular tunic is

lined by a layer of mucous membrane which is very adherent to it. The mucous
membrane, covered with simple columnar epithelium, presents slightly raised ridges

marking off a net-work of small irregular spaces some 5 mm. in diameter. The
small bifurcated tubular glands are few and may be wanting. The bent portion, or

neck, is separated from the bladder bv a strongly raised fold. There are. or may
be, one or two smaller folds within the neck, the separation of which from the duct

is usually arbitrary.

Vessels of the Gall-Bladder.

—

Arteries.—The chief distribution of the

cystic artery, a branch of the hepatic, is on the free under surface, which it ap-

proaches from the left, running on the cystic duct. There is a smaller branch

which lies deeply on the right between the gall-bladder and the liver-substance.

Veins.—The superficial veins join the cystic vein and empty into the right divi-

sion of the portal vein. According to Sappey, a number of small veins run

directly into the liver-tissue joining the portal system. The lymphatics, for the most

' For the musculature of the biliar>- apparatus, see Hendrickson : Johns Hopkins Hospiual

Bulletin, Nos. 90, 91, 1898.
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part, empty into the nodes in the portal fissure. Some open into a node said to
lie in the angle at the bend of the neck.

The nerves are from the solar plexus through the hepatic plexus.

The peritoneal relations of the bladder and ducts are considered with those of

the liver (j)age 1721),

The cystic duct (ductus cysticus), 3 or 4 cm. in length, with a diameter of

from 2—3 mm., })asses in a fold of peritoneum from the neck of the gall-bladder to

the gastro-hepatic omentum, where it joins the hepatic duct at an acute angle or,

rather, opens into its side. It is said sometimes to present an enlargement at its

end. In its natural condition it looks externally like the other ducts, but if distended
and dried it presents a series of irregular folds giving the impression of a spiral fold

which, in the adult at least, a closer inspection does not confirm.

Structure,—In structure the cystic duct presents much more of a muscular
layer than the others. This is thickest at the upper part, and consists chiefly of

circular fibres. These enter, especially near the beginning, the valvular folds of the
mucous membrane, which is clothed with simple columnar epithelium. In the foetus

there is a fairly distinct spiral valve, most developed in the upper part, and, in fact,

starting in the neck of the gall-bladder. Later the continuous spiral ridge {valvula
spiralis Heisteri) usually atro-

phies and is broken up at many-
places, leaving detached folds

with a semilunar outline and
no longer distinctly spirally ar-

ranged. Little pockets also de-
velop between them. Small
tubular glands are few in the
upper part, but plentiful in the
lower.

The common bile-duct
(ductus choledochus) is about

Pancreatic
duct

Fig.

Bile-duct,

A, portion of duodenum, with anterior wall removed, showing
entrance of bile and pancreatic ducts; B, papilla laid open, showing
floor of ampulla. One-half natural size.

7cm. (23/4 in.) long. Its diam-
Ampu.ia eter is from 6—7 mm. at the

commencement and rather less

at the end. Beginning imme-
diately below the transverse

fissure, although conventionally

regarded as formed by the union
of the cystic and the hepatic

ducts, being, in fact, the direct

continuation of the latter, the

common bile-duct passes down-
ward between the layers of

the gastro-hepatic omentum, in

front of the foramen of Winslow, with the hepatic artery to its left and the portal
vein behind. It descends along the postero-inner aspect of the bend joining the
first and second parts of the duodenum, then along the inner side of the second part,

where it is more or less surrounded by the head of the pancreas. Near its termina-
tion it meets the pancreatic duct and, in company with the latter, pierces the duo-
denal wall, which it traverses obliquely for the distance of some 15 mm., to empty
into the duodenum at a papilla marking the common orifice of the two ducts. This
papilla is situated near the posterior border of the internal aspect of the descending
part of the duodenum, from 9—10 cm. ("about 3^-4 in.) from th^ pylorus. In the
natural condition it is not easy to find, being situated beneath a transverse fold and
not being prominent in the shagg)- mucous membrane. Its length undistended is

only about 5 mm. When inflated or injected it is a prominent object more than
twice as large. Moreover, it does not project freely, but lies on its side pointing
downward, the surface next to the wall becoming free only very near its end. The
orifice looks downward. It may be oval or circular, with a diameter of from 1-2 mm.
A slight vertical fold, the frenum, often runs downward from the opening for the
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distance of i cm. The structure of the common duct is much the same as that
ol the hepatic, containinji^ l)ut little muscular tissue and that not well defined. The
papilla contains a fusiform dilatation, the «////>////« (of Vaterj, which may be i cm.
hroad when distended. Into this the bile-duct and the duct of the jiancreas usually

open by a common orifice. He these orifices common or distinct, each is sur-

rounded by an accumulation (jf the circular muscular fibres which amounts to a
sphincter. The inlands, which are found throujuhout the common tluct, are j)articu-

larlv larj^e and iiuincnms in the ani])ulla.

Ligaments and Peritoneal Relations.— The term "ligament," applied
to the folds of serous meml)rane, is entirely inapproj)riate. It is in part retained,

but the enumeration of live ligaments as separate entities is antiquated. The round
lii^amcnt ( lii^amcntum teres hepatisjis a cord of fibnjus tissue, the remains of the

obliterated umbilical vein, runninu^ from the umbilicus to the left end of the portal

fissure. Its continuation, the ductus venosus, is represented by fibrous tissue (liua-

mentum vetiosum ) in the fissure of that name. The round ligament lies aj^ainst the

abdominal wall for an inch or more above the navel and then passes backward in the
free edtje of ihi^ fahi/orin /ij^affient, a jjeritoneal fold representing^ the primary ante-

rior mesentery, passing from the abdominal wall and diaphragm to the liver. The

Fig. 1456.
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front part of the falciform ligament is aj)propriately described as sickle-shaped. The
point is in front, and it grows broader as it passes backward until it reaches the liver,

where, growing narrower, it extends above the liver to the spine at about the median
line. It contains very little tissue between its folds, which are reflected on either

side over the superior surface of the li\er. At the notch in the anterior border the

round ligament passes onto the inferior surface of the liver in the umbilical fissure.

The coronary lio^aments are differently arranged on the two sides. The right one is

made by the two reflections onto the diaphragm from the upper and lower borders

of the part of the posterior surface adherent to it. These come together at the

right of that surface and are continued as a fold, the right triangular ligametit, on
the right surface, connecting it to the diaphragm in the flank by a line of attach-

ment some 5 cm. long. On the top of the left lobe, but not on the posterior bor-

der, there is a small area without peritoneal covering, enclosed by the two folds of

the /eft coronary ligament, of ^vhich the anterior is analogous to the right one, but

the posterior begins at the left of the upper end of the fissure of the ductus venosus.

They soon unite to form the left triangular ligament, which lies between the dia-

phragm and the top of the left lobe, being considerably longer than the right one.
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On the under side of the Hver the end of the round ligament Hes in its fissure cov-

ered by a sHght fold of peritoneum. The same is true of the gall-bladder. Some-
times the latter is more or less surrounded, and it may be almost completely so,

hanging from the fossa by a fold. The lesser or {(astro-hepatic ome^itiitn is a fold

enclosing the vessels in the portal fissure and passing to the lesser curvature of the

stomach and the first part of the duodenum. A secondary fold containing the

cystic duct, the duodeno-cystic fold, joins it on the right. Near this it presents a

free border forming the edge of the foramen of Winslow. On the left it runs along
the fissure of the ductus venosus to the notch in the liver made by the passage of

the oesophagus. There its left layer is reflected as the under one of the left coro-

nary ligament, while the right layer descends along the left of the vena cava to join

the right inferior coronary ligament. The posterior surface of the Spigelian lobe is

covered with peritoneum which is almost surrounded by these lines of attachment,
but is continuous, by means of the caudate lobe, with the serous coat of the under
.surface of the right lobe. Thus a pocket is roofed in behind the lobe of Spigelius.

Fig. 1457.
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The hepatic duct lies within the lesser omentum to the right and in front of the

portal vein. It is joined by the cystic duct in its fold, already mentioned. As it

leaves the gall-bladder, the duodeno-cystic fold is a distinct duplicature which joins

the lesser omentum at an angle ; but at the lower part, where the cystic duct opens

into the hepatic, the folds become one. The common bile-duct may be in the very

lowest part of the lesser omentum, where it is attached to the postero-inner surface

of the duodenum where the first part bends down to become the second ; but the

relations are variable, and the common duct may have no peritoneal relation.

Position of the Liver.—The relations to other organs have been treated in

the account of the surfaces. The relations to the walls of the abdomen can be

given only in general, owing to the variations of botji the organ and the thorax in

size and shape. The liver lies under the dome of the diaphragm, which separates

it from the ribs. Occasionally it extends across the whole breadth of the abdomen,

but the left lobe may end at the left mammary line. The highest point is on the
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rij^ht, where, after death, it reaches to the level of the sternal end of the fifth costal

cartila}j;e. It is doubtful whether in life the liver is ever (juite so hi^h. On the left

it is about i cni. lower, and in the middle it is not more than 2 cm. lower still.

The relation of the left lobe to the floor of the thorax varies consitlerably. If lar^e,

the or^an may extend to the left wall. l)ut this is rather uncommon. The liver

may reach the front wall as far to the left as the mammary line, in which case it will

be below nearly the whole of the i\i)or of the pericardium, ahhoujj;h it may not lie

below the anterior part. It always passes just in front of the (jeso]>haj^eal o\><.:n\n^.

The inferior border rests ai^ainst the posterior wall on the rit^ht, the diaphragm of

course intervening, at the right border of the right kidney near the end of the last

rib, on about the level of the second lumbar spine, and descends to the right along
the line of the eleventh rib. At the mid-axillary line it begins to rise, following

pretty closely the border of the thorax, to the ninth and tenth costal cartilages,

Fig. 1458.
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after which it crosses the epigastrium to strike the left costal arch at the eighth car-

tilage. The notch for the round ligament is a little to the right of the median line

and the fundus of the gall-bladder at or near the end of the ninth right cartilage.

It is usually crossed by a vertical line from the middle of the clavicle.* In the re-

cumbent position the liver gravitates to the top of the abdomen, so that normally
in the male no portion is left below the costal arch except near the middle. The
inferior vena cava runs in a groove on the back'of the organ, but the aorta, passing

the diaphragm at a lower point, has the latter muscle between them. The vena cava

pierces the diaphragm at the level of the body of the ninth thoracic vertebra. The
lungs, especially the right, overlap the liver very considerably.

Development and Growth.—\'ery early, in the human embryo of 3.5 mm.
in length, a groove-like evagination appears on the ventral wall of the gut-tube,

immediately above the widely open vitelline duct. This evagination, the first indi-

cation of the hepatic anlage, extends into the primitive ventral or anterior mesentery

' Carmichael : Journal of Anatomy and Physiology, vol. xxxvii., 1902.
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which connects the stomach and the duodenum with the anterior body-wall. The
hepatic diverticulum grows forward and upward into the anterior mesentery until it

comes into relation with the imperfect partition which partially separates the thoracic
and abdominal divisions of the body-cavity. This j^artition, the scphim trayisversum,
primarily consists of lateral folds, projecting at right angles from the anterior mesen-
tery, caused by the large vitelline veins traversing the anterior mesentery on their

way to the sinus venosus of the early heart. The relation of these structures is

more fully considered in connection with the development of the diaphragm (page
1 701); for the present purpose it is sufficient to note that the liver-anlage early
comes into relation with the septum transversum. The ventral portion of the pri-

mary liver-evagination, clothed with the entoblastic lining of the gut-tube, very soon
differentiates into two diverticula : the one nearer the head, or hepatic division, pro-
duces the liver proper ; the other, or cystic division, later becomes the gall-bladder
and its duct. These divisions are gradually removed from the primitive duodenum
by the growth of the primary diverticulum, which at one end becomes converted
into a tube connected with the digestive canal and at the other bifurcates into the
hepatic and cystic channels. This tube, evidently later the common bile-duct, is at

first short and wide, but later rapidly lengthens.

Fig. 1459.

^'^^*"^|i >V°' iliJj'
Septum transversum

Liver-anlage-

Cystic diverticulum

Gut-tube 1

Hepatic diverticulum

Portion of sagittal section of early rabbit embryo, showing liver-anlage and ducts. X 95.

The cells lining the' longer hepatic diverticulum undergo marked proliferation

and produce the liver-mass which invades the septum transversum almost as far as

the sinus venosus and surrounds the vitelline veins. The formation of the liver-mass

follows at first the type of development seen in tubular glands, outgrowths of the

hepatic tube branching and subdividing to form solid sprouts and buds composed of

epithelial cells. In some of the lower animals, as the amphibians, the tubular type
is retained in the adult organ; but in the higher forms, including man, the tubular

character of the young liver is soon lost and replaced by the reticular arrangement
produced in consequence of the growing together and union of the terminal divis-

ions of the gland.

Coincidently with the formation of the net-work of glandular tissue by the

iunction of the cylinders of hepatic cells, the meshes of the reticulum become occu-

pied by blood-vessels derived from vitelline veins. These are now represented at

the hepatic anlage by venous stumps from which numerous afferent branches {vencs

hepaticce advehentes^ penetrate the liver-mass to become the portal system. The
division, subdivision, and union of these blood-vessels keep pace with the increasing

complexity of the net-work of hepatic cords, the intergrowth of these constituents

eventually leading to the intimate relations between the hepatic secreting tissue and
the intralobular capillaries seen in the fully developed organ. The cell-trabeculae

composing the primary hepatic net-work are partly solid and partly hollow ; the
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latter, with a portion of tliose without a lumen, are converted into the system of

bile-canals, while the reniaininj^ cylintlers j^ive ofT additional sprouts which reduce

the intervening meshes and increase the solidity of the orj^an. The solid cylinders

of sccretinj^ tissue at first contain no hile-ca])illaries. The latter are hollowed out

between two adjacent cells as extensions of the meanwhile differentialiny; biliary

ducts. Dilfercntiation of the tlevelopinj^ liver into lobules does not occur until the

beginninj^j of the fourth fcelal month, by which tinu- the larger blood-vessels and
bile-ducts become sinrounded by ccMidensations of the mesoderm which form the

capsule of Cilisson.

The details of the formation of the hepatic blood-vessels are considered in con-

nection with the de\'eloj)ment of the veins (paije 92S). It may be here men-
tioned, however, that the primary circulation of the liver, including the jiortal vein,

the intralobular capillary net-work, and the hepatic veins, is derived from the modi-

fication of the \itelline veins, in conjunction with their tubularies ivom the digestive

organs. The relations of the placental cir(-ulation to the liver are secondary. The
left umbilical vein for a time jKuirs practically all the bhxxl returned from the placenta

into the portal vessel ; when the latter is no longer capable of receiving the entire

amount of the ])lacenial

blood, the development Fig. 1460.
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vision of the primary he-

patic diverticulum. The
subsequent changes in-

clude the growth and e:
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cystic canal to form the

bile-sac, its elongated
stalk becoming the cystic

portion of sagittal section of rabbit embryo, showing developing liver and
duct, while differentiation ducts, x 95-

of the entoblastic lining

and the surrounding mesoblast produces the distinguishing details of the fully formed
organs.

With the conversion of the primary liver-mass into the more definite organ, the

relations of the ventral mesentery, into which the early liver-anlage grows, become
changed. For a time the developing liver lies within the septum transversum, but

later, with the formation of the diaphragm, it separates from the latter and projects

into the body-cavity. This projection results in a differentiation of the ventral

mesentery into three parts : (a) the middle portion, the layers of which become
separated by the growing liver to form its serous investment ; ( d) the anterior portion,

Avhich extends from the front surface of the liver to the umbilicus and becomes the

falciform ligament enclosing the umbilical vein, later the ligamentum teres ;
(c) the

posterior portion, which stretches between the digestive tube and the liver and, as

the gastro-hepatic, or lesser omentum, maintains similar relations and encloses the

biliary ducts.

In the foetus the liver is relatively immense, especially at an early period. At
the fourth foetal month it practically fills the whole of the top of the abdomen.
Although it increases absolutely after this, it relatively diminishes, but at birth is still

considerably above the relative size of the adult organ, forming approximately one-
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eighteenth of the entire body weight. The left lobe reaches across the stomach so
as to be in contact with the spleen. The tubercle at the lower extremity of the
Spigelian lobe and the caudate lobe are relatively large. In the infant there is little

connectix'e tissue in the organ, which is very friable and also easily moulded on the
surrounding structures. At birth the weight of the liver is about 150 gm. (5 oz. ).

PRACTICAL CONSIDERATIONS : THE LIVER, GALL-BLADDER,
AND BILIARY PASSAGES.

The Liver.—Anomalies in the position of the liver occasionally occur, as in

"transposition," when the whole organ may be on the left side ; in such cases the
spleen and other asymmetrical abdominal viscera (and frequently, but not neces-

sarily, the thoracic organs) will also be found to be transposed. " Accessory" lobes

are not uncommon and have been mistaken for new growths.

The shape of the liver may obviously be affected by compression exerted
through tiie parietes. The chief type of the so-called "lacing" or "corset" liver

is marked by a transverse groove separating the main body of tlie organ from a pro-

longation downward of the anterior portion, especially of the right lobe, which may
reach to below the umbilical level. This portion has been mistaken for a movable
right kidney. Knuckles of intestine may lie between it and the anterior abdominal
parietes and prevent the recognition of its continuity with the liver by either palpa-

tion or percussion.

movable liver (^hepatoptosis) is a condition in which, through stretching of the
tissues and structures which normally retain it in place beneath the arch of the dia-

phragm, it sinks by gravity to a lower level. It has then been mistaken for various-

forms of abdominal or renal tumor and for mo\able kidney. Hepatoptosis is often

associated with displacements or abnormal mobility of other abdominal viscera.

Traction of the liver on the suspensory ligament is said to produce a fold of skin

which hides the lower part of the umbilicus (Glenard).
The structures, most potent in holding it in its proper position are, in the order

of their importance : (a) the attachment of the hepatic veins to the inferior vena
cava, (^) the coronary ligaments and the cellulo-vascular bands in and between its

layers, (c) the fibrous tissue near the vena cava and on the non-peritoneal posterior

surface of the right lobe, {d) the muscular wall of the abdomen (keeping the in-

testinal mass pressed upward beneath the liver), and {e) the lateral and "suspen-
sory" ligaments.

Coincidently with the descent of the viscus it undergoes a rotation or tilting

forward so that its diaphragmatic surface is in contact with the abdominal wall.

Hepatopexy consists in suturing such a movable liver in its normal position by
stitches which may be variously placed, but the most useful of which seem to be

those which unite the round ligament and liver-substance with the anterior abdominal
wall near the xiphoid cartilage (Francke, Treves).

The normal relations of the liver to the diaphragm and the abdominal parietes

cause it to be much influenced—especially as to its circulation—by the respiratory

and other movements associated with energetic exercise ; hence the congestion of

the organ resulting in "biliousness," or even in jaundice, seen in cases in which,

from accident or disease, persons who have led active lives are confined to bed. In

walking, and more markedly in horseback riding, the compression of the organ be-

tween the diaphragm and the upper—or respiratory—segment of the abdominal wall

which takes jilace during deep inspiration is aided by its downward movement from
gra\ity. It has been suggested (Jacobson) that such mo\ement must slightly open
the inferior vena cava, which is then immediatelv compressed by the following up-

ward movement,—during expiration,—thus directly iiifiuencing the systemic venous
current and with almost equal directness that in the hepatic veins.

In deep inspiration the anterior edge of the liver descends from under cover of

the lov/er ribs, and in very thin persons may be palpated. A similar descent occurs

when a reclining is exchanged for an erect position.

The direct connection between the gastro-intestinal and the portal circulation

causes the latter to be markedly affected by the use of alcoholic or other irritants and
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hv the ainount and cluiractcr of fooil taktn. I )rinkinj^ aiul <)\crcaliiij^ thus cxa^j^orate

tlif pcrioilic ])hysi()l<)i;ical coiij^cstions of thi- hvt r and olti-ii rt-siilt ukimattly in cjrj^anic

changes. Of course, passive coni^estion is likely to follow valvular disease of the
heart, emphysema, pulmonary cirrhosis, or any condition in which the right heart is

engorged, the backward pressure through the vena cava reaching the hepatic veins

and their sublobular tributaries. The thin interlobular and perihepatic connective
tissue, known as (ilisson's capsule, which closely invests the ducts and vessels, is

commonly affected in chronic irritation of the li\er, es])ecially that form due to al-

coholic excess, and in some infectious diseases, notably the specific fevers and
syphilis. Its anatomical relations explain the usual sequence of jjhenomena. Pro-

liferation of the portions surrountling the terminal branches of the jjortal vein causes
obstruction which, either alone or aided by the concurrent toxaemia, results in con-

gestion and catarrh of the stomach and intestines, in enlargement of the spleen and
pancreas, and later in ascites.

*As the obstruction increases, a collateral circulation is often established to re-

lieve the portal congestion by means of communication between (a) the accessory

portal veins (particularly those in the falciform ligament) and the diaphragmatic,
para-umbilical, and epigastric veins ; (d) the veins of Retzius and the retroperitoneal

veins
;
(r) the hemorrhoidal and the inferior mesenteric veins

;
(d ) the gastric and

the oesophageal veins. An operation has been employed to establish a better and
more satisfactory compensatory circulation in cases of cirrhosis by effecting adhesions
between the surfaces of the liver and the spleen and the diaphragmatic peritoneum,

on the one hand, and the parietal peritoneum and omentum, on the other.

When compression of the liver is carried beyond physiological limits, as from
contusion or from forced flexion, rupture results. This is more frequent in the

liver than in the other abdominal viscera on account of its size, its friability, its

fixity, its close diaphragmatic and parietal relations, and its great vascularity. A
similar disjunction of liver-sul:)stance may occur from a fall on the feet from a height.

It is grave in proportion to the extent of the rupture and to its involvement or non-
involvement of the peritoneal covering. Ruptures confined to the liver-substance,

—

i.e.y not reaching the surface,—and moderate in extent, are not infrequently recovered
from. The commonest seat of rupture of the liver is near the falciform and coro-

nary ligaments, with which the rupture is apt to be parallel. If they are extensive
enough to reach the surface of the organ, death often results from hemorrhage, the
intimate association of the hepatic substance with the thin-walled vessels preventing
their retraction or collapse. Hemorrhage is also favored by the direct connection
of the valveless hepatic veins \vith the vena cava and by the absence of valves in

the portal veins. According to the situation of the rupture, the blood may be poured
into the general peritoneal cavity ; into that portion of it known as the subhepatic
space, and bounded below by the transverse mesocolon ; or into the retroperitoneal

space behind the liver and ascending colon. The local symptoms will vary with the
situation of the collected blood.

Wounds of the liver should be considered with reference to its relations to the
parietes, especially on the right side, where, on account of its greater bulk, it is

more often injured. Except at the subcostal angle, where a small part of the anterior

surface lies against the abdominal wall (the lower edge being on a line between the
eighth left and the ninth right costal cartilages), the lower ribs and costal cartilages

surround the liver. Thus stab wounds must pass between them, while fracture of

the ribs with depression may penetrate the interposed diaphragm and then the liver-

substance. Anteriorly, a little internal to the mammary line, the liver may reach to

the fourth intercostal space or even quite to the level of the nipple, and mav be
directly wounded throughout that area. Laterally it is not usually found above the
sixth interspace. Posteriorly a stab wound through the sixth, seventh, or eighth
intercostal space, or even down to the level of the tenth dorsal spine, would pene-
trate four layers of pleura, the thin concave base of the right lung, and the dia-

phragm before reaching the liver. Still lower, the base of the lung may escape,
but a wound of the liver may involve the two layers of pleura of the costo-phrenic
sinus and the diaphragm. Of course, the alterations in position of the liver during
inspiration and expiration, and according to the. position of the body, must be
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remembered in obscure cases before basing a diagnosis upon the situation of the

external wound.
In bleeding from the liver after either rupture or stab wound, or during opera-

tions, temporary occlusion of the portal vein and hepatic artery may be secured by
pressing them between the finger and thumb, the former being placed just within

the foramen of Winslow and the latter externally on the gastro-hepatic omentum.
Enlargement of the liver, if uniform ( congestion, multi|)le abscess, perihepatitis,

fatty degeneration, hypertrophic cirrhosis), causes a bulging of the right lower ribs

and their cartilages and an increase of the area of absolute percussion duhiess. The
upper limits of the latter should normally be found at the sterno-xiphoid junction in

the median line, the sixth intercostal space in the right mammary line, the seventh
rib in the axillary line, and the lower border of the ninth rib in the scapular line.

A modified dulness is obtained posteriorly over the area where the lung overlaps the

liver, down to the level of the ninth rib. The lower level of the dulness—and thus

of the liver itself— is in the mid-line, half-way between the sterno-xiphoid junction

and the umbilicus, at or a little below the costal margin in the mammary line, on a

level with the tenth and eleventh ribs laterally and opposite the eleventh dorsal ver-

tebra posteriorly. At this point it is continuous with the lumbar dulness due to the

thickness of the spinal muscles, the quadratus lumborum, the kidneys, and the

perirenal fat.

In localized enlargements, as from tumor, abscess, or hydatids occupying the

upper surface of the right lobe, the diaphragm is pushed upward and the upper
limit of the percussion dulness raised, the lower limit remaining temporarily unaf-

fected, the area of dulness being thus increased.

In emphysema or pneumothorax both limits are lowered (as they are also in

empyema, although in that condition the liver-dulness merges into that of the pleural

abscess), and in phthisis, collapse or retraction of the lung, or abdominal meteor-

ism both limits are raised, the total area of dulness remaining unchanged in these

cases. Of course, in atrophic disease the area is diminished and, as in cases in

which the whole liver is drawn or pushed up. or there is free gas in the abdominal
cavity, there may be tympany over the right lower ribs.

Abscess of the liver may be due to infection through the portal system, as from
dysentery or hemorrhoids, or from typhoid fever, colitis, or appendicitis ; or through
the general blood -supply, as from osteomyelitis or cranial trauma. In addition to

the usual symptoms of suppuration, it, like many other li\er troubles, is sometimes
characterized by pain in or above the right shoulder. This is thought to be

explained by the facts that (a) the right lobe is far more commonly aftected, (b)

the phrenic contributes to the nerve-supply to the liver and is derived partly from

the fourth cervical, and {c) the supra-acromial nerve is a branch of the latter.

Other evidence showing relations between the supra-acromial and phreftic nerves,

e.g. , hiccough in shoulder arthritis, makes this explanation seem reasonaWe.
Hepatic abscess may open (a) mferiorly into the stomach, colon, duodenum, or

right kidney, or into some portion of the peritoneal cavity,—either the subhepatic

space, the general cavity, or the lesser cavity via the foramen of Winslow
;
{b)

superiorly into the pleura, lung, or bronchi, or into the pericardium
;

{c) posteri-

orly into the retroperitoneal space and the loin ; id ) ayiteriorly on the surface of

the body, sometimes following the remains of the umbilical vein to the umbilicus.

The resistance of the ribs, intercostal muscles, and diaphragm makes pointing

in other directions of rare occurrence. Pus may invade the suprahepatic fsubdia-

phragmatic) space or the liver itself from above the diaphragm. Many empyemas
have taken this course. Xephric or perinephric abscess on the right side may
extend to the liver.

Hydatid cysts are more common in the liver than elsewhere, as the embryo of

the ^%^ of the taenia echinococcus, freed from its shell by digestion, readily pene-

trates the gastric and intestinal vessels, and is very likely to enter a tributary of the

portal system and thus be carried direct to the liver, where it multiplies and
develops into the mature hydatid. Spontaneous evacuation of the cysts may occur
in any of the directions already mentioned.

In opening an hepatic abscess or hydatid cyst the liver must be reached, as in
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otlic-r operations, by travcrsinj^^ cither the peritoneal or the pleural cavity. In

doul)tful cases, or when there is an anterior swelling, a vertical incision in the mid-
line through the rijL^lu rectus or at its outer etlj^e, be^inninj^ at the costal margin
aiul prolonj4'etl dowiuvartl, will permit of exposure of tiie liver and evacuati(jn (jf the

abscess or cyst, the peritoneal cavity beinj^ walled olT by ^auze jjackinj^. If the

liver is apjjroached above the lower ribs or posteriorly, it will be necessary to resect

a portion of one or more ribs, suture the diaphragmatic and parietal pleurit

together or to the thoracic wound, and then incise the diaphraj^m. If the liver is to

be reached laterally,

—

i.e., in the ri^ht axillary line,—resection of the tenth rib will

disclose the diaphrajLjni with no intermediate layer of pleura. Penetration of the

dia]>hraqiii opens the peritoneal cavity and permits access to the lower and outer

portion of the rij^ht lobe.

Cancer of the liver is usually secondary (to metastasis through the jjortal

svstem), multiple, and ditluse. When |)rimary and consisting^ of a sing^le nodule,

excision may be attempted. In controllings hemorrhage, the friability of the liver-

substance makes ligation of separate vessels difficult, and it may be necessary to

employ an clastic tourniquet, the cautery, gauze pressure, or all three.

Lymphatic involvement secondary to hepatic cancer may be found in the

oesophageal, mediastinal, lumbar, or omental glands.

The relation to the tesophageal lymphatics is also shown by a case in which
hepatic abscess followed a mediastinal oesophagotomy.

The Gail-Bladder.—This sac may be absent, as is normally the case in some
of the lower animals ; it may be congenitally of hour-glass shape ; it may be bifid ; it

may communicate directly with the liver by a " hepato-cystic' ' duct ; it may be
transposed (in conjunction with other viscera), and in one such case cholecystostomy
for gall-stones was performed on a gall-bladder lying on the left side.

Wounds of the gall-bladder are rare.

Rupture of the gall-bladder may occur from traumatism to the abdominal pari-

etes ; it is favored by distention of the viscus and by enlargement of the liver, both
of which carry the gall-bladder downward to a less protected position and favor the

direct transmission of the force. Extravasation of bile into the general peritoneal

cavity follows. It may be sterile, and may then act merely as an irritant, causing an
extensive plastic exudate, but is apt to be fatal by setting up septic peritonitis.

If operation discloses such a rupture, it may be remembered (i) that the

extravasated bile first flows into the large peritoneal pouch bounded above by the

right lobe of the liver, below by the ascending layer of the transverse mesocolon
covering the duodenum internally, externally by the peritoneum lining the parietes

down to the crest of the ilium, posteriorly by the ascending mesocolon covering
the kidney, and internally by the peritoneum covering the spine

; (2) that this

pouch can be easily and thoroughly drained through a lumbar incision ; and (3)
that it is capable of holding nearly a pint of fluid before it overflows into the
general peritoneal cavity through the foramen of Winslow or over the pelvic brim
(Morison).

Distention of the gall-bladder is ordinarily due to ( i ) inflammatory obstruction

of the cystic duct (cholangitis)
; (2) mechanical obstruction of the cystic duct, usu-

ally from the impaction of gall-stones ; (3) acute cholecystitis, {a) catarrhal, ib^

suppurative
; or (4) obstruction of the common duct from tumor or, much more

rarely, from impaction of a calculus in that duct before the gall-bladder has become
inflamed, contracted, and formed adhesions. The gall-bladder itself may be the

primary seat of a malignant growth. It is impossible to feel the normal gall-bladder

through the abdominal wall.

Enlargement of the gall-bladder from any cause usually takes place in a down-
ward and forward direction on a line which, beginning a little below the ninth costal

cartilage, crosses the linea alba just below the umbilicus. If the liver is of normal
size, the neck of the gall-bladder is about opposite the ninth costal cartilage. If the

liver is enlarged, the gall-bladder will be so much depressed that its neck may be on
a level with, or even lower than, the umbilicus. The rounded, pear-shaped, or

gourd-like fundus can usually be felt, movable laterally, and sometimes with a pal-

pable groove between it and the lower edge of the liver. The swelling descends

loq
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during inspiration. If the cause of the enlargement is inflammatory and adhesive

peritonitis has resulted, the tumor may be fixed so that it does not move with res-

piration ; but there is then, especially in acute cases, apt to be pain and tender-

ness over the swelling or at a point between the ninth costal cartilage and the

umbilicus.

It may be mentioned here that the diagnosis between the chronic form of gall-

bladder disease and movable kidney is not always easy ; that the two conditions not

infrequently coexist in the same person ; and that the possibility of error is increased

by the fact that they are each met with much oftener in women than in men, and

that the right kidney is far more frequently movable than the left.

The anatomical explanation is that in women with flabby abdominal walls

either tight lacing or a relatively slight jar or strain tends to produce displacement of

both the kidney and the liver, the latter resulting in tension or angulation and con-

sequent obstruction of the bile-ducts. The two conditions also act reciprocally,

descent of the liver causing displacement of the kidney, which, through its traction

upon the duodenum, tends to obstruct the bile-ducts.

A movable kidney, as compared with an enlarged gall-bladder, is less influenced

by respiration ; has a wider range of motion, especially in the long axis of the body
;

is more influenced by position ; slips backward towards the loin instead of upward

beneath the liver ; is less often visible and less frequently tender on pressure, which

is apt to cause a sickening sensation analogous to testicular nausea (page 1951).

Acute cholecystitis (phlegmonous) is due to infection. The colon or typhoid

bacillus, or the pneumococcus, streptococcus, or staphylococcus, may reach the gall-

bladder either through the blood, as during a pneumonia, by lymphatic and vascular

channels, as after an appendicitis, or through the intestine and bile-ducts, as in some
of the post-typhoidal cases.

The symptoms are {a) generalized abdominal pain, due to the association of

the cystic plexus, through the coeliac, with the superior mesenteric
;
{b) pain below

the right costal margin passing towards the epigastrium,

—

i.e., referred to the cceliac

and solar plexuses,—and towards the right scapular region, from the association of

the phrenic and the supra-acromial nerves through the fourth cervical (page 1758) ;
(c)

rigidity over the right hypochondrium, due to the connection between the splanch-

nics and the intercostals
;
{d ) nausea, vomiting, and prostration, due at first to the

close relation of the cystic plexus with the coeliac and solar plexuses, later to toxaemia

and to peritonitis
;

(e) localized tenderness at the junction of the upper and middle

thirds of a line drawn from the ninth rib to the umbilicus,

—

i.e., over the fundus of

the inflamed gall-bladder; (/) distention and paresis of the intestines, due sometimes

to a localized peritonitis affecting the hepatic flexure of the colon and simulating

an acute intestinal obstruction.

Gangrene has occurred, emphasizing the clinical and pathological resemblance

of this condition to appendicitis, but is very rare, illustrating the importance of one

anatomical factor—the scanty blood-supply— in causing the gangrene which is so

exceedingly common in that disease (page 1682). Bacterial infection and absence of

drainage (and therefore tension) are two conditions predisposing to gangrene,

present in both cases ; but the third—thrombosis of the nutrient vessels—determines

the frequency of gangrene in the appendix, which is supplied by only one nutrient

artery, and is relatively ineffective in the case of the gall-bladder, which has a rich

blood-supply through the large cystic artery and also through the anastomoses of its

branches with the hepatic vessels where the gall-bladder is fixed to the liver (Mayo
Robson).

Empyema of the gall-bladder (suppurative cholecystitis), due usually to chole-

lithiasis, obstructive catarrh, and infection through the ducts, may discharge itself in

various directions determined by the occurrence of inflammatory adhesions. The
most common communication is with the cutaneous surface, the pus having been

evacuated through the parietes beneath the costal margin in 50 per cent, of Cour-

voisier's 184 cases, and in the umbilical region, where it was conducted by the sus-

pensory ligament, in 29 per cent. The colon or duodenum beneath, the subphrenic

space or pleural cavity above, and the right prenephric peritoneal pouch—walled

off by adhesions—have been favorite seats for the spontaneous evacuation of pus
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and pall-stones in old cases of empyema of the gall-bladder. Its anatomical relations

to surroiindint;- structures and spaces should therefore be carefully studied.

C/io/c/it/iiasis.—As the normal expulsive efforts of the nuiscular walls of the

g'all-bladdi-r are usually aided by the contraction of the abdominal muscles during

exercisi', gall-slont'S are more commonly found in persons of sedentary habits, in

invalids, and in females, esjiecially in nuillipara. light lacing, by depressing both

liver and gall-bladder, as well as kidney {^vidc supra), is also a distinct i>redisi)osing

cause. Bacterial infection with the colon or typhoid bacillus, and more rarely with

other organisms, is, however, a frequent exciting cause of the hypersecretion and
epithelial jjroliferation which lead to the formation of gall-stones.

The presence of stones in the gall-bladder may be unaccompanied by symptoms,

or may cause the dexelopment of such phenomena as either have no distinct ana-

tomical bearing (biliary fever and secondary visceral lesions) or as have already

been consitlered (abscess of the liver, empyema of the gall-bladder, fistula:^, etc.).

There are mechanical accidents, however, connected with the emigration of the

stones which will be considered from the anatomical stand-point in relation to the

biliary ducts.

The Cystic and Common Bile-Ducts.—The cystic duct is the narrowest

portion of the biliary passages. Its calibre would permit the passage of a probe

through it into the hepatic duct, but the irregular folds of its mucous membrane
(sometimes regarded as constituting a " si)iral valve,"—the valve of Heister) usu-

ally effectually prevent satisfactory probing. Its muscular fibres are better devel-

oped than are those of the other biliary ducts. The passage of a stone through it

is attended by (i) colicky pains of the sort usually associated with violent mus-

cular contraction
; (2) contituious pain resembling that due to an acute cholecystitis

(the two conditions being often mistaken one for the other), and due (a) to the slow

progress of the stone in the cystic duct, in which it takes a rotary course owing to

the arrangement of the mucous folds
; (3) to the acute inflammation which usually

accompanies an attack ; and (^) to the stretching and distention of the gall-bladder by
retained secretions (Osier). The pain may be even more intense, and is apt to be

accompanied by (3) vomiting, {i\) profuse szveating, and (5) great depression of the

circulation, all due to reflex irritation of the sympathetic plexuses and the pneumo-
gastric. There may be (6) a rigor, either purely nervous or due to retained secre-

tions and a concurrent lithaemic inflammation. In the latter case there will be (7)
fever from the accompanying toxaemia.

If the stone passes into the intestine, all the symptoms usually disappear. It

may cause (8) intestinal obstruction, and is a far more common factor in the pro-

duction of this condition than are enteroliths. Of 149 cases of this type of obstruc-

tion, 133 were due to gall-stones and only 16 to enteroliths, and 10 of these had
gall-stone nuclei. Although a stone of considerable size may pass through the duct,

those large enough to bring about intestinal obstruction usually enter the duodenum
by ulceration. If the stone becomes impacted in the cystic duct, (9) dilatation of

the gall-bladder with mucus (hydrops) occurs ; or (10) cholecystitis, acute or chronic,

may follow {vide supra). Calcification and atrophy of the gall-bladder are not

uncommon sequelae.

The stone may pass into and obstruct the common duct. This is about three

times the diameter of the cystic duct, and, therefore, many stones which h^ve given

rise to the above symptoms pass through it easily. If a stone permanently occludes

it, there will usually be deep and persistent jaundice, clay-colored stools, vague and
dull hepatic and shoulder pain, rarely colicky in character, and absence of septic

phenomena and of enlarged gall-bladder, the latter symptom occurring in not more
than ID or 12 per cent, of cases of calculous common-duct obstruction. A stone may
pass as far as the ampulla of Vater and act as a "ball-valve," in which case there

will be variable jaundice and ague-like paroxysms of chills, fever, and sweating,

accompanied by hepatic pains and gastric disturbance (Osier). The mechanical

effect of a stone in such a position, plus the resulting nerve irritation and infective

cholangitis, sufficiently explains these phenomena.
Occlusion of the common ducts may occur from other causes, as stricture follow-

ing ulceration due to stone, the presence of lumbricoid worms, echinococci, etc. , or
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even of foreign bodies which have been swallowed. Pressure from extrinsic causes is

far more frequent, however, as a cause of occlusion. It may be due to carcinoma of

the lymph-nodes in the transverse fissure, secondary to rectal or to j^^astric cancer
;

or to enlargement of the head of the pancreas from new growth or from inflammation
;

or to aneurism of branches of the coeliac axis.

In these cases, contrary to what is found in occlusion from gall-stones, the gall-

bladder is usually enlarged.

Congenital obliteration of the ducts may occur.

Operations on the Gall-Bladder and Biliary Duets.—A vertical incision, at least

7.5-10 cm. (3-4 in. ) in length from the costal margin downward, made over the

middle of the right rectus muscle, the fibres of which are separated, will usually

satisfactorily expose the gall-bladder. If it is necessary to open either of the ducts,

the incision may be prolonged upward in the interval between the xiphoid cartilage

and the costal cartilages. If the liver is then drawn downward from beneath the ribs

and rotated ujjward and outward and the transverse colon is drawn downward, the

subhepatic space will be well exposed, bounded by the under surface of the liver above
and externally, the colon and transverse mesocolon below, and the duodenum and
pyloric end of the stomach internally. In this position, especially if a sand-bag has

been placed beneath the back opposite the liver, so as to push the spine forward, the

cystic and common ducts are brought close to the surface, the angle between them is

effaced, the region of entrance into the duodenum is in full view, and incision for drain-

age of the gall-bladder (cholecystostomy), or for the extraction of a calculus either

from the gall-bladder (cholelithotomy) or a duct (choledochotomy), or for the re-

moval of the gall-bladder (cholecystectomy) becomes possible. If there are many and
troublesome adhesions, the fundus and body of the gall-bladder being buried and not

recognizable, it is well first to locate the hepatico-duodenal fold of peritoneum,—the

right border of the lesser omentum,—in which the common duct may be traced from

its duodenal termination upward, the portal vein lying behind it and the hepatic

artery to the left. The cystic and hepatic ducts may then be identified. The ducts

may often best be examined by passing the forefinger of the left hand through the

foramen of Winslow, the back of the surgeon being turned towards the patient.

The duct, the portal vein, and the hepatic artery may thus easily be grasped between

the thumb and finger. The close relation of the lower end of the common duct to

the vena cava should be remembered in operations upon it. This portion may be

reached, if necessary, as in some cases of stone impacted at the duodenal papilla,

by opening the second portion of the duodenum and slitting up the duct as it lies in

the inner and posterior wall of the intestine, where it may be felt as a cord.

The duct may be reached at a higher point by an incision through the perito-

neum to the right of the duodenum, the latter being freed posteriorly and drawn
towards the median line.

In cases in which the common duct is permanently obstructed a portion of the

duodenum or jejunum may be anastomosed with the gall-bladder (cholecystenteros-

tomy) by direct suture.

THE PANCREAS.

The pancreas, the " abdominal salivary gland," lies moulded across the spinal

column with its head on the right, enclosed in the loop of the duodenum, and its

tail on the left, in contact with the spleen. It is of a light straw color running into

red, according 'to the amount of blood within the organ. The weight ranges from

30-150 gm. (1-5 oz.) or even more. The specific gravity is about 1045. The
length 171 situ is approximately 15 cm. (about 6 in.). It consists of an enlarged

descending part on the right, the head, and of a long body placed transversely,

which is needlessly di\'ided into neck, body, and tail. When the organ is removed
from the body and straightened it somewhat resembles a revolver in shape, the head

being the handle. The gland, however, is so modelled by the surrounding parts

that its true form is seen only in its undisturbed position, or after hardening in situ

before removal from the body.

The head (caput pancreatis) is a rounded but irregular disk packed into the

space between the first and third parts of the duodenum, and lying close against the
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left of the secDiid part. It overlaps both the second and third parts anteriorly, and
tends to insinuate itself behind them. We have seen it overlapj)ing the fourth part

also. So much has been said of the variations of the duodinum
(
l>a^e 1644 ) that it

must be eviileiu that the head of the |yancreas can hardly have any certain size or

sha|)e. Its diameter from abo\e downward is jirobably rarely less than 7 cm. and
may be greater. It is sejiarated from the neck by a j,frf)ove on the front of the j^dand

for the gastro-duodenal branch of the hepatic artery. It rests behind on the inferior

vena cava, sometimes on the right renal vein, and may appnxich the right suj)rarenal

body. It is opposite the first and secontl lumbar vertebne and (jften a part of the

third lumbar \ertebra.

Tin- body (corpus paucicatis ), including the neck and tail, is prismatic, having

a /)osti-ri'or, an antero- superior, and a narrow inferior surfaee. It is so tortuous in

its natural ])osition as to seem shorter than it is. Starting on the right of the si)ine

at the level of the fu'st lumbar vertebra, it passes around it to the left and backward

and again forward to the spleen, which it may or may not cross. Towards its end

it also turns tlownward.

Fig. 1461.

Portal vein Hepatic artery
1 '

1
^^Left suprarenal body

'
^^^

l.eft kidney
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body

Vena cava
Spleen

Beginning
of jejunum

Superior mes-
enteric anery

Superior mes-
enteric vein

Descending
colon

\orta

Vena cava

Anterior aspect of pancreas in situ; the organ is exceptionally broad, and covers more of left kidney than usual;
peritoneum has been removed.

The neck is the part (2-7) cm. in length) which crosses the portal vein with a

forward convexity, being deeply grooved by the vein on its posterior surface. The
left extremity of the body is the tail fcauda pancreatis), the end of v\hich is very
variable in form. If it lies in front of the spleen it is more or less pointed, but if it

ends against the gastric surface of that organ it may have a true terminal concave
surface, fitting it accuratelv (Tig. 1461).

The posterior surface has first (from the neck towards the left) the deep
groove for the portal vein, which may be entirely surrounded by glandular tissue.

Beyond this it lies on the vena cava, then on the aorta between the coeliac axis and
the superior mesenteric arterv, which groove it above and below. It next lies on the
left pillar of the diaphragm, the left suprarenal capsule, and the left kidney. The
left end may have a concave surface resting on the gastric surface of the spleen, or
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it may extend across this surface, or rest on the basal one. There are two horizon-

tal grooves on the posterior surface. The lower, which is the longer and deeper, is

caused by the splenic vein. It extends from the left end to the groove for the jxjrtal

vein, inclining to the lower border as it approaches it. A smaller groove for the
splenic artery lies above the former from the left to near the aorta.

The antero-superior surface, the largest of the three, slants downward and
forward, presenting a concavity which forms a part of the stomach-bed. It is on
the average some 4 cm. broad, but may exceed 5 cm. There is often a swelling—the
omental tuberosity (tuber omcntale)—to the left of the neck opposite the aorta. This
is behind the lower end of the vertical i)art of the lesser curvature of the stomach,
and is in contact with that organ rather than with the omentum.

The inferior surface, the smallest, rarely as much as 2 cm. in breadth,
rests on the lower layer of the transverse mesocolon. It is rounded and irregular,

except where it lies above the duodeno-jejunal fold, where it is smooth and concave.
To the right of this it is grooved by the superior mesenteric artery.

The borders at which the surfaces meet call for no special description beyond
that both the inferior ones are grooved by the superior mesenteric artery and the
upper by the cceliac a.xis.

Structure.—While agreeing in its general structure with other serous salivary

glands, as the parotid, the pancreas differs in certain particulars. The most im-

FlG. 1462.

Section of pancreas under low maKnification, showing general arrangement of lobules. X 30.

portant of these are the tubular, rather than saccular, form of the aheoli, the marked
differentiation of a granular zone in the protoplasm of the secreting cells, the absence

of specialized intralobular ducts, and the presence of the islands of Langerhans.

The chief pancreatic duct gives off numerous lateral interlobular branches which
are lined with a single layer of columnar epithelium, about .006 mm. in height, the

direct continuation of that clothing the large ducts, in which the cells are from two
to three times as tall. The canals springing from the interlobular ducts after enter-

ing the lobules possess a layer of flattened epithelial plates some .012 mm. long by
.003 mm. high, and correspond to the intercalated or intermediate ducts. The in-

tralobular canals being wanting, the relatively long intermediate ducts pass directly

into the tubular alveoli, within which their attenuated epithelium protrudes as the

centro-acinal cells. The relation of the latter to the usual glandular elements lining

the alveolus is peculiar, the thinned-out and spindle duct-cells being surrounded ex-

ternally by the secreting Cells.

The tubular alveoli of the gland, often tortuous and sometimes divided, possess

a well-defined membrana propria against which lie the secreting cells. The latter
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Fig. 1463.

are usually of a Muntcd pvr.uuiilal sliapr, although many aberrant forms arc seen,

with an averaije lenj^th of about .010 mm. During fimetional inactivity their cyto-

plasm exhibits two well-ilitlierentiateci zones : an inner one, ne.xt the lumen, which is

his^hlv i;i inul.u-, ami an outer one, next the basement membrane, which is free from

jrranules and at limes almost homogeneous. The round or oval nucleus occupies

the external area. The relative breadth of these two zones varies with the func-

tional activity of the cells. During fastin.u, when the latter are stored with zymojT;en

particles, the j,n-anular zone is very bioad and the outer homo^^eneous one corre-

spondin^^ly narrow. With bej^inninj^^ discharj;e of the pancreatic secretion during

digestion, the granular zone diminishes and reaches its minimum, almost dis-

appearinjr when the gland is exhausted. The return of the latter to a condition of

rest is accompanied by the formation and gradual accumulation of a new store of

zymogen particles until the granular zone is again restored to its maximum. Occa-

sionally in fixed tissue the parietal cells exhibit within their cytoplasm a body

termed the pamnuc/eus (Nebenkern). The latter is of uncertain form, often singu-

larly round antl indented, and
smaller than the nucleus in the

vicinity of which it usually lies.

The nature and significance of

this body are still undeter-

mined, some observers regard-

ing it as a derivative from ex-

truded nuclear material, the

paranucleus, in turn, being con-

cerned in producing the zymo-
gen-granules. Intercellular se-

cretion-capillaries have been
demonstrated in the alveoli of

the pancreas. They extend

between the cells for some dis-

tance, but do not reach the

basement membrane surround-

ing the acini. Intracellular

secretion-vacuoles are also de-

monstrable at times by means
of Golgi stains, but are teir.-

porary and cannot be regarded

as constant details of the cells

(Ebner).
The interalveolar cell-

areas, or islands of Langer-
hans, appear as small collec-

tions of cells, some .3 mm. in diameter, lying between the tubular acini, from which

they are separated by a delicate envelope of connective tissue. These cell-areas are

constant features of the pancreas, not only of man, but likewise of a wide range of

animals representing mammals, birds, reptiles, and amphibians. Their distribution

within the pancreas is by no means uniform, since, as has been shown by Opie,' while

about equally numerous in the head and adjacent part of the body of the organ, they

may be almost double in number towards the tail. The cells composing these masses,

although developed from the same tissue which gives rise to the usual glandular

elements of the pancreas, differ from the latter in being smaller, polygonal rather

than pyramidal in form, less granular, and undifferentiated into the characteristic

zones usually seen in the pancreatic cells. They are arranged as a net-work con-

sisting of solid cords or trabecul^e, the meshes of which are occupied by blood-

capillaries of large size ; the whole recalling the arrangement of hepatic tissue. No
extension of the system of excretory tubes has been demonstrated within these

cell-islands, secretion-capillaries being therefore wanting. The significance of the

islands of Langerhans has long been a subject of dispute, but in view of their isola-

* Johns Hopkins Hospital Bulletin, September, 1900.

Alveolus

— Intralobular
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Section of pancreas, showing interlobular connective tissue with vessels

and duct surrounded by tubular alveoli. X 200.
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J/

tion from the surrounding glandular tissue and their close relation with the blood-

vessels, the opinion is held by many that they produce some substance which passes

directly into the blood and may be regarded, at least provisionally, as concerned in

" internal secretion."

The Pancreatic Ducts.—The gland is surrounded by a fibrous sheath which
sends in many processes dividing it into small lobules. The chief excretory canal in

the adult is the ^//^^V of Wirsung ( (hictus pancrcaticus), which, beginning near the end
of the tail, runs through the middle of the pancreas towards the right, and bends
downward as it passes through the head. Branches sprout from the main duct

at right angles, which receive bunches of smaller ramifications. The diameter of

the duct near its end is about 5 mm. It descends just in front of the common bile-

duct to the wall of the duodenum and empties in common with it at the papilla

(Fig. 1455). Its termination very often is in the floor of the ampulla (diverticulum

duo(lenalc), so that the papilla presents but one opening. The tributary ducts of the

head are larger than the others. A particularly large one—the duct of Santorini
(ductus pancrcaticus acces-

FiG. 1464. sorius)—is in the early

stage of de\'elopment the

chief duct of the head,

and consequently of the
gland. In the adult it

usually descends from the

right to empty into the

duct of Wirsung as the

latter turns downward.
In about half the cases,

according to Schirmer,' it

opens independently into

the duodenum, some 3
cm. above the papilla and
more anteriorly. The or-

ifice is usually surrounded
by a small raised ring.

Even when so terminating

it retains its connection

with the duct of Wir-
sung. Thus fluid in the

body of the pancreas may
in such cases pass into

the duodenum by either

opening, and fluid in the

duct of Santorini may pass either directly into the gut or through the duct of Wir-
sung. The canal of Santorini may be no more than an insignificant side branch of

the other, or it may be the chief, or sole, excretory duct.

Relations to the Peritoneum.—Although de\eloped in both the posterior

and the anterior mesenteries, the pancreas, owing to the changes by which the spleen

on the left and the descending part of the duodenum on the right have come to lie

against the posterior abdominal wall, is entirely retroperitoneal. The posterior sur-

face, with the possible e.xception of the end of the tail, which may be surrounded by
peritoneum, is attached to the parts behind it by connective tissue. The layers of

peritoneum covering the antero-superior and the inferior surfaces meet to form the

transverse mesocolon, which is attached along the border between these surfaces, and

is continued on the right across the head, and may sometimes rise towards the left

onto the antero-superior surface. The gastro-pancreatic fold, made by the gastric

artery, crosses the gland upward from a point a varying distance below the coeliac

axis.

Vessels.—The arteries are many small branches derived from the splenic,

hepatic, and superior mesenteric. As the splenic runs along the top of the posterior

'Beitrage zur Geschichte und Anatomie des Pancreas, Basel, i8q3.
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Section of pancreas, showing island of Langerhans. X 200.
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surface it sciuls a series of Wraiuhes into the upper part ol the body and tail. The
Hepatic runs alon^ the top of the front of the head and neck, doinjr the same. In tlie

groove between head and neck the ^^astro-duodenal sends the superior pancreatico-

duodenal across the front of the gland, supplying chiefly the head. The superior

mesenteric arterv, just after its origin, sends from its right the inferior pancreatico-

duodenal. This vessel gives oH a larger branch runnuig to the right to meet the

superior pancreatico-duoiienal on the front of the head, and sends a smaller branch

to the left along the lower surface. Sometimes the two branches which meet across

the head enclose it by a similar .mastfjmosis behind. The zr/ns folhnv in the main

the arteries. They are all tributaries of the portal system, and some open directly

into the portal vein. The lymphatics are many. Most of them run to the cceliac

and splenic plexuses. A sn'iall group of lymph-nodes is situated on the front of the

head.

The nerves, composed chiefly of non-medullated fibres, are from the solar

ple.Kus, by way of the coeliac, splenic, and superior mesenteric plexuses.

Fig. T465.

Section of injected pancreas, showing intralobular capillary- net-works; also convolutions of islands of

Langerhans. ' 50.

Development.—The human pancreas develops from two separate anlages, a

dcrsal and a ventral one. The former, which appears by the fourth foetal week, is

a direct outgrowth from the primitive duodenum. The ventral anlage, slightly later

in its formation, develops as two outgrowths, one from each side of the early bile-

duct, and is therefore not stricdy a direct derivative from the gut. The left ventral

outgrowth soon disappears, leaving the right one connected with the bile-canal.

This close associadon is retained throughout life, as evidenced by the intimate rela-

tions between the common bile and pancreatic ducts. The dorsal pancreas rapidly

grows, elongates, and soon becomes the chief part of the organ, opening by an in-

dependent canal—the duct of Santorini—into the duodenum. The repeated division

of the duct and the proliferation and extension of the terminal compartments pro-

duce the system of excretory passages and glandular tissue of the organ. The ven-

tral pancreas, which has meanwhile increased more slowly, and in consequence of the

changes in the gut has suffered displacement to the left and behind, grows towards

the dorsal glandj^ with which it soon inseparably fuses. The head of the fully formed
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organ represents the primitive ventral pancreas, the body and tail the dorsal seg-
ment. The duct of the ventral portion, which remains as the duct of Wirsung, forms
a communication with that of Santorini, and for a time the pancreas possesses two
outlets into the duodenum. Usually the duct of Santorini loses its intestinal con-
nection and becomes tributary to the duct of Wirsung. Variations from this ar-

rangement are often encountered, the dillerent combinations being due to deviations

Fig. 1466.

Diagrammatic reconstructions, shovvinj»^ development of pancreas and relations to liver-ducts, a, common bile-

duct ; b, hepatic and c cystic ducts; rf, right and e left ventral pancreatic anlages
; /, dorsal pancreas and its

duct (g:) ; A, junction of common bile (a) and ventral pancreatic (d ) ducts. After fusion of ventral and dorsal pan-
creas, (/becomes duct of Wirsung,^ duct of Santorini, and / head of pancreas.

from the ordinary progress of development as to the fusion of the two parts and per-

sistence of their canals. The areas of Langerhans are developed from the same
entoblastic outgrowths as give rise to the ordinary glandular tissue (Laguesse,
Pearce'). The connective- tissue septa are derived from the ingrowing mesoblast.

Variations.—The pancreas has been seen to surround the descending part of the duodenum.
Small accessory pancreases have been found in the walls of the intestine. Although usually in

the duodentini, they may be in the stomach or at the beginning of the jejunum, and occasionally
some distance from it. Presumably they are parts of the gland which became separated at an
early stage and were drawn by the growth of the intestine away from their original position.''

PRACTICAL CONSIDERATIONS : THE PANCREAS.

Certain abnorttialities that may affect surgical procedures or may of themselves

produce symptoms of disease should be mentioned. Accessory pancreases are

found in various localities and may be mistaken for new growths. The anterior wall

and the two curvatures of the stomach and the walls of the small intestine, especially

the duodenum, are the situations in which such glands are most frequently found.

They have ducts opening into the intestine.

An accessory gland has been found to the right of the duodenum entirely dis-

tinct from the main gland. Perhaps the most im]X)rtant anomaly is one in which
the gland completely surrounds the second part of the duodenum, constricting it and
causing dilatation of the first portion and of the stomach. Several cases have been

reported. The common bile-duct may also be contained within the head of the pan-

creas, as may the superior mesenteric vessels within its body. The accessory pan-

creatic duct may be absent, or there may be three ducts, all opening into the

duodenum.
Movable Pancreas.—The gland may fall forward or downward (when it may

sometimes be felt below the stomach), or it may be a part of the contents of a dia-

phragmatic hernia, or may even—but with great rarity—be contained within the sac

of an umbilical hernia.

Injuries.—The situation of the pancreas behind the lesser peritoneal cavity and

the stomach and between the spleen and the duodenum, the partial protection it

receives from the costal arch, and the depth at which it lies render its uncompli-

' American Journal of Anatomy, vol. ii., 1903.
* Zenker : Virchow's Archiv, Bd. xxi., 1861.
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cattil injury of very rare occurrence. In only three fatal cases in which all other

abdominal viscera escaped lias it been found to be ruptured.

In less severe cases it has been bruised or torn, hemorrhaj^e has occurred, a

rapidly enlari;in_i;, lluctuatinj^- epi_tjastric tumor has formed, and the ])atient has recov-

ered after a la])arotomy, e\acuation of the blood-cyst, and drainaj^e. In such cases

it is probable lliat the traumatism has caused a laceration of the posterior layer of the

lesser sac of the ])eritoneum (with which the jiancreas is intimately adherent) and of

the pancreas itself. Blood, or blood with pancreatic secretion, is poured into the

lesser sac, causin<j adhesive peritonitis and sealinji^ the foramen of Winslow. The
lesser cavity, now converted into a closed sac, is distended with serous exudate,

blood, and pancreatic fluid. After evacuation and drainaj^^e, the pancreas may con-

tinue to pour its secretion into the cyst-cavity throuo;h the orij^inal jjeritoneal tear

(Robson and Moynihan).
Panoratitis.—The close relation of its duct to the common bile-duct, which it

often joins at the ampulla and before reachinij the duodenum, exj)lains the frecjuent

association of ^all-stones with chronic inHammation of the pancreas. A small ball-

valve calculus in the ampulla has been thought, by occluding the duodenal orifice, to

convert the two ducts into a continuous channel, permitting, if the gall-bladder is

functionally active, the entrance of bile into the pancreatic duct (duct of Wirsung)

and causing pancreatitis. A larger stone might occlude also the orifices of both the

pancreatic duct and the bile-duct and produce in both glands the troubles associated

with retained secretions. In the pancreas these troubles are lessened by the fact that

occlusion of the main pancreatic duct does not of necessity completely obstruct the

egress of the pancreatic fluid (Opie). In about 50 per cent, of bodies the acces-

sory duct (duct of Santorini) communicates within the gland with the main duct

and opens into the duodenum by a separate orifice about 2.5-3.5 cm. (i-i^ in.)

nearer the stomach than the papilla at which the ampulla of Vater opens (Schirmer).

Nevertheless, just as jaundice follows occlusion of the common bile-duct by forcing

the secretion of the liver back upon that gland, whence it finds its way into the inter-

stitial tissue, the lymphatics, the thoracic duct, the blood, and the tissues at large,

so the fat-splitting ferment of the pancreatic juice, in cases of occlusion of the pan-

creatic duct, finds its way beyond the parenchyma of the gland and causes fat-

necrosis, first in the vicinity of the pancreas, later over widespread areas (Opie).

There can, at any rate, be no question of the etiological association of gall-

stones with many cases of pancreatitis ; but it is probable that in a large proportion,

in addition to mechanical pressure or independently of it, bacterial invasion follow-

ing inflammation of the ducts or of the duodenum is an important factor.

The anatomical symptoms of acute pancreatitis depend upon the close associa-

tion of the gland (a) with the solar plexus through the coeliac, superior mesenteric,

and splenic plexuses ; i^b) with the duodenum
; (<:) with the bile-ducts

;
{d ) with

the great blood-vessels behind it ; and (<?) upon its more remote relation with the

epigastric region, directly beneath which, but at a considerable depth, it lies. These
relations explain {a) the acute and agonizing pain, vomiting, and collapse; {b)

the intestinal paresis and distention, often simulating intestinal obstruction
;

(r) the

slight but deepening jaundice sometimes present; (a?) the cyanosis of the face and
abdomen so commonly seen, and probably due partly to reflex cardiac disturbance

;

and (^) the circumscribed, tender epigastric swelling which follows closely on the

above symptoms. In differentiating the condition from acute intestinal obstruction,

—for which it is most likely to be mistaken,—the immediate presence of localized

epigastric tenderness and the usual absence of both conspicuous general tympany and
of limited distention of intestinal coils should be given due weight. The rarity in

the epigastrium of an obstructed small intestine should be remembered, and the

patency and capacity of the large intestine should be determined (Fitz).

Chronic obstruction of the duct may cause the development of retention-cysts,

of chronic interstitial pancreatitis, or of pancreatic calculi. The latter may later

become themselves the chief cause of continued obstruction and of further cystic

changes.

In chroyiic pancreatitis, especially in thin patients and when the stomach and
colon are empty, it may be possible to feel the tender, swollen gland through the
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abdominal wall. In gastroptosis the normal pancreas may easily be felt above the

stomach and might readily be mistaken for a new growth. Usually the swelling is

behind the stomach and above or behind the colon. In suppurative pancreatitis the

collection of pus may push the stomach forward, or may become superficial, either

above or below it ; it may, starting at the pillar of the diaphragm, and guided by the

psoas-sheath or the iliac fascia, reach the iliac region ; it may occupy the areolar

tissue of the loin, becoming a perirenal abscess ; it may open into either the stomach

or duodenum. When confined to the pancreas, it will usually be recognized during

an exploratory operation. It may be drained posteriorly by an incision at the costo-

vertebral angle, or anteriorly through a large tube surrounded by gauze packing.

Cancer of the pancreas usually aflects the head of the gland, which accounts for

the frequency with which obstruction of the common bile-duct and of the duodenum
occurs in such cases.

The further growth of the tumor may cause compression of the pylorus, of the

cardiac end of the stomach, of the whole stomach by forcing it against the anterior

abdominal wall, of the colon, the ureter, the portal vein, the vena cava, the aorta,

the splenic vessels, and the superior mesenteric vein (Robson and Moynihan;.

If the tumor extends to the right, there are apt to be jaundice and intestinal

obstruction ; if upward, in addition to these symptoms, pyloric obstruction and

gastric dilatation ; if backward, ascites and oedema of the lower limbs.

The pancreas may be approached for operation through a median incision, and

reached, above the stomach, through the gastro-hepatic omentum ;
below the stom-

ach, through the gastro-epiploic omentum or the transverse mesocolon, the omentum
having been turned upward. It has been exposed (in a case of hydatid cyst)

by an incision beginning at the tip of the twelfth rib and passing forward in the

direction of the umbilicus. Indirect drainage in chronic pancreatitis by means of

cholecystostomy has given excellent results ( Robson j.

In cases of nephrectomy the relations of its tail to the left kidney and renal

vein should be remembered. The relations of the vena porta, the vena cava, the

aorta, the superior mesenteric artery, and the cceliac axis are so close that when
complicated by adhesions or infiltration, as in chronic inflammations or new

growths, operations for total excision of the pancreas become formidable and have

rarelv been undertaken. The close relation of the pylorus—especially when the

stomach is depressed by a new growth—to the neck of the pancreas should be

remembered in pyloroplasty or pylorectomy, as should the proximity of the spleen

to the other extremity of the pancreas in cases of splenectomy.

THE PERITONEUM.

The peritoneum is the serous membrane lining the abdominal cavity and reflected

over the viscera. Like all serous membranes, it consists of a free mesothelial sur-

face and a deeper layer of fibro-elastic tissue, the tunica propria. Beneath the latter a

variable amount of subperitoneal tissue connects the peritoneum with the structures

which it covers. The quantity of this areolar layer difters in various localities, and

it is at times difficult to decide just what is really a part of the serous membrane

proper. It is convenient to look upon the peritoneum as having a right side and a

wrong side ; the former is the free mesothelial surface, the latter the areolar which

is attached to other structures. Thus it may be compared to a wall-paper of a

room without door or window, of which the right side is always free and the wrong

side adherent to walls or to projections from them. Sh<Hild a flue traverse the

room, it is easy to imagine it invested by a continuation of the paper on the walls.

It passes through the room, but is not within the closed sac formed by the right

side of the paper. While it is true that during development the mesothelial covering

grows pari passu with the tissue beneath it, the conception that projections of organs

into the peritoneal cavity carry the serous membrane before them is very convenient

and jusdfied. The peritoneum of the female is the only serous membrane that is

not a closed sac, on account of the openings of the Fallopian tubes. The blood-

vessels for the viscera, around which the peritoneum is thrown, must pass on its

wrong side. To return to the simile of the flue in the chamber ;
if this should need
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support, we can imao^ine it suspended in the middle by a series of cords which might
be all enclosed in one fold of paper from the ceilinj^. This would be dLtnesenterv and
the cords wouKl lje blood-vessels going t(j the gut. The cords, of course, would be
on the wrong sitle of the paper and the vessels on the areolar side of the mem-
brane. A fold of peritcjneum may contain large vessels and strong bundles of fibres,

and at other jjlaces be no more than a duplicature of membrane. The former are
the misentcrics and certain bands called "ligaments," the latter plicce or folds.

The complications of the

peritoneum are reduced Fig. 1467.

as much as possible by
studying it in the light of

de\elo])ment, the account

of which has been already

given (page 1702). Here
only some of the chief

points and general prin-

ciples are recapitulated.

In the early foetus the

peritoneum is merely the

lining of the abdomen,
the parietal peritoneum,

which covers the Wolfiian

bodies and the beginning

of the abdominal walls,

and certain median folds

called mese7iteries, con
veying blood-vessels to

the gut, within which cer-

tain accessory organs are

developed. There is a

posterior mesentery ex-

tending from the spine to

the whole length of the

alimentary canal below
the diaphragm, to which
it carries vessels from the

aorta, and an anterior

mesentery running to the

upper part of this canal,

from the anterior abdom-
inal wall (Fig. 1432).
The original posterior

mesentery is divided into

three regions, each of

which conveys a particu-

lar artery. I. The mesen-
tery of the stomach and
of the duodenum, con-
taining the cceliac axis.

It is to be noted that this

region may be subdivided
into two parts, the upper formed by the stomach and the first part of the duodenum,
the lower formed by the remainder of the duodenum. The latter originally arches
forward, both ends being fixed at the spine. 2. The mesentery of the rest of the
small intestine and of the ascending and the transverse colon, containing the superior
mesenteric artery. 3. The mesentery of the remainder of the large intestine, con-
taining the inferior mesenteric artery.

The anterior mesentery, in which the liver is developed, reaches the stomach
and the upper part of the duodenum, extending on the anterior wall as low as the

Diagram showing general arrangement of peritoneum, which is represented
by the black line

; arrow passes from greater into lesser sac through foramen
of Winslow. L, liver; S, stomach; P, pancreas; D, duodenum; TC, trans-
verse colon

; /, small intestine; R, rectum ; B, bladder; (/, uterus.
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umbilicus (Fig. 1432). The umbilical vein runs in its free lower border to the por-
tal tissure of the liver, whence its continuation, the ductus venosus, passes to the
inferior vena cava. The anterior mesentery, containing the liver, is opposite to the
tnesogastruim, or mesentery of the stomach, which contains the spleen. The pan-
creas, although developed in both the anterior and the posterior mesenteries, lies

chiefly in the latter. As the jejuno-ileum enlarges it hangs in loops from the spine,

carrying folds of mesentery with it surrounding the vessels. The multiplication of

these folds gives rise to the complication of the adult arrangement.
When two layers of a serous membrane come to lie permanentlv and practically

immovably upon each other, there is a tendency to fusion between them, the meso-
thelium covering the apposed surfaces disappearing and its place being taken by
connective tissue (Fig. 1472). Thus, when a mesentery- lies against the abdominal
wall, the mesothelium of the parietal peritoneum and of the mesentery apposed to

it degenerates into connective tissue, and the peritoneum on the free surface of the
mesentery becomes a part of the permanent parietal peritoneum. Much of the
originally free parietal peritoneum is thus replaced by fusion with what once belonged
to a mesentery.

The stomach undergoes rotation, so that the original left side becomes the
anterior and the posterior border the greater curvature. The mesogastrium grows
out of all proportion, so as not only to describe a curve to the left, but to hang
downward in a free fold. The loop of the duodenum turns to the right, so that all

of it, except the first part, lies against the posterior abdominal wall. The head of the
pancreas is carried with it. The serous covering of the back of the duodenum (in

its new position), that of its mesentery, and that of the back of the head of the
pancreas disappear, fusing with the parietal peritoneum of the posterior abdominal
wall.

The mesentery attached to the jejuno-ileum and to most of the large intestine

becomes twisted as the gut returns into the abdomen from the umbilical cord, so

that the caecum is thrown upward and to the right to lie under the liver, whence it

descends to its permanent place ; hence the original right and left sides of the

mesenter}- change places. The mesentery* of the ascending colon fuses with the
posterior covering of the right side of the abdomen ; that of the descending colon
to the sigmoid flexure does the same on the left.

The sub- or retroperitoneal tissue is very important. As above stated, there

is a thin hbro-elastic layer supporting the mesothelial cells, which is a part of the

serous membrane, although it is not present in the earlier stages. Beneath this

tunica propria there may be a continuous mass of connective tissue, to be compared
to dense, sponge-like cobwebs, which serves as a packing between different organs
and around vessels, nerves, and ducts. It may contain a large amount of fat. This
is particularly developed about retroperitoneal viscera and along the aorta. The
parietal peritoneum is usually thin where no fusion with another layer nor with
fasciae has occurred.

We shall describe (i) the peritoneum of the anterior and lateral abdominal
walls, with its prolongations onto the diaphragm and into the pelvis

; (2) the folds

derived from the anterior mesentery ; ('3 ) those from the posterior mesentery from
above downward. Most matters of detail are discussed with the various organs
having peritoneal relations.

The Anterior Parietal Peritoneum.—Four folds diverge from the umbili-

cus, three running downward, symmetrically disposed,—namely, a median fold (plica

umbilicalis media), expanding to the top of the bladder covering the iirachus, a
fibrous cord representing the atrophied intra-embryonic segment of the allantoic

duct, and two lateral folds T plicae umbilicales laterales) containing fibrous cords, the

obliterated hypogastric arteries, continuous with the permanent superior vesical arte-

ries. If the bladder be distended, they can be traced to its upper lateral aspects
;

otherwise to the sides of the pelvis. The fibrous tissue of the obliterated arteries

becomes ver\' scanty near the umbilicus. The supravesical fossa (fovea supravesi-

calis ) or depression lies on each side above the pubes, between the median and
lateral folds. On the outer side of the latter, above the middle of Poupart's ligament,

is the internal or median inguiiial fossa (fovea inguinalis medialis), which is ver}'
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distinct, and often extends inward under the obliterated hypog^astric artery. Farther
out a very small foKl (plica cpinastrica ), caused by the deep epij^^astric artery, runs
upward and inward from the external iliac artery just as the latter passes under I\ju-

part's ligament. 'Y\\c exti-niai (yv hitcni/ iui^uinal fossa {{ascn intjuinalis lateralis)

is theoretically just external to this UA(\, but the fold is barely rai;^ed and a fossa not
easily made out. The internal abdominal rim; (unnuliis ini;uinaiis ulxloniinalis ) is

in this fossa, about i cm. above the middle of Poupart's ligament. A slight fold,

caused by the vas deferens or the round ligament, is described as running downward
from the ring into the pelvis ; the fact is, however, that the structure can be only
inilistinctly seen through the peritoneum, and a raised fold is rare. It forms the
outer border of the slightly uvAvkcd frmoral depression (fovea fcraoralisj opposite the

/<'W(7;7;/ ////i,'' ( anmiius cruralis ), between the pubes and Poupart's ligament. The
peritoneum is continued laterally on either side without presenting any feature that

calls for description until it reaches the ascending or the descending colon. All

the serous covering anterior to these structures is derived from the parietal perito-

neum ; that posterior to them is derived from the mesenteries of the colons which

Fig. 1468.

Umbilicus
-Umbilical vein

Rectus muscle

External inguiiia
fossa

Anterior
crural nerve

Ext. iliac artery
External iliac vein

Internal inguinal
fossa

Supravesical fossa

Summit of bladder

Anterior superior
A iliac spine (cut)

[Median umbilical
fold (urachusj

Lateral
umbilical fold
Epigastric fold

Internal
abdominal ring

^ Vas deferens

Peritoneum

X Bladder (cut)

Pubic bone (cut)

Frontal section of formalin subject, showing posterior aspect of abdominal wall, covered with peritoneum.

have fallen over onto the posterior abdominal walls. It will be considered later.

The parietal peritoneum is also to be traced onto the under surface of the dia-

phragm until far back it meets the folds derived from the mesenteries. On either

side of the bundle of fibres arising from the ensiform cartilage there is an inter-

ruption in the muscle of the diaphragm, where only areolar tissue separates the

peritoneum and the pleura or pericardium.

The parietal peritoneum is continued into the pelvis, where it meets the mesen-

tery of the colon and is continued over the bladder, and in the female over the

uterus and Fallopian tubes. Nowhere is the comparison to a wall-paper so apt as

here, where the peritoneum can be traced from the walls over the inequalities

formed by the upper surfaces of the pelvic organs. The depression between the

bladder and the rectum in the male, the recto-vesicalpouch (excavatio recto-vesicalis),

in the female is subdivided into the ntero-vcsical pouch (excavatio utero-vesicalis") and

the rccto-jitcrine pouch (excavatio recto-uterina). The latter and deeper, also known
as the p02tch of Douglas (cavimi Doui^lasi), is bounded laterally by the iifero-sacral

folds (plicae recto-uterinae), which pass from the lower part of the uterus backward
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and outward to the side of the rectum and the pelvic wall. The peritoneal fold

investing the uterus extends laterally on either side as the broad ligament (lijjamcn-

tum latum) to blend with the parietal peritoneum covering the sides of the pelvis.

Below, the broad ligament is attached to the pelvic floor, its superior margin being
the free edge of the fold. On either side of the rectum, between the gut and the

wall of the pelvis, lies the pararectal fossa, the size of which varies with the disten-

tion of the intestine. The special features of the peritoneum are described with the

rectum (page 1679) and with the uro-genital system (page 1905).
The arrangement o\'er the anterior half of the lateral wall of the true pelvis is

different according to sex, since in the female there is the line of attachment of the

broad ligament of the uterus and the fossa for the ovary. Otherwise the features

are about the same, the vas deferens of the male and the round ligament of the

female causing similar folds. These structures run backward from the internal ring

along the w'all of the pelvis, turn down to the side of the bladder, and bound
externally and posteriorly \.\\e paravesical fossa between the pelvic wall and the

Fig 1469.
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Pelvic peritoneum from above and behind, showing folds and fossee.

bladder when the latter is not distended. A transverse fold of peritoneum, plica

vesicalis transversa,^ passes laterally from the upper surface of the empty bladder

and subdivides the paravesical fossa into an anterior and a posterior compartment.

The vas deferens, or round ligament, forms (the body being upright) the lower side

of the obturator tria?igle, which is completed in front by the external iliac vein and

behind by the ureter, which crosses the external iliac vein at the apex.^ The obtu-

rator vessels and nerve lie in the floor of this triangle. In the female it is crossed

by the lateral attachment of the broad ligament of the uterus, behind which is the

fossa for the o\'ary (fossa ovarica).

The Anterior Mesentery.—This originally extended from the anterior abdom-

inal wall to the lesser curvature of the stomach and to the beginning of the duo-

denum. It is subdivided into two portions by the liver, which develops within it.

The anterior part is the falciform ligament, between the abdominal wall and the

liver ; the posterior part is the gastro-hepatic omentum, between the liver and the

stomach.

^ Waldeyer : Journal of Anatomy and Physiology-, vol. xxxii., 189S.
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The /(i/ci/'orw //(^aw^v//

(

linaiiiciitiiiii falciloniic licpatis) makes the fourth fold

which has been meiuioiied as Ka\iiii; llu- unihiHciis. Seen from the side, it is a

sickle-sliaped fold attached to the anterior wall above the umbilicus and later to the

diaphraijm as far back as the toj) of the fissure of the ductus venosus on the pos-

terior surface of the liver (Vi^. 1441 ). In its free inferior border rims the round
lij^ameiit, once the umbilical vein, honi the umbilicus to the notch in the liver, and
thence in its own fissure on the under surface until it reaches the portal fissure,

where the falciform liijament ends. The latter divides the upper part of the dome
of the alnlomen into two chaml)irs, one on either side, of which the left one is the
lars^er. There is but little areolar tissue in the folds of the falciform li^^mient.

Small veins run alont;^ the round lijuament, connectini^ the hepatic s}stem with that

of the ai)dominal walls. Although in the embryo the fold starts from the navel, in

the adult it does not leave the abdominal wall for an inch or more above it.

The superior surface of the liver is covered with peritoneum from either side of

the falciform ligament, which at the top of the posterior surface is reflected onto
the under side of the dia-

phraoin. At the ed.ue of ^'^- ^47°.

the rii;ht lobe, which has a

consitlerable posterior sur-

face uncovered by perito-

neum and attached to the

diaphragm, the layers cov-

ering the upper and lower

surfaces meet to form the

r/(^/?/ triajigular ligameyit,

•which is attached for a

short distance beyond the

liver to the diaphragm and
has a sharj), free edge.

There is a similar arrange-

ment on the upper surface

of the left lobe, but the

left triangular ligament is

longer, and passes to the

diaphragm on the left of the

CEsophageal opening and
above the spleen. Passing around the border of the right lobe of the liver, the peri-

toneum spreads over the inferior surface of that lobe as well as of the quadrate cov-

ering the gall-bladder which lies in a hollow between them. Exceptionally the gall-

bladder is entirely surrounded, and is attached to the liver merely by a narrow fold.

The peritoneum is continued over the cystic duct to the edge of the lesser omentum,
to be presently described. The entire under surface of the left lobe is also covered

by peritoneum continuous with the preceding. The passage of the finger on this

surface to the right is interrupted at the front by the end of the falciform ligament

between it and the quadrate lobe. At the back farther progress to the right is

stopped by the lesser omentum in the fissure of the ductus venosus. All the peri-

toneal covering of the liver has thus been accounted for, e.xcepting that of the

caudate lobe and of the lobe of Spigelius.

The gastro-hepatic or lesser omoitiini (ligamentura hepatogastriura, omentum

minus) is that part of the original anterior mesentery connecting the stomach and

the beginning of the duodenum with the liver. It must, theoretically, have been

originally a median antero-posterior fold, but it is now so twisted in consequence of

the change in position of the stomach as to be chiefly nearly transverse. Its line of

attachment to the stomach is along the lesser curvature from the gullet past the

pylorus, continued onto the first part of the duodenum, where it crosses from the

top to the left of the gut. until it passes the common bile-duct (by which the ducts

of the liver originally grew out of the gut) with its companions, the hepatic artery

and the portal \'ein. It is formed by the union of the peritoneal layers covering

respectively the front and back of the stomach and the sides of the duodenum con-

Diagram showing: early arrangement of parietal and visceral perito-
neum. Blue, parietal

;
yellow, right side, red, left side of visceral. L, liver;

St, stomach ; Sp, spleen ; P, pancreas ; A", kidney.
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tinuous with them. The two layers join at the bundle of vessels just mentioned,
thus formin;^ a fold which is the termination of the lesser omentum on the rij.,dit,

known as the duodeno-hepatic omentum (li^amentum hepatoduodenale). The lesser

omentum is sometimes described as prolonged across the first part of the duodenum
to the transverse colon, fusing with the greater omentum. This is only an acci-

dental modification, although a very common one. An accessory fold, the duodeno-
cystic ligament, is prolonged to the right from the front of the lesser omentum,
around the cystic duct from the gall-bladder. The hepatic attachment of the lesser

omentum is to the transverse fissure of the liver and from its left end to the fissure

of the ductus venosus. From the point at which the latter reaches the diai)hragm
the two layers diverge, the

Fig. 1471.

Dia|:ram showing changed relation of visceral peritoneum in consequence
of twisting, so that original right and left sides of mesentery of small intes-
tine and of part of colon have exchanged places. The detached portion
which is twisted is supposed to be attached at a higher level. D, duode-
num

; C, C, ascending and descending colon ; /, small intestine ; A', kidney
;

D, C, Care being displaced towards posterior wall.

left one jjassing to tlie lower
side of the left lobe and the

right one to the lobe of

Spigelius. The structure

of the lesser omentum is

dense and fibrous at the

right. It is very delicate in

the middle, but somewhat
thicker at the left end. The
fold around the vessels at

the free edge (Fig. 1473)
forms the anterior border
of ih.Gforamen of lVi?islow

(foramen epiploicum), a nar-

row part of the peritoneal

cavity by which the general

cavity communicates with

that behind the stomach
which has been formed by
the rotation of that organ
and the inordinate growth
of the mesogastrium. The

Of the three vessels inforamen is circular, with a diameter of from 2-3 cm.
the fold forming its anterior border, the portal vein is the posterior at the point

of entrance into the liver, with the hepatic artery in front on the left and the

hepatic duct in front on the right. The cystic duct is really in an accessory fold.

The hepatic artery, which passes along the left side of the duodenum and turns

upward, is the vessel that most definitely bounds the foramen in front. The duo-
denum lies below the foramen, but its lower border is often formed, not by the

gut, but by a fold of serous membrane arising from it. The foramen is bounded
behiyid by the vena cava and above by the caudate lobe of the liver, which is covered
by peritoneum.

The Posterior Mesentery : Part I.—The posterior mesentery arises from the

spine, with the aorta between its folds. The first part is the mesogastrium, in which
run the branches of the cceliac axis. It will be remembered that, except at the

fundus, this is attached to the greater curvature of the stomach, which was originally

the posterior border, but which has turned to the left. The spleen and most of the

pancreas are developed in this fold, which grows inordinately. We must trace it both
in a horizontal and in a sagittal plane. To understand the horizontal arrangement,
it is sufficient to remember that the original mesentery, which ran straight forward

from the spine to the stomach, in its subsequent excessive growth describes a loop

to the left (Fig. 1470), so that the original left side of the mesentery near its root faces

backward, and later, after the bend of the loop, forward, ultimately covering the an-

terior wall of the stomach. This fold forms a great pouch behind and below the

stomach called the lesser cavity of the peritoneum (bursa omentalis), which, of course,

is continuous with the general cavity. The mesothelium of the left side of the mes-
entery nearly to the spleen fuses with that of the posterior wall of the abdomen, so

that the splenic vessels and the pancreas which are in it come to lie behind the per-
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niaiK'iU soniiis coverinj^c of thr posterior iilxloiniiial wall, which here is that of the
oriv^inal rij^lu siilc of the nu'So^Mstriuni. The spk-cn, and pc-rhaj)s the tail of the

paiKTcas, lie free, siirroiinded by peritoneum. If the liaml he introduced into the

left hypochoniirimn, it slides along the wall behind the spleen to the jjoint at which
the splenic vessels leave the

Fit;. 1472. posterior wall and pass in

a fold, the lieno-renal lii^a-

ment, to the hiluin of the

spleen. From this j)osition

the hand can be carried

around the spleen to the

front of the vessels at the

hilum and thence to the

right along the continua-

tion of the mesogastrium to

the greater curvature of the

stomach, where its layers

separate to coat the front

and back of that organ.

The part of the mesogas-
trium between the stomach
and the spleen is ih^gastro-

splenic omentum. The right

layer of peritoneum of the

mesogastrium, lining first

the hind wall of the abdo-

men and then the back of the stomach, bounds the lesser cavity of the peritoneum.

The i^astro-phrcnic ligament is a small vertical fold, usually found extending from

the left of the end of the oesophagus to the top of the stomach. Near it is often

another, the suspensory ligament of the spleen, extending from the diaphragm to

the top of that organ, of which it may enclose a small part. It marks the upper

part of the line of reflection of the mesogastrium from the posterior abdominal wall.

The phreno-colic fold, also derived from the mesogastrium, is a horizontal shelf

with a free anterior semi-

Diagram showitiK later stage where secondary- mesentery' is formed and
duodenum {D) and colons (C C) lie against posterior body-wall. The ad-
ditional colors indicate the fusion of the original parietal and visceral perito-

neum, purple from the blue with the red, green from the blue with the yellow.

FlO. M73-lunar edge forming the floor

of a niche for the spleen.

It extends from about the

eleventh rib inward onto the

upper surface of the trans-

verse colon. That this liga-

ment is really a part of the

mesogastrium, and not a lig-

ament of the colon, is shown
by development, as well by
its existence (as in the mon-
key) when the descending
colon is unattached to the

wall.

The Greater Omentum.
—We are now to trace the

mesogastrium in a sagittal

plane downward from the

greater cur\'ature of the

stomach. On opening the

abdomen the first thing that

appears below the stomach is the greater omentum (omentum majus), which is

spread like an apron over the intestines. It is that part of the mesogastrium
which is situated in front. The terms gastro-colic and gastro- splenic omenta
are but names for diflerent parts of this structure. It extends from the greater

Diagrammatic section passing through level of foramen of Winslow,
sho\\-ing relations of parietal and visceral peritoneum within lesser sac
(LS)\ GJ-f, cut gastro-hepatic omentum, containing portal vein (P). he-
patic artery ( //), and bile-duct {B); .St. stomach ; G.S. gastro-splenic omen-
tum ; LR. lieno-renal ligament ; I'C. A. vena cava and aorta.
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cur\-ature of the stomach, where it is continuous on the left with the double layer

coming from the spleen and on the right with that coming from the inferior sur-

face of the first part of the duodenum ; from this broad origin the greater omentum
hangs down over the intestines to near the pubes, where it turns upon itself and
ascends posteriorly. Often it does not descend so far, but may be folded upon
itself to almost any degree and in almost any position. For purposes of description

it is supposed to lie spread out smoothly, and to consist of an anterior and a pos-

FlG. 1474.

Liver-

Gall-bladder

Ascending colon-j

Caecum

Ensiform cartilage

-Falciform ligament

omach

tending colon

Sigmoid flexure

Undisturbed abdominal viscera of formalin subject ; liver and stomach abnormally large, hence the exaggerated
apparent transverse position of stomach.

terior fold ''Fig. 1467). The former passes down over the transverse colon, but with-

out adhering to it. The peritoneum on its anterior surface faces forward into the

greater peritoneal cavity, while that on its posterior surface looks into the lesser one.

On turning backward upon itself, it runs up to the transverse colon. If this were
literally true, it is evident that the lesser cavity would extend from behind the stomach
over the colon down into this fold ("recessus inferior omentalis) of the greater omen-
tum, and in fact this is actually the case in the foetus (Fig. 1439) and exceptionally
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ill the aclult ; but jjfoncrally, c-xci-pl just ix-low the colon, the twf) layers fuse into one.

In the atlult, wlu-n the returninj^ fold reaches the transverse colon, the two layers

coniposini^ it seem to diverge to enclose the intestine, and, reunitinj^ above it, t(j be

continuecl upward as the transverse mesocolon to a line runninj^ across the back of

the abdomen, to be described later. This is an e.xtraordinary and apparently con-

tradictory arrangement by which a part of the mcsogastrium, or mesentery of the

stomach, has become also the mesentery of a part of the c<jlon. The e.xplanation

is furnished by embryolou^y, since the oris^dnal arrangement is very diflerent. In

thi- fietus ( ¥\^. 1439) the returning fold of the greater omentum passes ujj in front

of the colon to the posterior wall along the lower border (jf the pancreas. The j)OS-

terior layer of the greater omentum is in fact the left layer of the original mesogas-

trium, which we should be able to follow to the aorta, had it not, with the pancreas,

become adherent to the posterior wall. It has no connection whatever with the

transverse mesocolon ; it simply lies upon it. At about birth, however, the two
apposed layers begin to fuse. The acquired line of attachment to the transverse

colon is low on the right and high on the left. .Sometimes near the spleen it joins,

not the colon, but the mesocolon above it.

T/w Structure of the (ireater Omentum.—There is hardly any framework apart

from the vessels that course through it, save a most delicate layer of fibro-elastic

tissue which supports the mesothelium. In the adult more or less fat is found about
the vessels, and in some cases the omentum is loaded with it. The two layers of

serous membrane are sometimes beautifully distinct ; in other cases no trace of a
double origin can be recognized. Sometimes parts of the omentum atrophy and
disappear, leaving windows, or feyiestrce, between the meshes of the vessels. The
arteries are long and very slender. They arise from the gastro-epiploic arteries at

the greater curvature of the stomach and run straight downward to the folded

border oi the omentum, and then up again in the posterior fold, to anastomose
with the arteries of the colon. In their course they send ofi small side branches
which meet those from the next branch. The arrangement of the veins is essen-

tially the same.

The Lesser Cavity of the Perito7ie2im.—The mesogastrium, starting at the aorta,

takes a great turn to the left, and its first part, containing the pancreas, fuses with

the posterior abdominal wall. This fold is only a part of a great pouch that runs
downward also. If examined before it has become adherent to the transverse meso-
colon, its continuation from below the pancreas is to be followed down over the

colon as the posterior layer of the greater omentum. In the description of the folds

of the adult in a sagittal plane it was necessary, on account of this adhesion, to

reverse the normal course and to follow it from its insertion into the stomach back
to its origin. If a cut be made through the greater omentum between the stomach
and the transverse colon, the lesser sac (bursa omentalis) is opened so that its pos-

terior wall can be examined (Fig. 1475). This is seen covering the pancreas, the

splenic vessels and the posterior abdominal wall, part of the spleen, part of the left

kidney, and the left suprarenal capsule. At the right is the foramen of Winslow,
which is generally, but inaccurately, considered the communication between the

greater and lesser cavities. It cannot be the true entrance into the lesser cavitv,

because, owing to the median arrangement of the original mesentery, this opening
cannot be on the right of the median line. The real communication between the

two cavities is somewhat contracted (isthmus bursae omentalis) and indicated by
the median vertical fold

—

ptica ^astro-pa^icreatica—made by the mesogastrium over

the gastric artery of the stomach as it arises from the coeliac axis to the cardia. On
the left of this fold is the lesser cavity proper ; on the right of it, extending to the

foramen of Winslow, is a small caxity,—the vestibule fvestibulum bursae omentalis),

—bounded behind by the original parietal peritoneum of the right abdominal wall

and extending upward behind the lobe of Spigelius (Fig. 1476). The sides of the

pocket behind the liver (recessus superior) are the reflections of the peritoneum over

the left of the inferior vena cava and the right of the ductus venosus, which meet
above, roofing it in. The first part of the duodenum, which forms the lower boundary
of the foramen of Winslow, passes backward and upward, so that the loop of intes-

tine, which the duodenum originally formed, must be considered as having fallen
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over onto the right side against the right of the spinal column, to the peritoneal

covering of which it has grown with the transformation into connective tissue of the

right serous covering of its mesentery. Tlie second or descending portion of the

duodenum lies against the right of the column under the permanent parietal peri-

toneum, derived from the mesocolon, as is shown later. The great difhculty of un-

derstanding the lesser cavity is that in man the duodenum rises to so near the liver

that the entrance to the vestibule at the foramen of Winslow is very small. If, as in

many animals, these parts were more distant, it would be evident that this is a pouch-

FiG. 1475.

Hepatic artery

Gastro-hepatic omentum

Accidental peritoneal fold

Pn lorus

First part of
duodenum

Foramen of Winslow

Gastro-pancreatic
fold
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Peritoneum lining posterior
wall of lesser sac

Transverse colon

Greater omentum, cut

Spleen

Pancreas

Folds of greater omentum

Gastro-splenic omentum

The subject, lying on its back, is seen from the left side ; the stomach, except fundus, is turned over. The greater

omentum has been cut below the greater curvature of the stomach so as to open the lesser sac to show the foramen

of Winslow from the left side.

like formation, the mouth of which is behind the edge of the lesser omentum. The

relations to the mesogastrium of three branches of its artery, the cceliac axis, are as

follows. The splenic artery, in the adult condition, lies entirely behind the perma-

nent peritoneum to near the hilum of the spleen, where the mesogastrium is no

longer attached to the wall. It then sends its terminal branches to the spleen, the

gastro-epiploica sinistra to the greater curvature of the stomach, and the vasa brevia

to the fundus. The gastric artery, originally in the mesentery of the duodenum,

reaches the cardiac end of the stomach through the plica ^asiro-pa7icreatica, and

then runs between the layers of the lesser omentum along the lesser curvature.
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The hepatic artery reaches the ckiodciuini thruu^li its mesentery, and crosses the

left side of the gut, to which it gives branches. '1 liencc it runs m or near the edge

of the lesser omentum at the foramen of Winslovv to the portal fissure.

Fig. 1476.

0;i>>lrii-paiKrc;ilic- fold

Vestibule of lesser sac
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\
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ser sac of

i.'.riloneum

(jaslro-splcnic omentum

Greater omentum

Eegim'ing at gastTo-pancreftfc fold. L, liver ; Si, stomach ; Sp, spleen ;
P, pancreas

;
A, kidney.

The Posterior Mesentery: Part 1 1.-This is that part of the peritoneum

derived from the original mesentery of the jejuno-ileum. the caecum and the ascend-

ing and transverse colon. Its artery is the superior mesenteric. If the transverse

colon with the greater omentum be turned upward ahd the small intestine to the right,

the left side of the mesentery of the jejuno-ileum is seen running from the left ot the

too of the body of' the second lumbar vertebra to the right sacro-ihac ]oint. At

the beginning this is attached to the lower side of the gut. where it makes a sharp

flexure at the origin of the jejunum from the end of the duodenum. This fle.xure

lies directly in front of the aorta, which usually lies covered with peritoneum at the

back of the abdomen, with the fourth part of the duodenum to the right of it
( 1 ms

relation is more fully described with the duodenum (page 1647). The line of attach-

ment of the mesentery (Fig. I477) descends over the fourth part of the duodenum,

crossing the third part and the inferior vena cava. The greatest breadth o the mes-

entery to the free border is from 20-23 cm. (8-9 in.). It reaches its full breadth

almost at once after its origin. Usually it becomes very narrow—perhaps only 1 2 mm.

—at its termination ; but this varies much, as does also the point of that termina-

tion The connective tissue between the layers is thickest and the lymph-nodes most

numerous near the attached part. Except in very fat subjects, there is little betu;een

the layers of peritoneum besides the vessels, within an inch or so of the gut. 1
he

superior mesenteric artery can be felt at the top, entering it from under the lower

border of the pancreas. The peritoneum can be followed at any point across from

the left to the right side of the mesentery. From the latter it is followed along he

posterior wall to the kidney and the ascending colon, lying on the front of the

latter where they are in contact. The membrane crosses the ascending colon

leavino- its posterior surface without covering attached to the parts behind it and

completely envelops the ccecum, passing on the left into the mesentery. Very

often the 'peritoneum is carried for an inch or two behind the lower part of the

ascending colon. It then passes into the left flank and the pelvis without incident.

Develooment shows that this is a departure from the original condition, in which the
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attachment of tliis mesentery was exceedingly short, merely broad enough to contain
the superior mesenteric artery. The so-caWed permancfil mesentery is caused by the
falling o\er to the right of the fold of mesentery for the ascending colon, twisting the
membrane, and the downward growth of that part of the gut which brings the
CiECum down from under the liver to the right iliac fossa. The twist having occiirrcd,
and the ascending colon having fallen against the abdominal wall, the fold bearingr
the ascending and transverse colon becomes fused with the peritoneum of the pos^
terior right abdominal wall on the right of a line from the beginning of the jejunum

Fig. 1477.

Right supra
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Pancreas

^•44^ Splenic flexure 01

Jejunum

Mesentery of ^S^
jejuno-ileum e^SSj
(cut) ^^'
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descending
colon and sig-

moid flexure

Sigmoid
flexure, lower
end

Bladder

Showing relations and attachments of mesentery of small and large intestines
;
greater part of transverse colon,

01 sigmoid flexure and of jejuno-ileum has been removed, the latter by cutting through the mesentery near its
posterior attachment.

^ & o 3

to the end of the ileum, the part bearing the small intestine remaining free. This
oblique line of attachment becomes the permanent mesentery. The peritoneum to
the right of it, as far as the ascending colon, forms the permanent parietal perito-
neum, having fused with the original parietal layer behind it. When the colon
under the liver becomes the transverse, the part nearest to the latter continues free
and hangs down as a transverse fold, on which the greater omentum lies, and sub-
sequently fuses, as already described. The transverse colon is attached by the
transverse mesocolon (also a secondary adhesion) to the front of the right kidney
and to the posterior wall across the second part of the duodenum and the head of
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the pancreas alon^ the lower border of thai gland lo the left kidney (FIj^. I477). Its

greatest breadth is some five or six inches. ( For a fuller description, sec peritoneal

relations of the colon, page 1670. ) The breadth of the transverse mesoccjlon is from

12-IS cm. (5-6 in. ). In the adult it is fused with the greater omentum, as already

descnl)eil. 'Fhe superior mesenteric artery enters this mesentery under the pancreas,

and gives from its left or convex side the branches for the small intestine. From
its right, just after its origin, it gives off the inferior ])aiicreatico-duodenal and the

branches for the c;ecum and the ascending anil transverse colon. In the adult the

right colic artery runs liihind the i)irmaiunt posterior parietal ])eritoneum.

The Posterior Mesentery : Part III.— The region iA the inferior mesen-

teric artery is very simple. Starting at the left of the permanent mesentery of the

small intestine, the peritoneum is traced over the posterior abdominal wall, over

Caecum

Fig. 1479-

Small intestine

Transverse colon

Ascending colon

Lower end of ileum
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Abdominal wall

Duodenum

Posterior wall of abdomen ^

Duodenum

Descending colon

Mesentery

Mesenterium commune in child of three years ; the usual relations would be restored by bringing upper dotted line

in contact with lower.

the lower part of the left kidney, and over the descending colon, which, although

touching that organ, lies chiefly external to it. The posterior surface of the gut is

retroperitoneal. The descending colon has fallen over to the left, so that the peri-

toneum of the left side of its mesentery has fused with that of the abdominal wall,

and the permanent serous covering of the posterior wall is derived from that of the

right side of the original mesentery. This fusion ceases at the crest of the ilium, and

the sigmoid flexure retains at least a part of the original mesentery (Fig. 147^ >• The

line of its attachment runs in more than one direction, according to the amount of

freedom of the fold, from that point to the middle of the third sacral vertebra. (The

chief forms are described on page 1671.) Beyond the latter level the rectum is

partly uncovered behind, where the mesentery ceases, and its gradually diverging
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lines pass onto its sides, leaving- the termination of the gut without any peritoneal

covering-. The branches of the inferior mesenteric artery in this region are the left

colica sinistra, which runs behind the permanent parietal peritoneum ; the sigmoid,

which does the same until it reaches the part of the mesentery which is free ; and the

superior hemorrhoidals, which descend in the lower part oi the original mesentery
until they reach the retroperitoneal area behind the rectum.

PRACTICAL CONSIDERATIONS : THE PERITONEUM.

The development, topography, and relations of the peritoneum have already

been sufficiently described. It reniains to consider its diseased condition's and those

in which it is an important or controlling factor in the production of disease in so far

as they are influenced by anatomical circumstances.

Peritonitis is the most common and the most serious of peritoneal diseases. The
separate consideration of zvoiinds of the peritoneum is not necessary, as traumatism,

unassociated with infection, produces merely hypersemia and exudation. The pro-

cess is for convenience known as plastic or reparative peritonitis, a term also applied

to those forms of true (infective) peritonitis in which the bactericidal and absorptive

powers of the membrane itself and of its serum have resulted in the destruction or

the isolation of the invading bacteria.

The anatomical routes by w hich bacteria may reach the peritoneum are :

1. From without, as through an accidental or operative wound.
2. FYom within, as from an escape of the micro-organisms through intestinal walls

leaky as a result of strangulation (as in intestinal hernias or volvulus or intussuscep-

tion) or of inflammation (as in appendicitis) ; or through an actual perforation, as

in gastric ulcer, typhoid fever, or intestinal cancer.

3. Through the blood- or lymph-channels, as in many cases of tuberculous

peritonitis and possibly in so-called rheumatic, nephritic, and other clinical forms of

peritonitis, in some of which the infecting organism is still unknown.

4. Through the Fallopian tubes.

The peritoneum is not equally susceptible to traumatism or to infection on
both its surfaces or in all its parts. The external, areolar, or "wrong" side (page

1740) may be extensively separated from the subjacent structures (as in the extraperi-

toneal approach to the ureter or to the common iliac artery), or may be in contact

for a long time with an inflamed or a suppurating surface (as in perirenal or other

retroperitoneal abscess) without damage to the mesothelial or free surface of the

membrane, and with but little risk of the supervention of peritonitis.

On the other hand, a small penetrating wound made with a dirty instrument will

probably set up a diffuse and perhaps a fatal inflammation.

The difference in results is due to the delicacy and vulnerability of the mesothe-

lial as compared with the fibrous surface ; to the great absorbent power of the former

{tnde infra), the area of which is about equal to that of the cutaneous surface of the

body, favoring toxaemia if the bacteria ancl their toxins are not destroyed or encap-

sulated ; to the excellent culture material supplied by blood-clot or by the injured or

necrotic epithelial surface ; and to the involvement in diffuse or spreading cases of the

peritoneal covering of the neighboring viscera, particularly the intestines.

These facts determine the surgical rule that in doubtful cases of bullet and stab

-wounds of the abdominal wall it is well—under aseptic conditions—to enlarge the

-.\'ound, ascertain the presence or absence of penetration, and cleanse or drain if'

necessary.

Not only are the two sides of the peritoneum thus unlike in susceptibility to in-

fection, but a similar difference exists between the parietal peritoneum and that cover-

ing the viscera. The former, applied by a layer of fat-containing connective tissue to

the relatively immobile muscular layer of the abdominal wall, is less easily inflamed,

or if inflamed develops a less diffused and less quickly spreading form of peritonitis

than does the thinner, more sensitive, and more vulnerable visceral peritoneum,

especially that covering the most mobile of the abdominal viscera, the small intestine.

So, too, peritonitis originating in certain regions is, by reason of the facility

with which they may be shut off by adhesions, less threatening in its course and
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more amenable to surgical treatiiKiit than that hej^innin^ elsewhere. Pelvic perito-

nitis, para-appendieal and ])aracolic peritonitis, sulKliaphraj^niatic and subhepatic

peritonitis, and j)eritonitis limited to the lesser peritoneal sac {vide infra) are all va-

rieties that are less dangerous than is peritonitis bi-j^innin^^ amonj^ the shifting ccmIs

of small inti'stine.

The anatomical sount-s of jxiilonral intVc t'lon may therefori- be arranged ap-

j^roximately in the oriler of their j^ravity, as follows : {a) perforations or wounds <j{

the small intestine
;
{b) perforations or wountls of the stomach (^r lar^e intestine

;

(r) perforations or wounds of other viscera, includinji^ kidneys, ureters, bladder, pan-

creas, and bile-passap^es ;
{d ) entrance of bacteria by continuous ji^rowth through

inflamed j^astro-intestinal walls
;

(<") bacterial migration through strangulated intes-

tine
; {/) infection through the I-^illopian tubes

; {g) wounds of the abdominal

wall (Fowler).

This arrangement is based upon two factors : the number and virulence of the

bacteria which are likely to gain entrance, and the opportunity which will probably

be atlorded for the formation of limiting adhesions. The latter factor should be con-

sidered from the anatomical stand-point, as the variations in the intensity of the in-

flammation due to varying forms and doses of the invading bacteria are influenced by

the site of a wound or other traumatism, or of an ulcerative or necrotic process in the

abdominal viscera. For example, and for reasons already indicated, penetrating

wounds above the level of the umbilicus are less likely to produce fatal peritonitis

than are those in the lower half of the abdomen. The ditTerences in this respect be-

tween wounds or perforations of the stomach, of the different portions of the small

intestine, and of the large intestine have been described in relation to the anatomy of

those portions of the gastro-intestinal tract.

The resistance of the peritoneum to infection is usually in direct proportion to

the normality of its mesothelial coat, which is lessened by all forms of traumatism,

including handling or sponging, or irrigation with strong antiseptics. To a certain

extent the sensitiveness of the peritoneum and the rapidity with which it responds to

irritation is a conservative process. The prompt exudation which follows either injury

or infection often isolates the affected area and prevents a fatal diffusion of inflamma

tion. The great absorptive power of the peritoneum—which should be studied also in

connection with the lymphatic system—may be alluded to here, as it aids materially

in lessening the danger from infection. It has been demonstrated experimentally

that from 3 to 8 per cent, of the body weight in fluid can be taken up by the peri-

toneum from within its cavity in one hour, which is equivalent to the total body
weight in twenty-four hours (Wegner). The current of this process of absorption of

peritoneal senmi has been shown to set normally from the peritoneal cavity towards

the diaphragm, and to be much hastened by elevation of the pelvis and lower abdo-

men. Small particles (carmine, bacteria, etc.) are carried through the intercellular

spaces in the diaphragmatic peritoneum— "the openings made by the retraction of

the endothelium" (Kelly)—into the lymph-spaces beneath, then into the mediastinal

lymph-spaces and glands, and then into the blood-current (Muscatello). This pro-

cess goes on much more rapidly in this direction—towards the diaphragm and medi-

astinal glands—than does the similar process beginning in the visceral (intestinal

)

peritoneum and associated with the mesenteric lymph-nodes,—an additional ana-

tomical exj)lanation of the greater fatality of visceral peritonitis.

The close relation of the nerves of the peritoneum and of the abdominal viscera

to the nerves supplying the abdominal and the lower intercostal muscles has been

mentioned in relation to appendicitis and other intra-abdominal lesions (pages, 528,

1683), and is. of the highest importance in connection with the clinical symptoms
of peritonitis. Hilton compares the peritoneum and the muscles of the abdomen to

the synovial membrane and the muscles moving a joint. The rigidity that follows

inflammation in either case is due to the reflex muscular spasm resulting from the

correlation of the nerve-supply. Thus the six lower intercostals supplying the corre-

sponding intercostal muscles and passing through the diaphragm, to which they send

twigs, are distributed to the skin over most of the abdomen, and to the rectus, ex-

ternal and internal oblique, and transversalis muscles. Through the splanchnics

they join also in the innervation of the peritoneum and of the abdorriinal viscera. In
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a case of injury to the abdominal wall, therefore, the impression is barely made upon
the skin before the muscles contract and an attempt at protection is made. In a case

of visceral lesion or of beginnint? peritonitis the rig^id contraction of the muscles in

closest nerve relation to the area involved will constitute a valuable diagnostic symp-
tom. In general peritonitis the board-like, tender abdomen, the fixed diajjhragm,

and the thoracic breathing (to lessen" movement of the abdominal viscera) are all

phenomena to be understood only by recalling the correlation of the nerves invoked.
The flexion of the thighs (to remove pressure from the tender surface and to relax

the muscles as much as possible) is a secondary s\'mptom due to the same cause.

The condition is in strong contrast with that seen in intestinal spasm (colic), in

which, although the patient may be doubled up with pain, pressure gives relief and
the loose, relaxed abdominal muscles may be moved easily and freely over the un-

derlying viscera. The intestinal distention and paresis of peritonitis are due partly

to the involv^ement of the nerve-plexuses of the gut and partly to the extension of in-

flammation to its muscular walls. They are increased by later vasomotor paralysis

and by fermentative decomposition of intestinal contents.

Other phenomena common to many abdominal lesions, but especially to those

affecting the peritoneum, are due to the relation of the nerves of the latter to the

great abdominal nerve-plexuses. They have been grouped by Giibler under the

Xjtxxw peritonism, are independent of toxaemia, and are essentially the symptoms of

" shock,"—subnormal temperature, a running pulse, pallor or lividity, quick, shallow

breathing, and great mental and physical depression. The more distinctive peritoneal

symptoms are vomiting (although that is not uncommon in many forms of shock)

and generalized abdominal pain becoming epigastric or umbilical, and later— if peri-

tonitis develops—associated with tenderness. In illustration of this relation of nerves

and ner\-e-centres, Treves says, very truly, that almost all acute troubles within the

abdomen begin with the same group of symptoms, and that until some hours have

elapsed it is often impossible to say whether a violent abdominal crisis is due to the

perforation of an appendix or other portion of the intestine, the bursting of a pyo-

salpinx, the strangulation of a loop of gut, the passage of a gall-stone, the rupture of

a hydatid cyst, an acute infection of the pancreas, the twisting of the pedicle of an

ovarian tumor, or a sudden intraperitoneal hemorrhage.

The later symptoms of peritonitis—the board-like rigidity of the abdominal mus-

cles, the tenderness, the meteorism, the intestinal paresis or paralysis, and the ascitic

dulness in the flanks—require no further anatomical explanation. The factors already

described, plus the existence of profound toxaemia, sufficiently account for them.

Chro7iic peritonitis of the proliferative type (said to be found frequently in the

subjects of chronic alcoholism) is attended by great thickening followed by fibroid

contraction, which, in accordance with the locality chiefly involved, may cause {a)

constriction of the gastro-hepatic omentum with pressure on the portal vein and re-

sulting serous effusion
;
(b) diminution in the volume of the liver from perihepatitis

;

(f) thickening of the omentum, which forms a hardened roll lying transversely

between the colon and the stomach
;
(d ) shortening of the mesentery so that the

intestines are drawn into a rounded mass, situated in the mid-line and feeling like a

solid tumor
; ((?) thickening and contraction of the intestinal walls, the mucous mem-

brane being thrown into folds like the \'al\-ulae conniventes
; (/) the formation of

cicatricial bands attached at their ends to intestine and parietes or to two portions of

the gut, and under which other coils of intestine may pass and become strangulated.

TiibercuIo2is pcrito7iitis is the most common chronic form of the disease. The
infection—especially in children and males—usually proceeds from the digestive tract

through the retroperitoneal lymphatics ; or from the lung or pleura and bronchial

lymph-nodes by the same route ; or, less frequendy, directly from ulcers within the

intestine ; in women it often enters through the Fallopian tubes. It may be con-

veyed by the blood.

Of the conditions described as due to chronic peritonitis, the omental thickening

and the retraction and thickening of intestinal coils are frequently present. Agglu-

tination of these coils is apt to occur and to contribute to the sense of resistance which

may be erroneously interpreted as indicating the presence of a tumor. In addition

there are apt to be (a) a sacculated exudation in which the effusion is limited and
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confined by adlu-sions iK-twccn the coils of j^ut, the parietal ijcritoneum, the mesen-
tery, and the aJKloniinal or pelvic organs (Osier) ; and (b) enlarj;ement of the
mesenteric glands.

The existence of a superficial periumbilical area <jf redness and thickeninj,' is siiid

to he a symptom of this variety of peritonitis .( Faj^'^j^e), and is even thouj^ht to l>e

jxitho^nomonic (Henry). It may follow adhesion of intestine to the inner parietc*s,

or, more j)rohal)ly, is due to extension of the inllammation of the j)arietal peritoneum
alonjj the track of the obliterated umbilical vessels.

IAycalizcd peritonitis should be briefly considered from the topo^ra[>hical stand-
j)oiiit.

Pelvic peritonitis, usually due to infection by way of the uterus and Eallojjian
tubes, is of relatively lessened danger on account of {a) the fact that the source of

bacterial supply is not large, the endometrium possessing a high degree of vital re-
sistance and its secretion rendering its cavity in most instances sterile ( Warbasse )

;

(b) the comparatively low virulence of the bacteria most frequently found in- tubal
infection, the gonococcus and bacillus tuberculosis ; and ic) the opportunity usually
afforded (by the thickness and immr)l)ility of the subi)eritoneal tissues involved; for

the formation of competent adhesive barriers, including those which seal the oj;ening
of the tube and confine the infection to the latter and its vicinity (Fowlerj.

Puerperal peritonitis is much more serious, owing to the anatomical conditions
associated with pregnancy—chiefly the vastly greater size and vascularity of the
uterus and the enlargement of its lymph-channels—and to the minor traumatisms to
the endometrium which occur even in physiological parturition. These offer an
opportunity for increased dosage of bacteria and of their toxins. The danger is

increased by the fact that the invading organism is apt to be a streptococcus and by
the usual post-partum diminution of vital resistance.

Subdiaphragmatic peritonitis may be confined to the space between the arch of
the diaphragm and the upper surface of the liver to the right or left of the suspen-
sory ligament. It is apt to assume a suppurative form. It may follow (or precede)
a pleural or pulmonary infection. It is commonly mistaken for an empyema. The
infection is, of course, at its onset within the greater cavity of the peritoneum, but is

often soon shut off by adhesions. When it has followed a perforation of the stomach
or duodenum, the abscess usually contains air (pyo-pneumothorax subphrenicus),
the diaphragm may be pushed up to the level of the second or third rib, the li\'er is

depressed, there is bulging of the right thorax, and the physical signs are those of
pneumothorax (Osier).

The variety of subdiaphragmatic peritonitis which involves the lesser peritoneal
cavity may originate in gastric, duodenal, or colic perforations, in pancreatic disease,
or in other ways. The communication with the greater peritoneum is soon cut off

by adhesive inflammation of the edges of the gastro-hepatic omentum at the foramen
of Winslow.

Distention of the lesser sac with serum or with pus follows and first causes an
epigastric swelling, extending by gra\ity to the umbilical region : on account of the
lesser resistance offered by its left boundary—the lieno-renal ligament—as compared
with that of the gastro-hepatic omentum, and because the lesser sac extends farther
towards that side, the swelling may appear later in the left hypochondriac region.
As the floor of the space is formed by the upper layer of the transverse mesocolon,
the colon is depressed and never lies in front of or above the enlargement, as it does
in cases of renal tumor. As the space lies below and behind the stomach, distention
of the latter, if with liquid, will render the swelling less palpable, but may apparentlv
increase its area of dulness

; if with air, will convert the dulness into resonance and
prevent recognition of the swelling by touch.

Spontaneous evacuation of a subdiaphragmatic abscess may take place into any
of the surrounding viscera or into the general peritoneal cavitv, but the pus usuallv
enters the pleural cavity or the thorax either by direct ulceration and perforation of
the diaphragm or, more circuitously, through the weakened intervals between the
sternal, costal, and vertebral portions of that muscle.

The appnidicular and subhepatic varieties of localized peritonitis have been suffi-

ciently described in connection with the organs involved.
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Cancer of the peritoneum is occasionally primary, but is usually due to exten-

sion from the stomach, uterus, ovaries, liver, or other organs. The irregular mass of

a carcinomatous omentum cannot be distinguished by touch from the similar tumor
due to chronic peritonitis.

IhQ peritoneal cavity as a whole—the interval between adjacent visceral surfaces

or between such surfaces and the parietes—may be scarcely more than a ])otential

space, containing enough serous fluid for purposes of lubrication, or may be more or

less distended by an effusion of the same fluid,

—

ascites. Such effusion may result

from {a) infection followed by chronic inflammation
;

{b) abdominal tumors, causing
irritation and pressure

;
(r) obstruction of the portal circulation, either terminal, as

in hepatic cirrhosis, or by pressure on the vein itself in the gastro-hepatic omen-
tum, as from certain pancreatic or duodenal growths, aneurism, or the exudate of

a chronic peritonitis {vide supra); or (^d) from conditions producing a general

dropsy (of which the ascites is but a part), such as cardiac or renal disease, chronic

empyema, or pulmonary sclerosis. Ascites is recognized by {a) a flat abdomen
bulging at the flanks, with prominent umbilicus

;
{b) dulness in the flanks varying

with change of posture
;

{c) resonance over the uppermost part of the abdomen
in either dorsal or lateral decubitus (from floating upward of the intestine) ; (d ) fluc-

tuation. Sudden withdrawal of ascitic fluid may cause syncope in persons with

pre-existing cardiac lesions by diminishing intra-abdominal pressure, permitting a

dilatation of the deep circumflex iliac, the deep epigastric, the lumbar and other

deep abdominal veins, and thus suddenly lessening cardiac blood-pressure.

The difference between the peritoneal cavity and the abdominal cavity .^«uld
not be overlooked by the student. A number of the abdominal \iscera are not mtra-

peritoneal, but lie more or less completely behind that membrane. Thus the kidney
and pancreas and certain aspects of the ascending and descending colon and duode-
num may be wounded, or may be the subject of infectious disease, without involve-

ment of the peritoneum, while similar wounds or infections of the liver, spleen, stom-

ach, or small intestine would necessarily include it to some extent.

The parietal perito7ieum, the least sensiti\e portion of the membrane {vide

supra), is thickest below and posteriorly, and is there connected loosely with the

abdominal wall by relatively abundant subperitoneal cellular tissue containing fat.

This loose connection permits it to be stripped forward, as in some operations on
the kidneys or ureters or on the iliac vessels. About the umbilicus and along

the mid-line of the abdomen it adheres much more closely. It is strong, bearing

a weight of fifty pounds (Huschke) ; distensible, as shown by the gradual stretch-

ing it undergoes in ascites, during pregnancy, or in a hernial sac ; and elastic, as in

such cases it returns to its normal dimensions when the distending cause is removed.

It may be ruptured by sudden force without injury being done to the underlying

viscera.

From its superficial position, i\\Q greater ome?itum is often involved in penetrating

wounds of the abdominal wall. Wounds of the omentum are not in themselves seri-

ous, except from hemorrhage. The rapid adhesive inflammation which follows injury

to the omentum, as to other parts of the peritoneum, may act beneficially by leading

to the closure of an intestinal wound or perforation before extravasation occurs, or by
favoring the localization of an area of infection. It is sometimes utilized by the sur-

geon to reinforce an intestinal suture or to cover intestinal defects, especially in the

caecum (E. Senn) ; or to protect the general peritoneal cavity, as in some operations

on the bile-ducts. Through inflammatory adhesions, portions of the omentum may
act as bands beneath which a loop of gut may be strangulated, or such a loop may
pass through an aperture in the omentum itself and become strangulated. The
omentum is constantly found in sacs of ordinary herniae or may constitute their only

contents (epiplocele), especially in umbilical and frequently in femoral herniae. It

almost always contracts adhesions to the neck or other portion of a hernial sac, if the

hernia is not kept permanently reduced. It then prevents reduction. It is found

oftener in left-sided herniae, because it was developed from the mesogastrium and
inclines somewhat towards that side. It is very vascular, and has—through acci-

dental adhesions—maintained the blood-supply of an ovarian tumor the pedicle of

which has been twisted so as to occlude its vessels. Its vascularity and rapid adhe-



PRACTICAI. rOXSTni-.RATIOXS : AP.DOMIXAL HF.RNIA. 1759

sion to otlur peritoneal surfaces have been utili/ed in an ()j)eration for the relief of the

portal congestion in lertain forms of hejxitic cirrh(jsis
( paj^e 1727).

The Mfsentery.—The lenj^tli of this portion of the peritoneum is of importance

in its relation to the causation anil the forms of hernia, in connection with which it

will be referred to. From its oblicjue attachment it results, that in an intraperitoneal

rij^ht-sidecl hemorrhaj^^e the blood is first conducted into the rij^ht iliac fossa ; if the

hemorrha,>i[e takes place to the left of the mesentery, the blood descends directly into

the jK'K is (Treves). Collections of blood are said to be more common in the ri^ht

than in the left iliac fossa. Treves has shown that, in addition to certain slit-like

holes tiue to injury, there are others which are conj^enital defects in the mesentery,

and has calletl attention to the fact that the latter are round ; are in the lower ileum
;

are surrounded by an anastomotic arch between the ileo-colic branch of the sujjerior

mesenteric artery and the last of the intestinal arteries ; that the area is often the seat

of atrophied peritoneum ; and that fat, visible blood-vessels, and glands are absent.

Herniie of knuckles of gut through this cribriform area of mesentery could occur

with comparative ease.

The use of the mesentery as a means of recognition of a particular portion of gut

during operative procedures has been described (page i657J-

The practical relations of \\\^ peritonealfosstz and folds will be considered in the

section on hernia (page 1765).

PRACTICAL CONSIDERATIONS : ABDOMINAL HERNIA.

Abdominal hernia would be correctly defined, in the great majority of cases, as

the protrusion of any abdominal viscus from the cavity of the abdomen, and if the

term w-ere limited to include protrusion of only portions of the small intestine ('jejunum

and ileum ) and of the omentum, it would still embrace by far the larger number of

herniae. Intra-abdominal herniae occur, however, in which a portion of the intestine

passes from the general into the lesser peritoneal cavity or into one of the various

peritoneal fossae or recesses. The resulting evil effects in both cases are due not to

the protrusion but to the secondary changes that follow the displacement of the gut

(incarceration, strangulation). It is well, therefore, to subdivide abdominal hernice

into external -AwA internal, and in the latter variety to recognize the necessary modifi-

cation of the above definition.

External Hernia.—The general conditions that predispose to or actually produce

external hernia are those associated with ( i ) increased intra-abdominal pressure and

(2) decreased resistance of the abdominal wall.

1. Under the former should be placed {a) occupations that necessitate much
muscular effort, particularly if it is in the direction of lifting heavy weights, or is ex-

erted while the person is in a stooping posture {vide i?ifra), or if, at the same time,

increased respiratory effort is required, so that during forced inspiration the diaphragm
aids in augmenting the outward pressure of the abdominal viscera

; (b) diseases

causing vesical or rectal tenesmus
; (e) respiratory diseases producing chronic or

violent cougiiing, or inspiratory obstruction.

2. Decreased resistance of the whole abdominal wall may be due to (a) debili-

tating illness, {b) old age, (r) prolonged distention (ascites, abdominal tumor,

repeated pregnancies, (d) excessive corpulence, or (<?) emaciation. The last two

causes are assumed to act as follows : with the occurrence of general emaciation, the

fatty tissue filling up the hernial orifices usually disappears, and these places, which are

already less resistant, become more yielding and relaxed ; with the rapid appearance of

obesity there is an increase in the amount of the subperitoneal areolar tissue, and this

consequently results in a greater mobility of the peritoneum. The traction of a rapidly

growing subperitoneal lipoma upon the peritoneum, to which it is tightly adherent,

is also a factor in the development of a hernial sac, although it does not follow that

this method of origin is frequent or, as Roser asserted, the usual one (Sultan).

The disappearance of fat and connective tissue in emaciation has been thought

(Macready) particularly to favor the occurrence of femoral hernia.

Other predisposing causes are as follows : Age.—Hernia is very common during

the first year of life. Its frequency then is probably due to {a) the existence of
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Fig. 1479.

Superficial fascia

External oblique muscle

Anterior superior spine of ilium

Deep layer of superficial fascia, cut edge
Superficial circumflex iliac artery

Outer pillar of external ring

Fascia lata

Part of deep layer of superficial fascia

Cribriforni fascia

Middle cutaneous nerve

External cutaneous nerve

Superficial fascia ~ —
Superficial fascia, cut ed;:e

Aponeurosis of external oblique

\ -Linea alba

/
Intercolumnar fibres

Intercolumnar fascia, artificially distenoed

^- / ""— Inner I'illar of external ring

Dartos, cut edge

Branch of internal cutaneous nerve

Internal saphenous vein

Superficial dissection of inguinal region ; spermatic cord is seen issuing from external

abdominal ring; intercolumnar fascia has been artificially distended by injection of fluid;

saphenous opening is closed by cribriform fascia.

Fig. 1480.

External oblique, cut edge

Internal oblique muscle —
Aponeurosis of external oblique.

cut edge

Anterior superior spine of

Poupart's ligament
Attachment ofdeep layer ofsuperficial ^—

^

fascia of abdomen to fascia lata /'O
Transversalis mus

Spermatic cord

Fascia lata

External pillar of external rint;,

turned down
Falciform process of fascia lata

Femoral sheath seen through
saphenous opening

Middle cutaneous ner\'e

External cutaneous nerve

Internal saphe

Branch of internal cutaneous nerve

Conjoined tendon

Triangular fasci?

Suspensory ligament of penis

Insertion of cremaster muscis

Pubic portion of fascia lata

Cremaster muscle

Deeper dissection in which external oblique has been partially removed, exposing spermatic
cord lying in inguinal canal ; cribriform fascia removed to show saphenous opening.
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rou|>art's ligament

Spermatic

Conjoined tendon
Anterior crural nerve

Falciform i>rocess of fascia lata

Crural branch of j^cnito-crural nerve

Femoral art. within femoral sheath

Femoral canal,artificially ilistended

Femor.ll vein within femoral sheath

External pillar of external rini,;, turned down

A|«jneuro»is of external oUlque,
cut ed^c
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I ransversalit muscle

Triantfular fascia

Sijermatic bloo<J-vesseU

Cremasteric fascia, reflected froK
s[jermatic cord

Insertion uf cremaster

•,- Cremaster muscle

Internal oblique muscle has been partially reinoMMi iiM-.ving fibres of transversalis arch-

in.E: over spermatic cord to reach conjoiuecl teiuion ;
fascia lata has been opened to expose

femoral \essels lying within sheath ; femoral canal has been artificially distended.

Fig. 1482.

Aponeurosis of transversalis

Internal oblitjuc, cut edge.

Transversalis muscle

Transversalis, cut edge

Internal oblique, iliac origin

External oblique, iliac insertion

Trans\ ersalis fascia

Branch of deep circumflex iliac artery

Deep epigastric artery

Internal abdominal

Pou|iart's ligamenl
Infundibuliform fascia, artificiall)

distended! Anterior crural nerve

Femoral sheath .,

Sartoriusifct,

Fascia lata

Femoral artery

Fascial septum between artery and vein

Femoral vein

Septum between vein and femoral canal

Femoral canal

External pillar of external ring, turned down

Cremasteric fascia, cut edge

Deep epigastric artery
Posterior wall of sheath of rectus
Rectus abdominis

Anterior wall of sheath of rectus

Aponeurosis of external oblique,
cut e<lge

I'ransversalis fascia

Conjoined tendon

Triangular fascia

Spermatic cord

Cremasteric fascia reflected from
spermatic cord

Transversalis muscle has been partially cut away to expose transversalis fascia ; sper-

matic cord is seen issuing from internal abdominal ring, covered by infundibuliform fascia,

which has been artificially distended ; anterior layer of femoral sheath has been removed

showing femoral vessels and canal ; anterior wall of sheath of rectus has been opened above

upper part of muscle removed and posterior wall of sheath exposed.

Ill
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developmental defects
; (b) the presence in the abdomen of portions of the pelvic

organs increasing intra-abdominal pressure
;

(c) the habitual flexion of the thighs on
the abdomen in infants, relaxing the tissues about the hernial orifices

;
(d) the ex-

treme shortness of the inguinal canal, the internal ring then lying almost directly

behind the external ring, so that the canal is about equal in length merely to the
thickness of the abdominal wall. The diminution in frequency tluring childhood is

due to the improvement in posture, to the lessening in size of the abdominal rings

and to the shortening of the tissues about them, and to the lengthening of the interval

between the rings as the ilia grow and incline outward and the internal ring follows

them,

—

i.e., to the formation of the inguinal canal with its valve-like resistance to the
protrusion of viscera. The increase in frequency as puberty approaches and is

passed is due to the more active habits of life and the assumption of occupations
often laborious. It may also be due to a slight extent to the fact that until the pel-

vis has fully developed the femoral ring and canal scarcely exist, and that therefore

the femoral variety of hernia is rarely found before that time of life. Later in

life hernia is still more frequent, although it, like aneurism, lessens in numbers as

old age draws on. This is due to the fact that although in both instances the pre-

disposing cause—the weakness of vessels or of the abdominal wall—may be said

usually to increase when the active period of life is passed, the exciting causes due
to occupation and muscular effort diminish with relatively greater rapidity.

^^,r.—Hernia is more frequent in males because {a) the structures connected
with the male genitalia are more often the subject of developmental defects {vide

infra), and {b) the inguinal canal in the female is narrower (containing only the

round ligament) and longer (the distance between the anterior superior iliac and the

pubic spines being greater), and for both these reasons offers less opportunity for the

descent of viscera.

The descent of the testicle and the associated changes, which are often imperfect,

sufficiently account for the great frequency of inguinal
( 92-95 per cent. ) as compared

with all other forms of hernia in males.

In females femoral hernia is less common than inguinal hernia. It, is however,

relatively more common than in males because (a) in females Gimbernat's ligament

(g.v.) is narrower, thus increasing the area of the femoral ring ; and {b) it is weaker
and less firmly attached, and accordingly offers less resistance to visceral protrusion.

In 100 ruptured persons the percentages as to inguinal and femoral hernia in the

two sexes are as follows : male inguinal, 83.5 ; female inguinal, 8.5 ; female femoral,

5.9; male femoral, 2.1 (Macready).
The extent of the influence of a certain shape of the abdomen—with lateral

bulgings parallel with and just above Poupart's ligament and extending above the

level of the crest of the ilium— is doubtful, but it certainly indicates a laxity of the

abdominal wall, and just as certainly is often, as a precedent condition, associated

with hernia.

The almost invariable preponderance of right-sided hernia in all varieties, at all

ages, and in both sexes has been variously attributed to (a) the greater bulk and

weight of the liver
;
(b) to right-sidedness in walking and lying, and to the greater

strain on the muscles of the right side caused by "right-handedness ;" {c) to the

inclination from left to right of the mesentery of the small intestine as it descends
;

(d ) to the greater frequency of incomplete descent of the testis and of a patulous

funicular process on the right side ; and (e) to the larger capacity and circumference

of the right side of the pelvis (Knox, Macready) as compared with the left, causing

a corresponding increase in the size of the right femoral ring.

External herniae are influenced as to the site of their protrusion by anatomical

conditions causing a diminution over certain localized areas in the resistance of the

abdominal wall to intra-abdominal pressure. These conditions depend usually upon

the necessity for the passage from within out of (a) normal structures such as the

spermatic cord {oblique ox external inguinal hej'nia) or the round ligament (the

/a<5za/ variety of oblique hernia) ; or (b) such as the larger vessels or nerves {umbilical,

femoral, obturator, sciatic hcrnics) ; or {c) upon the weakness or absence at gi\'en

points of some of the components of the abdominal wall, as at the internal inguinal

fossa or the supravesical fossa {direct or inte)'7ial inguinal hernia), along the linea
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alba or the liiica scinihiiiaris (voitral hernia), thnjuj^h the- |)flvic diaphraj^m,—the coc-
cy^eiis aiul levator ani ( pcn'ma/ lurnia) ; or tiirou^h Pi-tit's triaii^U; ( paj^c 530) or
the superior luinhar triaiijulc of {iryufclt and Lesshaft ( paj^e 1777), or " liraun's space''
(pa^e 1777) K liiDihar lirruia). Other varieties tlepciid u])on (d ) conj^enital delects,

as in some forms of iii^niint/, iinihilical, vcnlra/, \\\\f\ diaplira^niutic lurnia ; or in the
varieties of propcriionial or inhrslilial lurnia
that accompany misplaced or undevehjjjed
testes ; or (c) patholoj^ical changes, as in

those ventral hcrnicc that follow abscesses or
wounds.

This classification, alth(ju^h not exhaustive,
will serve as a basis f<jr the later and more de-
tailed consideration of the anatcjinical factors

concerned in the ])nKluction of special external
hern ice and of their symptoms.

The component parts of an external ab-
dominal hernia (Fig. 1483) are (\) the sac,

consisting of distended and protruding parietal

peritoneum, and subdivided into ia) the mouth,
the aj)erture corresponding to the internal her-

nial orifice
; {b) the body, the expanded pro-

truding portion, the lowest portion of which is

called the fuiuins ; and (c) the )U'ck, the constricted portion connecting the body
and mouth ; and (2) the contents, which in the order of frequency are ileum, omen-
tum, jejunum, sigmoid, caecum, and transverse colon. More rarely the ascending
and descending colon, the bladder, the ovary, and the various abdominal viscera, with
the exception of the liver, have been found among the contents of herniae.

Inguinal hernia, by far the most frecjuent of all the varieties of hernia,

(95-97 P'-'i' ^t;nt. in males, 55-60 per cent, in females), may best be studied anatom-
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Diagram showiiijj jjent-ral components ol cxlcnial
ahdumiiial hernia.

Anterior superior iliac spine—

Poupart's ligament

—

Falciform process—
Iliac ijortion of fascia lata

Femoral ring.

Femoral artery

Femoral vein

Internal saphenous vcin^

— Aponeurosis of external oblique

Intercolumnar fibres

External abdominal ring

F.xtcnial pillar

Internal pilla.

—^Ginibernat's ligament

Pubic portion of fascia lata

^^permatic cord

Scrotum

Dissection of right inguinal region, showing external abdominal ring and saphenous opeinng in fascia lata.

ically by considering its mode of production when, (a) as a direct result of some
developmental defect, it is present at or soon after birth ; (b) the hernial sac being
present congenitally, the hernia follows some increase of intra-abdominal pressure

;

or, (r) as a consequence of a less marked—or less complete—original defect or of
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an acquired defect {vide supra), tlic hernia develops in the presence of causative

factors (page 1759).
Acquaintance with the changes in the abdominal wall and peritoneum inxolved

in the descent of the testis is necessary to an understanding- of the anatomy of inguinal

hernia. Although these changes are described with the development of the testicle

(page 2040;, the chief features of the process may be noted here with advantage.

By the end of the second fcetal month the developing testicle lies behind the

peritoneum at the side of the upj^er hnnbar vertebne, the ejiididymis and later the

testicle being attached to a tibro-muscular band, the gcnito-inguinal ligament, which

stretches from the sexual gland to the lower part of the anterior abdominal wall.

During the third month, guided by this attachment, the testicle migrates from its

primary location to a position which later corresponds to the internal abdominal ring.

About this time the muscular, fascial, and peritoneal layers of the abdominal wall

show a ]>rotrusion in the inguinal region which results in the production of a sac,

the i)i((uinal biosa ; this deepens and extends into the scrotal fold, which meanwhile

is formed independently as an integumentary fold. The genito-inguinal ligament,

Fig. 1485.

Internal obliciue-

Cremaster muscle—|-

Aponeurosis of external
oblique, turned outward

Saphenous opening

-Cut edge of aiioneurosis of
external oblique

Sheath of rectus

_Transversalis fascia

_Conjoined tendon

-Triangular fascia

.Spermatic cord

Dissection of right inguinal canal ; aponeurosis of external oblique has been cut and turned outward.

being attached to the structures undergoing evagination, extends into the inguinal

bursa. The muscular tissue within the wall of the latter is derived from the internal

oblique and transversalis and constitutes the cremaster. The lining of the inguinal

bursa is obviously the direct continuation of the general serous membrane of the

abdominal cavity and later constitutes the processus vaoinalis peritonei. Thicken-

ing of the lower end of the genito-inguinal ligament produces an elevation of the

floor of the bursa known as the inguinal conus, a structure, however, that in man is

very feebly developed as compared with that found in some lower animals. Subse-

quendy, during the seventh and eighth months, the inguinal conus and the attached

testicle are drawn downward into and through the inguinal canal until, shortly before

birth, the sexual gland gains its permanent position in the scrotum. The. rudimentary

conus and the genito-inguinal ligament, which together correspond to the structure

usually described as the gnbernacuhnn testis, become progressively shorter and

smaller as the testicle descends, their remains constituting the scrotal ligameyit, the

subserous band which permanently attaches the tunica vaginalis and the testicle to

the surrounding tissue of the walls of the scrotum.

The original retroperitoneal position of the testicle is always retained, this organ

and the accompanying constituents of the spermatic cord descending outside the
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peritoneal [xnich wliich cxteiuls into the scrotum. I'or a tune free coinimiiiicalion

with the abdominal cavity is maintained by the now tubular processus vaj^inalis
;

usually, however, by the time of birth, or slujrtly after, this canal is obliterated, the

isolated lower end of the peritoneal pouch persisting as the sac of the tunica vaginalis

which almost surrouiuls the testicle. The peritoneal eva]ii;ination occurs in both

se.xes, in the female e.xtendinij into the lal)ium majus as the diverticulum of Xuck ;

this usually earlv disappears, l)ut, as a i^MX-at rarity, may remain as an open peritoneal

process at the time of j)uberty ( Merkel).

If obliteration of the processus xaijinalis does not occur, a conj^eiiital hernial sac

results (^Fii;'. 14S8 ), and this may become a hernia, either at birth (jr in later life, by

the descent of some of the abdominal viscera. Durini; their descent the te-sticle and

spermatic cord obtain more or less extensive investments of such parts of the abdomi-

nal walls as ha\'e taken part in the formation of the orijijinal bursa in^ualis. From
within outward these would be, therefore, ( i ) peritoneum, after obliteration of the

stalk of the peritoneal pouch, however, coextensive with only the tunica vai^inalis ;

(2) infundihuliform fascia ( tunica vaginalis communis), continued from the trans-

Fio. 14S6.
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Transversalis muscle—

Aponeurosis of external
oblique

E.\ternal abdominal ring

Saphenous ope

eurosis of external oblique,

edjs'c
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Conjoined tendon

Triangular fascia

Dissection of right inguinal canal; external and internal oblique cut and reflected. ex|)Osing transversalis muscle.

versalis fascia
; (3) cremaster fibres, from the trans\ersalis and internal oblique mus-

cles, blended by areolar tissue into the cremasteric fascia ; (4) intercolnmnar fascia,

from the aponeurosis of the external oblique. In addition to these co\ering^s from

the abdominal wall, the envelopes forming the scrotum proper contribute (5) the

modified superficial fascia or tunica dartos and (6) the skin. Unusual attachments

of the gubernaculum below to the tuber ischii and sphincter ani account for some of

the forms of testicular ectopia (^. i'. ). Attachments above to the peritoneum of the

caecum or ileum, or of the sigmoid, or to the loosely attached peritoneum lining the

iliac fossa, account in part for the formation of the sac in infanti/e hernia (vide infra^.

The strength of the attachments of the gubernacula to the testes and to the dartos

is shown by the fact that in cases of elephantiasis scroti, although the enormously
thickened skin and dartos mav form a tumor reaching to the knee, the testicles will

usually be found near its lower extremity.

The next step in the anatomical study of inguinal hernia should consist in a

survey of the inner surface of the abdominal cavity in the inguinal, iliac, and hypo-

gastric regions (Fig. 1487 ). This will show that the space between the lateral wall

of the abdomen and the mid-line—marked by the peritoneal fold over the urachus
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{plica urachi)—is divided on each side into two shallow depressions by a slig^ht eleva-

tion of the peritoneum over the deep epigastric artery {plica epi^s;astrica) running
from a litde internal to the middle of Pinipart's ligament to a point on the outer
edge of the rectus muscle about one-third the distance between the level of the
symphysis pubis and that of the umbilicus. The outer of these depressions is called

the external inguinal fossa (hernial fossa). The inner contains a triangular sjiace

known as Hesselbach's triangle, bounded by the plica cpigastrica, the outer edge
of the rectus, and Poupart's ligament. The whole inner region—extended to the
mid-hne—is further subdivided by a line corresponding to the peritoneal fold over
the obliterated hypogastric artery {plica hypogastrica) into two othei" fossae, the
intc7'7ial inguinal and the supravesical, which are of use as aids to the description
of hernia, but, viewed as mechanical factors, have little bearing on its production.

The external inguinal fossa is deepened just to the outer side of the epigastric

artery into a slight pouch (Fig. 1487), which marks the point of exit of the sper-

matic cord from the abdomen, and therefore the site of the internal abdominal ring
and of the mouth of one form of inguinal hernia,—the external, oblique, or indirect.

On the external surface of the abdomen this pouch corresponds to an area about three-
quarters of an inch in circumference, situated a finger' s-breadth above the middle of

Poupart's ligament. To the inner side of the epigastric artery are two other and

Fig. 1487.
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Still slighter depressions corresponding approximately in position to the outer part

of the posterior wall of the canal and to the external abdominal ring (page 1771) and
the lower fifth of the inguinal canal. When viscera make their way outward
from either of these depressions as the point of departure, the resulting hernia

is known as direct because it does not pass through the entire length of the inguinal

canal, but takes a shorter route, or internal because it lies to the inner side of the

epigastric artery. A further examination of the structures (already described on
pages 523, 524) which are related to the production of inguinal hernia will serve to ex-

plain its occurrence in certain localities and in certain forms that may now be considered

separately in their simpler varieties, the rarer and more complicated being merely
mentioned or altogether omitted as unessential to the anatomical study of hernia.

Obliqtie, external, or indij'ect inguinal herjiia, which makes its exit from the abdo-
men at the internal ring, is incomplete if it remains in the inguinal canal, cotnplete if it

emerges at the external ring, and scrotal if it descends into the scrotum. In frequency
it bears about the same relation to the other form of inguinal hernia—the direct—as

inguinal herniee do to all other forms of hernia in males,—viz., from 95-97 per cent.

This frequency depends upon the following anatomical conditions. (<7) The descent

of the testicle from behind the peritoneum (page 2040), carrying with it a process

(vaginal) of peritoneum, a portion of the transversalis fascia (infundibuliform fascia),
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aiul ul the traiisNcrsalis and iiiUinal i)l)li(|iic niiisclcs ( crcinastcr muscle j, makes its

reg^ion of exit from tin- alulomeii—/.<'., of its entrance into the inguinal canal—the
area in the ahdomiiial wall best adapted by reason of its weakness and its shape to

favor the exit oi viscera. {/>) This spot is situated near the lowest level of the
inferior /one of that cavity,

—

'<., at a level at which, when the size of the cavity is

either lemptjrarily decreased (as durinj.;; cou^diin^ or straininj^ ). or relatively

decreased (as when tlu' upper zone is compressed by ti^ht lacinj^;, or actually

decreased (as by intra-abdominal fat, or by a tumor or ascites), the outward thrust

of the alxlominal \iscera is added to by their superincumbent weight. ( r ) The j)eri-

toneum ovi-r the lower part of the anterior abdominal wall is thin and loosely attiiched,

so that it is unable to ofler much elective resistance to distention by pressure from
within. Such distention is favored by the funnel-shaped depression at this jxjint,

and. haviuLT once begun, its influence in localizing a hernia is obvious, (d) The
union of the iliac fascia with the transversalis fascia, which is strongest in the imme-
diate vicinity of Poupart's ligament, presents an insuperable obstacle to the descent
of hernia external to the internal ring, (e) The conjtjined tendon of the trans-

versalis and internal oblicjue muscles inserted into the crest of the pubes and the ilio-

pectineal line is strong internally, but has an ill-dehned outer edge ; while that por-

tion of the tendon which is derived from the internal oblique has generally a less

extensive attachment than that from the transversalis muscle, so that the space
between the border of the rectus and the internal ring is closed by the two tendons
conjoined at the innermost part, farther outward by the transversalis tendon alone,

while near the entry of the cord there may be a space unprotected by tendon or

muscle (Macready ). The thinnest and least protected portion of the inner—posterior

—wall of the canal is therefore that adjacent to the inner edge of the internal abd(jminal

ring (Ibid. ). It should bo noted that Treves is inclined to consider the resistant

power of the normal abdominal wall as less over Hesselbach's triangle than over the

external inguinal fossa ; but even if this is true, the existence of the internal ring and
of the canal more than compensates for it in favoring hernia.

These facts sufficiently explain the frequency of oblique inguinal hernia of the

acqidred form {inde infra),—i.e., the form in which the congenital deficiencies or

definite pathological changes next to be mentioned are not demonstrable, although

it is not unlikely that some original or acquired defect of the abdominal wall in the

neighborhood of the hernial orifices is present in the great majority of cases of hernia

of this as of all varieties, {^f ) The not infrequent total or partial patency of the

vaginal process gives rise to a number of subvarieties of inguinal hernia {congciiital,

infantile, funicular), all of which are oblique,

—

i.e., enter the inguinal canal at the

internal ring and to the outer side of the epigastric artery. These herniae, depend-
ing on anomalies in the closure of the processus \'aginalis, have been variously sub-

divided and defined, often with unnecessary complexity. It will suffice here to say

that congenital \\^x\\VA. (Fig. 1488) is due to complete patency of the vaginal process,

the cavity of which is directly continuous with the ca\ity of the abdomen, the sac

of the hernia enclosing both its visceral contents and the testicle, which lie in con-

tact. Although the condition leading to the formation of this hernia is truly con-

genital, the hernia itself is very rarely in existence at the time of birth, but is apt to

occur in early life when intra-abdominal pressure is either habitually or suddenly
increased. It should be remembered that, although a true congenital hernia neces-

sarily depends upon a patent processus vaginalis, patency of the process may exist

without hernia. A fold of peritoneum at the edge of the infundibuliform fascia

partly screening the abdominal opening of such a process has been described and
has been thought to aid in preventing hernia (Macready). In women patency of

the canal of Nuck acts similarly as a predisposing cause of congenital hernia, which

is, however, of great rarity, on account of the narrowness of the canal itself, the fact

that its internal orifice is still smaller, and—supposedly—by reason of the relatively

larger size and greater distinctness in the female than in the male of the peritoneal

and fascial fold covering the entrance to the canal.

Infantile hernia (Fig. 1489) results from occlusion of the processus vaginalis at

the internal ring only, the visceral pressure, aided by the attachments of the guber-

naculum testis above described, carrying this septum and the neighboring perito-
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neum downward to constitute a sac that descends behind the tunica vaginalis,
especially if the latter is capacious, as it is apt to be when its upper limit is at the in-
ternal ring. A hernia of this variety has, therefore, between the skin and the con-
tents three layers of serous membrane, two of the tunica vaginalis and one of peri-
toneum ( its own sac ) connected with one another at the neck. Not uncommonly,
however,—as might be expected from the tendency of serous membranes to adhesive

Fig. 1488. Fig. 14S9.
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'Skia and fascia

Hernial sac

Tunica vaginalis

Peritoneum
Spermatic cord

Skin and fascia

Diagram of congenital hernia, showing relation of

hernial sac to peritoneum.
Diagram of infantile hernia, showing relation of

hernial sac to tunica vaginalis.

inflammation,—the posterior layer of the tunica vaginalis is intimately blended with

the front wall of the sac. Infantile hernia, while due, like the congenital variety, to

anomaly in development, is even less apt to exist at birth and, in fact, is rarely seen

in infancy. A variety of infantile hernia known as the encysted (Fig. 1490) is de-

scribed, in which the intestine depresses the septum at the internal ring, making a

sac which passes into instead of behind the processus vaginalis, so that the hernia

has in front of it a layer of tunica vaginalis and a layer of septum (sac). This
hernia is very properly described fLockwood, Macready) as "a figment of the

imagination.
'

' When, after occlusion of the process at the internal ring only, the

septum gives way suddenly during some unusual intra-abdominal pressure, the intes-

tine may descend at once into instead of behind the tunica vaginalis and lie in con-

tact with the testicle,—a form of " congenital" hernia that appears in adult life.

Fig. 1490. Fig. 1491.
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Diagram of so-called encysted hernia, showing sup-
posed relation of hernial sac to i>eritoneum.

Diagram of funicular hernia, showing relation of

hernial sac to tunica vaginalis.

Funicular hernia ( Fig. 1491 ) is a sequence of the closure of the \aginal process

at the upper end of the epididymis only, the short pouch of peritoneum remaining

in communication with the peritoneal cavity. The contents of such a hernia are

separated from the testicle by the septum formed at the point of closure.

Interparietal (intraparietal, interstitial) hernia is so usually a variety of oblique

inguinal hernia, and is so commonly associated in the male with anomalies of the
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testis, that it may be clcscribcd here. it derives its name from tlie i^rcHnision from
the sac of an inj^uinal hernia (usually of the incomplete variety) of a pouch or
diverticulum which insinuates itself into or between the separate layers of the ab-
dominal wall, as {tij between the peritoneum and transversalis fascia { propiritoncal
hernia) ; (d) belwt-en that fascia and the transversalis nuiscle, or amon^^ the fibres

of the internal ol)li(iue, or between the internal and external (^blicjue muscles, or
sometimes—the trans\ersalis and internal obli(|ue havinj^j been pushed aside, as in the
descent of an ortlinary </r(/////v</ ini^uinal hernia (r/Wr infra)—between the transver-

salis fascia and the external oblicjue muscle or aponeurosis (intcrslitial hernia) ; (c)

between the external oblique aponeurosis and the skin {superficial itii^uinal hernia)
(Sultan).

While the exact mechanism of the formation of these hernice is still unknown,
and the various conllicting^ theories—althout^h of ^reat anatomical interest—cannot
here be set forth, it is perhaps safe to say that the foUowinji;^ facts have a direct bear-

inji' upon the (juestion : («) a hernia, like other s\vellinj4^s, enlar^^es in the directit^n

of least resistance
; (<^) the {)reponderance of the association of these interparietal

herniie with incomplete inguinal herni;e and with retained testis, in neither of which
cases have the external ring and the scrotum undergone, dilatation, may be due to a
lesser resistance in the course of the diverticulum than at the external ring

; {c) they
are also often associated with imperfections of the abdominal wall, correlated with
the anomalies of the testicle, because, as Macready says, when that organ is defective

it is very probable that the parts through which it passes and with which it is so in-

timately associated will likewise be deficient.

The mechanism of formation of the so-called acquired oblique inguinal hcr?iia—
the most frequent and therefore the most important of all forms of hernia—will now
readily be understood. Because of the anatomical conditions above enumerated
(page 1763), and in the presence of one or more of the etiological factors, the peri-

toneum covering the internal ring yields to the pressure of the viscera (usually a
portion of the small intestine) and, together with the latter, passes through the in-

ternal ring above the cord, the component structures of which, with the artery to the

vas deferens, the cremasteric artery, the genital branch of the genito-crural nerve,

and the inguinal branch of the ilio-inguinal nerve, are close to the lower margin
of the ring. After entering the canal it meets with less resistance, and, aided by
gravity and sometimes by prolapse of the mesentery,—a loosening or slipping down
of its vertebral attachment,—which slightly increases the weight of the intestines

that must be borne by the abdominal wall, descends until it reaches a point at which
the resistance is greater than the forces that are carrying it downward. Its descent
has been thought to be aided by the weight of masses of fat (subserous lipomata)
sometimes found in the extraperitoneal connective tissue that precedes the sac and
forms one of the coverings of nearly all abdominal herniae, but this is more than
doubthil. The most frequent point of arrest is at the lower part of the canal, where
the rigid, non-elastic pillars of the external ring, strengthened by the intercolumnar
fibres, often closely embrace the cord, and where the course of the hernia changes
slightly in direction. Until it emerges from the external ring it is known as an in-

complete hernia (bubonocele). It is obvious that, with the exception of a few con-

genital herniae, every inguinal hernia must at some time have been incomplete. After
emerging from the external ring it is known as a complete hernia and usually enters

the scrotum. It then meets with but little resistance until it reaches the level of the

upper end of the testicle, where it may be again arrested—often permanently—by
the close connection of the coverings of the cord to the tunica x-aginalis, or it may
descend quite to the bottom of the scrotum {scrotal hernia). It lies throughout its

course iii front of the spermatic cord.

In females the corresponding hernia follows the round ligament through the

inguinal canal and appears in the labium majus {labial hernia).

As the peritoneal sac and its contents follow this course from the abdominal
cavity downward, they are covered by various structures that represent portions of

the ditferent layers of the abdominal wall, modified in character, howe\er, at the time

of the descent of the testis and designated bv new names. The clinical importance
of this list of "coverings" has been greatly exaggerated, but they have a certain
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usefulness as denoting the route of the hernia, and are occasionally of value as land-

marks during- herniotomies or operations for the radical cure of hernia.

The sac of a complete oblique inguinal hernia (Fig;. 1492 J would carry with it

(i ) a layer of extraperitoneal connective tissue
; (2) that portion of the transversalis

fascia known as the infundibuliform fascia ; (3) the muscular fibres derived from the

transversalis and internal oblique muscles, and called the crciuastcr muscle ; (4) the

fibres from the external oblique aponeurosis that aid in strengthening the external

"ring," especially the upper angle,—the intercohounar fascia ; (5; the szipcrficial

fascia,—in the scrotum the dartos layer
; (6) the skin.

The coverings of an incomplete oblique inguinal hernia will obviously depend
upon the point of its arrest, but such a hernia cannot be covered by either inter-

columnar fascia or dartos.

The sac of a complete oblique inguinal hernia, if followed from within outward,

would show first a puckered or pleated appearance at the mouth, due to the folds of

peritoneum produced by

Fig. 1492. constriction ; next a portion

narrow and elongated by
the pressure of the walls

of the canal,—the neck,—
which in such a hernia

would extend from the in-

ternal to the external ring
;

and finally a portion—the

fundus or body—which, re-

lieved from pressure, is usu-

ally irregularly ovoidal in

shape.

The anatomical points

at which strangulation is

likely to occur are, in the

order of frequency, (
i ) the

edge of the internal ring,

(2) the edge of the exter-

nal ring, and (3) in the

canal (from fibres of the

transversalis or internal oblique), but the constriction of the contents is not infre-

quently due to pathological changes in the neck of the sac itself.
^

In operating to

relieve constriction at the internal ring, the relation of the epigastric artery should

be remembered. The in sion should be directly upward.

Taxis.—In reducing

—

i.e., returning to the abdominal ca\ity—an oblique in-

guinal hernia, the shoulders and thorax should be raised to relax the abdominal

muscles ; the thigh flexed and adducted to relax the fascia lata and external oblique

aponeurosis, and thus the margins of the external ring and the anterior wall—the most

unyielding—of the inguinal canal ; and the pelvis ele\'ated so as to secure by the aid

of gravity a backward or upward pull on the contents of the hernia. After gende

downward traction in the line of the canal so as to remove folds and lessen lateral

bulging of the sac and contents over the pillars of the external ring, and while

making pressure with the thumb and fingers of one hand at that point to prevent its

recurrence, the other hand encircles the fundus of the sac and with as evenly dis-

tributed force as possible makes pressure at first upward, then upward and outward,

—

in the line of the canal,—and finally backward.

Di7-ect or internal inguinal hernia occurs in only 3-5 per cent, of cases. The
reasons for its relative infrequency have been given. To understand it, the region

internal to the deep epigastric artery should be examined (Fig. 1487 ). It has been

mendoned that this region has been subdivided by a fold corresponding to the plica

hypogastrica into a supravesical and an internal inguinal fossa (Fig. 1487). At the

inner angle of the former we find the abdominal wall strengthened (a) by the

presence of the rectus muscle, which extends outward as far as the pubic crest
;
(b)

by CoUes's ligament {triangular ligament, ligainentum inguinale reflexum), consist-

Diagn'am shovvitiK coverings of complete left indirect inguinal hernia.
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inij of the iiuur deeper fibres of Poupart's ligament, which turn uj>warcl and inward

from the crest of the i)ubes in front of the insertion of the conjoined tendon and pass

l)ehind tlie internal i)illar of the external ring to be inserted into the anterior sheath

of the rectus and into the linea alba (Fig. 14H6); these hbres protect the inner and

posterior wall of the canal in the angle between the pubes and the rectus muscle, and

as far outward ;is corresponds to the inner third of the external ring in males and the

inner half in females ( Malgaigne, quoted by Macreadyj ; {c)hy the conjoined tendon,

which becomes thinner and weaker as it leaves the mid-line.

It will be seen, therefore, that there is a space between the outer edge of the

rectus and the epigastric artery in which the abdominal wall is very thin, contiiins no

muscular layer, and is weakenetl anteriorly by the gap in the external oblifjue ap<j-

neurosis at the external ring, especially at its upper and outer angle, the posterior

wall of the canal at this point not being reinf(jrced by the presence of the conjoined

tendon or Colles's ligament (Fig. 14S5;. This "thin spot," lying thus partly behind

the external ring, is l^ounded internally by some aponeurotic hbres ol the trans-

versalis muscle running from the upper surface of the pubes to the rectus ( /a/x apo-

nciirotica iyit^uinalis) and externally by similar fibres running down from the same

muscle, encircling the inner border of the internal ring and fusing with the inner

surface of Poupart's ligament {li^amcnhim intcrfoveolare) (Fig. 1493). When
these two structures are broad the thin spot is narrow, and vice versa (Spalteholzj.

Rectus

Deep epigastric artery

Interfoveolar or
Hesselbach's ligament-

Weak area

Conjoined tendoir

Muscular fibres

—

Lower end of Poupart's ligament

—

Urachy

Bladder

Poupart's ligament

Transversalis muscle

Spermatic vessels

External iliac artery

External iliac vein

Deep epigastric artery (cut)

\'as deferens

N^ ^Femoral ring

Gimbernat's ligament

Dissection of posterior surface of anterior'abdominal wall, showing relations of conjoined tendon and its expansions
to internal abdominal ring.

It is perhaps intrinsically weaker than any portion of the external hernial fossa

(Treves), but the infundibuliform depression at the entrance to the inguinal canal,

the presence of the canal itself, and the many anomalies associated with the descent

of the testis far outweigh this weakness as factors in the production of hernia.

A direct inguinal hernia may escape through (a) the inner inguinal fossa, be-

tween the plica epigastrica and the plica hypogastrica, which corresponds in situation

to the outer part of the posterior wall of the inguinal canal,

—

i.e., to that part formed

by the transversalis fascia ; it would go around the outer edge of the conjoined

tendon, enter the inguinal canal a little below the internal ring, and have the same
coverings as the oblique hernia, except that the general transversalis fascia would re-

place the infundibuliform fascia ; or {b) the outer part of the supravesical fossa,

between the plica hypogastrica and the plica urachi,—the outer and deepest part of

which corresponds to the external ring,—in which case it might either also go around

the outer edge of the conjoined tendon and triangular ligament, or, if those struc-

tures are thin and poorly developed, might carry them with it, so that its coverings

would be (i) extraperitoneal connective tissue, (2) transversalis fascia, (3) con-

joined tendon, (4) (Tolles's ligament, (5) intercolumnar fascia, (6) superficial fascia,

(7) skin. The spermatic cord usually lies on the outer side of the sac. As many
such hernise practically issue through the lowest part of the linea semilunaris, it has

been proposed to call them ventro-inguinai hernia'. They ha\e no such essential
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relation to the ins^uinal canal as have oblique hernias, althouj^h when the peritoneal

pouch first forms, and before the resistance of the aponeurosis at the external ring

has been overcome, they usually enter the lower part of the canal, as the resistance

in that direction is less than it is inward, towards the rectus. They are never con-
genital and have no definite pre-

FlG. I4Q4.

Peritoneuii
Transversalis fasci.

Conjoined tendon (and Collea's ligament
Intercolumnar fasci.

Fascia and skir

Diagram showing coverings of complete direct inguinal hernia.

existing path. They are there

fore hernise of slow development,
usually seen in adult life, especially

if the local weakness of the ab-

dominal wall is emphasized by
its laxity from general muscular
atrophy, or by increased intra-

abdominal pressure from accu-

mulation of fat. They are usually

small, globular in shape (by rea-

son of the shortness of the neck ),

do not, as a rule, descend into the scrotum, but remain above the crest of the

pubes, and when reduced go directly backward into the abdomen. The orifice in

the abdominal wall is easily felt, the outer edge of the rectus to its inner side, the

crest of the pubes below. The epigastric artery is to the outer side of this aperture,

but its pulsation can rarely, if ever, be felt Macready says : the opening in the

posterior wall of the inguinal canal through which a direct hernia comes is much more
accessible to examination in the living than the internal abdominal ring, so that it is

quite possible, in the majority of cases, to explore the conjoined tendon with the

finger and ascertain the shape and size of the opening as well as the extent to which
the posterior wall has suffered. When a hernia is oblique, the posterior wall of the

canal is felt as a plane surface by the finger passed into the external ring, and its

attachment along the pubes can be traced. The finger is prevented from entering

the abdomen till it reaches the internal ring. But in direct hernia, when fully devel-

oped, the finger at once passes into the belly over the bare pubes, and can feel the

back of that bone and of the rectus muscle. No trace of the posterior wall of the

canal is felt nor the margin of an opening in it. All that remains is a narrow layer

of membrane which just fills the angle between the pubes and the rectus ; it seems
as if the triangular ligament had alone withstood the distending fbrce of the hernia. In

these cases, in which the pro-

FiG. J 49 5. trusion has done its worst,

all the posterior wall of the

canal between the rectus and
epigastric artery has gone,
and the large opening has a

triangular figure coinciding

with the triangle of Hessel-

bach.

If strangulation occurs,

it is apt to be at the exter-

nal ring, and the incision

for relief of the constriction

should be upward with a

slight inclination inward.

Large obliciue herniae

(scrotal), especially when of

long standing and in old

persons with relaxed abdom-
inal walls, may have the in-

ternal ring displaced so far towards the median line by the weight of the hernia that
!t occupies almost exacdy the usual site of exit of a direct hemia. The epigastric
artery will, of course, still lie to its inner side, but cannot be felt. As a rule, how-
ever, a sufificient portion of the posterior wall of the inguinal canal will be left to pre-
serve some obliquity of the neck (Macready), by which the hernia may be recognized.

Plica liypogastrica

ca epigastrica

ique inguinal hernia
t xternal iVis-ta

)

inguinal hernia
(internal fossa)

Femoral hernia

Plica urachi Supravesical fossa

Semidiagrammatic view of posterior surface of anterior abdominal wall,
showing relative positions of various forms of hernice. (After Merkel.\
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Fio. 1496.

Anterior
superior iliac

spine

Muscular space ^

Femoral hernia is inorc common in females than in males lor reasons already

}4i\en ( i)a^e I7<)2 1. It is always ac(|uire(l, as the femoral " lanal" is even less an
actual passai^e than is the inguinal canal. Its ii|)|K'r orilice ( tin.- femoral or crural rin^)

( Fi}^. 1493) is the weakest spot in that portion <jf the abdominal parietes represented

by the inner surface of the in^uino-femoral region. The firm union of the trans-

versalis and iliac fasciie to the outer half of Poupart's ligament and the presence of

the ilio-psoas muscle enclosed in its osseo-fascial space ^lacuna inusailorum) by the

ilium and the iliac fascia olTer jjractically insuperable obstacles to the descent of

alxlominal contents beneath Poupart's li^^ament external to the femoral vessels ( Fij^^.

1496 j. Only a very few such cases have been rejjorted. At the extreme inner anj^de

of the ilio-pubic space, bridjLi^ed over by Poupart's ligament, the pectineus muscle,

covered by the pectineal fascia and Oimbernat's ligament, otiers a similar resistance.

Hetween these two muscular compartments, however, lies the space occupied by the

great ves.sels of the lower extremity in their passage between their retnjperitoneal

position in the abdomen and the thigh. This space—the vascular compartment
(laciina vasorum )—is only partially occupied by the vessels. Their sheath is made
up by the lateral union, externally and internally, iA the trans\ersalis fascia anteritjrly

and the iliac fascia pos-

teriorly. This sheath

does not embrace the

vessels closely until it

descends from one-half

to three-quarters of an

inch below the rela-

tively unyielding- Pou-
part's ligament, about
opposite the upper
margin of the saphe-

nous opening,—/. e.
,

to a point at which, in

the movements of flex-

ion and extension of the

thigh on the abdomen,
the \-essels are less lia-

ble to injurious traction

or compression. It is

therefore infundibuli-

form, and at its begin-

ning there is a space

—

\ki& femoral ring {annidus femoralis)—between the innermost side of the femoral

vein, covered by a layer of fibrous tissue connecting the anterior and posterior walls

of the sheath, and the outer curved margin of Gimbernat's ligament (Fig. 1496).

This space varies in size with the degree of development of the latter structure, which,

as has been said, is broader and stronger in males than in females, and with the size

of the pectineus and ilio-psoas muscles. Its internal aspect and relations are shown
in Fig. 1493. The ring is on an average from 12-15 mm. ( }4-^ in. ) in width in men
and from 18-25 '"ni. (^-i in.) wide in women. The femoral canal leading down
from it is occupied by loose, fatty areolar tissue and some lympathic vessels. The ring

itself, as seen from within, presents on its surface, covered by peritoneum, a very

slight depression. Beneath the peritoneum at this point the extraperitoneal tissue is

exceptionally abundant and is frequently the site of subserous lipomata which have

been thought (Roser ) bv their traction to cause the peritoneal depression just spoken

of, and even to account for the development of hernia. The septum crurale ( septum

femorale)—variously described as a condensation of the subserous tissue and as a

portion of the transversalis fascia—tills in the ring and is perforated by a number of

lymphatic vessels passing from the inguinal to the pelvic nodes. A small lymph-node

not infrequently lies on the septum beneath the peritoneum.

The boundaries of the ring should be carefully studied in their relation to the

neck of a femoral hernia. On the inner side is Gimbernat's ligament, which in child-

Poupart's
ligament

liac fascia

Pectineal fascia

Aponeurosis
of ext'..-rnal

oblique (cut;

Vascular
^ space

External
abdominal
ring

Outer pillar

Fiiliic spine

'^
Gimbernat's ligament

Deep dissection of right half of pelvis, showing attachments of iliac fascia.
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Fig. 1497-

Femoral artery

Femoral vein

Hernial sac pro-
truding through
saphenous open-
ing

hood is relatively undeveloped ; its outer edge and the vein may then almost touch.

It is strengthened by the conjoined tendon and Colles's ligament, while some fibres

of the iliac portion of the fascia lata and of the deep femoral arch {vide infra)
also contribute to the formation of the inner boundary. On the outer side is the

femoral vein. Behind lies the horizontal ramus of the pubes covered by the origin

of the pectineus muscle and its fascia. In front are Pouj)art's ligament and the

strong band of fibres running along its deep surface from the anterior superior iliac

spine to the jnibic spine, and known as the deep femoral arch. At the pohit at which
the sheath of the vessels closely embraces them—the lowest limit of the femoral canal

—the saphenous opening in the fascia lata (described on page 635) has somewhat
the same relation to a femoral hernia that the external abdominal ring has to an in-

guinal hernia. After emerging from these openings neither hernia is further arrested

in its progress by anv strong aponeurotic barrier, and they are both therefore more
likely to increase in size ; but in femoral hernia

the change in direction of the axis of the fundus
as compared with that of the neck is much
more marked.

In its etiology femoral hernia conforms
to the general laws already enumerated (page

1759). As the knuckle of gut involved presses

the peritoneum before it into the femoral ring

and down through the femoral canal, it car-

ries before it (i) the extraperitoneal tissue

;

( 2 ) the septum cricrale, when that constitutes

a distinct layer
; (3) 'Oc\Q femoral sheath, some-

times described as transversalis fascia because
the anterior layer of the sheath is derived from
that structure; (4) the cribriform fascia

;

(5) the superficial fascia ; (6) the skiti.

As the transverse axis of the femoral ring

—parallel with that of Gimbernat's ligament

—is, in the erect posture, nearly horizontal, a

femoral hernia first descends almost perpen-

dicularly. After it reaches the point of close

adhesion of the sheath to the femoral vessels it takes the direction of least resistance

and protrudes through the saphenous opening. Its neck is, of course, the portion of

the sac between the femoral ring and the bottom of the femoral canal. The body is

apt to be small and globular or hemispherical in shape.

The following anatomical relations will be found of great importance in distin-

guishing between femoral and inguinal hernia. («) The upper edge of a femoral
hernia does not, as a rule, pass above the inguinal furrow (page 670), although it

may reach it,

—

i.e., the hernia will be below a line drawn from the anterior superior

spine of the ilium to the spine of the pubes. This may usually be determined by
inspection. Exceptionally, on account of the stronger attachment of the cribriform

fascia to the lower edge of the saphenous opening, the hernia finds its direction of

least resistance after emergence from that opening to be upward, when this sign will

be fallacious, {b) The neck of a femoral hernia is external to the pubic spine, that

of a complete inguinal hernia internal to it. The already described methods for

locating that process (page 349) may fail in very fat persons, especially in females.
In that case the lower crease that in such persons crosses the abdomen (page 531),
and which in the mid-line rests upon the symphysis pubis, will be a reliable guide to

the latter point ; the bone may thence be traced outward to the pubic spine.

In the reduction of a femoral hernia—apt to be difficult on account of the nar-

rowness of the channel of exit—the position of the patient should be that already
described as appropriate when the hernia is inguinal. The thigh should be in a posi-

tion of inward rotation, flexion, and adduction, to relax the fascia lata and relieve ten-

sion about the saphenous opening. After the hernia—the axis of the body of which
is nearly at right angles with the axis of the neck—is drawn downward so that the
axes correspond, it is gradually pushed backward and then upward.

Superficial dissection of left femoral hernia pro
truding through saphenous opening.
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It should be noted that in this form cjf hernia the density of the aponeuroses
tii.it bound the femoral rinj; and the upper ed^e of the- saphenous openinj^ adds to the

evil effects of constriction of the hernia, which are also intensified by the conj^estion

of its contents due to the sharj) an^le made by the sac as it presses forward upon the

thij^h. The ct)nstriction may be due to pressure against Hey's lij^ament (page 636 ),

I\)upart's lij^ament, or Oimbernat's lij^^ament. The relations of the neck of the sac to

the obturator artery (paj^e 814 ), which once in three and a half cases arises from the

epitji^astric and in two-fifths of such cases passes across the femoral rinj^ d'ig. 1498 j

or close to its inner border, should be recalled in performinj^ herniotomy. About a

half-inch above antl to the outer side of the rinjj^ lie the deep epigastric vessels ; the

femoral vein lies externally ; beneath the ring the pectineus fibres covering the bone
are often so thin that not enough room can be obtained by incision, which is therefore

made u])ward and a little inward, and preferably with a blunted knife that may divide

the tense" aponeurosis without damage to the vessels which, when they are present,

lie in loose cellular tissue a twelfth to a sixth of an inch from the edge of the ring.

Fig. 1498.

Anterior superior iliac spine

Iliacus muscle

Deep circumflex iliac artery

-Arterv

External iliac

Poupart's ligament

Transversalis muscle

i \'ein

Obturator nerv

Round ligament.

Obturator canal^^

Pubic branch of obturator artery

Rectus muscle

Deep epigastric vessels

Femoral ring

Gimbernat's ligament

Obturator arter>- from deep
epigastric

Symphysis

Dissection of part of left half of pelvis and adjacent body-wall, showing obturator artery arising from deep
epigastric and crossing femoral ring.

Umbilical hernia is most conveniently divided from either a clinical or an
anatomical stand-point into the congenital and the acquired forms. A congenital um-
bilical hernia {hernia fioiiculi lanbilicalis) is the result of a defect of development,
the anterior abdominal wall failing to close in the region of the navel. Analogous
malformations—harelip, spina bifida, vesical exstrophy—sometimes coexist. In addi-

tion to intestine, other abdominal viscera may be found in the hernial contents ; and
in marked cases the condition resembles an eventration ffissura abdominalis ) rather

than a hernia. Indeed, in some of its forms, the congenital variety is not a true

hernia, for "we are not concerned with viscera escaped from a cavity, but with viscera

which have never entered it" (Malgaigne).
In the lesser cases the gut—possibly Meckel's diverticulum (q.v.^—protrudes

into the substance of the cord, separating the structures (page 53) and covered by
a layer of embryonic tissue (the jellv of Wharton) and by the amniotic tissue con-

tinuous with the skin. A thin avascular membrane directly continuous with the

parietal peritoneum is sometimes present. These layers are rarely separately demon-
strable, and are often so thin as to be transparent.

In the cases in which only a very small knuckle of gut or a diverticulum is

inA'olved (hernia at the root of the cord) there may be merely thickening or enlarge-
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meat at that point. If this is overlooked and the cord is tied within the hmits of

this enlargement, the intestine, if not previously replaced, may be included.

Acquired Umbilical Hernia.—Usually, althouo;h the cord is tied at a short dis-

tance from the abdominal wall, the stump sejjarates on a level with the latter on

account of the contraction of the elastic fibrous tissue around the umbilicus. This

cuts off the urachus and the vessels paSsin<^ through the ring,—the two allantoic

or hypogastric arteries and the umbilical vein. \'iewed from within, the fibrous

cords rejjresenting these obliterated vessels would be seen converging to the puckered

umbilical scar, the vein from above, the urachus and the arteries from below. As
the usual contraction of fibrous tissue takes place, and as the abdomen grows, the

traction of these cords depresses the umbilicus so that anteriorly it lies a little below

the surrounding surface of the abdomen. The larger amount of tissue represented

by the urachus and the two arteries and their close attachment to the lower edge

cause that portion of the umbilicus to become the stronger, the umbilical vein being less

closely connected to the upper edge of the ring.

In infantile umbilical hernia these changes are not complete, but when a

knuckle of gut j)rotrudes through the umbilicus during infancy, as a result of

increased intra-abdominal pressure, it usually escapes between the vein and the upper

margin of the ring on account of their loose attachment. The coverings are peri-

toneum, transversalis fascia, and skin. These hernise are usually small, and are often

cured spontaneously by the contraction of the umbilical and periumbilical scar tissue.

Their occurrence is favored by tight phimosis or by constipation, causing straining,

or by improper feeding, causing flatulence. After infancy umbilical hernia is rare

until adult life.

The umbilical hernia of adults is far more common in women than in men (73

per cent. ) , and is especially favored by obesity—M'ith accumulation of fat in the

omentum and mesentery—and by repeated pregnancies. The coverings of such a

hernia are peritoneum, transversalis fascia, superficial fascia, the fibrous tissue of the

umbilical scar and the linea alba, and skin.

For the reasons above given, it appears usually at the upper semicircumference

of the umbilical ring and often involves the linea alba immediately above it,—a form

of ventral hernia. Such herni* are very apt to contain omentum—the growth of

fat in which often makes them irreducible—and portions of the colon, and, on

account of the readiness with which fecal obstruction may be caused in the large

intestine, they are prone to incarceration.

Ventral herniae protrude through the abdominal parietes at other points than

the umbilicus or groin, or than those weakened by the passage of vessels and nerves

from within outward.

The most common are in the linea alba, between the umbilicus and a point

midway between it and the ensiform cartilage (epigastric hernia). Above that they

are very rare, as the effect of gravity is lacking and the contiguous viscera are less

mobile. Immediately below the umbilicus they are not uncommon, as the linea alba

has still an appreciable width. Lower, where it has become a mere raphe, they are

very rare. They are often associated with subserous lipomata, and may be caused

by them. The protrusion of fat from the subserous tissue is thought to draw the

peritoneum out into a diverticulum which readily becomes a hernial pouch when
intra-abdominal pressure is great enough.

The linea semilunaris, especially below the level of the umbilicus, is a not

uncommon site of ventral hernise. It has been suggested that their position is de-

termined by the fold of Douglas (page 522), — the semilunar lower margin of the

posterior layer of the internal oblique aponeurosis, which fuses with the transversalis

aponeurosis to form the posterior sheath of the rectus muscle, which ends about

half-way between the umbilicus and the pubes. Below that all the aponeuroses pass

in front of the rectus, leaving the posterif)r .surface of the inferior portion of that

muscle separated from the abdominal cf)ntents only by the transversalis fascia and

peritoneum.
Ventral hernia of the linea semilunaris near its lowest portion and direct hernia

issuing through the internal inguinal fossa (page 1770) are indistinguishable, if not

practically identical.
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Lumbar hernia imdouhtcdly occurs most frequently in the space known as

Petit's trianj^le ( Fii;. 1499, i)aj,^e 530), althouj^di its protrusion throuj^di tliat space

has not 1)CHM1 (lenionstralfd by exact tlisseclioii.

Above Tetil's triangle is another triangular space,—Grynfelt and Lesshaft's

Latissimus <lorsi, cut ed^e

—

XII iil>-

Fascial triaiiRlc

—

Quadralus lutnbonmi

—

lii'tcriial obliciuc—
(I'ctifs triaii.^lf)

Vertebral aponeurosis^

Fir,. 1409.

Cut (liyjilalion of latissimus dorst

External oblique

Iliac crest

Dissection of postero-lateral abdominal wall, showing fascial (Grynfelt and Lesshaft's) triangle; posterior boundary

of Petit's triangle has been cut away.

triangle,—bounded posteriorly by the quadratus lumboruni, anteriorly by the internal

oblique, and above by the twelfth rib. When the latissimus dorsi is turned aside

here it covers only the aponeurotic origin of the transversalis (Fig. I499)-

Braun has found, at a place just posterior to Petit's triangle, the fibres of the

aponeurosis of the latissimus dorsi lacking on both sides in a case in which a lumbar

hernia existed on one side.

Obturator hernia escapes through the obturator canal, which runs downward,

forward, and inward below the horizontal ramus of the pubes. The internal hernial

orifice is at the fissure in the obturator

Fig. 1500.

Entrance of hernia

internus muscle which permits of the pas-

sage of the vessels and nerve. A hernia

starting there passes through the opening

between the upper edge of the obturator

membrane and the lower surface of the

pubic ramus (Fig. 1500), and usually

descends between the obturator externus

and pectineus muscles to lie beneath the

latter muscle and the adductor longus.

It is therefore to be looked or felt for

below the pubes and the inner end of

Poupart's ligament, but at a point both

lower and more internal than the site of

femoral hernia. The thigh should be

flexed, adducted, and rotated outward to

relax the pectineus, adductor longus, and

obturator externus. As this hernia occurs most frequently in elderly females, it is

well to note that the inner orifice of the canal may be felt through the vagina. The
narrowness of the canal and the rigidity of the thin pectineus and obturator externus

muscles make the nerve-pressure symptoms of this hernia of exceptional diagnostic

Hernia seen through obturator membrane

Right obturator hernia, seen from within.
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value. The obturator nerve, which is in close relation with the vessel and the track
of the hernia, supplies the hip- and knee-joints and the adductor muscles and aids in

furnishing- sensation to the inner side of the thigh as low as the knee, and sometimes
to the middle of the leg. Pain in these joints and in that region not otherwise
explicable, and especially if associated with intestinal symptoms, should therefore

suggest a careful examination of the obturator region.

Sciatic herniae include all the herniae that emerge from the jjclvis through one
or other of the sciatic foramina,—that is, (i) through the great sacro-sciatic foramen
alongside of the gluteal artery (above the pyriformisj

; {2) through the same fora-

men alongside of the sciatic nerve and artery (below the pyriformis)
; (3) through

the lesser sacro-sciatic foramen (Sultan). They are all very rare. The pelvic

fascia forms one of the coverings of the sac. Within the ])el\'is the hernia is anterior

to the pyriformis muscle and sciatic ner\e. On entering the thigh the sac crosses

over the nerve to its posterior surface, and is covered by the gluteus maximus. As
the rupture enlarges, it emerges from beneath the lower border of the gluteus and
descends the thigh, or may pass forward above the trochanter towards the groin.

When the hernia is small and makes no obvious swelling in the buttock, it is

found at the spot where the sciatic artery is tied just outside the {)elvis. A line is

drawn from the posterior superior iliac spine to the trochanter major rotated inward,

and about half an inch below the junction of the upper with the middle third of this

line the hernia enters the buttock (Macready).
Perineal herniae include those which pass through the outlet of the pelvis and

its muscular floor. The boundaries of the former are the glutei maximi and coccyx
posteriorly, the pubo-ischiatic arch anteriorly, and the great sacro-sciatic ligaments con-

necting the coccyx and the tuberosities of the ischium (Fig. 1423). The coccygeus

and levator ani muscles form the floor of this space, which is perforated by the rectum
and urethra and vagina, and extends from the outer walls of these structures to the

inner walls of the pelvis (Fig. 1424). It might be supposed that the comparatively

yielding nature of the parts which close the lower opening of the pelvis would
favor the production of herniae, but, as Macready has shown, hernia through muscular

planes is everywhere very infrequent. The normal oblique inclination of the pelvic floor

and its elasticity are doubtless factors in preventing the occurrence of perineal

herniae. A hernia starting at the upper surface of the pelvic diaphragm must pass

between the coccygeus and levator ani or between the fibres of the latter muscle, and
will descend into the ischio-rectal space (Fig. 1423), where it may cause a protrusion

of the skin of the perineum, or may advance towards the rectum (recta/ heriiia),

the vagina {vaginal hernia), or the posterior portion of the labium majus {pudendal

hernia).

The development of perineal hernia is believed by Ebner to depend upon an

abnormallv low descent of the recto-uterine peritoneal fold which occupies Douglas's

pouch in the female or of the recto-vesical fold in the male. In the presence of such

a fold, intra-abdominal pressure is able to carry a peritoneal pouch, with or without

included intestinal coils, to the right or left (its progress in the mid-line being

arrested by the firm septum between the rectum and vagina or the rectum and

urethra), so that it rests on the levator ani muscle, the fibres of which are often

separated at places (Henle describes it as three muscles). Its subsequent downward
progress has been noted {vide snpra).

A form of perineal hernia known as ingnino-perineal has been described (Coley)

in which the hernial sac accompanied—or followed—the misplaced testicle (ectopia

perinaealis ) into the perineum.

Diaphragmatic herniae are usually congenital and due to defective develop-

ment of the diaphragm. A review of the anatomy of that muscle, with special refer-

ence to its various openings and to the fissures between its sternal and costal and

costal and lumbar portions (Fig. 549), will explain the occurrence of hernial orifices

in certain situations, already detailed in connection with hernia of the stomach

(page 1632).
The symptoms are largely those due to gastric disturbance (when the stomach

is involved) and to alteration in physical signs caused by compression and displace-

ment of the heart and lungs.
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Internal 1 intra-abdominal, retroperitoneal ) herniae an- ih()S(; wluch
arise within llu- alxloinin.il cavil)-, whether they (Kvelnp in normal peritcjneai recesses

or in ahnurnial pc-ritonia! recessis arisinvr jn a jjhysicjlo^ical manner (lin^sike).

The ( lassitieation adopted l)y Sultan is siit'tKiently coniiJieheiisive to include all

herniie coining; under the above detinition. h"i\e varieties can he differentiated :

(i) hernia «)f the foramen i)f Winshnv, (2) hernia of the duodeno-jejunal recess,

(3) hernia of the retroca-cal and ileo-ciecal recesses, (4) hi-rnia of the intcrsig^nioid

recess, (5) retrovesical hernia.

1. The hernia of the foramen of W'inslow (F\^. 1475 )—into the lesser |)eritoneal

cavity, which may he regarded as a pre-existini;' hernial sac—is rare on account of

the narrowness of the oi)enini4- ( pai;e 1746 ), and Merkel helieves that either an ahnor-

mally lon^- mesentery or a ri'tartlation of the normal process of fixation f)f the colon

must exist if portions of the intestine are present in the lesser peritoneal cavity. The
jjart of the howel involved is usually the colon.

2. The duodeno-jejunal fossa, the orifice of which looks upward ( hig. 1501 ),

is formed by a peritoneal fold and is usually to the left of the spine at the duodeno-

jejunal junction. It may, in marked cases, receive the whole of the small intestine

Fig. 1501.

Transverse mesocolon
Jejunum ' Duodenum

4^ Superior duodeno-jejuna
-^r— fo^sa

Inferior duodeno-
jejunal fossa

r4—Descending colon

^ Mesentery ot small
intestine

Duodeno-jejunal junction, showing duodenal fossae; jejunum turned to the right,.

which is then placed behind the posterior parietal peritoneum. The duodenum can
be seen to enter the sac and the end of the ileum to leave it. The renal artery is

behind the sac and the inferior mesenteric artery in front of it (Treves). The inferior

mesenteric vein and sometimes the colica sinistra artery run in the upper margin of

the orifice.

3. The more important peritoneal fossae about the caecum are shown in Fig. 1502.

They contain herniae with great rarity ; the retrocaecal pocket—extending upward
behind the ciecum and ascending colon—has received coils of the lower ileum.

4. By raising the sigmoid flexure and drawing it to the left, the intersigmoid

fossa may be seen opening towards the left between the root of the sigmoid meso-

colon and the parietal peritoneum. It is caused by the sigmoid artery, and is about

over the bifurcation of the iliac vessels. It has been occupied by coils of small

intestine.

5. The plica hypogastrica (ligamcntiim jimbilicalis latera/is) (Fig. 1487) may be

so exceptionally salient as to form a deep peritoneal pocket becoming a retrovesical

hernial pouch.

All these internal herniae have in common the essentials of abdominal herniae of

all varieties,— viz., an orifice through which, by intra-abdominal pressure or by
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gravity, or by their own vermicular movement, intestines may be forced into a cavity

or space either actually or potentially pre-existiny^, in which, under lessened pressure
as compared with that at the orifice, the bulk of the hernia may increase, with the

Fic. i-,o2.

Ileum

lleo-appendicular
fold

Inferior ileo-c£eca)
fossa

Meso-appendix

Posterior caecal
fold

Posterior layer of
mesentery

Retrocaecal fossa

Peritoneal fossae of ileo-caecal region, caecum being drawn forward and upward. ( Jonnesco).

constant danger of incarceration (stoppage of the fecal current; or strangulation
(cutting of^ the supply of blood j. The symptoms of internal herni^e are therefore

always those of intestinal disturbances and very often those of complete intestinal

obstruction.
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ACCESSORY ORGANS OF NUTRITION.

In this j^iinii) may be incliulc-d ihc sp/cc 11, ihc tliyroid body, \.hv parat/lyraids, the
thymus body, the suprariiiaf capsK/cs, and tlic anterior lobe of \^\u- pituitary body.

These arc suinctinic'S called the " ductless glands," Init, as several of them are cer-

tainly not glands, the name is unfortunate. To certain members of the above ^roup,
as the thyroid and suprarenal bodies, the desij^nation " (jrj^ans of internal secretion"

may appropriately be applied. Considered morph(jlo^ically, they do not belonj^ to

any one system ; but ow the whole it may be said without ^rave error that they are
concerned in nutrition, and that disease of several of them manifests itself by certain

tolerably well-defined symptoms indicating a serious disturbance of nutrition, differ-

ing accortling to the organ inxoKed.

THb: .SPLEEN.

The spleen is essentially a lymphatic organ. It is of a j)urplish color and of

very friable structure, and is situated in the left hypochondrium behind the stomach.
The weight is excessively variable, changing with the state of digestion, and liable

to immense increase in certain diseases, as well as to slighter modifications in others.

Sappey gives the average weight in ten men as 195 gni. (approximatclv 7 oz. ).

The sj)ecific gravity is variously stated between 1037 and 1060. The length accord-
ing to Sappey, in the same ten men was 12.3 cm. (4/8 in. j.

Ftg. 1503.

Posterior border

Intermediate border

Gastric surface

titerior border, notched

Internal basal angle^

Posterior basal angle^ ^^ ^ Basal surface

Visceral aspect of spleen hardened in situ.

Cut peritoneum
surrounding hilum

Anterior basal angle

The shape of this delicate organ can be correctly understood only after meth-

ods of hardening in situ. It depends so essentially on the neighboring viscera

that what may be the most usual arrangement of several details still remains to be

determined. We follow Cunningham in describing a triangular basal surface at the

lower end, although it is by no means always to be recognized. Besides this there are

three distinct surfaces,

—

\.\\q phrenic, the j'oial, and X.\\q gastric,—aW of which meet

at a rounded point at the top of the organ.

The phrenic surface is convex. It is the largest and gives the general out-

line of the organ. It lies against the diaphragm in the left hypochondrium. The
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outline of this surface is that of a lozenge enclosed by an anterior and a posterior

border, one point being above and behind, the other below and in front. Thus in

the main the long axis corresponds to the course of the lower ribs, which sometimes
make impressions on this, con\e.\ surface. The anterior border, formerly the margo
creiiatiis, separating this surface from the gastric, is sharp, especially below. It

shows one or more notches in 93 per cent.' of the cases. They are most com-
mon in the lower part of the border, which is sometimes quite scalloped. The pos-

terior border, formerly the margo obtusus, separating the phrenic surface from the

renal, is much less prominent. Parsons found notches in it in 32 per cent. ; but the

general appearance of this border is very different from the preceding, being in the

main solid and uniform. The phrenic surface occasifjnally f20 per cent. J presents a

sharp fissure, rarely more than one. It usually starts from a notch in the posterior

border and runs some distance across this surface, forward and upward. Less fre-

quently it starts from the

Fig. 1504. anterior border, or lies en-

tirely in the convexity,

reaching neither border.

The renal surface,
facing inward, does not

extend so high as the pre-

ceding. It is enclosed by
the posterior border, the

internal or intermediate

bo?'der, which separates it

from the gastric surface,

and by one side of the ba-

sal surface. In the upper
third this surface is nearly

plane, resting against the

suprarenal capsule, and in

the lower two-thirds dis-

tinctly concave, where it is

moulded over the upper
part of the left kidney.

The end of the pancreas,

if that organ be short, may
rest against the anterior

part of this surface.

The gastric surface,
considerably larger than

the preceding, is bounded
by the intermediate and
anterior borders and, be-

low, by another side of

the base. It is concave,

being for the most part moulded over the stomach. It contains the hihim, a fissure

some inch and a half long, running parallel to the intermediate border and about

one-half inch distant from it, which receives the vessels. The part of this surface

which is not against the stomach is at the lower end, and rests against the splenic

flexure of the colon. In some cases, when the stomach is contracted and the colon

distended, the relative areas of the two may be reversed. Moreover, the omentum
may reach the spleen between them. The tail of the pancreas may touch the right

part of this surface or, if long, lie against the spleen just above the colon.

The basal surface is a triangular area, much smaller than the other surfaces.

It is enclosed by the lower part of the posterior border of the spleen and by two lines

diverging from the lower end of the intermediate border. One of these, separates

the basal surface from the gastric and the other from the renal surface. One or both

cf these lines may be so rudimentary that the base may seem a part of either the

' Parsons: Journal of Anatomy and Physiology, vol. x.xxv., 1901.

Postero-lateral wall of formalin subject has been removed to show relations of

spleen hardened tn situ.
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jrastric or renal surface, more ofim the former, or it may appear simply as a knob at

the inner side of the lower end. Tliis knob, the inferior tubercle, is usually more or

less i\i(lcnl at the termination of the intermediate border.

Structure.— In addition to the serous coverinj^ contril)Utcd by the peritoneum,

the spleen is completely investetl by a distinct capsule, or tunica aibui^inea, crjmposed

of dense bundles of fibrous tissue, numerous elastic fibres, and, in its deeper layer,

sparsely distributed bundles of involuntary muscle. At the hilum the tissue of the

cajisule is continued into the ortjan, suppcjrtin^ the blood-\cssels and nerves. The

capsule likewise jj^ives off numerous trabecuUe which pass into the substance of the

Inland and break uj) into innumerable delicate processes which unite to form the sup-

porting framework.

Mall ' has shown that this framework is arran^;ed with j.,n-eater regularity than was

formerly recognized, since the traljccuhe subdivide the spleen into fairly rej.,ailar com-

jxutments, the sf>/enic lobules, measurinju: ab(nit I mm. in diameter. Each of these

units is boundeil by three interlobular trabeculic, from which secondary intralobular

processes penetrate into the lobule, whereby the latter is subdivided into about ten

primary compartments. These, as well as the lobules themselves, are not isolated.

Fig. 1505.

'
. - '>*,
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f ' '

j, vein

•^Splenic pulp

Malpighian bo(l\ _jai

Splenic pulj

-—"^!(^ Interlobular
•-' trabecula

^
uf

Section of spleen under very low magnification, showing general arrangement of splenic tissue. X 10.

but freely communicate, since the inter\-enin«^ trabeculae form only incomplete parti-

tions. The spaces within the fibrous framework are filled with the highly vascular

lymphoid tissue constituting the sple?iic pulp.

The relation of the blood-vessels to the lobules of the spleen is, according to

Mall, very definite. The branches of the splenic artery, after entering at the hilum

and running for some distance within the trabeculae, break up into smaller vessels,

each of which enters the proximal end of the lobule, through the middle of which it

passes, giving off lateral twigs, one for each primary compartment of the lobule.

The lymphoid tissue occupying the compartment is arranged as anastomosing cylin-

drical masses, Xki^ pulp-cords. Within the latter course the terminal branches of the

splenic arteries, while outside and between the cords lies the plexus of venous spaces

from which the more definite channels, the intralobidar veins, arise. The terminal

arteries within the pulp-cords give off numerous small branches which terminate in

minute expansions, the ampullce of Tlioma. The latter communicate with the venous

spaces surrounding the pulp-cords, so that finely di\ided substances, such as metallic

1 Johns Hopkins Hospital Bulfetin, 189S ; Zeitschrift f. Morphol. u. Anthropol., Bd. ii., 1900.
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pigments, when injected into the arteries, pass into the veins. The walls of the
ampulhe are very thin and, towards the junction with the venous radicles, inij)er-

fect, being- here composed of the reticulum of the surrounding puli)-tissue. The
channels, howe\er, are sufificiently definite to prevent the escape of the blood-cells
under normal conditions, although the plasma constandy passes into the intercellular

spaces of the pulp (Mallj. The walls of the venous spaces are even more pervious
than those of the ampullee, and, like the latter, possess only an incomplete endothelial
lining, supported externally by a mesh of circularly disposed elastic fibres. The endo-
thelium consists of narrow, elongated spindle-cells instead of the usual plate-like ele-

ments which line the larger splenic blood-vessels. The round or oval nuclei project
into the lumen of the venous space beyond the level of the protoplasm of the cell, which
often presents a distinct striation.

The venous spaces between the pulp-cords are the beginnings of more definite

channels, the hitra/obular veins, which pass from the j^rimary compartments towards

Fig. I 506.

Primary compartment

Interlobulai trabecula

Intralobular trabecula

Interlobular vein

Malpighian body

Capsule

\'eiious space

Intralobular vein

Ampulla

Arteriole

u.^ Pulp-cord

N'enous space

Interlobular vein

SplLMiic artery

Diagram showing architecture of splenic unit ; splenic pulp is represented in only one compartment. {After Afall.)

the trabeculae between the lobules to become tributaries of the larger intoiobular
veins occupying the periphery of the lobules within the boundary septa. These veins

follow the larger trabecuke until, finally, they emerge at the hilum to form the splenic

vein.

In their journey through the lobule, shortly after leaving the trabeculae, the
branches of the splenic artery present marked local accumulations of Ivmphoid tissue

within their adventitia. These aggregations constitute the Malpighian bodies, or
splenic nodules. When seen in transverse section, they appear as conspicuous oval

areas of dense lymph-tissue surrounding the artery, which usually occupies a somewhat
eccentric position. Longitudinally sectioned, the splenic nodules appear as cylinders.

They correspond in structure with true lymph-nodes, possessing germ-centres. Sur-
rounding the Malpighian bodies, the spleen-tissue presents the usual arrangement of

Jhe pulp-cords.

The splenic pulp consists of a delicate supporting relicnhnn, continuous with

the terminal ramifications of the intralobular trabecula;, and the cells contained within
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and supported by the mesh-work. 'I'hc />////>-er//s iiRludi- ;i variety of elements, the

most constant of which are : {a) small mononuclear lym|)hocytes ; ( fi) leuc(K-ytes of

the mononuclear anil polvmorphoinicUar types
;

(c) red hlood-cells
;
{d ) nucleated

red l)lood-cells
; (<•) larye

phii'^ocNtic cells containinj;' Fin

disinteyratins^^ red blood-cells,

or pigment particles deri\eil

from the destruction of liic

same; (
/"

) ijiant-cells with

larye composite nuclei, chitiK'

in youiiiL;' animals. In addi-

tion a variable amount of free

jMi^ment is present, prol)ablv

from the broken-down red

blood-cells. During embry-
onic life and later, in response

to unusual demands for addi-

tional red blood-cells, as after

severe hemorrhage, the spleen

may be the birthplace of red
corpuscles ; these are at first

nucleated, but soon lose their

nuclei.

Peritoneal Relations.—The spleen is developed in the posterior meso<i;^as-

trium, and usually retains all, or nearly all, of its original serous covering, which is

reflected at the hilum o\er the vessels. The splenic artery reaches the spleen

through the peritoneal duplicature known as the licno-rcnal or liejio-phreuic fold,

which leax'es the abdominal wall at the tail of the pancreas. The vessels for the

stomach leave the artery before it enters the spleen by the fold known as the gastro-

Venous space-

Transverse section of Malpighian body, showing its relations
rounding pulp- tissue. X 120.

Arteriole

Reticulum

Arteriole ^V^%=^X®f^ "^ #' >
-' -^ -=-

Section of spleen, showini; details 01 pulp-lissuc. ;

!cii containing

Section of spleen, showing details 01 pulp-lisbuc. X 300.

splenic omciihim, which extends fonvard to the greater curvature and above to the

back of the fundus of the stomach. These two folds, stretching respectively back-
ward and forward from the hilum, bound a part of the lesser cavity of the peritoneum.
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The suspensory ligamcjit of the spleen is an inconstant fold beloni,nng to the lieno-

phrenic ligament, extending from near the cesophageal opening in the diaphragm to

the top of the spleen. It contains connective tissue between its layers, which
connects a triangular retropei'itoneal area <jf the spleen with the diaphragm. The
phrcno-colic ligament is a shelf-like fold, derived from the greater omentum, stretched
with its free edge forward from the abdominal wall in the region of the eleventh
rib to the transverse colon so as to form the floor of a niche in which the spleen
rests.

The Vessels.— The Arteries.—The splenic artery is a large, tortuous vessel,

a branch of the coeliac axis. It is remarkable not only for its large size in propor-
tion to the organ, but for the thickness of its walls. About an inch from the spleen
it breaks up into six or more branches which enter the hilum one above another, in

Fig. 1509.
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Left half of frozen section across body at level of eleventh thoracic intervertebral disk ; under side of section.

the main anterior to the veins, with which they travel along the fibrous walls of the

interior. No arterial branch has any anastomosis with the others. Soon after its

origin the splenic artery gives of^ a branch which runs above the main trunk, supplies

some twigs to the stomach, and, breaking up into smaller branches, enters the spleen

near the top.'

The veins ramify in the spleen in company with the arteries, and leave it in

about the same number of branches, which unite to form the splenic vein behind and
below the artery,

The lymphatics are chiefly deep ones emerging from the hilum, but there are

* Haberer: Archiv fiir Anat. und Phys., Anat. Abtheil., 1902.
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also ;i f<-"\v supiTlKial oiu-s. Thry cin])ty iiilo a little .ui'<)ii|) of Ivmph-iKKli-s at the

tail «)f llu- pamrras.
Tlu- nerves, fioin tlir sdlar iiK-xus, c-iilcr the hilimi with the vessels.

Development and Growth.—The splenic anla(L;e appears about the (iith

week of fcetal life as a ^.li^lit coiulensation of the im-sohlaslic tissue of the nieso-

^astriuiii, assoeiaUci with local ihickeiiinii;- of the mesotheliuni clothing the left surface

of this serous fokl. Accortliujjf to TonkolT, ' the niesohlast is invaded by niij^ratinj^

cells from tlu- nu-sotheliuin, \vhi( h play an inijiortant role in the production oi the

pulp-cords, tlu- trahecuke resulliiii^ fioin the differentiation of the vascular niesfjblastic

tissui'. The MaI|)iL;Iiian bodii-s a])pear rc-lati\-ely. late as accumulations of young'

lymphocNtes.

At birth the spleen weii^hs from 10-15 (^ni., and is said to be rt-lati\ely rather

lar^e. In the fotus accessory sjjleens are found very frecjuently alon,i( the course of

the splenic \essels. On the other hand, Parsons seems to fuul the surface oi the

spleen more regular than in later life. The fissures on the convex surface are less

freciuent and less deep. The p^reat size of the liver in the foetus brinj^^s the left lobe

into contact with the spleen. The relatively lart^e suprarenal capsule nearly or fjuite

separates it from the left kidney.

Accessory spleens" are common, but they are not all of the same signifi-

cance. ' Some are constricted parts of the spleen which ha\e become separated,

mostlv from the anterior border, and are connected with the organ only bv fibrous

tissue. Others, found chielly in the greater omentum near the hilum, are apparently

distinct masses of splenic tissue. Many of them, however, have no Malj)ighian

corpuscles, are intermediate between the spleen and the lymph-nodes, and, proba-

bly, are to be classed as haemolymph-glands. They are said to be found some-
times within the pancreas. It is not impossible that certain irregular nodules occa-

sionallv found on the spleen near the hilum are due to the fusion of such accessory

spleens. Otto has seen twenty-three accessory spleens in one body. They are

usually of the size of a pea.

Surface Anatomy,—The relations of the spleen to other organs have been
described, but it should be stated that the phrenic surface lies beneath the ninth,

tenth, and eleventh I'ibs (sometimes the eighth also), and that its long axis is that of

the shafts of these ribs. It is important to note that the spleen is situated behind the
stomach rather than to the left of it, so that in general language the organ is more in

the back than in the flank. The highest level of the spleen is opposite the bodv of

the ninth thoracic vertebra, and its lowest opposite that of the first or second lumfxir.

A line from the top of the sternum to the tip of the eleventh rib should be entirely

anterior to the spleen.

PRACTICAL CONSIDERATIONS : THE SPLEEN.

The spleen may be congenitally absent, or it may be of extremely small size,

—

no larger than a walnut ; or there may be supermimerary spleens connected with the
main gland ; or there may be nniltiple spleens entirely separate and lying in the
folds of the greater omentum, the gastro-splenic omentum, or the transverse meso-
colon. It is conceivable but unlikely that these anomalies may lead to mistaken
diagnoses.

The outline of the normal spleen is difficult of accurate determination by either

palpation or percussion because («-) it is covered in front by the stomach, the cardiac

end of which—if the stomach is distended—completely overlaps it ; (3) posteriorly

it is covered at its lower portion by the diaphragm and by the tenth and eleventh

ribs and the thick muscles overlying them, and at its upper portion by the same
muscles, the diaphragm, the ninth rib, the pleura, and the lung ; (r) inferiorlv it is

in contact internally with the upper end and part of the outer edge of the left kidney,
and externally with the splenic flexure of the colon ; {d') the upper part of the
phrenic surface is occasionallv in contact with the left lobe of the liver (Quain) ; {e')

it is the most variable in both shape and size of all the abdominal viscera
; (_/) it

' Archiv f. mikro. Anat., Bd. Ivi., 1900.
^ Consult articles by Parsons and by Haberer, just noted.
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changes in position with the movements of the stomach, having- its longest diameter
vertical when the latter is contracted and hori/.ontal when it is distended.

These relations sufficiently explain the difficulty not only in determining the
size of the normal spleen, but also in distinguishing by percussion its abnormal
enlargement from cases of colonic fecal impaction, of tumors of the left kidney,
of large plastic exudate at the base of the lelt pleura or lung, of hypertrophic
cirrhosis involving the left lobe of the liver, and of certain growths of the stomach
or omentum.

In cases of hypertrophy or of swelling of the sj)leen, as in malaria (
" ague-cake" ),

palpation is often of more value than percussion, the sharp crenated anterior border
being recognizable below the tenth costal cartilage. Physiological increase in size

occurs during digestion, but pathological enlargement may follow portal congestion,

leukaemia, malaria, typhoid, or other infectious disease, including most forms of general

sepsis, or may result from infection of the splenic substance. It may—as in some
malarial and leukaemic cases—so enlarge as to occupy most of the abdominal cavity.

It is then closely applied to the parietes, and is not, like renal tumors, covered ante-

riorly by the intestines.

Enlargement of the spleen in infants is often due to inherited syphilis, and if it

occurs at the age of two or three months is usually of that character. It is of more
diagnostic value than enlargement of the liver, because that organ is normallvdispro-
portionately large in infancy, and because other causes than congenital syphilis lead

to its enlargement.

.In all forms of enlargement of the spleen in children there is said to be more
relative encroachment upon the thoracic cavity than in adults, owing to the firmer

support of the phreno-colic ligament in young persons (Treves). Whenever it is

greatly enlarged, at any age, it is apt to push upward the diaphragm and compress
injuriously the base of the left lung and the heart. In splenic tumors, therefore,

irregular cardiac action and dyspnoea are often present for mechanical reasons as well

as on account of the associated anaemia.

The normal movements of the spleen are not so much affected by respiration as

are those of the liver, which is more closely and extensively connected with the dia-

phragm. It rises slightly in expiration and descends during inspiration. It is

pushed down in emphysema and in left-sided empyema, haemothorax, or pneumo-
thorax. It is pushed up by ascites or by intra-abdominal new growths.

Its relations explain why abscesses of the spleen (usually due to sej)tic emboli, as

in pya;mia or septicaemia, typhoid fever, or ulcerative endocarditis) open spontaneously

in the following directions: (i) Into the general peritoneal cavity (the most fre-

quent). (2) On the cutaneous surface below the costal margin anteriorly or poste-

riorly. (3 ) Into the large intestine. (4) Into the left pleural cavity. (5) Into

the left kidney.

Movable spleen {dislocated, floating, wayidering spleen') occurs only in adults,

and is especially found associated with some degree of splenic enlargement—in-

creasing its weight— in persons with relaxed or flabby abdominal walls. It is, there-

fore, often found in anaemic multiparae, as it is held in position normally not only by
the phreno-splenic and phreno-colic ligaments, but also by the pressure of the other

abdominal viscera due to the general tonicity of the abdominal muscles.

In such cases, after elongation of the phreno-splenic ligament, the spleen falls

forward, lies horizontally with the hilum directed upward, and is sustained only by the

gastro-splenic attachments and the vessels, thus drawing the stomach downward and
causing serious gastro-intestinal disturbance, or possibly, if the vessels are twisted

and obliterated, a fatal peritonitis (Shattuck).

In exceptional cases a movable spleen may reach the pelvis.

From a mo\'able kidney a wandering spleen may be distinguished by the super-

ficial position of the latter, its shape, the disappearance of the spleefi from its normal
position, and the absence of urinar}^ symptoms.

Wonnds of the spleen, if posterior, usually involve the diaphragm and the base

of the left pleural cavity, or, if higher, the lung itself ; if anterior, the stomach may
be penetrated. In gunshot wounds the kidney, colon, or pancreas may likewise be
involved.
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In frarturus of the ninth, tenth, or clcvt-nlh rib the frajj^inents may lacerate the

splnii. ( )ii account of its j^reat vascularity, wountls of the spleen are serious and
often necessitate operation, but occasionally, after small stab wounds or j^^unshot

wounds from bullets of small calibre, s|)ontaneous recovery takes place, and has been

attributt'd (Treves) to the contractility of llic- muscular tissue of the splenic capsule,

which narrows the wound-track, enUbles it to retain the bUjod-clot, and thus st(jps

the hemorrhaj^e.

The blood from a wound of the s])U'en is usually bright red. In wounds of

the liver it is apt to be daik, if the limi; is wounded the blood is commonly frothy,

aiul if the stomach has ixiii ])i lutralcd the blood is mixed with the acid gastric

contents.

I\i//)tior of the normal sjjleen is not very frecjuent, in spite of its friability, on

account t)f the way in which it is suspended from the diaphragm, supported beneath

by the elastic colon and—indirectly—the small intestine, and partially jjrotected

anteriorly by the stomach and posteriorly by the lung. When it is enlarged, <jn the

contrary, it extends beyond the region of safety, becomes more closely and exten-

sively applied to the parietes, and may be ruptured by blows, by falls from a height,

or even by muscular violence. Spontaneous rupture can occur only in cases of ad-

vanced hypertrophy with softening of the parenchyma. The latter may be rujjtured,

but the elastic capsule escape. In all these cases of splenic injury the symptoms of

localized intra-abdominal lesion, pain, often at first general, then referred to the epi-

gastrium or umbilicus, then more marked in the splenic area, sometimes accompanied

by nausea or vomiting and followed by rigidity of the left upper quadrant of the

abdomen, in-unobility of the lower thorax on that side, meteorism, etc., plus the

symjitoms of internal hemorrhage, will be present to a greater or less degree. They
have been suiificiently explained in the sections on the intestine, the appendix, and

the peritoneum.

In operations on the spleen it may be approached through incision either at the

outer edge of the left rectus muscle or in the median line.

In spleyiedomv great care must be taken to avoid premature tearing or division

of the large vessels contained within the gastro-splenic omentum and lieno-renal

ligament, particularly the splenic vein. The "pedicle"—omentum and vessels

—

may sometimes best be reached by lifting the inner border of the spleen, and some-

times (Warren) by pulling the spleen down from beneath the diaphragm and turning

it completely over.

Next to hemorrhage, the chief risk is that arising from damage to adjoining

viscera during the separation of adhesions, and the relations of the stomach, pan-

creas, colon, and kidney should therefore be carefully borne in mind.

THE THYROID BODY.

This organ is situated in the neck in front and at the sides of the trachea. It

is symmetrical in plan, but not usually in the details, consisting of two lateral lobes

connected by a narrow strip, the isthmus, from 5 mm. to 2 cm. in breadth. The
height of the lateral lobes ranges from 3 cm., or less, to twice as much within normal

limits. The transverse diameter of the whole organ is 6 or 7 cm. The weight is

from 30-40 gm. (i-i^4 oz. ), with wide variations. It has the appearance of a

lobulated glandular body, reddish yellow in color.

Shape and Relations.—Each lateral lobe is an irregular body, vaguely

pyramidal in form, which can be properly studied only in situ. There is an antero-

external surface which meets the inner at a sha:rp border. The i7i7ier surface is con-

cave, being moulded over the side of the trachea and larynx. These surfaces are

connected by a third, W\^ posterior surface (usually improperly called a border), which

faces backward and outward, sometimes nearly backward. The surfaces come to-

gether above in an ai)ex over the posterior part of the body, so that the border sepa-

rating the antero-external and the internal surfaces rises from the middle of the body

obliquely backward. The lower end of the lateral lobe is thick and rounded. The
isthmus, connecting the lateral lobes below the middle, usually crosses the second and

third rings of the trachea. Its anterior surface passes without interruption into the
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—Epiglottis

antero-external surfaces of the lateral lobes. The isthmus varies much in size,

and is often more or less incorporated in one of the lobes. In lo i)er cent, it is

absent.' An upward projection, \.\\q pyramidal process, rising from either the isthmus
or one of the lateral lobes, and usually regarded as a remnant of the median anlage
of the thyroid, is found more or less developed in probably half the cases. A typical

one reaches the hyoid bone, to the body of which the process is generally attached

either by muscle or ligament. It is rarely quite median, being more frequently found
on the left. Statements as to its frequency vary greatly. Streckeisen ' says it is

wholly wanting in only about
Fig. 1 510. 20 per cent. ; but, since goitre

is common in Switzerland, his

sources of information are not

of the best. Zuckerkandl,
however, puts the occurrence
of the process at 74 per cent.

Gruber, in Russia, found it in

only 40 per cent. , and Mar-
shall, in England, in 43 per
cent. We incline to believe

that these latter figures rep-

resent the more common pro-

portion.

The thyroid lies beneath
the group of intrahyoid mus-
cles, from which it is separated

by the middle layer of the

cervical fascia. The sterno-

mastoid muscle crosses the

lower part of the lateral lobes.

The inner surface lies against

the trachea, the cricoid carti-

lage, and the lower posterior

part of the wings of the thy-

roid cartilage. It reaches back
to the oesophagus, which it

touches on the left, and some-
times on the right also. It

may touch the lower part of

the pharynx on both sides.

The sheath of the carotid lies

against the posterior surface at

its outer border and is in part

external to the organ. The
common carotid is usually be-

hind the thyroid and the inter-

nal jugular vein beyond it.

This e.xplains how an enlarged

gland insinuates itself between

these vessels. Frozen sections show that often the carotid is external rather than

posterior to the organ, but still in close relation to it. Internal to the carotid

sheath, it rests behind against the prevertebral fascia. The inferior thyroid arteries,

enter the lateral lobes from the inner side and the superior thyroid arteries from the

antero-external. The middle cervical sympathetic ganglion is behind. The inferior

laryngeal nerves lie at its inner surface, the left one being in actual contact with the

thyroid and the right one at least very close to it. The sheath connects the thyroid

body very closely to neighboring parts. It is so firmly bound to the trachea as to

follow its movements. Median bands to the cricoid and thyroid cartilages have been

> Marshall : Journal of Anatomy and Phj-siology, vol. x.xi.x., 1895.
" Virchow's Archiv, Bd. ciii.; 1886.

Superior cornu of
thyroid cartilage

Occasional foramen

Thyroid cartilage

Crico-thyroid
membrane

Crico-thyroid
muscle

Cricoid
cartilage

Suspensorj'
ligament

Pyramidal
process

sthmus

Lobule

Thyroid body iti situ ; anterior aspect.
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clisliiK^iiishctl as siispcnsorv //[^af/tcnts. A lateral lii^amcnl from the inner side of the

latrra'riolH- is tok-rahlv well iletineil. it passes backward and upward to the first rinjr

of tin- tracluM, to the'cricoid, and i)erhaps to the inferior horn of the thyroid. The

Ifiuitor olamlttlu- lliyroiilctr is a small muscle often found passinj^; down from the hycjid

bone ttrihe capsule. It may or may not be cimu-clcd with the pyramidal process.

Sternothyroid tnusile

Fig. I 51 1.

Sleriiohvoiil muscle

Left internal juRular vein / - '^'^--v^. ^ '\
It?^'

>

Left pneiiinoKastric nerve / ".-^^^^i^i^j^V^V

Left common carotid artery "^^""^tOi^^^^^i^

Inferior laryngeal nerve / ®^'.'^.i

Inferior thyroid artery /?*'

Prevertebral fascia

RiRht internal
jugular vein

Pneuniogastric nerve

Right common carotid artery

Inferior laryngeal nerve

Trachea
CEsophagus

Anterior part of frozen section across neck, showing relations of thyroid body.

Structure.—Although in principle corresponding in its development with other

compound alveolar olands, the thyroid body possesses no excretory ducts and pre-

sents peculiarities in the structure of its terminal compartments. The fibro-elastic

capsule investing- the gland gives of! septa which subdivide the organ into the chief

lobules, the latter being composed of smaller compartments separated by thin parti-

tions of connective tissue. These subdivisions, or /r/w<^n' /3^^'''/<^•i^ from .5-1 mm.

Fig. 1512.

Interlobular
coimective-tis-
sue septum

Colloid ma
within acinus

Acinus dis-

tended with
colloid

L'ndistended
acinus

»; -.'••.•• v* I ' i i"^ f'-^-:' s!,V<«.<' ..vvv,. lat-,'.- -.. {" - h-^-'-^S

„.'%.'! '"'''^''i^

'•hi. S'f^ I v'^^.t
^/^^;!'"

Section of thyroid body, showing acini in various degrees of distention, a ioo.

Interacmous
connective
tissue

in diameter, contain a variable and usually large number of terminal vesicles or folli-

cles which correspond to the alveoli or acini of ordinary glands. The delicate and

highly vascular framework supporting the follicles consists essentially of fibrous con-

nective tissue, elastic fibres being few or entirely absent.

The «<:/;« vary greatly in size (.050-. 200 mm.), depending upon the amount
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1513-

of secretion and the distention of the acini. Their Hning consists of a single layer of

fairly regular polygonal cells, about .010 mm. in diameter, the height oi the cells

varying with the dilatation of the follicle. In young subjects, in whom the acini are

generally less completely filled than in older ones, the epithelium of the follicles

approaches the columnar type. A similar condition is often to be noted in certain

acini, even in thyroids in which the usual distention affects the majority of follicles.

A distinct basement membrane is wanting, the cells resting directly upon a somewhat
condensed stratum of the surrounding connecti\e tissue. Since the epithelial lining

is the source of the peculiar colloid secretion of the gland, the cells ordinarily con-

tain a variable number of highly refracting granules, particularly in the zone next

the sac. The peculiar substance or colloid commonly found within the follicles of

the adult organ is regarded as a proteid, although its exact chemical characteristics

are still uncertain. The consistence of this substance varies, being more fluid in

young than in old glands. Its varying appearance within the follicles, as vacuo-

lated, reticular, or shrunken, is referable to the action of reagents, in its natural

condition the secretion being homogeneous and entirely filling the follicle. The
differentiation of the epithelial lining of the acini into chief and colloid cells (Lang-

endorfl). as representing distinct elements, is doubtful, since specific differences

probably do not exist.

Vessels.—The blood-supplv is very generous, coming from two pairs of rela-

tively large arteries, the superior thyroids from the external carotids, and the in-

ferior thyroids from the

Fig. i>i^. subclavians. The superior

descend to the top of the

lateral lobes and ramify

over the front of the organ,

sending branches to the

interior, and sometimes
meeting on the isthmus.

The inferior arteries pass

upward behind and enter

the organ on its inner sur-

face. Their relations to

the inferior laryngeal nerve

are of practical impor-

tance. In 437 observa-

tions' the artery was found

in front of the ner\e on

the right in about 41 per

cent, and on the left in

63 per cent. In over 10

per cent, of the cases the

branches were so inter-

laced that the relation was
uncertain. It is evident

that in enlargement of the

thyroid body, with conse-

quent enlargement of the arteries, the number of such indefinite relations would be

verv much increased, as very minute branches would then spring into importance.

An'enlarged tortuous arter>' tends to curl around the ner\-e. There was no artery on

the right in one case and none on the left in five cases of this series. An arteria

thvroidea ima springing from the arch of the aorta and ascending in the median line is

occasionallv seen, "prom the rich superficial arterial plexus numerous branches pass

along the interlobular septa, following the ramifications of the latter to the follicles,

where the arterioles break up into capillaries. These surround the follicles with close-

meshed net-works, which are often common to the adjacent sacs, resembling the

capillary net-works around the pulmonary alveoli.

The veins are verv- numerous. Emerging from the organ, they form a large

* Dwight: Anatom. Anzeiger, Bd. .x., 1895.

Capillary
net-work
surrounding
acinus

Acinus con-
taining col-

loid

Section of injected thyroid body. X 46.
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plexus bcnt-ath the capsule, fn»in \vlii( h tlie l)l(i()(| esca|)es by three chief courses on
each side. ihe superior thyroid veins are double, and follow the artery to open either

into the internal jugular directly or into the facial. They may communicate with

the linj^uals. The middle thyroid vein, less rej^ular, passes from the side of the l<jbc

into the internal juj.jular, anastomf)sinj^, as a rule, with the pharyngeal venous plexus.

The inferior thyroitl veins, j^enerally two in number, some 5 mm. in diamet(fr, come
from the di-i-per part of the orijan and form a rich ple.xus in front of the trachea under
the middle layer of the cervical fascia, drainini^, for the most |)art, into the left in-

nominate ; but a vein mav end at the anj^de of the two innominate veins. The in-

ferior thvroid \eins can l)e injected from below.

The /ynip/icttics bej^in within the origan as perifollicular lymph-spaces ; from

these i^lexuses follow the interlobular septa in their course to the exterior, where they

constitute a superficial plexus from which the lymph passes in all directions. Some
run upward from the isthmus to small lymph-nodes in front of the larynx, some
from the sides to the deep j^^lands about the internal jui^ular, and some from the

isthmus aiul adjacent parts downward to pretracheal lymph-nodes.

The nerves are derived, for the most part, from the cervical sympathetic. It

is probable that tilaments are contributed by sympathetic fibres runninj^;^ in comi)any
with the inferior larvn^eal and the hypotj^lossal nerves. In addition to the fibres

destined for the walls of the blood-vessels, the terminal twigs end around the folli-rles

in close relation with the glandular e])itheliuni.

Development.—The thyroid is developed from an unpaired median anlage.

This anlage, irregular in form and size, (Fig. 1521), ap[)ears in embryos of from

3-4 mm. as an epithelial outgrowth from the anterior wall of 'the primitive pharynx

in the region of the second visceral arch, and therefore in close relation with the

posterior part of the tongue. At first possessed of a narrow lumen, the evagination

soon loses its cavity and becomes a solid pyriform mass, which for a short time is

connected with the pharyngeal wall by a delicate epithelial strand. Usually the latter

soon disappears and the isolated median anlage, which meanwhile rapidly increases

as a bilobed mass, passes to the lower level of the early thyroid. The position of

the primary outgrowth is later indicated by the depression on the tongue, the fora-

nien cceciim, just behind the apex of the V-row of the circumvallate papillae. Occa-

sionally the evagination persists, and then forms the thyro-^lossal duct, a. narrow tube

extending for a variable distance from the tongue towards the thyroid body. The
epithelial outgrowth, which, on either side, appears on the ventral wall of the

fourth pharyngeal furrow, was formerly known as the lateral thyroid anlage,

under the belief that it contributed to the formation of the lateral lobe of the thyroid

gland. Later studies have shown, however, that this is not the case, the outgrowths

in question usually disappearing, or giving rise to small masses resembling thyrnic

tissue. Mention may be made of a pair of outgrowths from the floor of the primitive

pharynx where the fifth furrow would be. These are the ultimo-branchial bodies,

which usually degenerate and disappear.

The histogenesis of the thyrf)id includes two stages, the first being distinguished

by numerous cylindrical epithelial cords from which grow out lateral branches. The
second stage witnesses the fusion of these epithelial cords into a net-work the meshes

of which are occupied by vascular mesoblastic tissue. During the third foetal month
the epithelial reticulum breaks up into masses corresponding to the follicles of the

thyroid. These gradually acquire a lumen around which the cells become arranged

to constitute the epithelial lining of the compartments in which later the characteristic

colloid substance is secreted. The thyroid agrees with the parathyroids and the

thymus in originating from the walls of the priniitive pharnyx and, likewise, in devi-

ating in its later development from its primary correspondence to a typical gland.

Accessory Thyroids.—Small detached bodies of the same structure as the

thyroid are occasionallv foimd about the hyoid bone in the median line, both before

and behind and sometimes below it. They are remnants of the median thyroid diver-

ticulum from the primitive pharynx, sometimes represented by the thyro-glossal duct.

This passed originally in front of the hyoid bone, thus accounting for suprahyoid

and prehyoid accessory thyroids. Those behind and below the hyoid are probably

the result of an npward or downward growth from the primary diverticulum..

113
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PRACTICAL CONSIDERATIONS : THP: THYROID BODY

Conj^enital absence of the thyroid body, or its atrophy with loss of function,

occurring- at any time before puberty, is apt to be followed by the interference with nu-

trition and with normal mental and physical development that produces the condition

known as cretinism. Similar atrophic changes occurring^ later in life cause tnyxw-

dcma, and the same condition—also known as cachexia strum ipriva—may be brought

about by the complete excision of the gland. Calcification of the gland may take

place in old age. The isthmus may Ijc congenitally al)sent and two separate lobes be

present, representing the originally distinct embryonic lateral anlages of the organ.

Accessory thyroids may undergo hypertrophy and form large masses occupying

the pleural or the mediastinal cavity (Osier- Packard) ; or they may develop at the

base of the tongue,—lingual goitre ; or, on account of their embryonic relation to

the thyro-glossal duct (which passes behind the hyoid bone), they may be found in

the median .line of the neck below or behind the hyoid, and may be mistaken for

growths of a different character (page 554).

The thyroid gland may be temporarily enlarged in women during menstruation.

Hypertrophy Q>{ the thyroid gland (goitre) may be {a) parenchymatous when
it results from a general hyperplasia of the gland-tissue ; {b) vascular, due to a

great increase in the size and number of the blood-vessels
;
(r) cystic, characterized by

the formation of walled-off cavities within the already enlarged gland
\
{d) fibrinotis,

the connective-tissue elements being in excess
; (^) exophthalmic (Graves's disease),

in which the thyroid enlargement is associated with exophthalmos and functional

derangement of the vascular system
; (

/") adenomatous, the hypertrophy affecting

one or more lobules or the isthmus. This last form appears as a one-sided or asym-

metrical swelling, is common, and is often classified with tumors of the thyroid,

rarer forms of which are the cancerous and sarcomatous. It may be noted that the

gland is relatively larger in females, and that the right lobe is larger than the left.

This has been thought to explain the greater frequency of goitre on the right side,

and in women.
Inflammation of the thyroid is rare, and usually occurs during typhoid or other

infections, although it is favored by previous thyroid disease or overgrowth. The
tumefaction which it produces may cause acutely many of the symptoms brought on

more slowly by the chronic forms of enlargement. These symptoms, so far as they

have any anatomical bearing, are : (i) The swelling rises andfalls with the larynx

during deglutition. This is due to the attachment of the thyroid gland to the cricoid

cartilage by the upward prolongations of its capsule known as the suspensory liga-

ments and to the subjacent larynx and trachea by connective tissue. (2) Dysp>icea.

The gland is covered and its growth anteriorly resisted by the sterno-hyoid and

sterno-thyroid muscles (Fig. 545), and, to a less degree, by the omo-hyoid and the

anterior border of the sterno-mastoid. Its forward progress is also resisted by the

pretracheal layer of the cervical fascia. Its close relation to the trachea, therefore,

renders the latter subject to direct pressure, especially in the firmer forms of bilateral

enlargement, or in those adenomata which begin in the isthmus or lie between the

trachea and the sternum. In the unilateral forms the trachea may be displaced to

one side. (3) Headache, vertigo, cyanosis, and epistaxis. The relation of the

outer border of the thyroid to the carotid sheath explains the disturbance of the cir-

culation in the carotid and internal jugular (either through direct pressure or by

deflection of the vessels outward) and accounts for these phenomena. (4) Dys-

phagia is relatively rare, but may occur as the result of pressure upon the upper

end of the gullet or the lower portion of the pharynx. It is more common in left-

sided goitres, owing to the curvation of the oesophagus towards the left. As a great

rarity the isthmus of the gland is found between the trachea and oesophagus (Burns).

(5) Dysphonia, or aphonia, due to pressure upon the recurrent laryngeal nerves.

(6) Pulsation or bruit. These may be apparent, and caused by the close relation of

the enlargement to the common carotid artery, or—much more rarely—real, and

due to the relatively enormous blood-supply of the vascular form of goitre, the thyroid

with its four constant arteries and occasional fifth one (the thyroidea ima,— 10 per
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cent, of cases) l)Linj^ UDnnally c»nc of llic must vuiscuhir striulures of the body.

They are most loinmon in the exophlhahnic form. (7) 'I'hv /nwor, tui/nrard/a,

M\(\ prolrusion of i/ic fViiniZ/s seen in (iraves's (hsease in asMocialion with thyroid

enlarj^c'inent ha\e no satisfactory anatomical cxi)lanation, ahhiiuj^h ihc close relatifjn

of the sympathetic iur\e and mitldle cervical sympathetic ^an^lion to the inferior

thyroid artery, the distribution of their vasomotor fibres to the thynjid vessels, and
of other associated i'il)res to the ocular apparatus, and their possible central ccjnnec-

tion
—"probably in the medulla" (Treves)—have been invoked to explain the j)he-

ni)mena of this form of j^oitrc.

(Operations on thyroid enlargements vary with the character of the latter.

In the adenomatous and cystic \arieties, after divisi(Mi of the capsukr of the

^land, the tumor or the cyst may generally be shelled out with the linj^a-r (jr by blunt

dissection (enucleation). I'luler these circumstances only some superficial veins

may require ligation, although free bleeding may occur from the intrinsic vessels of

the gland. In most of the other varieties of goitre the greater part of the growth
should be removed (excision, thyroidectomy). This should always be partial,

—

i.e., a portion of the gland should be left in jjlace with suf^cient vascular connection

to insure its vitality.

In excision the skin platysma and cervical fascia should be freely divided and

the sterno-hyoids and thyroids retracted or divided ; after its anterior surface has

been well exposed the growth is first loosened externally,—as it will be found fixed

above by the superior thyroid vessels, below by the inferior thyroids, and internally

by the isthmus,—the vessels separately ligated, great care being taken to avoid the

recurrent laryngeal nerve when the ligature is applied to the inferior thyroid artery,

the posterior surface dissected from the larynx, trachea, and other underlying

structures, and the growth removed.

Fig. 1514.

THE PARATHYROID BODIES.

These organs, the epithelial bodies of many authors, are small elliptical masses

situated near the thyroid, which formerly were mistaken either for accessory thyroids

or for lymphatic nodules. They arise from the posterior wall

of the third and fourth pharyngeal pouches, and thus differ

from the thyroid body in origin as well as in structure. They
are 6 or 7 mm. long, 3 or 4 mm. broad, and 1.5 or 2 mm. thick.

The length may be as much as 15 mm. They arc always

separated from the thyroid by the caj)sule. Most frequently

the parathyroids exist as two pairs on each side; their disposi-

tion, however, may be asymmetrical, in some cases as many
as four, in others none, lying on one side. The position of the

superior pair is the more constant and, according to Welsh,'

corresponds about with the level of the lower edge of the

cricoid cartilage. They usually lie against the posterior surface

of the lateral thyroid lobes, between the middle and the inner

border of this surface. The inferior pair is lower and more
anterior than the superior, their position being less constant.

Sometimes they lie against the side of the trachea near the

ends of the rings, under cover of the lower part of the thyroid

lobes; sometimes they are found in a corresponding relation to

the windpipe, but much lower, so as to ha\e no relation with

the thyroid; occasionally they lie on the front of the trachea

below the thyroid. The surest means of locating the little

bodies are the minute parathyroid arteries, small twigs chiefly

from the inferior thyroids, to each one of which a parathyroid

body is attached. It is evident, therefore, that these organs

may be found on almost any aspect of the thyroid gland.

Structure.—Each organ is invested by a thin fibrous capsule and subdivided

into ill-detined lobules by" a few delicate septa which support the blood-vessels.

'Journal of Anatomy and Physiolog>', vol. xx.xii., 1898.

Thyroid and parathyroid
bodies viewed from behind

;

/>',/-, right superior and in-

ferior parathyroids ; st, supe-
rior thyroid artery ; a, anasto-
mosis; w, recurrent laryngeal
nerve. {Ginsburg.)
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The gland-tissue consists of closely placed polygonal epithelial cells, about .010 mm.
in diameter, varyingly disposed as continuous masses or imperfectly separated cords

and alveoli. The cells possess round nuclei which contain chromatin reticula. The
cells are surrounded by a honey-comb of delicate membranes, fibrous tissue appear-

ing only in the immediate vicinity of the larger blood-vessels and not between the

epithelial elements. The latter lie against the endothelial lining of the relatively

wide and numerous capillaries, the attenuated membrane of the intercellular honey-

comb alone intervening. While admitting the independence of the parathyroids as

Fig

Sections of human parathyroid bodi'^s, showint;: different types of structure. .1, iwinupal i cn^ ai i aii,i,'ed as

uniform continuous masses; B, broken up into lobules by vascular septa {v) ; C, dibpobud as acini, some of which
contain colloid (c). X 200. {After li^elsh.)

distinct organs, as now established by both anatomical and physiological investiga-

tions,* opinions differ as to their histological relations. Schaper^ and others incline

to the view advanced by Sandstroem, that the parathyroids correspond in structure

to the immature and undeveloped thyroid. Welsh, on the contrary, denies this

resemblance and points out the close similarity to the anterior lobe of the pituitary

body, in both organs colloid-containing alveoli being occasionally present.

The arteries distributed to the parathyroids are derived from the branches sup-

plying the thyroid body. Regarding the lymphatics and the nerves little is known ;

the latter are chiefly sympathetic fibres destined for the walls of the blood-vessels.

THE THYMUS BODY.

The thymus is apparently an organ of ser\ice to the nutrition—possibly blood-

formation— of the foetus and infant, since it usually reaches its greatest size at about

the end of the second year, having grown since birth fairly in proportion to the

body. It continues for some years to enlarge in certain directions and to dwindle in

others ; coincidently deposits of fat appear and it gradually degenerates. When in

its prime it is moderately firm and of a pinkish color ; later it becomes very friable

and resembles fat and areolar tissue.

Shape and Relations.—The appearance of the thymus is that of a glandular

organ. It is surrounded by a fibrous capsule which sends prolongations among the

lobules. It is situated beneath the upper part of the sternum, rising, when largest,

perhaps 2 cm. into the neck, descending to about the fourth costal cartilages, excep-

tionally as far as the diaphragm. The organ is thickest above, where it rests on the

pericardium, and descends in front of the latter in two flattened lobes, more or less

distinct, which grow thinner and sometimes diverge below. These are separated by
a layer of fibrous tissue which enters obliquely from the front in such a way that

above the left lobe overlaps the other. The IoIdcs are generally of unequal size, the

left one being more often the larger. Sometimes the lobes are fused, and there may
be a third one between them, such variations merely implying irregularities of the

fibrous septa. The thymus lies in front of and above the pericardium, and against

* A critical review of the relations of the epithelial organs derived from the pharyngeal
pouches is given by Kohn in Merkel and Bonnet's Ergebnisse, Bd. i.\., 1899.

^Archiv f. mikro. Anat. u. Entwick., Bd. xlvi., 1895.
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the ;u)rt;i iiiul tin- iiulmoiiaiy artny after tlicy lia\c cnicij^rd from the heart-sac. It

is in contact with a iarj^e part of the arcli of the aorta, and is grooved on the posterior

surface hv the innominate veins and the superior vena cava. If stronj^ly developed,

its hij^hist pail may rest on tlie trachea and even on the (jesopha^us where this tube
appears on the left of the former. It extends laterally ijn each side into the interval

between the j)ericardiinn and the pleura. At the time of its j^reatest size, a hori-

zontal section in this region shows the lh\nnis as a thick rrc-sccnt ( \-"]^. 151H), which
becomes thinner as the organ atrophies. Hehind the very top of the sterimm its (jut-

Fir,. T516.

Larynx

Thyroid body

Common carotid artery.

Pneumogastric nerve

Internal jui;ulai

vein

Clavicle

I rib

nsory ligament

Trachea

Left lobe of
thymus

Right lobe

of thymus

Luiij;

— •-'lernutn

Dissection of new-born child, showing thyroid and thymus bodies ;/; situ.

line on section is roughly quadrilateral. One or more fibrous bands from the thyroid

body to the capsule of the thymus are known as the siispe^isory ligaments. The
internal mammary vessels run in front of it.

Weight and Changes.—According to Friedleben, the average weight of the

thymus at birth is 13.75 g"^- ! the statements of authors, however, vary widely, Sappey
giving 3 gm. and Testut, from twenty observations, an average of 5 gm. When heavi-

est, about puberty according to Hammar, its average weight is 37.52 gm. Atrophy

and the replacement of thymus tissue by fat set in while growth in length is still pro-
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Fig. 1517.

Groove for

left iiuiomitiate vein

gressing ; this increase is said to continue even after puberty, the organ, how-
ever, becoming thinner and softer. Although later almost completely replaced by
adipose and connective tissue, the thymus never entirely disappears, remains of its

tissue being present even in extreme
old age (VValdeyer). Until about
twenty years the organ is usually

readily found. In ordinary dissec-

tions it is not easily recognized in mid-
dle age, although still clearly shown
in frozen sections. Occasionally a

well-preserved thymus persists in the

adult ; on the other hand, it may
suffer atrophy very early in child-

hood.
Structure. — The histological

character of the thymus completely

changes during its development, since

it begins as an epithelial outgrowth
from the third pharyngeal pouch, for

a time attains the nature of a tubo-

aheolar gland, and later permanently
assumes the type of a lymphoid organ.

Externally the thymus is invested

by a loose fibro-elastic capsule^ from

which septa, rich in blood-vessels, pass towards the interior and subdi\ide the organ

into a number of indefinite lobes. The latter are broken up into small, almost spheri-

cal lobules, which correspond to lymph-nodules, and consist, therefore, of a denser

cortical and looser medullary zone, although these are not sharply defined from each

other.

The cortical substance presents histological characteristics resembling those of

dense lymphoid tissue,—closelv packed lymphocytes lying within the narrow meshes
of the supporting reticulum. The latter consists of the stellate reticulum-cells, which

Posterior aspect of thymus body hardened in situ.

Fig.

II rib-carlila)?e IT rib-cartilage

Left lung

III rib

Right lung

Azygos vein

III rib

Trachea

IV rib Head of IV rib Head of IV rib IV rib

Transverse section of body at level of fourth thoracic vertebra ; from child of about one year

are derived from the metamorphosed original entoblastic epitheliurn. The thymic

lymphocytes, on the contrary, are descendants of migratory cells, which early invade

the reticulum. In addition to the usual elements, eosinophilic cells are found
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tliiouL^htiiit the (Ditfx, parliciilaily ill tlic iiciiihlioiliood of tlu- capillariL-s. Nuclcatccl
red hlood-cclls ha\e hccn drscrilH-d within the ccjrtcx (J. Schafferj.
The nndiilhity subslancc, aUhoii^li varying^ in its details acconHii)^ to the j^en-

eral coiuhtioii of the oij^an, consists of a supijortinj,-^ framework, composed of
branching cells, within the meshes of which lie small mononuclear lymphocytes, less

fre(}uently polymorphonuclear leucocytes. Occasi(jnal eosincjjjhiles are seen alonj'
the blooil-\essels, as well as multinuclear ji^iant cells. Islands or cords (jf flattened
elements, reLjarded by many as epithelial in nature and derivatives of the primary
entoblastic anlai^e, also occur. The medulla of the hilly developed thymus, or of

the orj;an just enterinj^ upon its ri'tr()|L,n-ession, contains numerous spherical or ellip-

soidal masses of concentrically tlisposed, flattened mc^ditied cells. These bodies are
the corf>i(sclcs of Ifixssa//, which were rei^^arded ;is the direct remains of the epithe-
lium of which for a time the tliymus was composed. h'ound only in the medulla,
they vary greatly in form and size, sometimes beiny^ simple spherical masses r.012-
.020 mm. in diameter), at others composite bodies (.1 mm. or more in diameter)
consisting of aggregations of small grouj)s. The centre of the concentric bodies
often consists of slightly glistening, homogeneous, or granular substance which is

Interlobular
septum

i9y

•
> I

-%.:!

Corte.v

Corpuscle-^V^|jV? ../., ^'/^, ^ ;«.-,: » <^ •^'^l>- -- ^

^ -V^'S
of Hassan Vw -..^r _:.;;> :,,• > ^'

;

v-^ -'. '^:^y^^---\ t^r^

Transverse section of thymus body of child, showing general arrangement of lobules. X 25.

Blood-
essels,

jected

-Medulla

Cortex

albumhious, not fatty, in nature. According to Hammar, the corpuscles of Hassall

arise from hvpertrophied reticulum cells, the latter being directly derived from the

primary epithelium.

Vessels.—The arteries are chiefly from the internal mammaries, bvit small

branches may come from the thyroid as well as from the pericardial arteries. The
arteries gain the interior of the lobule, and break up into capillaries along the junc-

tion of the cortical and medullary zones. The cortex is provided with a rich capil-

lary net-work, the medulla being relatively poorly supplied. The veins between the

lobules, which chiefly drain the capillaries, imite to form the larger trunks carrying

the blood from the organ. These run in many directions, the most important bein^j

tributary to the left innominate. The lymphatics are large and numerous, and empty

into nodes behind the sternum. Traced into the interior of the organ, the lym-

phatics follow the connective-tissue septa to the lobules, around which they form a rich

plexus. Although it is probable that the lymph-paths come into close relations with

the thymus-tissue, the existence of intralobular passages, corresponding to lymph-

sinuses, has not been established.
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Capsule

Coitex

The nerves are small and come from the sympathetic and the vagus. They
are traceable along the arteries and connective-tissue septa, and end chiefly in the

walls of the blood-vessels. Bovero has described terminal filaments which pass from
the interlobular plexuses into

the medulla.

Development. — The
thymus ])roj)er originates from
a paired anlagc (Fig. 1521)
which appears as an epithelial

outgrowth from the \'entral

wall of the third pharyngeal
pouch. From this results a

long cylindrical mass of closely

packed epithelial cells which
grows downward and en-

closes a narrow lumen. The
lower end of this mass in-

creases in size by the formation

of solid acinous outgrowths
resembling those of an im-

mature tubo-alveolar gland.

Coincident with the downward
extension of the organ, the

upper cylindrical portion grad-

ually assumes the alveolar con-

dition until the entire thymus
acquires a lobulated clvaracter.

During these changes histo-

logical alterations take place,

the epithelial masses becoming
invaded by ingrowing lym-

phoid tissue and blood-vessels

and broken up into irregular islands. The latter become smaller and less conspicu-

ous as the lymphoid character of the thymus becomes more predominant. The cor-

puscles of Hassall represent derivatives of the primary epithelial elements. F^or a

time the two originally distinct anlages develop independendy ; later they come into

close contact in the mid-line, and form the single irregular organ the bilateral

/»V, .rv'ti.'v;.'.",''',* ^« ..*'".•' within medulla

Section of thymus body, showing details of cortical and medullary
substance. X 200.

Fig. 1521.

Fee nstructions of developint^ thyroid, thymus, and parathyroid bodies in embryos of 14 mm. (A) and of 26 mm.
{S). t. tvue Uiyroid; //, so-called lateral thyroid; ty, thymus; p\ /-', superior and interior parathyroids; vc, vena

cava superior, a, aorta. ( Tourneux and Verdun.)

derix^ation of which is indicated by the connective tissue separating the right and left

divisions. The upper ends of the latter are often continued as far as the thyroid

as laternl processes. Subsequent to the second year regression sets in, and the
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thymus slructuic is hirj^cly rcplactd by tibruus and adijjtjse tissue, vestij^es of the

characteristic tissue, however, persisting (Fig. 1522).

In addition to the chief anlage from tile third pharyngeal pouch, a rudimentary
outgrowth occurs from

tlie ventral wall of the Fui. 1522.

fourth one. This anlage

mav persist in man as

\\\i^parathymns, asm. ill

bocly which occurs in

close association, or

even encloses, the para-

thyroid derived from

the dorsal wall of the

fourth pouch. It

should be noted that

the close associati(Mi of

the thymus and upper
parathyroids results in

a downward displace-

ment and transposi-

tion, so that, eventu-
ally, the upper parathy-

roids come to lie below

the original lower out-

growths.

.\ccording to Beartl,

Prenaut, Bell and
others, the transfor-

mation of the thymus into a lymphoid organ occurs as the direct conversion of its

original epithelial elements into lymphocytes and not by invasion of pre-existing

lymphoid cells. While accepting such origin for the reticulum, Hammar^ and Max-
imow- regard the lymphocytes as entering from without.

Fa I

Thymus tissue
cy ^o-"^*»,i 1^

Section of thymus body of man of twenty-eight, showing invasion and replace-
ment of thymus tissue by fat. X 20.

THE SUPRARENAL BODIES.

These are a pair of cocked-hat-shaped bodies situated at the back of the abdo-
men, on the inner aspect of- the upper ends of the kidneys. Each has a base, or
renal surface, corresponding to the bottom of the hat, and an anterior and 2l posterior

surface, the basal borders of which are concave and look outward and downward.
There are an upper and a lower angle at either end of the base. The inner convex
border tends, especially in the right capsule, to present a third angle rather above
the middle. Thus the right one is more triangular and the left more crescentic.

They may be 6 or 7 cm. long and about half as broad. The thickness does not
probably often exceed 2 cm. The base is concave, adapted to the kidney, of which
it overhangs the anterior surface. The lower end is much thicker than the upper.
The concavity deepens above into almost a furrow filled by areolar tissue. The an-
terior surface bears a deep fissure, the hilum, in the main parallel with the base, sub-
di\'iding it into two approximately equal regions. The posterior surface is con-
siderably smaller than the anterior, owing to the projection of the latter over the
f''ont of the kidney. It also presents a fissure nearly parallel with the base-line, but
neither extending the whole length of the organ nor so deep as the front one.

In color the suprarenals are of a dirtv yellowish brown and more or less pig-

mented. They weigh 6 or 7 gm. The left one is usually the larger.

Relations.—The basal surfaces are on the kidneys. The posterior surfaces
are against the diaphragm. The anterior surface of the right capsule has its lower
inner part behind the inferior vena cava. The part of the lower end near this may be
behind the duodenum. The remainder is in contact with the liver. The highest

'Anatom. Anzeiger, Bd. xxvii., 1905.

'Archiv. f. mik. Anat. u. Entwick., Bd. 1A> 1909.
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part is between the non-peritoneal posterior surface of the Hver and the abdominal

wall. This, of course, like the two preceding; areas, has no peritoneum. The rest

lies in contact with the lower surface of the liver, and is coated by the peritoneum of

the posterior abdominal wall. The anterior surface of the left capsule is nearly or

quite peritoneal, resting- against the stomach, the spleen, and the tail of the pancreas.

Structure.—The suprarenal body is invested by a thin, but fairly strong,

fibrous capsule. Section across the thicker parts of the organ displays an outer zone,

or cortex (^.25-1.20 mm. in thickness), which surrounds the central medulla. Where
thinnest, as towards the borders, the medulla is reduced to a narrow zone and maybe
entirely wanting ; where best developed, as in the middle of the organ, it may attain

a thickness of over 3 mm. The corte.\ is usually of a dirty yellow color, presenting

Fig. 1523.

Capsular vein in groove
for vena cava

Hepatic surface

Peritoneal surface

Inferior vena cava

Right kidney.

Crura of diaphragm

Coeliac artery

uperior mesenteric artery

Capsular vein
emerging from hilum

Left renal vein

Left kidney

Anterior aspect of suprarenal bodies hardened in situ.

Fig. 1524

Diaphragmatic surface

Renal surface

/ « __ _-iv— Diaphragmatic surface

Renal surface

Left Ri.ifht

Posterior aspect of suprarenal bodies shown in preceding figure.

next the medulla a narrow darker zone of varying shades of brown. The medulla is

of a grayish tint and generally lighter in color than the corte.x. Its exact tint, how-

ever, varies with the amount' and condition of the contained blood, when engorged

with venous blood appearing dark. In consistence the medulla is less resistant and

more friable than the cortex.

The cortical substance consists of a delicate framework of connecti\e tissue, con-

tinuous with and prolonged inward from the capsule, in the meshes of which lies the

glandular epithelium. The arrangement of the latter, although generally columnar,

varies at different levels, three zones being distinguished within the cortex. The

zona glomerulosa lies next the capsule, and consists of the some\\-hat tortuous or

coiled groups of cells. The zona fasciculata forms the chief part of the cortex, and

maintains the radial disposition of the cell-columns. The zona reticularis, next the
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medulla, iiuludcs tlu- networks of epillu-lial clcinciits toniud by the union of the cyl-

inders. The cells throughout the cortex are very similar, heinj^j rounded j)olyj.((jnal

elenunts .(H5-.C)2o mm. in diameter, anil very often C(jntain fat j^ranules. 'Ihose

composing the zona fasciculata are larj.(est, while those within th(.* reticular zone are

more or less pij^mented and responsible for the darker tint oi this porti(jn of the cortex.

The medullary subslancf consists chieHy of net-works composed of anast<imosinj^

cords of ei)ithelial cells from .02a-.036 mm. in diameter; in addition there are numer-
ous blood-vessels, particularly veins, and many bundles of nerve-tibres with ^anj^lion-

cells. The i>n)toplasm of the medullary cells is finely granular and possesses an
especial attinity for chromic acid and its salts, staining^ yellow or brown. They
vary from polyhedral to columnar in form, and often border large blood- and lymj>h-

spaces. The cells of the metlulla are
Fig. 1525-

'apsule

'"ortex

more prone to undergo jjost-mortem

change than those of the corte.x.

Vessels.—The chief arteries

supjilying the organ are the three

suprarenal or capsular arteries,—the

middle from the aorta and the su-

perior and inferior from the j)hrenic

and renal arteries respectively. They
break up into a dozen or more tine

branches before reaching the organ,

which they enter at various points,

some penetrating directly into the

medulla, others terminating in the

cortex. The latter form a superficial

capillary net-work within the cajj-

sule, from which continuations pass

between the cortical cell-columns,

around which they constitute capil-

lary net-works. The medulla is di-

rectly supplied by arteries destined

for the interior of the organ. These
soon break up into capillaries which
surround the medullary cords and
pass over into an unusually rich

plexus of veins. The latter claim as

tributaries the venous radicles of the

zona reticularis and impart to the

medulla in general a spongy charac-

ter. The veins form a rich plexus

about the organ, communicating
freely with those of the kidney. The
chief vein of the right suprarenal

passes into the inferior \ena cava and that of the left one into the renal. The lym-

phatics are numerous, the chief trunks accompanying the arteries. In addition to the

superficial net-works in the outer part of the cortex, the medulla contains many
deeper lymphatics in the vicinity of the larger veins.

Nerves.—The very rich supply is derived principally from the solar and renal

plexuses. The number of medullated fibres would imply that many come through
the splanchnic nerves. Branches probably come also from the vagus and the phrenic

(Bergmann). Within the capsule lies a superficial plexus from which small bundles

of nerve-fibres enter the cortex, between the cell-columns of which they form jilexuses,

chiefly for the walls of the blood-vessels. The greater number of the ner\es. how-
ever, pass to the medulla, where they unite into coarse plexuses, from which finer

twigs are distributed to the vessels and the cords of medullarv cells surrounding the

veins. Dogiel has traced the terminal filaments between the epithelial elements.

Numerous ganglion-cells lie within the medulla. Sometimes they occur in groups
along the larger nerve-bundles ; at other times they are encountered as isolated ele-

Section of suprarenal body including entire thickness of or^n,
showing general arrangement of cortex and medulla. X 27.
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ments ; but in all cases they exhibit the characteristics of sympathetic cells. Indeed,

so numerous are the latter that the suprarenal is regarded by some anatomists as an

organ accessory to the s\-nipathetic nervous system.

Development and Growth.—The genesis of the suprarenal body has been

the subject of much discussion and uncertainty, especially as to the origin of the

medulla. Comparative and embryological studies clearly indicate that the mam-
malian suprarenal body consists of two separate and distinct organs, which, although

intimately united as cortex and medulla, possess a different origin and function.'

According to the investigations of

Fig. 1526. Aichel," the suprarenal in the higher

•^—'^ mammals first appears in close rela-

^ -^ - ~ "— " _-"

'

tion to the Wolffian body, the anlasje- ~— „ _ —_-' ^— Capsule
. . .. -. .

^

^_^ -i ^ «~ "'''"
-.rS^'Z ^~'^»-=-2:^ ansmg from the prohieration of meso-

'^:^:^-^'~.^j" "" ^" ^ oT*'*., • blastic cells at the ends of in\aginations

,%' ,~' ^ '
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g
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^^ ^ cavity. The individual cell-groups

^h ,
) ^ ^ t. thus arising with the several invagina-
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.
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)_.''''_ * »p «^ ^ ® *'**''«','•
\ suprarenal. The primary close asso-

^^'/"^ ^'
"t"^

^' ^' ",""" *, '" ciation of the latter with the Wolffian

:Nr"*<. -^ N - ^ ' — Capiiiar>- bodv is later lost, the subsequent mi-

ri / «. gration of the organ bnngmg it mto
"_,• ^V4^„ \ ^ 2ona

secondary relation with the permanent
^* ^l e ' v' fasciculata kidney.
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Regarding the origin of the me-
^'* ° * - '

I duUa two views obtain. According

I)
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^

to the one generally accepted, the

J
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medullary portions are developed from
^^s*' 6* v\*..

"'
cells which are derived from the ad-

« 3® '* %^ -^ - '/ jacent embryonic sympathetic gan-

/ ' * • * " ' ^ "* J'^i ilf^r fas^dcuiata gHa, the chief sujDport of this opinion

^ (»
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I " " •» being found in the close correspond-

//•^|)i ® '^'s ";, J - , t ence of the medullary cells with the

t*'^^. s **) *9 '
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* chromaffin elements of sympathetic ori-
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gin occurring in other localities, such

t'l^^s* ^-/^co. i V r cells wherever found exhibiting an
especial affinity for chromium salts.

When fully developed, the medullary

cells may be regarded as highly special-

. Capillary i^ed cclls which elaborate a powerful

stimulant that, when injected into the

blood, produces increased contraction

^^^^ of the heart-muscle and of the invol-

J^*'^ ^"^^^4^^^^ untary muscle of the arteries. The

'i*/'^^*^^^ other view attributes the origin of

if- y^^ « eO* ~-
^ 9

'" '^
*^** ^ ' * '\ ],^^ Medulla blastic anlage that produces the cortical

i,

'<>**'
>^^^ "s *a»>*.r the medullary cells to the same meso-

"^ *
/ *

'
* 1 ® a* Medulla

^^s* ^^V'^ <?<»^^-'' ^liV-^ cords. The difterentiation of the su-

- .
,

prarenal into cortex and medulla occurs
Section of suprarenal bod\ shovunp details of superficial '

^- 1 1 ^ ,J 1^ , ^ .tV„^ *l,^
and deep portions 01 cortex. X 225. comparatucly late and long alter the

primitive organ has become sharply de-

fined from the surrounding tissue. For a time the entire organ consists of cells w hich

are identical in appearance. During the third month this common tissue dilierenti-

ates into cortex and medulla, in consequence of the breaking up of the outer zone into

columnar masses by the advent of connective-tissue trabeculae from which delicate

fibrilke arise, forming the inner boundary of the cortex. Within the central part of

the organ thus defined numerous venous capillaries appear and break up the tissue

1 Vincent: Journal of Anatomy and Physiology, vol. xxxviii., 1903.

^ Archiv f. mikro. Anat., Bd. hi., 1900.
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into the corils of medullary cells which lie directly in contact with the cndolhcliimi of the

veins. The suhscciiu-nt inijiowth of the nervous constituents i>r(»vides the unusually

rich supply of nerve- fibres and ^ani;lion-

cells distin^uishinj.^- the medulla. These

orj^ans are proportionally \<ry large in

the fcetus (Fij.?. 1529). At birth the

antero-posterior diameter is i cm. and the

greatest transverse diameter at the base is

Zom
reticularis

Capillar\

Section of suprarenal body, showing portions of cortex
and medulla. X 225.

Section of injected suprarenal body ; the
vessels in lower third of figure are chiefly tribu-

taries to the central vein. X 25.

Fig. 1529.

1.5 cm. ; the length from the apex to the anterior end of the base is 3.5 cm. and to

the posterior end 1.5 cm. At this age the suprarenal covers most of the upper half

of the kidney. At an earlier period these organs are markedly lobulated so as closely

to resemble the kidneys ; at term, however,

the lobulation has nearly disappeared.

Accessory Suprarenals.—These are

mostly very small, rarely surpassing a pea
in size. They may be found near the su-

prarenal body, in the kidney, in the liver,

in the solar and renal ple.xuses, or beside

the testis or the ovary. The accessory su-

prarenal situated within the broad ligament

in the vicinity of the ovary is regarded by
Marchand and others as a normal and
almost constant organ. The latter under-

goes compensatory hvpertrophy after re-

moval of the chief suprarenal. The in-

vestigations of Aichel emphasize that the

organs included under the designation
'

' accessory suprarenals' ' comprise two
groups of structures of different origin and
morphological significance. Those asso-

ciated in position with the chief organ, as when in the kidney or liver, are derived

from separated and isolated portions of the principal anlage of the suprarenal, and,

Suprarenal

Kidnf V

I'reter-

Fallopian tube—
Round ligament^

Blailder—

Suprarenal

Kidney

'.— Rectum
Ovary

— I 'terus

-Hypogastric
arterv-

Dissection of three months female fcetus, show-
ing huge suprarenals, lobed kidneys, and se.\ua!

glands.
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therefore, are supernumerary. The bodies, on the contrary, situated within the

broad hganient, or in intuiiate relations with the epididymis, are probably developed

from the atrophic tubules of the Wolffian body, and hence must be regarded as inde-

pendent structures. It is said that the suprarenal bodies are sometimes wanting.

PRACTICAL CONSIDERATIONS : THE SUPRARENAL BODY.

Hemorrhage into the suprarenal body in new-lxjrn infants has been observed

(post mortem) in a number of cases. Various opinions as to its cause have been

expressed. Thev have been summed up (Hamill) as follows : fi ) weakness of the

vessel-walls, normal or abnormal ; (2) traumatism, esj)ecially during labor, from

pressure of the hands in making traction in delivery by the lower pole, and from

the frictions and flagellations used to resuscitate the apparently dead-born
; (3)

asphyxia from delay in the establishment of respiration at birth ; (4) acute fatty

degeneration of the vessel-walls
; (5) fatty degeneration of the tissues of the organ

;

(6) firm contraction of the uterine muscles, the resistance of the parts traversed,

and consequent compression of the inferior vena cava between the liver and the

vertebral column, thereby producing congestion and hemorrhage into the non-

resistant tissues of the suprarenal gland
; (7; convulsions

; (8) syphilis ; fg) cen-

tral vasomotor influence from cerebral lesions
; (10) mechanical squeezing of blood

into the part during the process of labor
; (11) too early ligation of the cord ; (12)

arrest of the circulation through the umbilical artery from compression of the cord

or separation of the placenta; (13} thrombosis of the renal vein or inferior vena

cava; (14) infection.

Hamill concludes that the first of these seems to be the fundamental anatomical

element favoring the occurrence of hemorrhage, that in still-born children prolonged

and difficult labor is the exciting cause, and that in those dying later some form of

infection is responsible.

In cases of himor of the suprarenal body the following symptoms ha\-e been

noted (Mayo Robson) : (a) shoulder-tip pain, probably explained by the fact that

a smair branch of the phrenic nerve passes to the semilunar ganglia ; {b) pain radi-

ating from the tumor across the abdomen and to the back, not along the genito-crural

nerve
;

(c) marked loss of flesh
;
{d) nervous depression with loss of strength

;

{e) digestive disturbance, flatulence and vomiting
; (/) presence of a tumor beneath

the costal margin, right or left, at first movable with respiration, but soon becoming

fixed ; it can be carried into the costo-vertebral angle posteriorly, and can be pushed

forward into the hollow of the palpating hand in front of the abdomen.

Bronzing of the skin is not usual unless both suprarenals are affected.

THE ANTERIOR LOBE OF THE PITUITARY BODY.

The pituitary body (hypophysis), although usually described in connection with

the brain, to the" base of which it is attached by a stalk continued from the infun-

dibulum f Fig. 976), consists of two entirely distinct parts which differ both in their

genesis and structure. These are the so-called anterior and posterior lobes. The

latter, being derived from the diencephalon, is appropriately described with the brain

(page 1 1 30) ; the former, derived as an outgrowth from the roof of the primitive oral

cavity, in view of its probable function as an organ of internal secretion, may be

here considered, since in certain respects it resembles the thyroid body.

The anterior lobe, which constitutes the major part of the entire hypophysis, is

kidney-shaped and receives the infundibular process in a hilum-like depression on its

posterior surface. It increases in size until about the thirtieth year, when it meas-

ures in the transverse direction about 12 mm., in the sagittal about 7 mm., and in

the vertical 5 mm. The anterior lobe of the hypophysis is light grayish red in

color, the posterior appearing grayish white. It is surrounded by a well-marked

fibrous capsule which forms, even where the two lobes are in contact, a distinct

investment. In the anterior part of the lobe, on either side of the mid-line, a con-

densation of the connective tissue marks the position of large blood-vessels. Fine

processes extend from the capsule inward and form a delicate net-work, rich in capil-
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laries, the nuslics of wiiich arc.' <)ccu|)iccl by splu-rical or cord-like masses of cuboidal

or polyj^oiial epithelial cells. The latter are principally of two kinds,—the smaller

and sli^litly staining iliicf cells, from .003-. 004 uim. in diameter, and the larger and

Fig. 1530.

Iiitcil<>l).Tr septiini^^ '
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I'lisiirior or cerebral lobe

* * ''.lood- vessel

lienor or
.ral lobe

Coiinective-tis>
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Transverse section of pituitary body, sliowing relation of antti i

-ule

rior (cerebral) lobes. X 7.

deeply stainino: chromophilc cells (.005-. 008 mm.), so called because of their marked
affinity for certain dyes. The two varieties of cells are arranged as intervascular

anastomosing cords, in which, in a general way, the acidophilic cells occupy the

periphery and the basophilic ones the centre. A third variety of cells, clear large

elements, are found especially in the pars intermedia.

The aggregations of the cells, cord-like or spherical in form and usually without

distinct lumen, lie in very close relation to the wide capillary blood-vessels that

Fig. t=;^i.

-r^

Cb.e, .ells ^V^:%^^<^.i<J ^"^p^r
Colloid

^^
Capillary

Chief cells_rL®_\:_-s^g^>>e,

Capillar\

Chromophile cells

Section ol interior lobe of pituitar> hod\ three acini conic n colloid material. X 250.

ramify between them, supported by the delicate connective-tissue septa. Here and
there, however, the glandular epithelium surrounds a lumen which may contain

colloid material, thus resemtjling the acini of the thvroid bod v. The colloid-contain-
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ing acini lie chiefly against the posterior lobe in what has been termed the pars inter'

media. They are of moderate size and lined with cuboidal epithelium, and usually

normally present, althoutrh colloid vesicles may be absent in other parts of the ante-

rior lobe (Schoenemann).
The absence of excretory ducts, the activity of the epithelial cells as excretory

elements, and their intimate relation to the blood-vessels all support the view that

Fig. 1532.

Wall of rhombencephalon

1 • J"' V'li

v?s ; "i^'fj Wall of oral cavity

-Pituitary evagination from diencephalon

. Pituitary evaKination from oral cavity

-Communication with oral
cavity

Portion of sagittal section of rabbit embryo, showing early stage of development of pituitary body. X 80.

Fig. 1533-

Cerebral evagination

cephalon

the anterior pituitary lobe is to be regarded as an organ engaged in internal secre-

tion. Its assumed function as directly concerned with somatic growth, suggested by
the enlargement of the pituitary body observed in giants and in cases of acromegaly,
needs further confirmation, since, as pointed out by Thom,' such changes are by no
means constant.

Development.—As above stated, the two lobes of the pituitary body are de-

veloped from entirely different sources. While the posterior lobe originates as a

tubular extension of the

cavity of the interbrain

(diencephalon), the an-

terior lobe is derived

from an ectoblastic

outgrowth from the pri-

mary oral cavity which
appears during the

fourth week. The cere-

bral end of this evagina-

tion ( Rathke s pouch)
soon expands into the

hypophysial pouch,
which remains con-

nected with the mouth
for a considerable time,

until the formation of

the Ixisc of the primi-

tive skull leads to sev-

erance of the tubular

communication, the hy-
pophysial anlage then lying within the cranium against the lower surface of the
interbrain. In very exceptional cases a canal in the sphenoid bone, leading from
the sella turcica to the base of the skull, contains a prolongation of the hypophysis, and

^ Archiv f. mikro. Anat., Bd. Ivii., 1901.

W
rhombencepl

If' ''1^71

Oral evagination

'"'•'SI

Portion of sagittal section of rabbit embryo, showing development of
pituitarj- body. X 80.
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thus represents the condition cxistinj^ in some animals, in whicli the pituitary stalk

persists during life, jjassinjif through a canal in the base of the skull and connecting

with the oral epithelium. Durinj^ the latti r lialf of the second month the hypophys-
ial sac sends tubular outj^rowths

intothesurroundin^ vascular mcso- '' '*• '5.^4-

l)lastic tissue. Later these lui)uU's

Ix-come separati-d irom the main
pouch, which lattiT often persists

and becoiues surroundetl by acini

to form the />ars intermedia. The
tubular outi^rpwths of other parts

of the anterior lobe lose, in larj^e

part, their lumina and become
solid cords separated by capillaries.

The anterior lol)e thus fornu-d be-

essed against the under
^'/^'f^/i^,,

)f the brain-lobe with ..'"i^^-'-'Jii

•-3i.

Cartilage of
base of skull

comes presse

surface o

which it is closely bound.

The posterior pituitary lobe

is develoi)ed from the tul)ular

outgrowth from the diencephalon

and retains its connection with the

brain through the infundibulum.

The primary lumen, however, be-

comes obliterated and the organ

converted into a solid mass com-

i:)Osed of tissue which resembles

neuroglia and contains few or no

cells that can be identified as ner-

vous elements. Further details concerning the posterior lobe are given in connection

with the brain (page 1130),

"'""^'^^*^J- -Wall of oral cavity

Portion of saK'ltal section oi rabbit embryo, sbowiiig later

stage of developin>i pituitary body. Anterior lobe now con-
sists of numerous tubular acini. X 50.

As a matter of convenience, mention may be made at this place of three organs

—the carotid bodies, the coccygeal body and the temporary aortic bodies—concerning

whose function little or nothing is known. The systematic position of these struc-

tures is at 'present uncertain, but from their histological characteristics the carotid

and aortic bodies are probably to be regarded as closely related to or, in a sense,

appendages of the system of sympathetic nerves, whilst the coccygeal body may be

included"; with seeming propriety, with the organs of internal secretion. Their

grouping and description here, therefore, must be understood to be a matter of con-

venience and expediency and not an attempt to define their true relations.

THE CAROTID BODY.

This organ (sloimis caroticum), also known as the carotid gland and ganglion

intercaroticum, is a small ovoid body measuring usually about 5 mm. in length, from

2.5-4 mm. in width and about 1.5 mm. in thickness. It may attain a length of 7 mm.

and exists on both sides. Its most frequent position is on the median and deep side

of the upper end of the common carotid artery in close relation with the point of

division of the latter vessel into the external and internal carotids. The body

usually lies not within the bifurcation, but rather on the inner side of the common
carotid, so that its form and relations are best displayed by dissection from within

outward. When freed from the surrounding fat and connective tissue, the carotid

body appears of a grayish or brownish red, according to the condition of the capillary

injection. The organ consists sometimes of two unequal divisions, united below\

Its structure includes a thin fibrous capsule, from which delicate septa pene-

trate inward and divide the organ into a small and uncertain number (5-15) o^

spherical masses or " lobules," from .2-. 5 mm. in diameter, which consist of a com-

IT4
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plex of blood-vessels, nerve-fibres and peculiar cells. The latter are irregularly,

disposed as clumps or cell-balls (Schaper') and occupy the interspaces within the

close net-work of large capillaries which ramify among the cells. The characteristic

elements of the carotid body are the i)olygonal cells, about .01 mm. in diameter,

with large round nuclei. Their protoplasm is finely granular and is especially prone

to chantJ-e, being best preserved in solutions of chromic acid salts. When so treated,

vhey take on the peculiar yellow color entiding them to be classed as chromaffine

cells. The large number of nerve-fibres within the carotid body is remarkable. They

are mosdy nonmeduUated and are derived chiefly from the neighboring sympathetic

plexus surrounding the carotid artery and, after entering at different places, ramify

within the organ in all directions, the finest filaments being lost among the groups of

cells. The penetrating nerve-trunks usually enclose typical ganglion-cells and, in a

sense, the chromaffine cells likewise, since the nerve-fibres surround the groups of

these elements.
Fig. 1535.

Carotid Body

Blood \ essel

Capsule

Section of adult human carotid body ; one entire lobule is shown. X lyo-

In view of (i) the identity of its elements with other chromaffine cells, which

are now recognized as closely associated with the sympathetic system in other locali-

ties, as in the medulla of the suprarenal body, (2) its extraordinary richness m nerve-

fibres, (3) its general resemblance to a sympathetic ganglion, and (4) its direct

development from embryonal sympathetic ganglion cells, Kohn' concludes that since

the carotid body is neither a gland nor a typical ganglion it must be regarded as acces-

sory to the sympathetic system and, in recognition of this relation, proposes the

name paragaiig/ion caroticum for the organ. Concerning its function nothing is

definitely known.
. r 1

The blood-vessels supplying the carotid body are branches which pass directly

from either the common carotid artery or its terminal branches.

THE COCCYGEAL BODY.

This organ ({rlomus coccvgcum), also often called the coccygeal gland, or

Liischka s o-'land (in honor of the anatomist who described it half a century ago'), is

a small reddish yellow ovoid body which lies embedded in fatty areolar tissue usually

immediately in front of the tip of the coccyx, but sometimes just below. According

to Walker,* the surest guide to the body is the middle sacral artery
,
to whose ante-

' Archiv f. mikros. Anatomic, Rd. 40, 1892.

2 Archiv f. mikros. Anatomic, Bd. 56, 1900.
t^ ,• o^

^^Die Hirnanhani? und die Stcissdriisc des Mcnschen. Berlin, ib6o.

* Archiv f. mikros. Anatomic, Bd. 64, 1904.
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rior surface the little orj^aii is altaclied, its lonj^- axis lyinjj: transverse to that oi the

blood-vessel. Aj^proached Irom the posterior surface, the body is loiuid just beneath

or within a small openinj^ in the tendinous insertion of the levator ani muscle into the

last coccygeal segment, covered by tl>e origin of the external sphincter muscle

(Luschka). The tlimensions of the organ are small, its transverse and greatest

diameter being from 2.5-3mm. and its thickness less than 2 mm. It sometimes is

di\ided into two or even more tiny lobes. The body thus described is, however,

onlv the largest of a series of nodules which includes a variable numlx-r oi structures,

for the most part of minute size, irregularly grouped around the chief mass

(\V;ilker). The additional nodules are in many cases connected with the |)rincii)al

boily by means of delicate pedicles, in others entirely free, but in all instances they are

grouped around the middle sacral artery or its branches. In opposition to the pre-

vailing belief, Walker found neither an unusually rich nerve-supply nor intimate

connection between the coccygeal body and the sympathetic.

Fig. 1536.

Coccygeal gland

.• .• ^U r«, » -.*^ r* i"'^
*

"^^a!^ -^'*-^^"^ ^ > Capillaries
Connective tissue Xi \ ifr »,,\ t*^* ' yiift^J^V? --^ »'V*e„ /

Capsule -p— ^fa*^*,
few

Cells

Blood \ essels

Section of'human adult coccygeal body. ^-^ 220.

The Structure of the body, as seen in transverse sections (Fig. 1 536), includes

an irregularly oval field of connective tissue, fairly well defined from the surrounding

fatty areolar tissue, in which are enclosed numerous aggregations of epithelial cells

and, sometimes, a thick-walled artery. The proportion of cell-masses to the connec-

tive tissue stroma varies, in some cases the cellular constituents predominating, but

commonly the fibrous stroma being the more bulky. The individual cell-groups are

uncertainly circumscribed by a slight condensation of the surrounding fibrous stroma.

Each aggregation of cells contains a central blood-space, limited by an endothelial

wall similar to that of a capillary. Against this wall the epithelial cells lie without

the intervention of connective tissue; likewise the cells themselves are closely packed

in direct apposition with one another and in consequence present a polygonal con-

tour. They are disposed around the central vessel in from two to five layers, the

individual cells being indistincdy oudined and composed of clear protoplasm con-

taining a relatively large and deeply staining nucleus. Concerning the mooted ques-

tion as to the presence of chromafifine cells within the coccygeal body, the testimony

of Walker, Schumacher and especially of Stoerk ' as to their absence seems convin-

cing. The last-named in\'estigator concludes that these cells at no period exhibit the

chrome-reaction, and, further and in opposition to Jakobsson, that they have no his-

togenetic relation to the sympathetic system. On the other hand, the epithelial

character of the cells, their intimate relation to the blood-vessels, and the absence of

' Archiv f. mikros. Anatomic, Bd. 69, 1906.
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excretory ducts, seem to justify the inclusion of the coccygeal body, at least, pro-
visionally, among the organs of internal secretion, as suggested by Walker.

THE AORTit: BODIES.

These temporary organs were described by Zuckerkandl ' a few years ago and
are also known as the bodies of Zuckerkandl. According to their discoverer, as

found in the new-born child, they are a pair of small narrow bodies that lie upon the

anterior surface of the abdominal aorta, opposite the origin of the inferior mesenteric
artery ( Fig. 1537), in close relation with the aortic plexus of the sympathetic nerves.

Although usually separated, in about 15 percent, of the bodies examined, in which
they were invariably present, the bodies were joined by an isthmus into a horseshoe-

shaped organ of varying dimensions.
Fif^ 1537- The right body is usually the larger,

ic a with an zrverage vertical length of 1 1 .

6

j j

mm. the corresponding dimension of

the left body being 8. 8 mm. The ex-

tremes of length for the right body
are from 8-20 mm., and of the left— irv one from 3-15 mm. The width is

K ' if ^- about one-fifth of the length, and the

thickness something less. The sur-

face of the little organ is smooth and— u its color light brown. Whilst its

consistency is about the same as that

|\f
'"

of the neighboring lymph-nodes, the
^^^" ' "^ r^ IlV body is softar than the adjacent sym-

'™ pathetic ganglia. The aortic bodies

- i|*.f are essentially organs of foetal life or

at most of early childhood, and in— ap the adult they are represented by
mere atrophic remains (Zucker-

kandl).

The structure of the aortic

body includes a fibrous capsule, which

11 ^^v is prolonged into the interior as con-
,m -wnxas!.

ncctivc tissuc strauds that accouipauy

the numerous blood-vessels entering

the organ. The arteries, minute

'ici
twigs from the aorta, the inferior

mesenteric and sometimes the sper-
Aortic bodies of new-born child

;
RAB, LAB,x\%\\\. ,-nof,V Kr^^Qlr iir. I'ntr. q rirVi nQni'llarir

and left aortic bodies ; ii, aorta ; /;«, inferiorniesen- matlC, OrcaK Up mtO a ricn capuiary
tericartery;/r?-, left common iliac : /r, inferior cava; nCt-WOrk whoSC wide mCshcS are
/>7', left renal vein ; (7/>, aortic sympathetic plexus;

, , • y , i i j n r

?<, ureter. X 2. {Zuckerkandl.) filled With ClOSCly packed CCllS OI

varying size. These are polygonal,

spherical or cuboidal in form and distinguished in many cases by exhibiting

the peculiar color reaction, after treatment with the chrome-salts, entitling them
to be classed as chromafifine cells. According to the observations of Zucker-

kandl, the genetic relations of the sympathetic ganglia, the medulla of the supra-

renals, and the aortic bodies are most intimate, since these various structures are

derivatives of a continuous primary cell-mass. In consideration of this association

and the constant presence of the distinctive chromafiine cells, it is highly probable

that the aortic bodies are to be regarded, along with the medullary portion of the

suprarenal and the carotid bodies, as appendages or paraganglia of the sympathetic.

^ Verhandlungen der Anatom. Gesellschaft, 1901.



THE ORGANS OF RESPIRATION.

This li;ui iiuhulis the organs by which an interchange of jijases takes place
between the l)K»()cl ami the air. It consists of the larynx, the trachea or windj)ipe,

and its subdivisions, the bronc/n\ the /ungs, and the serous membranes, the plrunc,
which surround them. Morl)hol<)^ically this tract is an fjutj^^rowth from the fore-

gut. The laryn.x is a specialized apparatus for the jjroduction of the vcMce, situated

at the beginning of the windpipe, of sufttcient importance to be considered by itself.

THE LARYNX.

The larynx consists of a number of cartilages which, by their relati\e changes
of position, modify the approximation and tension of two folds of mucf)us mem-
brane over fibrous tissue, known as the vocal cords, on either side of the cleft through
which the air enters the windpipe. The larynx is in the neck, being suspended from
the hyoiil bone and leading to the trachea. It is practically subcutaneous in front. Its

suj)erior orifice is behind the base of the tongue, and can be seen in life only by a mirror.

The cartilages are connected by joints and ligaments, moved by muscles, and covered
by mucous membrane, the folds of which form important morphological parts of the

larynx.

THE CARTILAGES, JOINTS, AND LIGAMENTS.

The cartilages which form the framework of the larynx are three single ones : the

cricoid, the thyroid, and the epiglottis; and three pairs: the arytenoid cartilages, the cor-

nic7ila laryngis or cartilages of Santorini, and the cnneiforni cartilages or those of

Wrisberg. The last pair, although determining well-defined swellings of the mucous
membrane, are very small ; indeed, the cartilage is not always to be found. There are

other minute points of cartilage to be mentioned with the structures in which they occur.

The epiglottis, the upper part of the cartilages of Santorini, those of Wrisberg, and
the ends of the vocal and apical processes of the arytenoids consist of elastic cartilage, the
others being of hyaline cartilage. The cricoid and arytenoid cartilages are derivations

from the trachea and represent the more primitive form of larynx. The thyroid and the
epiglottis appear in mammals. In monotremes the epiglottis is of hyaline cartilage.

The Cricoid Cartilage.—This is the foundation of the larynx, being a ring

on the top of the trachea. It is nearly circular, the diameter in the male being 19
mm. (Luschka). It is narrow in front, being from 3-8 mm., usually about 5 mm.
broad, and some four or five times as much
behind. The height at the back is approxi-

mately 25 mm. in the male and from 16-23
mm. in the female. The cricoid is 3 or 4 mm.
thick in the lower part and in the upper as

much as 5 or 6 mm. The posterior aspect is

somewhat quadrilateral, the upper border de-

scending very steeply at the sides. Internally

the cricoid is perfectly smooth. The lower
border presents a slight median descent in front

and an inconspicuous notch behind. Ne\-er-

theless, the cricoid is so placed that its posterior margin is a trifle the lower. A small

median depression occurs in the superior border behind, and on either side is an

articular emirience for the arytenoid cartilage. Being situated on the superior border

of the cricoid, this elongated eminence has its long diameter (8-10 mm.) slanting

outward, downward, and somewhat forward. Its free edge may be slightly convex
or concave in the long axis, but is not far from straight. It is convex transversely

and about 4 mm. thick. The whole elevation is inclined slightly away from the

interior of the larynx, so as somewhat to overhang its posterior surface, and is

1813

Fig

Articular facet
for arytenoid
cartilage

.\rticular facet
for thyroid
cartilage

Cricoid cartilage, right lateral aspect.
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Fig. 1539-

extremely variable in all its details. A median ridt^e divides the posterior surface o\

the cricoid cartila_ii;'e into two symmetrical depressions for the oriy-in of the ])osterior

crico-arytenoid muscles. Each lateral surface of the cricoid, below the middle, and
nearer the back than the front, bears an oval articular facet for the crico-thyroid
joint, its long diameter extending upward, backward, and inward. The facet, which
is nearly plane, faces chiefly outward, but also

somewhat upward and a little backward. The
long diameter is about 5 mm. and the cross one
nearly as great. A ridge connecting it with the

superior articular facet bounds the posterior sur-

face of the cartilage. The anterior surface of

the cricoid is somewhat convex vertically, so

as to resemble an over-large tracheal ring.

The Thyroid Cartilage. — This, the

shield-shaped cartilage, consists of two quadri-

lateral plates, the alee, broader than high, which
meet in front and are widely apart behind. The
posterior border of each is prolonged upward
and downward into two horns, or cornua, some-
what flattened from side to side. The lower pair

rest on the inferior articular facets of the cricoid

and the upper are attached by ligaments to the

ends of the greater horns of the hyoid bone. Being thus open behind, the thyroid
cartilage is complementary to the cricoid upon which it rests. The thyroid notch

(incisura thyroidca) is a deep median depression of the upper border in front, extend-
ing nearly or quite half-way down. The plates are strongly everted (especially in

the male) at the sides of the notch, thus causing most of the prominence known as

Adam's apple (protuberantia larynsea). The resulting median ridge ends shortly

below the notch, and at the lower border the front of the thyroid is smooth and
convex. The upper border is slightly convex on either side, and usually presents a
small notch just in front of the root of each superior horn. The superior tubeirle is

a little prominence on the outer surface, just below and anterior to this notch. The
lower border is alternately convex and concave. There is a moderate median con-
vexity followed by a hollow, external to which is a marked prominence, the inferior

tubercle, between which and the inferior horn is a deep notch. The posterior border
is slightly concave in the middle.

The oblique line is a ridge running

Cartilage of Santorini

Posterior surface for
aryteiioideus

Posterior crico-
arvteiioid lijjainent

Muscular process

Posterior rid^e on
cricoid cartilage

Depression for

crico-arytenoideus
posticus

Cricoid and arytenoid cartilages from behind.

Fig. 1540.

Epiglottis

downward and forward from the

upper tubercle to the lower. It

marks the interruption of the mus-
cular layer out of which the sterno-

thyroid and the thyro-hyoid mus-
cles arise. The inferior constrictor

of the pharynx is inserted behind it.

The superior horns, usually longer
and more flexible than the inferior,

run upward, backward, and inward.

They become more cylindrical and
have blunt rounded ends. The in-

ferior horns, broader than thick,

run downward and slightly inward,

with a turn forward at the ends. In-

ternally each presents near the tip

a round articular surface of indefi-

nite shape for the inferior articular surface of the cricoid. The dimensions of the alae

vary with the sex : in man the height is 30 mm. and the breadth 38 mm. ; in woman,
23 and 28 mm. respectively. The prominence and sharpness of the angle are male
characteristics, in man the average being go° and in woman 120°. It is chiefly

through the thyroid cartilage that the male larynx accjuires its relatively large size.

Oblique line, end-
ing in tubercles
above and below

Projection, be-
low notch,
forming po-
mum Adami

Inferior cornu.

Thyroid cartilage, with epiglottis, right antero-lateral aspect.



THE LARYNX. 1815

Development and Growth. -I lie tliyioid, piohahly I'ormcd fiDin ilu- fi)iirih

and fifth brancliial arches, is orij^inally nnindc-d in front, the anj^le becoming promi-
nent at puberty, when the j^reat increase in size in the male and the j^reater promi-
nence occur. A shj^ht strip of cartilaj^e, separate frcjun the rest, is found in the angle
in early childhood ; subseciucntly it bccomi's less and less distinct.

Variations.— It is not rare to iiiicl a foramen near the upjier outer anj^le, a little below the
sii|)eri(>r tuhercle, wliicli transmits the sni)erior larynj^eal artery and exceptioiiallv some fil)res

of tile external l)ran(li of the su|R-rior laryni^ea! nerve. Assuming tlial llie tliyroi(f is developed
as aho\e statrd, tlie foramen n presents a cleft helueen the fonrth and lillh branchial bars. It is

common for one of the siii)erior horns to be shorter than the other, ami not very rare f(jr one to

be abstnt. Our e.xperience agrees vvilii that of others in finding the absence more common on
the left side.

Joints and Ligaments connecting the Thyroid with the Cricoid Car-
tilage and with the Hyoid Bone.—The crico-thyroid joints, between the

lower articular facets of tlie cricoid and the inferior iiorns of the thyroid, are very

intlefmitely shaped. The facet of the thyroid is on the inner side of the inferior h(jrn,

and is nearly plane, but either par-

FiG. 1541.
Rl)iKloUis

Cartilage triticea

—

Tliyro-hyoid
membrane, left

half

Cartilage
of Satitorini

Posterior
crico-aryteiioid
ligament

ticijiant of the joint may be the

ciMitained one. The capsule is

la.\, although somewhat strength-

ened by two by no means con-

stant ligamentous bands. An an-

terior one extends downward and
forward from the front of the

lower horn ; a posterior one ex-

tends upward and backward from

the back of the same. The motion

is usually described as rotation on
a transverse axis passing through

both joints, but in fact a great deal

of irregular sliding is possible.

The crico-thyroid mem-
brane, although connecting the

cartilages in front, has no direct

attachment to the thyroid at the

sides, and consists of a central

anterior and a lateral part. The
anterior part, also known as the

conoid ligament, is triangular in

shape, with its base attached to

the upper edge of the cricoid car-

tilage and its truncated apex to

thelower border of the thyroid. This is the strongest j:)art of the membrane, con-

taining considerable elastic tissue, and closes the middle of the space between the two

cartilages. It is pierced by several small holes for blood-vessels, and is crossed

superficially by the crico-thyroid artery. The lateral part (Fig. 1544 J, while directly

continuous with the anterior and attached below to the upper border of the anterior

arch of the cricoid cartilage, is thin and membranous, and on each side extends

upward and inward beneath the lower border of the thyroid ala w^ithout being at-

tached. The uj)per border of this part of the membrane becomes directly blended

and continuous with the inferior thyro-arytenoid ligament, the latter being practically

the thickened and free superior border of the crico-thyroid membrane, which in this

sense becomes the supporting framework for the true vocal cord. The lateral crico-

arytenoid and thyro-arytenoid muscles intervene between the thyroid ala and the

lateral part of the membrane. The inner surface of the latter is covered by the

laryngeal mucous membrane.
The thyro-hyoid ligament or membrane is one continuous sheet of fibrous

tissue, the posterior borders of which are thickened as they extend between the supe-

^^ Posterior
crico-ihyroid
ligament

Trachea

Cartilages of larynx united by their ligaments ; right half of thyro-

hyoid membrane has been removed
;
poslero-lateral aspect.
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Crista arcuata

Fovea oblongata, for

thyro-arytenoideus
muscle

Muscular process

Tubercle for false vocal
ord
ea triangularis

Anterior border

Vocal process -

Articular facet Articular facet

rior horns of the thyroid and the tips of the greater horns of the hyoid. They
may be artificially dissected to resemble cords ( lij^aineiita thyreohyoidca lateralia},

although in fact they are continuous, not only with the rest of the membrane, but

with its expansion which mingles with the fasciae of the neck. As a rule, a little

nodule {cartilago triticea) is found in the middle of this lateral thickening (Fig.

1541 ). According to Gegenbaur, it is the remnant of a closer connection between
the third and fourth branchial bars. The more membranous part of the ligament
extends from the superior border and the inner side of the superior horns of the
thyroid to the upper border of the body of the hyoid and its greater horn. A bursa,
extending under the body of the hyoid, lies on the anterior surface of this membrane,
which is denser beneath it.

The Arytenoid Cartilages.—These are a pair of very irregular four-sided
pyramids (one side being the base) perched on the superior articular facets of the
cricoid. The vocal cords extend between them and the entering angle of the thyroid.

Besides the base, there is a posterior, an internal, and an antero-external surface, sep-
arated by tolerably distinct borders. A section near the base is semilunar, the bound-
ary between the posterior and internal surfaces being effaced. The two remaining
angles are each prolonged (Fig. 1542). The anterior, extending forward as \.\\(tvocal

process for the attachment
Fig. 1542. of the true vocal cord, is

long and slender
; the ex-

ternal or muscular process,

short and thick, projects out-

ward and backward. The
base is chiefly occupied by
an oval articular cavity rest-

ing on that of the cricoid.

The long axis of this articu-

lar facet, which does not
much surpass its transverse

one, extends in the main for-

ward, crossing that of the opposed facet. The concavity is nearly at right angles to

the long axis. The posterior surface is well defined and deeply concave, being filled

by the arytenoid muscle. The internal surface is nearly plane, offering* nothing for

description. The antero-external surface is triangular. A ridge, the crista arcuata,
starts from the vocal process and runs backward and upward, ultimately describing
nearly a circle around a hollow, the fovea triangularis, which is quite as often oval.

This little hollow is filled by a mass of glands, and is overlooked unless the cartilage

be cleaned very carefully. The false vocal cord is attached to a little tubercle on this

ridge either above or behind the fovea. The borders meet above at a blunt apex.
The Crico-Arytenoid Joint.—From the foregoing description of the two

opposed articular surfaces it is evident that in consequence of the crossing of their

long axes the whole of one is not in contact with the whole of the other. The joint

is surrounded by a lax capsule, strengthened behind by straight vertical fibres, which
have been called \h& posterior crico-arytenoid ligame7it (¥\g. 1541 ). The motions
are very difficult to analyze. The arytenoid may tip on the elongated elevation of

the cricoid or slide along it ; moreover, it may rotate upon it at any point occupied.
This movement, from the nature of the surfaces, is a screw motion rather than a true

rotation, but the term is sufficiently accurate.

The Epiglottis.—This is a leaf-shaped plate of elastic cartilage which, inserted

by its stalk into the angle of the thyroid, rises above the hyoid bone and guards the
entrance into the larynx. The length is some 3. 5 cm. The epiglottis expands trans-

versely and curls forward over the root of the tongue. Its posterior surface is

entirely free, but less than the upper half of the anterior surface is exposed. Begin-
ning at the free border, which is bent forward towards the tongue, the posterior

surface is conve.x, slightly concave, and finally convex again, owing to a prominence,
called the tubercle, which its root forms in the larynx. The free edge is rounded
transversely and the posterior surface in the main concave across. The stalk, when
well developed, is triangular on section, fitting into the angle of the thyroid. The

Right ar>-tenoid cartilage, capped by cartilage of Santorini, A, antero-
lateral aspect ; S, postero-medial aspect, ;. §.
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cartilaginous stroma is full of pits, (^r c\cn ])(rforations, containing glands. 'I'hf.

mucous membrane is attached to it very closely, so that in dissecting the cartilage it

is dif'licult to determine its true outline.

The Ligaments of the Epiglottis.— The ///rn>-r/)/t;/o///r lii^aimnl is an elastic

bantl continuing the stalk of the epiglottis into the angle of the thyroid, just below
the notch. Owing to the ill-iletined structure of the epiglottis, it is often hard to say

what is ligament antl what is stalk. T\\i: i^/osso-cpii^/ottic lif^anictits, cjne median and
two lateral, are three folds of mucous membrane with more or lc;ss clastic tissue within

them, e.xtending from the front of the ej)iglottis to the tongue, with which they have
been more particularly described (page 1575). The hyo-cpii^lottic lij^amctit^ is de-

scribed as a bundle of elastic tissue extending between the middle of the anterior

surface of the epiglottis and the upper border of the hyoid. Such a structure may
be artificially dissected ; but the important jjoint is the presence of a ma.ss of very

dense areolar tissue, probably largely elastic, and with fat in its meshes, which fr)rms

a firm pad between the front of the epiglottis below the line of reflection of the

mucous membrane and the thyro-hyoid membrane which is attached to the ujjjjer

border of the hyoid. This mass gives support to the cj)iglottis, and probably may
be made to press it backward when the hyoid is carried

in that direction. It is continuous with the septum of the F'*"' ^543-

tongue.

The Movc7ue7its of the Epiglottis.—The old idea that

the epiglottis turns over backward like a lid to close the

larynx in swallowing is disproved. That it could ever be 't VV '«<' - '"j^ Depressions

so bent is unlikely. In swallowing it is carried bodily 'n^,^^^*/' pi
for glands

backward, while the approximated aryepiglottic folds and
tubercles of Santorini are drawn upward, thereby closing

the laryngeal aperture. While there are muscular fibres

in the aryepiglottic fold, they are scanty and irregular

. and hardly capable of exercising any great influence on
the shape of the epiglottis. \ LLstaik

The cornicula laryngis, or cartilages of Santo-

rini, are a pair of small horn-like structures of elastic car- Epiglottic cartilage from behind,

tilage on the apices of the arytenoids (Fig. 1542). As
thefr sheath is continuous with the perichondrium of the latter, they are not very
easily isolated. They are 4 or 5 mm. long, curve backward and inward, and are
attached by their fibres to the arytenoids.

The cuneiform cartilages {of Wrisberg) are two very slender rods of elastic

cartilage situated a little in front of the corniculae laryngis in the aryepiglottic folds

(Fig. 1545). They are some 5 mm. or more long and i mm. thick. While the
swellings which they seem to produce in the folds are constant, the same cannot be
said of the cartilages. They are often difficult to isolate.

Minute nodules of elastic cartilage are occasionally found in certain parts of the
larynx. The posterior sesamoid cartilages are on the lateral sides of the joints be-
tween the arytenoids and the corniculae. The anterior sesamoid, which may be double,
is at the anterior origin of the true vocal cords. An occasional interarytenoid has
been described under the mucous membrane of the pharynx between those cartilages.

It is regarded as representing a precricoid cartilage.

The ela:stic sheath of the larynx is a layer of areolar tissue, rich in elastic

fibres, which lines the inside of the larynx, -and is prolonged from it into the folds

of mucous membrane to be presently described. The superior and inferior thyro-
arytenoid ligaments in the false and true vocal cords respectively are thickenings of

this layer.

The superior thyro-arytenoid ligaments (Ii<;amenta ventricularia ), one on
each side, extend between the angle of the thyroid above its middle ( the point of

origin will be described accurately with the vocal cords ) and the tubercle on the bor-
der of the fovea of the arytenoid. They are in no sense ligaments, but at most
slight thickenings of the elastic tissue in the folds of the mucous membrane forming
the false vocal cords, and can be demonstrated only by an artificial dissection.

^ Dieulafe : La membrane glosso-hyoidienne, Bibliographie Anatomique. tome xi., 1901.
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The inferior thyro-arytenoid ligaments (ligamcnta vocalia) are a pair of

bands of fibrous tissue, chiefly clastic, supporting;- the free edy;(.'s of the true vocal

cords, extcndins^ from the ant^le of the thyroid a httle below the false ones to the

vocal processes of the arvtenoids. These li^^amcnts are continuous with the lateral

parts of the crico-thyroid membrane, as the thickened and modified upper borders

of which they may be regarded (Fig. 1544)- Each band is triangular on section,

having the free edge at that of the
Fig. 1544.

Epiglottis, bent forward

Ttiyroid cartilage, left ala XSuperior coriiu

of thyroid car-

tilage

i5->^

cord. There may be a minute
nodule of cartilage in the ligament

just in front of its posterior attach-

ment.

Articular facet

for inferior thyroid
cornu

Right thyroid
ala (cut

)

Lateral part of
rico-thyroid mem-
rane attached to

f)cal process

dian part of crico-

hyroid membrane
icoid cartilage

Trachea

Ossification of the Larynx.—The
process, be.y^inning as it does at about
twenty, is a normal chaiiji:e. Chievitz'

found some ossification in every male
larynx of over twenty and in every fe-

male one of o\er twenty-two. It ap-
pears at abinit the same time in the
cricoid and thyroid,—namely, at about
the beginninsj of the twentieth year,

—

and in the arytenoid at about the mid-
dle of the twenties in man and nearer
the thirties in woman.

The Cricoid. -The first nucleus
appears on each side at the back of

the facet for the arytenoid, and almost
at the same time another appears at

its front. These are shortly followed
by one at the joint for the thyroid.

These three unite, forming a lateral

ossification which spreads across the
back. One <jr more points appear in

front near the upper border of the arch, which is thus ossified and joins with the sides. After

these various unions the entire lower border of the cricoid is still cartilaginous. The youngest
man observed by Chievitz with complete ossification was forty-four and the youngest woman
seventy-six.

The Thyroid.—The process begins near the posterior inferior angle and invades the in-

ferior horn. It appears next near the lower part of the anterior angle, and these two centres

on each side join by spreading along the inferior border. The superior horn then ossifies either

by a separate centre or by extension along the hind border. Finally a tongue-like process,

starting near the inferior tubercle, extends upward and forward across the ala to meet the ossi-

fication which has spread along the superior border, leaving before and behind it places which
are the last to ossify. This tongue-like process is peculiar to the male ; in the female ossifica-

tion advances chiefly from the posterior border. The youngest man w ith complete ossification

of the thyroid was fifty and the youngest woman seventy-six.

The Arytenoids.—The process begins in the base. \w man the starting-point is the mus-
cular process, but in woman it is less certain. The youngest man in whom the process was
complete was seventy-five and the youngest woman eighty-five.

The cartilago tridcea, when present, also tends to ossify.

Lateral view of larynx after removal of greater part of right

thyroid ala. showing attachment of crico-thyroid membrane to

arytenoid cartilage. The free border of the membrane constitutes

the thyro-arytenoid ligament and the framework of the vocal cord.

THE FORM OF THE LARYNX AND ITS MUCOUS MEMBRANE.

The shape of the laryn.x depends not only on the cartilages, but also on folds of

mucous membrane stretched over bands of connective tissue and over muscles.

The cavity of the laryn.x is subdivided into three parts : the supraglottic, the

glottic, and the infraglottic.

The supragiottic region fvestibulum laryngis) begins with the entrance to the

larynx, an oval (or rather a heart-shaped) plane, which, owing to the height and
the position of the larynx, faces nearly backward. It is bounded by the free border

of the epiglottis in front and by the aryepiglottic fold which passes from this on
either side back over the top of the arytenoid cartilages. It is interrupted in the

median line behind by a notch. On either side of this the fold presents a small

swelling (tuhcrculum corniculatum), caused by the cartilage of Santorini, anterior to

which is a larger one ftubcrculum cunciforme) containing that of Wrisberg. Between

' Archiv f. Anat. und Phys., Anat. Abth., 1882.
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tht'se and the sides of the epij^i^loltis thr fold contains only the general fibrous envel-

ope and some stray muscular lihrcs. Helovv the entrance in front lies the posterior

surface of the epiglottis, concave from siile to side, and presenting in the median line,

from above tlou invard, first a con\i-.\ity, extc-ndinj; so far back as to overhang much
of the larynx, then a hollow, and linally a prominence, the tubtnle or cushion. A
deep crease descends on each side, bounding; the lower part of the epij^lottis, and

meeting its fellow below the tubi-rcle. The mucous membrane is very closely attached

to the ej)ij^lottis, and so thin that the straw color of the cartilage is seen through it,

turninjr into red at llu- lower ])art. The pits for the glands in its substance can also

be made out. The lateral wall of this region, which is separated from the front by

Fig. 15,15.

rotiKue

Foramen caecum

\ -^^-X— KIkIU faucial tonsil

Cushion of epiglottis

Cuneiform tubercle

Tubercle of Santorini

Posterior crico-arytenoid
muscle

Cricoid cartilage

Greater hyoid cornu

Superior thyroid cornu

Glosso-epiglottic fold

Sinus pyriformis

Glottis

Pharyngeal wall

CEsophagus

Pharynx opened from behind, showing superior laryngeal aperture and mucous pouches embraced by wings of
thyroid cartilage; cricoid cartilage and muscles are covered with mucous membrane.

the crease, inclines inward, and becomes the fold of mucous membrane known as the

false vocal cord. Farther back a shallow groove, i\\Q philtriini, runs from the inter-

val between the tubercles of Santorini and of Wrisberg to the ventricle.

The sinus Pyriformis (Figs. 1545, 1354) is a shallow cavity to the outer side of

the aryepiglottic fold, bounded externally by the greater horn of the hyoid, the upper
part of the ala of the thyroid, and the thyro-hyoid membrane between them. It is

bilateral and properly a part of the pharynx (page 1598). Its mucous membrane,
continuous with that of the larynx, is smooth and thin, and but loosely attached to

the areolar tissue below it. In the front part there is a transverse fold caused by the

internal branch of the superior laryngeal nerve passing from the thyro-hyoid mem-
brane, which it perforates, to the larynx proper.
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The glottic region extends from the free edges of the false cords above to

those of the true ones below. The narrowest part of the larynx, the rima glottidis or

chink of the larynx, is the interval between the true cords in front and the arytenoid

Fig. 1546.

Cartilage of epiglottis

Areolar tissue

Mucous membrane covering epiglottis

Fissure between cartilages

of Saiitonni

Cartilage of Sautoriiii tubercle
Sterno-liyoid

Thyro-hyoid

Sinus p\riformis

Superior
cornu of hyoid (cut)

Sterno-mastoid

Fourth cervical vertebra
Aryteii epit,lotlic fold (cut)

Posterior wall of pharynx

Anterior part of section across neck at level of fourth cervical vertebra, passing through upper part of superior

aperture of larynx.

cartilages behind. The false vocal cords (plicae ventriculares) are folds of mucous
membrane continuous with the sides of the supraglottic space. They are attached in

front to the inner side of the angle of the thyroid, above its middle, and behind to

the antero-external surface of the arytenoids. They are soft folds of mucous mem-
brane containing connective tissue (out of which a skilful dissector can manufacture

Fig. 1547.
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Fig. 1548.

Appendix ol

ventricle

Arytenoideus

Median sagittal section of larMix ; right side seen from Lannx has been partly cut across at level between

within. false and true vocal cords ; upper half of figure represents

under surface of upper piece, which is turned backward.

a superior thyro-arytenoid ligament), many glands, and some fibres from the thyro-

arytenoid muscle. The true vocal cords (plicae vocalcs) arise a little beloAv the false

ones, and run to the vocal processes of the arytenoid cartilages. They arise in both
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sexes a little above the middle of a line from the b(jtlom of the thyroid notch to the

lower bonier of the thyroid. Ta^uchi ' j^ives the average distance in men fnjiu the

notch to the vocal cord as S.5 mm., and from below as 10.5 mm. In women he
finds these distances 6.5 mm. and S mm. respectively. The cords arise cither di-

rectly from the thyroid, just t^n each side of the depth of the angle, or from a

Fig. 1549.

False vocal cord Sterno-hyoid
Vocal cord / / Ventricle of larynx

Ventricle of larynx \ I / / Hursa

Arytenoid cartilage

Thyroid cartilage

riiyro-liyuid

I'harvnx

Oino-hyoid

Sterno-niastoid

Internal
jugular vein

Sterno-mastoid

Internal
jugular vein

Pneumogastric ner\'

Carotid artery

^
Palato-pharyngeus

Prevertebral fascia

Thyro-ar\ teiK)i(ieus

rior pharyngeal constrictor
Arj'tenoideus

Anterior part of section across neck at level of false vocal cords; on left side ventricle of larynx is exposed.

median cartilaginous nodule, or from one for each cord, the distance between them
being 1.5 mm. in both sexes. The false cords arise about 3.5 mm. above the true

ones, and, on the average, 4 mm. apart from each other. The true cords are tri-

angular on section, with a sharp free edge, an upper surface slanting downward and
outward from it, a longer internal surface which slants steeply downward and out-

ward, and an imaginary attached base placed laterally. The free edge is composed
of the whitish ligament which shows through the thin and closely attached mucous
membrane. The substance is chiefly muscular tissue from the thyro-arytenoid, which
forms a three-sided prism, giving a solidity which the false cord lacks. Behind
the cords the glottic-region is bounded by the arytenoid cartilages, and, as the true

Fig. 1550.

Base of tongue

Epiglottis

Vocal cord

Aryteno-epiglottic fold
Sinus pyriformis

\'ocal process
Cuneiform tubercle'

Tubercle of Santorini

Lateral glosso-
epiglottic fold
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epiglottic fold

Epiglottis

I'alse vocal cord

\'entricle of larjnx

\'ocal cord

Rinia glottidis

Cuneiform tubercle

:al process

Interior of lar\nx as seen with laryngoscope. A, rima glottidis widely open ; B, rima glottidis closed.

cords end at the vocal processes, a considerable part of the chink of the glottis is

bounded bv these cartilages. The posterior part between them is called the respira-

tor\\ and the anterior, between the cords, the 7'fr^/ part. According to Moura,' the

entire length of the chink in the male is 23 mm., of which the vocal part is 15.5 mm.
' Archiv f. Anat. u. Phys., Anat. Abfh., iSSq.
* Bull, de I'Acad. de Medecine, Paris, 1879.
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and the respiratory 7.5 mm. In the female the length is 17 mm., and the respective
parts measure 11.5 mm. and 5.5 mm. The elasticity of the vocal part, however,
allows it to stretch. The shape of the rima glottidis varies with the position of the
arytenoids, and the theoretically straight lines of its borders may both be approxi-
mated and drawn asunder, and, moreover, may be bent at the junction of the two
parts.

The ventricle or laryngeal sinus (ventriculus larAngis) is a pouch, lined with
mucous membrane, opening into the larynx between the true and false cords of each
side. The horizontal elliptical opening has a breadth (vertically) of from 3-6 mm.
As has been stated, the upper surface of the true cord slants downward and outward

;

but the ventricle is partly under cover of the false cord, around which it ascends.
The ascent may be due to an appendix of the ventricle (Fig. 1551), which may be an
almost separate cavity connected with the front of the ventricle by a slit or an irregular

Fig. 1 531.
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Frontal section of larynx, about middle of vocal cords. X 3.

opening. Not rarely, however, it is without separation from the rest of the \'entricle.

It may ascend to a height of 15 mm. from the bottom of the ventricle. These cavi-
ties are compressed laterally, and situated in the thickness of the wall of the larynx
proper, internal to the fossa pyriformis. According to Riidinger, the ventricles are
relatively much larger in the male. Occasionally cases of great o\er-de\'elopment of

the ventricles are met with. They may even perforate the thyro-hyoid membrane.
This is analogous to the sacs of the anthropoid apes. Brosike ' has seen a median
pouch perforating the thyroid in the region of the vocal cords. A similar structure
occurs in the horse, ass, and mule. The function of the true cords is to change the
size and shape of the glottis both during respiration and phonation. and to cause
sound by their vibrations, which depend in part on their tension. When drawn into

' \'irchou's Archiv, Bd. xcviii., 1884.



THI- LARYNX. 1823

contact, they close the j^^L.ttis and pixveiit the entrance of air, but from their shape

they seem unfitted to prevent its exit. This, accoixhnjr to the ^u-neral teachlnK^ is

accomphshed l>v the valvular action of the false cords, to which the ventricles con-

tribute, but it is'not clear that ihev contain the musculature necessary f(jr such action.

The infraglottic region rconus elasticus) expands laterally beneath the true

cords so as i.. bt-ome practically circular before reachin^^ the lower border of the

cricoid. The little fossa beneath the arytenoid cartilages is the upper part (A this

region, whi<h is broadest between them.
, • , , u j

The mucous membrane of the larynx is in parts thin and tightly bound

down to the cartilages beneath it, and elsewhere thick, with much subjacent areolar

tissue It is very intimatelv connected to the free i)art of the epiglottis and to all of

its intralaryngeal surface, but less so to the anterior part near the tf>ngue It is closely

applied to the arvtenoids and also to the lower part of the cricoid. It is thin and

adheres very tightly to the true vocal cords along the ligament. In the aryepiglottic

Fig. 1552.
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folds it is lax and redundant. Beginning at the base of the epiglottis, the epithelium

covering the mucous membrane is of the stratified ciliated columnar type throughout

the larvnx, with the exception of that over the vocal cords, false as well as true,

which abrupdv changes to stratified squamous. Mucus-secreting goblet-cells occur

in varying profusion among the columnar elements. The superficial layers ot the

f^bro-elastic stroma of the mucous membrane contain many lymphocytes, which in

places are so numerous that the tunica propria resembles lymphoid tissue.

The glands are verv general. Thev occupy pits in the epiglottis, are very numer-

ous and large in the false cords, and plentiful in the walls of the ventricles They do

not occur on the upper surface of the true cords within 3 or 4 mm. of the free edges,

but in the infraglottic region form nearlv a continuous shallow layer to within 2 or 3

mm. of the free^edge of the vocal cord.
' The laryngeal glands are tubulo-alveolar in

form and mixed mucous in type, in addition to the mucus-producing cells containing

groups of serous elements.
. „ , 1 .u ^r..-v^r-\r.r

Lyynphoid tissue, as distinct nodules, is occasionally obserxed on the posterior
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surface of the epiglottis and the side and back walls of the larynx, its most usual

position being the ventricle (Fig. 1551). Within the laryngeal pouch the lymphoid
tissue is so constant and plentiful that laryngeal tonsil has been suggested (Fraenkel)

as an appropriate name for these collections.

THE MUSCLES OF THE LARYNX.

The extrinsic muscles of the larynx should include those going to the hyoid bone,

which is physiologically a part of this apparatus. These have been described in the

systematic consideration of the Muscular System (page 543). The intrinsic muscles

are the crico-thyroid, xhe posterior crico-aryte7io2d, the lateral erico-aiytetioid, the thyro-

arytenoid, and the arytenoid. All of these, except the last, are in pairs. From a

physiological stand-point these muscles niay be divided into three groups : the con-

strictors, including both the adductors of the cords and those which draw together the

supraglottic portion of the larynx ; the dilators, which abduct the cords ; and those

which modify the tension of the cords without necessarily approximating or separating

them. The constrictors are the lateral crico-arytenoids, the thyro-arytenoids, and
the arytenoid. The dilators are the posterior crico-arytenoids. Those modifying

the tension of the cords are the crico-thyroids, which stretch them, and a part of

the thyro-arytenoids, which relax

Fig. 1553. them. Moreover, many of these

muscles, even antagonistic ones,

when acting together may be con-

sidered as parts of a sphincter.

The laryngeal muscles are ex-

tremely variable, especially the

thvro-arytenoid, detached fibres

of which have been described as

the thyro-epiglottideus.

The crico-thyroid muscle
(Fig. 1 5 10) is well defined, pass-

ing upward and outward from the

anterior ring of the cricoid to

the under border and the inferior

horns of the thyroid. The origiyi

is from the whole of the anterior

surface of the arch, except for a

slight inter\'al between the mus-
cles. The internal fibres are nearly

vertical and the lateral ones nearly

horizontal. The insertio7i is into

the lower border of the thyroid

cartilage from a point a few milli-

metres in front of the inferior tubercle to all the rest of the lower border and the front

of the inferior horn. It often extends a little onto the posterior surface of the ala.

The muscle is frequently divided into a superficial and a deep part. The distinction

may be \ery striking, or may be wanting. The superficial is the more internal

vertical part, which conceals a little of the origin of the deeper. The crico-thyroid

may be continuous by some fibres with the inferior constrictor of the pharynx. It

may descend to the first ring of the trachea, and it may give off fibres to the capsule

of the thyroid body. Occasionally the muscles of the two sides are connected at the

lower border of the cricoid. In extreme cases each may cross the median line.

Action.—This muscle is a tensor of the vocal cords by separating their points

of attachment on the thyroid cartilage from those on the arytenoids. Although the

conventional names of origin and insertion have been used, the more movable of the

two cartilages is the cricoid, and the action of the muscles is to raise its anterior arch,

thereby tipping the posterior plate with the arytenoids backward, and so stretching

the cords. While the thyroid can be held fixed by many muscles, the only extrinsic

one attached to the cricoid is a part of the inferior constrictor of the pharynx, so thai
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'..pon the cricoitl cartilaj^v dcvolvis the- wIkiIc. (jr nearly tin- whole of the movement.
Although the inoveinciit is j^eiifiaily descrihecl as rotation on a transverse axis |)ass-

ing ihrouj^h llu- two crico-lhyroid joints, tin- articulation is of so va^ue a cliaracter

tl:at a j^reat ileal of sliilinj^ occurs.

rile posterior crico-arytenoid muscle ( V\^. 1554; is very distinct and
occupies the hollow on either side of the median rid^e on the hack (^f the cricoid

cartilai^e. It is irianniilar, with rounded angles at the base, which is at the ridjje,

and the third sharj) an^lc al the posterior border and Ujiper asjiect oi the muscular
piocess of the arytenoid. The on'x''/n is not from the whole of the fossa on the cri-

coid, but chiefly from the region of the rid^e whence it sprinj^js by tendinous fibres.

It arises also from the lower part (jf the cricoid, but not from the part near the

arvteni)iil. It passes over the capsule of the joint, with which it is intimately fusecj,

and is ///scr/cd ixs above stated, some of its fibres becominj;^ tendinous.

Actio?i.— It pulls the muscular process downward ancl inward, thus raising and
exerting the vocal process and conseijuently enlarging the cleft of the glottis.

Two occasional small muscles in the neit^lihorlKHKl of the inferior horn of the thyroid are

probably alH-naiit hiindles of tlie posterior crico-arytenoid. 0\\v,\.\w poslcrior crico-thyroid,

sliv^litly divt.T,i;in}.; from tlie lower external lil)res, runs from the back (jf the criccjid upward and
outward to the internal aspect of the inferior horn of the thyroid. The other, ihit posterior //lyro-

arvtcnoid, runs from the lower horn ujiward to be in.serted with the posterior crico-arytenoid into

the uuiscular prt)cess.

~— Epiglottis

The lateral crico-arytenoid muscle (Fig. 1554), of an elongated triangular

form, arises from the upper border of the lateral part of the cricoid and from the

ascending edge of the plate as far as the arytenoid joint. It also may have fibres

springing from the crico-thyroid

nieml)rane. It is ///.y^r/r^ into the Fig. 1554.

front of the muscular process. This

muscle is less well defined than the

posterior crico-thyroid, and may
be more or less fused with the

thyro-arytenoid, on the one hand,

and the crico-thyroid, on the other.

Action.— It pulls the muscular
process forward, thereby bringing

the vocal cord nearer to its fellow.

The thyro-arytenoid mus-
cle (Fig. 1554) arises from the

inner surface of the thyroid, just

outside the entering angle, from
the level of the true cord to the

lower border. At the side it arises

from a part of the crico-thyroid

membrane, and may there be con-

tinuous with the lateral crico-ary-

tenoid. It runs backward and is

27ise?ied into the upper surface of

the vocal j)rocess of the arytenoid

and into the antero-external sur-

face of that cartilage. It is convenient to speak of an internal and an external part,

but there is no separation between them. The intei-nal poi'tion (m. thyreoarytae-

noideus vocalis) is a prismatic mass, triangular on section (Fig. 1551), forming the

bulk of the true cords with one of its angles against the ligament in the free edge.

Ludwig taught that fibres diverged from the body of this muscle to be inserted suc-

cessively into the ligamentous band of the vocal cord, which thus resembled the

tendon of a muscle receiving oblique fibres along its side. These were supposed to

modifv its tension indefinitely by pulling upon it at various points. This view has

been denied by Luschka, and the point remains undecided. Jacobson' found on

^Archivf. mikro. Anat., Bd. xxix., 1S87.
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Fir. 1555-

Body of hyoid
bone (cut)

microscopic sections that fibres were often inserted obliquely into the cord and into
the end of the vocal process. There was, however, much variation, and in some
cases no such fibres were found. Our own observations incline us to look upon such
fibres as possible, but probably in the ordinary larynx they are few and far between.
The external portion (Fig. 1554) is a thin membrane on the outer side of the ven-
tricle, with its fibres spreading upward and backward towards the aryepiglottic fold.

Some few fibres are, or may be, found in the false cord, and some occasionally arch
over the ventricle. The external portion is very irregular and inclined to give off

aberrant bundles. The superior thyro-arytenoid is a common one. It arises from
the inner side of the ala of the thyroid, near the top, a little outside of the notch, and
runs downward and backward to the top and anterior aspect of the vocal process,
resting on the outer side of the external part of the thyro-arytenoid and crossing it

at right angles. It consists of long parallel fibres and varies much in size. The
thyro-epiglottic muscle is simply fibres of the system of the thyro-arytenoid that pass
upward to the side of the epiglottis. We incline to consider the aryepiglottic muscle

(Fig. 1554)—a little bundle ex-

tending from the side of the

arytenoid to the epiglottis in

the edge of the fold—a part

of this same system.

Action.—That of the in-

ternal part of the thyro-aryte-

noid is to relax the vocal cords
by approximating their ends

;

if, however, the fibres inserted

into the cords be worth consid-

ering, this action must be modi-
fied by the stretching of parts

of the cords while others are

relaxed. The irregularity of

this arrangement is quite in har-

mony with the endless variations

of the human voice. The shape
of the walls below the true cords
must also be modified by the

swelling of the contracting mus-
cle. The action of the outer

portion of this muscle must be
in the main that of a constrictor

of the supraglottic region. It is possible that when the cords are abducted some of
the fibres inserted into the muscular processes may act as adductors.

The arytenoid muscle (m. interarytaenoideus) is a mass of fibres running trans-
versely between the hollows on the posterior surfaces of the arytenoid cartilages, which
it fills (Fig. 1553). There is usually a Superficial oblique part of this muscle which,
when well developed, is formed by two bands crossing each other like the arms of an
X placed on its side. Each arm starts from the muscular process of the arytenoid and
crosses to the summit of the arytenoid of the opposite side. Here it may end or be
continuous with the fibres of the aryepiglottic muscle, which ascend to the epiglottis.
One or both arms may be wanting, and this part may be more or less fused with the
deeper transverse fibres.

Action.—It draws the arytenoid cartilages together, and is, moreover, an im-
portant part of the sphincter-like arrangement.

Vessels.—The arteries are the superior laryngeal and the crico-thyroid from
the superior thyroid artery and the inferior laryngeal from the inferior thyroid artery.
The superior laryngeal pierces the thyro-hyoid membrane some 5 mm. from the
superior horn of the thyroid and about midway between the top and the bottom.
After giving off an epiglottic branch, which on its way supplies the areolar tissue
anterior to the epiglottis, the vessel runs downward and backward under cover of the
ala of the thyroid to its distribution in the upper part of the larynx. The crico-
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Fig. 1556.

Vestibule

thyroid l)raiKh incfis ils ftllow so as lo form an arch across the median Une and
sends perforatinj^ branches into tlie larynx thronj^h tlie crico-thyroid membrane.
The inferior laryngeal from the inferior thyroitl reaches the rej^ion of the back of the

laryn.v from tlie side. It anastomoses with the su|)erior larynj^eal and sometimes
sends branches thron^h or into the arytenoid muscle. The vocal cortls possess

relatively few blood-vessels.

The rt'/'/is corres|)ond in the main to the arteries, but, owin^ to their j^reater

size and freer anastomoses, they seem in more immediate relation with those of the

thvroid bodv. Moreover, they tend to form a median descending \(ssel in the front

oi the neck. There is a i)le.\us on the pharyngeal side of the back of the larynx

which connnnnicates through the folds at the sides of the entrance with the veins of

the dorsum of the tongue. The inferior laryngeal vein empties into the inferior

thyroid through a circular ple.xus around the entrance of the trachea.

The lyniphafics of each side emjity into two chief vessels, of which the su[)eri(jr

pierces the thyro-hyoid membrane, carrying the lymph from the supraglottic region

to the nodes under or near the sterncj-inastoid. The inferior vessel descentls under
the mucous membrane outward and backward to the nodes along the posterior sur-

face i)f the trachea. It may, however, open into an incr)nstant ncxle in front c>f the

crico-thyroid membrane. This node occurs in 44 per cent,

of adults and in 57 per cent, of children. It may be
double.

'

Nerves.—These are the superior and the inferior

laryngeal ner\es, both from the vagus. The superior, on
reaching the thyro-hyoid membrane, divides into an exter-

nal antl an internal branch. The external continues down-
ward and forward to the crico-thyroid muscle, which it

supplies. It is in relation with the pharyngeal plexus and
the superior sympathetic ganglion. The internal branch
pierces the membrane together with the superior laryngeal

artery, and supplies the greater part of the mucous mem-
brane. Its ramifications are in two groups : ascending
ones to the epiglottis, the region just before it, and to the

aryepiglottic folds ; others passing to the mucous mem-
brane within the larynx and to that of the posterior surface

looking towards the pharynx. The inferior laryngeal, as-

cending by the side of the back of the trachea, divides into

two branches. The branch nearer the median line inner-

vates the posterior crico-arytenbid and the arytenoid mus-
cles. Its fibres, in part sensory, enter into communication
with those of the superior laryngeal. The other branch
of the inferior laryngeal goes to the other .intrinsic muscles

of the larynx. Thus the superior laryngeal divides into

a motor branch that ends in one muscle, and a sensory division which plays the

greater part in supplying the mucous membrane. The inferior laryngeal is also a

mixed nerve, but chiefly motor. It supplies all the other muscles and helps to sup-

ply the mucous membrane. A remarkable peculiarity of the sensory nerves is a

tendency to cross the median line, so that certain regions are reached from both

sides.

The general teaching by English anatomists has been that the superior laryngeal

is as above stated and that the inferior is purely motor. Exner ^ made observations,

in part confirmed and in part disputed, to the effect that both nerves are mixed,

supplying both muscles and mucous membrane fthe superior supplying, in part at

least, certain muscles within the larynx), and that both motor and sensory fibres

cross the median line, so that some muscles receive the corresponding ner\'e of both

sides. Moreover, he found in some animals a middle laryngeal nerve from the

pharyngeal branch of the vagus, of which the analogue exists in man, in whom it

goes, together with the superior laryngeal, to the crico-thyroid muscle of both sides.

' Nicolas in Poirier's Traits d'Anatomie Humaine.
^ Vienna Akad. Sitzungsbericht, 1884.

Cast of cavity of larynx and
adjacent part of trachea ; anterior

aspect.
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In the above description we coincide with Onodi,' who denies entirely the existence

of the middle laryngeal in man.
The endings of the numerous sensory nerves in the mucous membrane, as

described by Retzius, Fusari, Ploschko, and others, include free terminations between

the epithelial cells and subepithelial end-arborizations. According to Ploschko,

special end-organs, composctl of columnar cells surrounded by delicate nerve-hbrilla?,

exist within the true vocal cords. Taste-buds occur not only on the posterior sur-

face of the epiglottis, but also witliin the laryngeal mucous membrane in the vicinity

of the arytenoid cartilages.

Position and Relations of the Larynx.—The larynx forms a part of the

anterior wall of the pharynx ami rests, therefore, against its posterior wall. In the

adult male the tip of the epiglottis is opposite the lower border of the third cervical

vertebra and the lower end of the cricoid opposite some part of the seventh vertebra.

Thus in man it covers about four vertebral bodies, with the intervening disks. It is

small in the female and rather higher. Mehnert ^ believes that in the living body in

the upright position the cricoid is about one vertebra lower than it is after death in

the recumbent position. Individual variation is marked, as is shown by the results

compiled from the researches of Taguki.* Thus in thirty-five men the lower border

of the cricoid was opposite or below the seventh vertebra twenty-nine times, but in

thirty-three women only twenty-one times. It was above it six times in men and
twelve times in women ; in one case (male) it was as high as the fifth vertebra.

Anteriorly the larynx lies beneath the middle layer of the cervical fascia. The
lobes of the thyroid rest on either side against the cricoid and thyroid. The larynx

as a whole can be raised and depressed by muscles, and changes its position with the

movements of the spine. Thus, when the neck is bent, it falls i cm. , and rises 3 cm.

when the neck is extended. When the head is turned to one side, the hyoid is twisted

less than the head, but more than the larynx, although the latter and the trachea may
share in the movement. The larvnx may he dis})laced sideways by external pressure.

Changes with Age and Sexual Differences.—At birth the larynx is very

small, but maybe said to be relatively larger than later. The sharp angle of the thy-

roid cartilage is entirely wanting. The larynx grows gradually up to puberty, when it

takes on a sudden expansion, which occurs in both sexes, but is much more marked
in the male. According to Luschka, it doubles in man and increases by less than

half in woman. The most marked sexual difference is the size and prominence of

the thyroid cartilage in the male. The duration of the process by which the larynx

of a child changes into that of an adult may, according to F. Merkel, be as much as

two years, and, in fact, changes may occur throughout growth. In the foetus the

position of the larynx is very high. At birth the lower border of the cricoid is oppo-

site the lower border of the fourth vertebra. Symington found it at six years at the

lower border of the fifth and at thirteen at the top of the seventh. Probably it reaches

what may be called its permanent position at about puberty. Mehnert, however, finds

from his observations on the living that the descent continues till about thirty, when
there is a great retardation, or even a suspension, of the process till about sixty, when
it goes on again with renewed acti\'ity. According to him, the cricoid may ultimately

reach the second or even the third thoracic vertebra. It is to be noted that, while

the earlier descent is a physiological process, that of old age is a degenerative one,

depending in part on changes in the spine and on the loss of elasticity of the tissues.

PRACTICAL CONSIDERATIONS : THE LARVNX.

The Air-Passages.—The hyoid bone is closely contiguous to the opening of

the larynx, and as its injuries derive their chief surgical importance from that rela-

tion, they are considered here.

Fracture of the hvoid results from compression by the grasp of a hand, by the

rope in cases of hanging, or from a direct blow. It usually occurs near the junction

of the greater cornu with the body of the bone. Displacement is not apt to be

^ Die Anatpmie iind Physioloane der Kehlkopfnerven, Berlin, 1902.
* Ueber topo^raphische Altersveranderunsjen des Atmungsapparates, 1901.
* Archiv f. Anat. u. Phys., Anat. Abth., 18S9.
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niaikfd, hcc.iusc the j^rcat liorn is held abuvc hy the clij^astric aponeurosis and the
hyo-j^lossiis muscle and helovv by the thyro-hyuid ligament and muscle. Kxcep-
tioiially the middle constrictor of the pharynx may draw it somewhat backward and
inward. The attachments to the hyoid of tile constrict(-)r and of the hyo-j^lossus and
genio-hyo-glossus invariai)ly make dej^lutitic^n aiul speech jjainful after this fracture,

while the tjenio-hyoiil and digastric, by tiieir C(;ntraclion, cause pain on o|Kiiing the
mouth. The associated swelling may invoke the epiglottic muc(nis memlVane and,

spreailing thence, give rise to serious dyspnuea.

The thyro-hyoid membrane^ springing from the posterior upper margin of the
hyoid bone and attached to the upper border of the thyroid cartilage, has interposed

between its anterior surface and the posterior face of the body of the hyoid a bursa
which descends below the lower border of that bone, and when enlarged forms a

cystic swelling situated in the median line of the neck, just beneath the hy(jid.

Thvro-lingual cysts are sometimes found in the same situation.

A similar cystic swelling, lined with columnar ei)ithelium and occup\ing the

same region, is referable to the persistence of the fcetal thyro-lingual duct. At the

upper end of that duct such a cyst would lie in the mid-line of the tongue between
the two genio-hyo-glossi muscles. At the lower end it would lie o\'er the thyroid or

the cricoid cartilage. The sinuses formed by the bursting of such cysts, or originally

by the persistence of portions of the thyro-lingual duct, are obstinate, and. on account

of their epithelial lining, must be dissected out completely to secure healing.

The lower portion of the thyro-hyoid membrane is covered in the mid-line by
cer\ical fascia and skin, laterally by the sterno-hyoid and thyro-hyoid muscles.

Cut-throat wounds of the neck, especially if suicidal, are apt to pass through
this membrane, w hich is made tense when the head is thrown backward, and, if they

are deep, will divide the inferior constrictor, open the pharynx, and possibly wound
or sever the epiglottis near its base, first passing through the cellulo-adipose tissue

that intervenes. If the wound is not immediately beneath the lower border of the

hyoid, it may di\ide the internal branches of the superior laryngeal nerve, leading

ultimately to a pneumonia from the inspiration of foreign matter. In infrahyoid

pharyyii^otomy such a transverse wound, hugging the lower edge of the hyoid, gives

access to the base of the pharynx and the supraglottideal region.

Abo\e the hyoid a cut-throat wound would di\ide the tongue muscles and enter

the mouth. Below the thyroid it would pass through the crico-thyroid membrane
and open the larynx. Still lower the trachea would be incised or severed.

The great vessels often escape in suicidal wounds, as the usual position of the

head in extreme extension incrjeases the projection of the laryngeal apparatus and
therefore the depth of the vessels from the surface. One reason for their escape

when the air-passages below the glottis are opened may be that the sudden rush

of air from the lungs and consequent collapse of the chest-walls deprive the muscles

running from the thorax to the humerus of their fixed point of support, and that

the arm necessarily drops (Hilton). Death may be caused, however, by hemor-
rhage from the superior thyroid or the lingual artery, or even from the crico-thyroid

if the blood enters the larynx or trachea ; or may result from suffocation produced
by the dropping backward of the tongue after division of the genio-hyoid, hyo-

glossus, and genio-hyo-glossus muscles, or by the occlusion of the glottis by a partly

divided epiglottis or arytenoid.

Fracture of the thyroid or cricoid cartilage may occur from the same causes that

produce fracture of the hyoid bone. The thyroid, on account of its greater prom-
inence, suffers more frequently. Fractures of the thyroid are seen oftener in males

than in females, because {a) in the former it is relatixely more prominent ; {b) the

process of ossification—which, in common with other hyaline cartilages, it undergoes

after adult life has been reached—is more complete in them ; and {c) males are

oftener exposed to violence.

The symptoms depend for their gravity chiefly upon the degree of in\olvement of

the laryngeal mucous membrane. If that is wounded, bloody expectoration, aphonia,

and dyspnoea are present, and tracheotomy may be urgently indicated. In any event,

deglutition is {)ainful. The voice is usually altered, and there is apt to be some ex-

ternal deformity. Crepitus may be present, but should be distinguished from the
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sound produced by moving tlie normal larynx laterally, and caused by the friction be-

tween the somewhat irregular anterior surface of the vertebral column and tlie posterior

border of the thyroid, the corresponding surface of the cricoid, and the lower part of

the pharynx, which move together. This normal crepitus disappears in retropharyn-
geal abscess, but persists in retrolaryngeal abscess (Allen). It should be remembered
that the superior cornua of the thyroid are sometimes found separate from the body.

The cricoid and, much more rarely, the thyroid and arytenoid cartilages may
be the subject o\ perichondritis secondary to ulceration (typhoidal, cancerous, syphi-

litic, or tuberculous) of the interior of the larynx. In the case of the cricoid it is

asserted that the condition may result from the pressure of the posterior aspect of

the cartilage against the spine in very debilitated subjects, or from the traumatism
caused by the frequent passage of an oesophageal bougie (Pearce Gould). The
origin of the inferior constrictor from the cricoid accounts for the pharyngeal spasm
and dysphagia said to accompany disease of this cartilage (Gibbs).

Allen says that the cricoid is relatively more prominent in women than in men,
and that it is often the site to which abnormal sensations originating in the pharynx
are referred, because in such conditions deglutition is painful, and since the cricoid lies

at the lower part of the pharynx, its motions determine a greater amount of distress

than do the corresponding motions at any other part of the throat.

The epiglottis is not infrequently affected by syphilis, and is also, although more
rarely, the seat of tuberculous lesions, and may be extensively ulcerated or may become
necrotic. The danger of such cases results usually from the accompanying oedema
{vide infra), but in rare instances a sloughing and wholly or partially separated epi-

glottis may directly occlude the laryngeal aperture.

Infection originating in disease of the epiglottis may involve the cellulo-adipose

tissue between its base and the thyro-hyoid membrane, giving rise to a thyro-hyoid

abscess which may extend towards the mouth and project in the groove between the

root of the tongue and the epiglottis. Such an abscess may also follow primary
infection of either the tongue or the thyroid. It is very apt to cause oedema of the

glottis. The condition known by this name may occur in any form of laryngitis, or
by extension of inflammation from the mouth, tongue, or pharynx, or as a result

of trauma or of wound, scald, or the application of local irritants. It involves the
glottis only secondarily. The thin mucous membrane covering the true vocal cords
and the arytenoids is so closely applied to them, and the subcutaneous connective
tissue is so scanty, that there is no opportunity for much exudation. But in the
supraglottidean region the mucosa is thick and the submucosa plentiful, especially

over the aryteno-epiglottidean folds, and almost equally so in the ventricles and over
the false cords and the posterior surface of the epiglottis. Effusion of serum and
swelling are thus favored and, according to their degree, will produce hoarseness,
aphonia, dyspnoea, cyanosis, or positive suffocation. In some cases of oedematous
laryngitis the swelling affects chiefly the region below the glottis {subglottic oedema')

and causes the same symptoms. This is rarer and is attended by less effusion on
account of the relatively closer association of the mucosa and the cricoid cartilage.

The mucous glands of the larynx which supply the moisture needed in normal
phonation are sometimes inflamed as an indirect result of the over-use of the voice,

—as in clergymen, costermongers, public speakers, etc. The increased volume of

air taken in through the mouth dries up the mucous surface of the larynx, and the
effort to compensate for this may result in such irritation of- the glands and mucosa
as to cause a form of chronic laryngitis,— " clergyman's sore throat."

The rima glottidis,—the aperture of t\\^ glottis,—the narrowest portion of the
air-passages, measures a little less than one inch antero-posteriorly in the adult male.

Its transverse diameter at its widest portion is about one-third of an inch. In the

male before puberty, and in the female, these measurements are about one-fourth
less. They are important in reference to the introduction of instruments and the

arrest of foreign bodies {vide infra).

The level of the glottis

—

i.e., of the true vocal cords— is a little above the

middle of the anterior margin of the thyroid cartilage.

The shape of the aperture varies. It is linear when a high note is produced in

speaking or singing, triangular (with the apex forward, equal sides and a narrow
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base) durinii^ (luict respiration, Awd diainond- shaped {\\\\.h tlie posterior anj^le cut
off) in forced breathinj^. As various forms of ulceration ( tuberculous, syphilitic,

cni)htheritic) may aftect the mucous membrane covering the true vocal cords, (jr the
cords themsi'lves, or the structures in their immediate vicinity (esi)ecially the aryteno-
epi^lottidean and interarytenoid folds and the ventricular bands j, ancl as cicatrization

with subsecpient contraction of scar tissue may follow, diminution of the calibre of

the riina i^lottidis (stricture) is not uncommon.
Polyps, warty growths, and other benij^n tumors are found in the vicinity (A the

vocal cords, and if they cannot be removed by intralarynj^eal operation, may neces-

sitate thyrotomy. Subj>;lottic tumors are relatively infrequent. They often spring
from the inferit^r surface of the vocal cords, intrajj^lottic growths from the free

border of the anterior part of the vocal cords, and su])raglottic growths from the

epiglottis antl the aryteno-epiglottic folds (I)elavan).

Spasm of the glottis (laryngismus stridulus) may occur, especially in infancy,

from refle.x irritation, and may cause great dyspnoea or may even result fatally. The
irritation is conveyed chiefly to the inferior laryngeal nerves through the pneumo-
gastrics, if the cause is undigested food ; through the trifacial, if the irritation is asso-

ciated with dentition ; or through the spinal accessory, if vertebral disease is present.

The different forms of laryngeal paralysis should be studied in connection with

the physiology of phonation. Some of the chief anatomical cf)nsiderations may be
indicated by the following classification, which is, however, necessarily incomplete,

as failing to include the central causes of paralysis—as in bulbar palsy—and those

due to toxiemia, as the post-diphtheritic.

1. Those due to direct or indirect involvemc7it of the superior laryngeal nerves,

{a) Sensory and thyro-epiglottic—or aryepiglottic—paralysis, characterized by a

tendency of food or liquids to enter the larynx, by dysphagia, by immobility of the

epiglottis, and by diminished sensation in both the pharyngeal and laryngeal mucous
membranes, would suggest especial implication of the internal branch.

{b) Crico-thvroid and thyro-arytenoid paralysis, causing loss of tension in the

vocal cords, inability to regulate and control the voice, and with evidence of the

want of action of the crico-thyroids detected by the finger j)laced on either side of

the crico-thyroid interval externally during phonation (Agnew), may, in some cases,

be referred anatomically to the external branch.

2. Those due to involvement of the i?iferior laryngeal nerves.

(a) Lateral crico-arytcnoid paralysis, causing separation of the vocal cords,

with more or less complete aphonia, may be due to implication of the external

branch. In many cases there will be evidence of the existence of innominate or

aortic aneurism, thyroid or bronchial glandular enlargement, carcinoma of the oesoph-

agus, or some other condition competent to produce pressure on the nerve. The
paralysis may be unilateral and attended only by hoarseness and partial loss of voice.

{b) In posterior crico-arytenoid paralysis (abductor paralysis) the loss of power
in the abductors permits the lateral crico-arytenoid muscles to narrow the glottis

into a mere fissure, so that inspiration becomes stridulous and dyspnoea is marked
;

the voice is not materially interfered with. The condition may be due to intra-

or extralaryngeal growths, or to inflammatory conditions, possibly causing pressure

on the inner branch. It may be unilateral and due to aneurism.

It should be understood that the relation of these paralyses to the external and
internal branches of the superior and inferior laryngeal nerves cannot be demonstrated

clinically with definiteness. Pressure on the main trunk of either nerve, tabes,

hysteria, toxsemia, and other central or general causes may produce any of these

forms of paralysis.

In intubation of the larynx (employed in some forms of acute stenosis, as in

diphtheria or oedematous laryngitis) an irregular cylindrical tube with a fusiform

enlargement and an expanded upper extremity—so that it may rest on the ven-

tricular bands—is carried into place by an " introducer" and is guided by the left

forefinger of the surgeon, which is passed over the dorsum of the tongue to the

epiglottis and made to recognize the laryngeal opening.

Thyrotomy is sometimes done for the removal of intralaryngeal tumors. The
incision extends from the thyro-hyoid space to the top of the cricoid cartilage, is
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directly in the median line, and di\'ides skin, superficial and deep fascia, the junction
of the ake of the thyroid, and the mucous membrane of tlie larynx.

Laryngotomy (through the crico-thyroid membrane) may be indicated in adults

for impending- suffocation from any form of obstruction of the glottis. In children

the space is too small. A median incision beginning over the thyroid cartilage is

carried to half an inch below the cricoid cartilage. The skin and fasciae having been
divided, the crico-thyroid membrane is exposed between the two crico-thyroid muscles,
which sometimes require separation. The crico-thyroid arteries may be exception-

ally large, and in any event should usually be ligated, although in cases of great

emergency that step may be postponed until the membrane has been di\ided. Tliis

may be done by a transverse incision to minimize the risk of hemorrhage. The
nearness of the vocal cords to the opening renders this operation unsuitable to cases

in which a tracheotomy tube must be worn for some time.

Excision of the larynx, occasionally done for malignant disease, necessitates the

separation of the larynx from the sterno-thyroid and thyro-hyoid muscles laterally,

from the inferior constrictor and the hyoid bone above, from the trachea below, and
from the pharynx and oesophagus posteriorly. The superior and inferior thyroid arte-

ries, or their branches, and the superior and inferior laryngeal nerves will be divided.

For landmarks of the neck, see page 554.

THE SUBDIVISIONS OF THE THORAX.
As the entire respiratory apparatus, with the exception of the larynx and a part

of the trachea, is within the thorax, it is advisable to describe the subdivisions of that

Fig. 1557.

CEsophagus

Rishl ventricle

Right auricle j

Diaphragm
\

Innominate artery

Left innominate

Arch of aorta

Sternum

Ascending aorta _,

Trachea

I\' thoracic vertebra

Right puhnonarv
artery

Left auricle

.CEsojihagus

Inferior vena cava

Spigelian lobe

Median sagittal section of formalin subject ; relative position of mediastinal spaces outlined in red.

cavity. The lungs, enveloped in their serous coverings, the pleurae, fill the greater

part of the sides of the chest external to planes passing forward from the sides of the
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bodies of the vcrtcbne to the sides of the stermiin. The inedi;in space between the

pleiine is called the tncdiastina/ space, and is subdivided into four jjarts called uiedi-

iiitina. Tile above statement of the lateral boundaries (jf the mediastinal space is

only a miu-ral one, for in the middh- the mediastinal si)ace expands beyond them
ami in front is restricted by the advance of the pleurie beneath the sternum. Tlu-

superior Diediastinion is that part of tlie s|)ace above a plane passing from the disk

below tlu' lourlh thoracic vertebia t<> the junction of the lirst and second pieces of the

sternum. This is occupied l)y llu- ujjper part of the thymus, the arch of the aorta

and the vessels rising; from it, the innominate veins, and the superior vena cava. It

is traversed by the trachea and (.esophagus, the thoracic duct, the pneunioj^astric,

the phrenic, and the sympathetic nerves. The region below the above-mentioned

plane is subdivided by the pericardial sac into an anterior, middle, and posterior

compartment. The middle mediastinum is occujjied by the heart within the [)eri-

cardium. The roots of the lunj^^s are partly in this and in the su|)erior mediastinum.

The shallow anterior mediastinum is between the middle one and the sternum. It

contains the lower part of the thymus, a few lymph-notles, fat, and areolar tissue.

The posterior mediastinum, between the spine and the middle mediastinum, cfjntains

the cesopha,t>us, the aorta, the thoracic duct, the azygos veins, the pneumogastric and
sympathetic nerves.

PRACTICAL CONSIDERATIONS: THE MEDIASTINUM.

Wounds penetrating the mediastinum, even when they do not involve the air-

passages, may, in consequence of air being drawn into the space by respiratory

movements, be followed by general emphysema or by mediastifial emphysema. This

condition is not infrequent after tracheotomy, the conditions favoring its production

being free division of the deep fascia, continued obstruction of the air-passages, and
labored inspiration.

If there is hemorrhage into the mediastinal space, or if abscess results from infec-

tion of a clot, or from extension of tuberculous disease of the bronchial glands, or as

a sequel of typhoid fever, the anatomical symptoms will be those of pressure {vide

iyifra). In the presence of a large abscess, pus may perforate the sternum by ero-

sion or may find its way out through the little circular openings sometimes found as a

result of developmental failure (page 168). It may also be evacuated through an

intercostal space or into the trachea or oesophagus.

Tumors may be malignant or benign (lymphomata, dermoids, hydatids, fibro-

mata), the order of mention being that of their relative frequency. The chief symp-

toms are those due to intrathoracic pressure, which is, of course, not uniform, and

varies with the origin, extent, and density of the tumor, but in its effects upon the

separate structures contained within the mediastinum affords a reasonably accurate

basis for an anatomical classification of the clinical phenomena of these growths.

1. Compression of veins, (a) The superior vena cava : cyanosis or lividity of

the face ; dilatation of the superficial veins of the neck, face, and head ; oedema of

the same region ;
epistaxis ; disturbances of vision or amaurosis ; tinnitus aurium or

total deafness ; cerebral effusion or hemorrhage ; oedema of one or both arms, (b)

The greater azygos vein : dilatation first of the right and later of the left intercostal

veins ; oedema of the upper part of the chest-wall ; right-sided hydrothorax with

secondary or later effusion into the left pleura (Stengel); pericardial effusion ; medi-

astinal effusion, (c) The pulmonary vein j oedema of the lung ; hjemoptysis.

2. Compression of arteries (much rarer than of venous channels). («) The
aorta : inequality in the radial pulses ; engorgement of the left side of the heart

,

pulsation of the growth, if it is visible or palpable (as at the suprasternal notch or

over the sternal ends of the clavicles); pallor
;
giddiness ; anginose pains. (<5) The

pulmonary artery : distention of the right heart ; dyspnoea ; ultimately—as a sec-

ondary result of the cardiac condition—ascites ; oedema of the lower extr<imities
;

general anasarca.

3. Compression of nerves, {a) The pneumogastric : irregular heart action

with marked rapidity or slowness ; syncope ; vomiting ; hiccough ;
pharyngeal or

laryngeal spasm or paralysis ; dysphagia ; spasmodic cough, {b) The inferior laryn-
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trachea : stridor ; dyspnoea.

recession of the suprasternal

(c) The lungs and pleura :

Fig. 1558.

geal nerve : posterior crico-arytenoid paralysis with stridor and inspiratory dyspnoea

(page 1273). (f) The sympathetic : various disturbances of vision ;
irregular pupils.

4. Compression of the thoracic duct. Emaciation ;
chylo-thorax ; chylous

ascites ; mediastinal effusion of chyle.

5. Compression of the air-passages, (a) The
(d) The bronchi : feeble breath-sounds ; dyspnoea

;

and supraclavicular fossee and base .of chest ; cough,

dyspnoea ; collapse of the lungs
;

pleural effusion.

6. Compression of the heart and pericardium. Displacement of the heart
;
peri-

cardial effusion ; irregular heart action.

7. Compression of the oesophagus. Dysphagia.

8. Outward pressure upon the walls of the mediastinal space. Widening of inter-

costal spaces ; bulging of the sternum ; increase of the circumference of the chest on
one side ; weakness or

absence of vocal fremi-

tus ; increased area of

transmission of heart-

sounds.

Of course, all of

these symptoms are not

present in any given case

of mediastinal growth,

but some of them are

sure to be and can be

more readily understood

if referred to their ana-

tomical causes.

The phenomena ref-

erable to the separate

subdivisions of the me-
diastinum can be classi-

fied only in a very gen-

eral way. It may be

said, however, that: (i)

The anterior mediasti-

num is the most fre-

quent seat of abscess
;

that its growths usually

begin in the thymus
;

and that the chief symp-
toms are apt to be those

of pressure upon the su-

perior vena cava, inva-

sion of the suprasternal

fossa, involvementof the

cervical glands, bulging

or erosion of the ster-

num, and dyspnoea. (2)

Growths of the poste-

rior and middle mediastinum are apt to originate in the lymph-nodes, and the chief

symptoms are those of pressure upon the pneumogastric, recurrent laryngeal or sym-

pathetic nerves, the greater azygos vein, the oesophagus, and the air-passages. The

urgent dyspnoea and troublesome cough are out of all proportion to the physical

signs (Osier).

THE TRACHEA.

The trachea or windpipe (Fig. 1558) is a tube, composed of cartilage and mem-
brane, extending from the cricoid cartilage to a point opposite the disk below the

fourth thoracic Vertebra, corresponding to the level of the junction of the first and

J?, /., right and left bronchus;Trachea and bronchial tree, anterior aspect. ...
A, left apical bronchus dividing into ventral (a) and dorsal (a') branches; B,

continuation of main bronchus; d, d', ventral and dorsal branches; c, cardiac

bronchus.
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second pieces of the sternum, where it ch\ichs into the two bronchi. The p(jint of

di\ision is usually on the right of the nieilian line : sometimes so far as to lie behind
the ritiht edge of the sternum. The trachea is a cylindrical tube, Hattened behind,

The conve.xity is due to the so-called rinj^s, which represent only about three-(|uarters

of a circle. The leng^th is difficult to determine with accuracy on account of the elas-

ticity of the orji^an as well as of its variation. It may be said to be, on the average,

from 10.5-12 cm. (4—43^ in.) in man and from 9-11 cm. (3^3-4^ in. j in woman.
The isolated trachea can be stretched and compressed to a surprising e.xl'-nt, and
even in life the changes are considerable. 'Ilie antero-posterior and the transverse

diameters are not very ditTerent, except just at the lower end, where the trachea

enlarges transversely. It is very plausibly stated by Lejars ' that in life the w indpipe
is more or less constricted by the

tonic contraction of its muscles.

According to him, it grows con-

tinually smaller from above down-
ward. Hraune and Stahel '^ be-

lie\'ed that after death it is largest
,^^j^'^<f

in the middle. We have no doubt (^^^^^/

Fig. 1559.

il {' •''' '•->- I--V •' ' •'•^ ^t^: >«/ , ' .'r
-' r ' ,J^'

Epithelium

Tunica propria

y.o: '..- .'( r
Tracheal
glands

.Cartilage

Perichondrium

Fibrous tunic

whatever that, as a rule, the dead
trachea is enlarged transversely

at the lower end. Abey ' gives

the following measurements for

the upper and lower ends : upper
transverse diameter 13. i mm.,
sagittal 16 mm. ; lower transverse

diameter 20.7 mm., sagittal 19. i

mm. The framework of the

trachea is so light that its shape
may be influenced by neighbor-

ing organs, such as the thyroid

body and the arch of the aorta.

Structure. — The frame-

work of the anterior and lateral

walls of the trachea consists of

the so-called rings of hyaline car-

tilage, Mhich form some three-

quarters of a circle. In the great

majority of cases there are from
sixteen to nineteen rings. It is

not rare to find twenty, but very

rare to find more. The rings are

from 2—5 mm. broad, usually

measuring 3 or 4 mm. They are

plane externally and convex in-

ternally, becoming pointed at the

ends. They are \'ery irregular m many respects. Sometimes one end bifurcates,

the rings above and below ending prematurely. Occasionally bifurcation of the oppo-
site ends of alternate rings is observed. Rarely both ends of the same ring may
divide. The first ring, which is broader than the others, is occasionally fused with

the cricoid cartilage. A highly elastic fibrous sheath, continuous with the peri-

chondrium of the rings, envelops them, connects their posterior ends, and completes

the tube. The distance between the rings is less than their breadth, at times only

half as much. Involuntarv muscular fibres of the trachcalis muscle lie between the

fibrous sheath and the lining mucous membrane. They are in the main disposed

transversely, some of them connecting the ends of the rings ; some bundles, however,

run longitudinally.

' Revue de Chirurgie, 1891.
' Archiv f. Anat. u. Phys., Anat. Abth., 1886.
^ Der Bronchialbaum der Menschen, u. s. w., 1880.

^^;;^?^;^^i^^^

Transverse section of trachea, showing general arrangement
of its wall. X 80.
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muscle

A layer of connective tissue, representinir a subinucosa, separates the cartilage

and muscle from the mucous lining of the trachea. The submucosa contains small

aggregations of fat-cells and the tracheal glands. The latter, tubulo-alveolar

mucous in type, are most numerous and largest between the rings of cartilage,

especially towards the lower end of the trachea. Over the cartilages they are small

and often wanting. Their ducts pierce the mucosa to gain the free surface of the

latter.

The mucous membrayie, smooth and attached with considerable firmness to the

underlying tissues, is clothed with stratified ciliated columnar epithelium. Many of

the surface cells contain mucus and are of the goblet variety. The stroma of the

mucosa is rich in fine elastic fibres, which, in the lower part of the trachea, are con-

densed into a distinct elastic lamella separating the mucous membrane from the sub-

mucosa. Lymphoid cells are constantly found in the mucosa, in places, particularly

around the openings of the ducts of the tracheal glands, being aggregated into small

collections which suggest lymph-nodules.

Vessels.—The arteries, which are insignificant, are branches of the inferior

laryngeal from the inferior thyroid, and tend to form a series of horizontal arches

between the rings. They anastomose below with the bronchial arteries and with

the internal manimaries
Fig. 1560. through the anterior

mediastinal twigs. The
veins, arranged like the

arteries, belong to the

system of the inferior

laryngeals. Theycom-
municate with those of

the oesophagus, with

the thyroid plexus, and,

according to Luschka,

with the azygos. The
lymphatics, which are

very numerous, are also

disposed in horizontal

curves. Leaving the

windpipe at the sides

of the membranous
portion, they open into

small tracheal lymph-
nodes and communi-
cate with the bronchial

nodes also.

The nerves are

from the pneumogas-
tric and sympathetic

nerves. Their ultimate

distribution, in addition to the supply for the muscular tissue and the walls of the

blood-vessels, includes sensory endings within the mucous membrane which, accord-

ing to Ploscliko, are similar to those of the laryn.x.

The Relations of the Trachea.—The oesophagus, beginning at the lower

border of the cricoid cartilage, lies at first behind the trachea, to which it is con-

nected by areolar tissue ; but almost at once it is, relatively to the trachea, displaced

to the left, to be pushed over again by the arch of the aorta, where this vessel lies

on the left of the trachea. The gullet always lies behind the origin of the left bron-

chus. Behind the first piece of the sternum the arch of the aorta passes in front of

the trachea, which is placed almost symmetrically in the fork made by the innomi-

nate and left carotid arteries. The isthmus of the thyroid crosses usually the second

and third rings, its lobes resting on the sides of the trachea. The inferior thyroid

veins constitute a vascular layer before the lower part of the cervical portion of the

trachea. The recurrent laryngeal nerves run up at the back of either side of the

Transverse section of trachea and (esophagus

Cartilage

'i. seen from below. X 15.
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trachea, the left one beinj,' the first t(j reach this position. The inferior laryngeal
artery and veins are near iheni. The relations of the artery and nerve are given
with the relations of the thyroid. The remains of the thvnuis lie in fr<jnt of the
trachea within the thora.x. Owing to the forward inclinatitjn of the sternum, the
trachea Is more deej)ly placed as it descends. A lymph-node or, nvjre frequently, a
group of them is constantly found under the bifurcation. Tillaux ' found the dis-

tance of the cricoid cartilage above the sternum (in a small series; to range in the
male from 4. 5-8. 5 cm., with an average of 6. 5 cm.; and in the female from 5-7.5
cm., with an average of 6.4 cm. This distance, however, may be mf>dihed by other
factors than the Iciiglh of the trachea.

Growth and Subsequent Changes.— In the infant the trachea measures
from 4-5 cm. in length, begins at a higher jjoint in the neck, as has been shown for

the laryn.x, and di\itles at a higher point in the thora.x. The level of this division
varies very much in the fcetus, but at birth is generally opposite the third thoracic
vertebra. The lowest position is ojjposite the fourth and the range extends over
two vertebrae. •

There are comparatively few records of the changes durint!; childhood.* We have found
it opposite the lower part of the foiirtli thoracic vertebra in a child whose age was estimated at
about three. .Symington " lias found it at the top of the fifth in two children of six and oppo-
site the fourth in one of thirteen. In tlie young adult it is opposite the disk between the
fourth and lilth thoracic vertebrie, which is its normal position, although it is not abnormal for
it to be opposite the fifth. Late in life it descends to the lower border of the fifth and even to
the seventh vertebra.* The trachea of the infant appears almost round, the rings forming a
relatively larger part, perhaps five-sixths of the periphery. According to several authorities,

the transverse diameter much exceeds the sagittal ; but, although we have seen this condition,
we are not inclined to agree that it is normal in the infant, unless, perhaps, at the lower end.
The size of the transverse section of the trachea is, for many reasons, hard to determine.
Merkel ' thinks we may accept the following statement of the diameter of the upper part of the
trachea without fear of being niuch out of the way in particular instances : from six to eighteen
months, 5 mm.; from two to three years, 6 mm. ; from four to five, 7 mm.; from five to ten,

8 mm.; from ten to fifteen, lo-ii mm. Ossification of the rings begins decidedly later than in

the larynx. The earliest appearances of it observed by Chievitz were at about forty in man and
about sixtv in woman. His youngest case of 'complete ossification was at fifty in man and
seventv-eight in woman. The deposit is first seen in the upper rings, but not in the first one,

the points being irregularly distributed along the borders. They come next in the lower rings,

and here at the posterior ends. As the process spreads, there is left a median unossified tract

along the trachea, which probably is usually invaded from below.

THE BIFrRCATIOX OF THE TRACHEA AND THE ROOTS OF
THE LUNGS.

The carina trachece (Fig- 1561) is a prominent semilunar ridge running antero-

posteriorly across the bottom of the trachea between the origin of the two bronchi. It

usually starts from a larger anterior triangular space and ends at a smaller pos-

terior one. Heller and v. Schrotter " found the framework of the spur cartilaginous

in 56 per cent. , membranous in 33 per cent. , and rnixed in 11 per cent. The
spur, when cartilaginous, is derived in various ways : from a tracheal ring, from the

first ring of either bronchus, or from a combination of these sources. The height

of this ridge, especially when membranous, is difficult to measure, but these authors

believe that it may reach 6 mm. According to Luschka, the free edge of the spur
is 15 mm. from the apparent lowest point of the windpipe, seen from without. This
great distance should in part be accounted for bv the interbronchial ligarneyit, a col-

lection of fibres running transversely in the angle between the bronchi. This band is,

however, very variable in development and not constant, so that Luschka' s estimate

of the distance is probably excessive for most cases. Heller and v. Schrotter found

^ Anatomic Topographique, ^me ^dit., 1882.
* Dwight : Frozen Sections of a Child, 1881.
3 Anatomy of the Child, 1887.
* Mehnert : Ueber topographische Altersveranderungen des Atmungsapparates, 1901.
'•' Handbuch der Topograph. Anat.. Bd. ii., 1899.
® Denkschrift der Acad. Vienna, 1897.
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Fig. 1561.

I iii.i, anterior triangle

CartilaL'e

the spur on the left of the middle of the trachea in 57 per cent., in the middle in 42
per cent., antl on the riy;ht of it in the remainder.' Scmon, in 100 e.xaminations of

the living, found it on the left in 59, at the middle in 35, and on the right in 6.

The roots of the lungs consist of the bronchi { the right one giving of? a branch

before entering the lung), the pulmonary artery and vein, the bronchial arteries and
veins, the lymphatic vessels and nodes,

and the nerves.

The bronchi (Fig 1562) are the

two tubes into which the windpipe divides,

one running downward and outward to

each lung. Until they enter the lungs,

their shape and structure are precisely

those of the trachea, the membranous por-

tion being still posterior. This applies also

to the branch that springs from the right

bronchus Hefore it enters the lung. While
treating of the root of the lung w^e shall

consider only the extrapulmonary part of

the bronchi. According to modern usage,

the term '
' bronchus' ' is applied to the

whole of the chief tube that runs through each lung ; formerly it was restricted to

the part from the trachea to the first branch. As the left bronchus gives off no

branch before entering the lung, it was described as much longer than the right one.

The length of the left bronchus to its first branch is about 5 cm. (2 in.), that of the

right is rarely more, and often less, than 2 cm. (^ in.). There are some eight or

ten rings in the left bronchus before the branch, while in the right one there are three,

often two, and sometimes four. The right bronchus, which is the more direct con-

tinuation of the trachea, is the larger. The diameter of the bronchi at their origin is

greater from above downward than from before backward. The dimensions are very

differendy given. According to Aeby, the transverse diameter of the right bronchus

is from 13. 5-21 mm. and that of the left

Left bronchus

Carina tracheae Origin of apical bronchus
Continuation of right main bronchus

Bifurcation of trachea, seen from above after section of

windpipe just above carina.

Fig. 1562.

Membranous
part of tra-

cheal wall

from 1 2. 5-1 7 mm. Braune and Stahel

found that the calibre of the right one is

to that of the left as 100:77.9. The
extreme ratios of the series were 100 : 71.6

and 100 : 83.3. We have deduced from

Heller and v. Schrotter's tables that in

some 10 per cent, the calibres are equal.

It was formerly taught that the larger

right bronchus is more nearly horizontal

than the left, but that the contrary is true

is easily proved by a glance down the

trachea in a frozen section (Fig. 1561).

The cause of the error is that, if it be not

recognized that after the apparent splitting

of the right bronchus the lower di\'ision is

the main trunk, the eye is apt to follow

the upper border of the primiti\e bron-

chus, which carries it along the upper

branch. It is very diflficult to determine

the angles at the origin of the bronchi,

for the parts are so flexible that observa-

tions on non-hardened subjects are of little

value, and it is not easy accurately to measure even good preparations, on account of

the irregularity of the outline. One fact which adds to the difficulty of taking satisfac-

tory measurements, and which also tends to make the right bronchus the more direct

continuation of the trachea, is the inclination of the latter to the right as it descends.

' They state that this remainder consists of 8 cases, but as their series comprised 125, it

would seem that there must be a misprint.

Left bronchus

Bifurcation of trachea laid open after incision along an-
terior wall of trachea and bronchi.
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We have made measurements on two casts from frozen sections of the adult, and one from
a section of a cliild lhouj;lit to Ik- oI alioiil tliree years, and liave ( alciilated llie an;;les between the
prolonj;alion ol tin- axis ot the terminal part of the wind|)i|)e and lliat of each l)ronchus. An
attem|)l was also made to measure the anj;les from a skiagraph made hv Hlake' after injectinjj
fusible metal into the trachea of a hardene(l body. Two observations on adults by Kobler and
V. Ilovorka^ are included for comi)arison.

it seems that \\\k: suhhac/ua/ iint^/t\ that of diverjjence of the bronchi, is about 70". We have
found it i)recisely that in another si)ecimen. Kobler and v. Hovorka measured the lateral
anj;les in the hardened bodies of sixteen new-born infants. The average was rij;ht 25.6, left

•jS.ij. 'l"he variations ranged on the- rij^ht from lo to 35 and on the left from 30 to 65. We
found their averai;e an^le of tliverj^eiice 74.5. This shows that, contrary to the j^t^neral im-
pression, the bronchi are not more nearly vertical in the infant than subse<juenlly. Aeby jj'ves

the angles of divergence of two new-born children as 33 and 61 ; Mettenheimer •' as 50 and 63.

Vessels.—The pulmonary artery at its bifurcation is anterior to the bronchi
and at a lower plane. Each branch of the artery rises over the bronchus and conies

tt) lie more or less external to it. This apparent crossing of the bronchus by the
artery occurs on the ri_Ljht just after the origin of the first secondary bronchus. The
usual teaching, following Aeby, that the artery actually arches over the e.xtrapul-
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monary bronchus and lies behind it, is incorrect. The artery divides before enter-

ing the lung, one branch entering through the upper and the other through the

lower part of the hilum.

The pulmonary veins are usually two on each side. The superior lie in front of

and below the artery. The inferior are the lowest of the large vessels of the lung-

root, passing from behind under the bronchus into the heart.

The bronchial arteries follow the bronchi along their posterior surfaces. The
bronchial veins are both anterior and posterior. On the right side both open into

the larger azygos vein. The left posterior ones often receive the anterior and open

into the superior hemiazygos. There may be various anastomoses with mediastinal,

pericardial, and tracheal veins.

The lymphatics run for the most part behind the bronchi. The lymph-nodes

are for the most part on the posterior and inferior aspects of the tubes, the group

under the bifurcation joining others at the sides. Some nodes occur on the front.

The nerves from the sympathetic and vagus form plexuses both before and

behind the bronchi.
' American Journal of the Medical Sciences, 1899.
* Sitzbericht. Acad., Vienna, 1893.
* Morpholog. Arbeit. Schwalbe, 1894.
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The dimensions of the king-roots are difficult to determine. They are nar-

rower below than above and shorter behind than in h'ont. The lower jjosterior bor-

ders, which are formed by the inferior pulmonary veins, are of about the same length

(2 cm. ) on each side and very symmetrical. We may put the right root in front and
above at from 4-4.5 cm. and the left at al)()ut i cm. longer. They are thickest

above, and expand as they approach the hilum of the lung, where the diameter is

appro.ximately 3.5 cm., the left one being rather the thicker. The height at the

hilum is from 5-6 cm., probably sometimes rather more.

The Relations of the Roots.—BeUnv lies the pericardium covering the heart,

chiefly the left auricle. The great azygos vein arches over the right root from be-

hind, to join the superior vena cava, which is against the root in front. The arch of

the aorta crosses the left root from before backward, being less closely applied to it

behind than elsewhere. The oesophagus is behind the very beginning of the left

root. The pleura is reflected over each root, which it completely envelops as it

passes from the parietal into the visceral layer. The broad ligament of the lungs is a

fold of pleura extending downward from the end of the root. The phrenic nerve

of each side passes in front of the root, between the pericardium and the pleura.

PRACTICAL CONSIDERATIONS : THE AIR-PASSAGES.

The Trachea and Bronchi.—The elasticity and mobility of the trachea, the

compressible character of its walls, the loose cellular tissue in which it lies, and the

variety of the structures with which it is in close relation should all be remembered
in considering its injuries and diseases.

Wounds of the cervical portion of the trachea—as in cut throat below the cricoid

—are not rare. The trachea is rendered more superficial by extreme extension of

the neck, and is also elongated. A deep wound may therefore sever it comjiletely,

in which case the lower end may retract below the level of the superficial wound,
making the hurried introduction of a tracheotomy tube difficult.

Rupture— " fracture"—of the cervical trachea has resulted from contusion, and
in the presence of pre-existing disease has followed coughing. The depth of the

thoracic trachea protects it from all but penetrating wounds, and these, on account
of the important structures also implicated, are usually fatal.

Disease beginning in or confined to the trachea is rare, but it may be involved

in the extension of either bronchial or laryngeal morbid processes. The normal
tracheal mucous membrane is said to resist cadaveric disintegration longer than any
other mucous membrane of the body (Elsberg).

Sfcuosis of the trachea, if from intrinsic change, is usually due to ulceration,

either syphilitic or tuberculous, followed by cicatrization. It is, however, far more
commonly due to extrinsic causes, the mechanism of which will be readily under-
stood if the relations of the trachea are recalled (page 1836). From above down-
ward it is evident that the trachea may be compressed by enlargements of the thyroid

gland, by retro-oesophageal tumors or abscesses, by carotid, innominate, or aortic

aneurism, or by lymphatic swellings in the neck or near the bifurcation. As the

posterior part of the tracheal wall is musculo-membranous (partly in order to avoid
undue pressure of the trachea on the oesophagus), the imj^action of a foreign body in

the latter tube may cause tracheal narrowing. The trachea may be involved in dis-

ease originating elsewhere, as in tuberculous infection of the thoracic lymphatic
glands, or in carcinoma of the same glands, or of the cervical chain, or of the oesoph-

agus. Abscesses or aneurisms may ulcerate through its walls and empty into its

lumen, sufl^ocating the patient. The close relation of the trachea to the aorta makes
it possible in some cases of aortic aneurism to hear a systolic bruit either in the

trachea or at the patient's mouth when opened. This is either the sound conveyed
from the sac or is produced by the air as it is driven out of the trachea during the

systole (Osier). The sign known as "tracheal tugging" also depends upon the
same close relation. With the patient erect, his mouth closed and his chin elevated,

when the cricoid is grasped between the finger and thumb and pressed gently and
steadily upward, if aortic aneurism or dilatation exists, the pulsation of the aorta

will be distinctly transmitted through the trachea to the hand (Oliver).
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Tracheotomy may be required for obstruction in the larynx or above it, for the
removal ol foreign bodies, or as a preliminary slip in oilier operations, as excision

of the tongue.

It may be done at any point bctutm ilu- ( rii oid cartilage and a short distance

aI)o\e the suprasternal notch. 1 he dihicullics of the operation increase with the
distance from the cricoitl because (a) the depth of the trachea from tlic surface in-

creases as il approaches the thorax ; (^j it is more movable
; ( c ) it is more C(jm-

pletely coxerccl in by the sterno-hyoid and sterno-thyroid muscles
; {d ) it is more

apt to be overlapped by tiie common carotids ; or (^) crossed by the left common
carotid when it arises from the innominate artery ; or by {/) various venous trunks,

as the transverse branches between the anterior jugulars, or the inferior thyrcjids, (jr

even by the left innominate vein, which, ^lying as it does in front of the trachea,— in

the presence of \enous congestion, may extend above the le\el of the top of the

sternum. Moreover, in children under two years of age the upj)er edge of the vas-

cular thymus gland may lie in front of the trachea at the root of the neck. The in-

nominate artery itself or the thyroidea ima may occupy the same position.

For these reasons tracheotomy is done with comparative rarity below the level

of the isthmus, which lies in front of the second, third, and fourth tracheal cartilages.

The incision is made with the head in full extension so as to lengthen the trachea,

steady it by increasing its tension, and bring it nearer the surface. The chin, thyroid

angle, and suprasternal notch should be in the same line. 'Ihe incision should be

exactly in this line, extend about two inches downward from the cricoid, and di\ide

the skin, platysma, and fascia and expose the interval between the sterno-hyoid and
sterno-thyroid muscles, which may be separated by blunt dissection. The pretracheal

fascia is then divided, exposing the upper ring of the trachea and the thyroid isthmus.

The isthmus may be depressed to give more room for the tracheal opening, or may,
after ligation on both sides, be divided in the mid-line, where, as Treves says, it,

like other median raphes, has but slight vascularity. A large communicating branch
between the superior thyroid veins often runs along the upper border of the isthmus,

and over its anterior surface there may be a plexus made up by the branches of the

thyroid veins of the two sides. These vessels, if present, may ha dealt with sepa-

rately or may be picked up with the two sides of the divided isthmus in the grasp

of heavy haemostatic forceps, which by dropping over the neck raise the trachea

into the wound (Pearce Gould).
The trachea is then seen and felt, steadied and made still more superficial by

upward traction by a small, sharp hook thrust into the lower edge of the cricoid, and
opened exactly in the middle Line by a bistoury thrust in at about the level of the

third or fourth ring and made to cut upward to about the first.

In very fat or very muscular persons the depth of the trachea is increased.

In children its small size, its shortness (one and a half inches in the neck in a

child of from three to four years of age), its mobility, its depth (on account of the

considerable quantity of subcutaneous fat usually present), the compressibility of its

thin cartilaginous rings, the height to which the great vessels may rise in front of it,

the venous engorgement usually present, and the occasional interposition of the

thymus {vide supra), all increase the difficulties of the operation.

Forei(^n bodies in the air-passages are most> likely to be arrested at the upper
laryngeal opening, at the ventricle or the glottis, at the bifurcation of the trachea,

or in the right bronchus. They are apt to enter that bronchus instead of the left

because {a) the right lung is larger (the left being encroached upon by the heart)

and there is a greater intake of air and a stronger current
; (<^) the right bronchus

has the larger transverse diameter
;

(r) it is less horizontal and therefore more
directly a continuation of the trachea than the left bronchus (page 1838); and {d)
the carina trache£e is situated to the left of the middle line in the majority of cases

(page 1837). If small enough, they may be drawn into some of the lesser bron-

chioles by the inspiration—usually sudden—which has caused their entrance into the

air-passages. The immediate svmptonis are always those due to obstruction of the

air-current, either mechanical—from the size of the foreign body—or reflex, as when
spasm of the glottis is excited by the irritation of the superior laryngeal or tracheal

nerves.
116
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The symptoms that would suggest arrest in the larynx are violent cough, alter-

ation or loss of voice, frequent spasm, stridor, and rapidly increasing dyspncea (from
swelling and cedema of the mucosa). In the trachea a foreign body is apt to cause
moderate but persistent cough, hurried respiration, occasional reflex spasm of the
glottis, and slight dyspnoea. Arrest in a division or subdivision of a bronchus, if

the body is large enough to plug it, will cause absence of vocal and respiratory
sounds over the area involved, collapse of the lung, and flattening of the side of the
thorax. Later symptoms will be due to irritation C hyperemia and catarrh;, fol-

lowed by infection (inflammation and ulceration) and, in cases of long standing,
possibly by the involvement of neighboring structures or organs (the lungs or
pleura, the aorta or vena cava, the pericardiuin, or the oesophagus). The relatively

unyielding walls of the air-passages render this termination less common than in

cases of oesophageal impaction of foreign bodies. Spontaneous expulsion during a

coughing spell may take place, or operation may be needed. (See thyrotomy,
laryngotomy, tracheotomy, bronchotomy.

)

The bronchi begin at the bifurcation of the trachea, about opposite the space
between the fourth and fifth thoracic \ertebrae. This is behind the lower part of the
arch of the aorta and on a horizontal line passing through the sternal angle Tangu-
lus Ludovici) and the root of the spine of the scapula. As at their origin they are
nearer the posterior than the anterior wall of the thorax, auscultatory sounds in the
primary bronchi can best be heard between the scapulae and about the level of the
inner ends of their spines.

The most frequent as well as the most serious forms of compression of the air-

passages are found within the thorax. In the neck, even in the presence of large

tumors or swellings, the feeble resistance of the skin and other tissues may permit
the trachea to escape ; but within the thorax, between the spine and the unyielding
sternum, even small growths may cause serious symptoms of obstruction.

Thus the group of lymph-nodules surrounding the bifurcation mav, when dis-

eased, make pressure upon either the trachea or bronchi, as may aneurisms of the
aorta or innominate, or tumors of the posterior mediastinum, or even a dilated left

auricle.

In chronic interstitial pneumonia attended by great increase in the connective-
tissue elements of the lung, followed, as is invariably the case, by contraction of

such tissue, the atmospheric pressure retains the lung in contact with the inner sur-

face of the chest in spite of the pull of the atrophying fibrous tissue. The force is,

therefore, exerted on the bronchi, the walls of which are dragged apart, forming
great cavities {bronchiectasis). Such cavities may also be due to dilatation under
increased pressure from within, as when a foreign body or an aneurism occludes one
bronchus ; or to chronic disease and weakening of the bronchial walls.

Asthma of the spasmodic type may be due to reflex pneumogastric irritation

causing contraction of the muscular tissue in the walls of the smaller bronchi. It

should be noted that the transverse muscular fibres (trachealis muscle) connecting
the ends of the tracheal cartilages have in the bronchioles become converted into a
complete circular muscular coat, and are found even in divisions so small that the
cartilage has disappeared.

Bronchotomy.—The relations of the bronchi (page 1857) show that in case of

impaction of a foreign body in or just below a primary bronchus it might be reached
by a posterior thoracotomy done at the level of the fourth to the sixth or seventh
rib. The flap of soft parts is three inches square, its base being about over the
costo-vertebral gutter on the side to be operated upon. The underlying ribs are sepa-
rated from the pleura and divided. The proximity of the great azygos vein on the
right side, and of the arch of the aorta, the descending aorta, the oesophagus, and
the left auricle on the left, must be remembered. It is more difficult to retract the
pleura on the right side so as to expose the bronchus. Brv'ant has called attention

to the following anatomical points bearing upon this operation, whether it is under-
taken for the removal of a foreign body from a bronchus or the oesophagus, or for

posterior mediastinal tumors or abscess, or for the relief of pressure from enlarged
bronchial glands : the lower portion of the fourth dorsal vertebra is the boundary
line between the posterior mediastinum and the lower part of the superior medias-
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tiniim ; the spinous ])r()CL'SS of any dorsal VL-rtcbia, witli the e.\cepti(jn of the first,

eleventh, and tueltlh, denotes the situation of the posterior exlreniity of the rib

artieulatinj; with the transverse process of the vertebra inmicdialely below ; the ti|js

of the spinous processes of the first, eleventh, and twelfth dorsal vertebrae are above
rather than opposite the transverse processes of the vertebrae immediately below ;

the space between the ends of the transverse processes and the anj^les of the ribs

varies from one to two and a half inches, according to the numerical position of the

rib ; the incom|:)lete rings of the bronchi render those tubes easily recognizable by
touch ; they are found about an inch and a half anterior to the opening in the

thoracic wall.

THE LINOS.

The lungs are a pair of conical organs, each enveloped in a serous membrane,

—

the i)leura,—occupying the greater part of the cavity of the thorax, and separated from

each other by the contents of the mediastina. Although in general conical, the lung

differs in many respects irom a true cone. The base is concave, moulded over the con-

vexity of the diaphragm, and descends farther at the back and side than at the front

and mesially. The apex is not over the middle of the base, but much to the inner

ami posterior side of it, so that the back and inner side of the lung descend much
more directly than the rest. The right lung is the larger on account of the greater

encroachment of the heart on the left.

The surfaces of the lungs are the dase, the external surface (which is the

mantle of the cone from apex to base, and embraces all the periphery from the front of

the mediastinal space around the wall of the thorax to nearly opposite the front of the

vertebral column), and the 77iesial ox mediastinal surface.

Tlie borders are the inferior, which surrounds the base, and the aiiterior and

posterior, which bound respectively the back and front of the internal surface.

The external surface (facies costalis), much the largest, is closely applied to

the portion of the wall of the pleural cavity formed by the ribs and the intercostal

muscles. The region of the apex is a part of this surface. It rises slightly—possibly

I cm.—above the oblique plane of the first rib, which indents it towards the front.

The apex itself is in the internal and posterior part of this region. It rests closely

against the firm fibrous structures that roof in this region, and is grooved trans-

versely by the subclavian artery, more anteriorly on the right lung than on the left.

A slight groove made by the subclavian vein may be found in front of the arterial

one. The rest of the external surface is smooth, except where it may be slightly

depressed beneath the indi\idual ribs. It should be noted that a part of what is

termed the external surface faces inward against the vertebral column and the first

part of the ribs as they pass backward. The external surface descends lowest at the

back and at the side.

The mesial surface (facies mediastinalis) is approximately plane, except for

the cardiac fossa, which is much deeper on the left than on the right, and extends as

far as the lower surface. The left lung presents a shelf-like projection from behind

under this fossa. The other chief feature of the internal surface is the hilum for the

entrance of the structures composing the root of the lung. It is situated nearer the

back than the front and below the middle, being behind and above the cardiac fossa.

The oudine of the hilum in the left lung is approximately o\al, with the lower end

sharpened and the long diameter vertical. It is more triangular in the left lung, as

the root expands forward near the top. The position of the bronchi and the chief

vessels as they enter the lungs differs on the two sides. Right lung : the chief bron-

chus enters at the middle or lower part and its first branch near the top, both bemg
at the back of the hilum : the pulmonary artery, generally in two branches, enters one

branch in front of the main bronchus and the other in front of the secondary bronchus,

but at a higher level : the superior pulmonary vein is high and in front of the higher

arterial branch ; the inferior, often subdivided, is near the lower end of the hilum ;
one

branch may be in front of the bronchus and one below it. Left lung : the bronchus

enters the back of the hilum rather above the middle ; the pulmonary artery is at the

top, sometimes in two divisions ; the superior pulmonary vein is high up in front.
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causing the expansion which makes the outUne triangular, the inferior vein being in the

lower angle. The inner surfaces are also marked by certain adjacent structures which
require a separate account for each lung.

The right lung presents a vertical groove Fig. i 564.

above and in front for the superior vena Apex

cava, and one for the vena azygos major,

which is distinct behind the upper part

of the hiluni and above it where this

vein runs forward to the cava. The right

subclavian artery, owing to its high origin

from the innominate, indents but little of

the internal surface. A more or less

marked vertical groove for the oesophagus

is seen behind the hilum and below that

for the azygos. There is also a groove

below on the inner surface where the in-

ferior vena cava turns forward to enter the

heart. A slight impression made by the

trachea may also be present near the

apex. The inner surface of the left king
is deeply grooved by the aorta arching

over the root and descending behind it,

the imprint growing faint and disappear-

ing at the lower end. The left carotid

and subclavian arteries make distinct

impressions at the upper part diverging

from the aortic groove.

The base (facics diaphragmatica) is

concave, that of the right one being

rather the more so. Both are semilunar in outline, owing to the part cut out

of them by the heart ; since this encroachment is greater on the left, the base

of that lung is a narrower
Fig. 1565. crescent.

The inferior border
surrounds the base. The
latter forms about a right

angle with the internal sur-

face, but at the periphery,

especially at the back and
at the side, a sharp edge
of lung is prolonged down
into the narrow space be-

tween the diaphragm and
the thoracic walls. The
anterior border is sharp
and

_
somewhat irregular,

often presenting a series of

convexities. Starting near

the apex, it descends on
both lungs with a forward

curve, which is most promi-

nent in the upper part, so

that the lungs nearly or

quite meet behind the ma-
nubrium. The anterior bor-

der of the right lung then

inclines downward and out-

ward so as to meet the inferior border in a gradual curve. On the left this convex-
ity is changed into a sharp concavity where the border curves outward around the
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heart. As this concavity ends in front, the anterior and inferior borders enclose a

prolong^alion ol the lung towards the median line, known as the linguUi. Tlic pos-
terior border is variously described.

Fio.
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(Jl'lcn the term is applied to the thick

mass of lung that tills the region of the

thora.\ along the sides of the vertebra
and the part of the ribs running back-
ward. Properly, it is a ridge starting on
the inner side of the apex, growing sharp
as it descends, but becoming \ague and
elTaced at the lower end. The position

of this line is not the same on bcjth sides,

nor is it probably always dependent on
the same causes. On the /c/l it is nujre

regular, beginning as the posterior bor-

der of the groove for the subclaxian ar-

tery, and continuing as that of the aortic

impression until it is lost near the lower
border of the lung. Sometimes the be-

ginning has no relatron to the subclavian

groove, but appears posterior to it, the

lung-tissue forming a ridge which enters

a little into the space between the front

of the spine and the oesophagus, which
is here deflected to the left. The line

behind the aortic groove lies on the side

of the vertebrae, and consequently is the

farther back the more the aorta is on the

side of the column. On the j-ight the posterior border is farther forward, being

about opposite the anterior surface of the spine. It may begin as the posterior bor-

der of the subclavian groove, or more posteriorly, and continues as a ridge tending

to insinuate itself between the spine and the contents of the posterior mediastinum.

From just above the root of the lung it is for a short distance continued as the back

of the groove for the major
azygos vein, below which
it tends to pass betw-een the

oesophagus and the pericar-

dium, and tinally disappears

a little above the lower

border.

The Lobes and Fis-
sures.—The lungs are di-

vided into lobes by deep
fissures. The chieffissure
starts on the inner aspect of

the lung, behind the upper
part of the hilum, and as-

cends to the posterior sur-

face, which it may reach

at the same level on both
sides, or, as is perhaps more
frequent, the right fissure

may be one intercostal

space lower. The lissure

then descends obliquely

along the outer aspect of

the lung, and reaches the

inferior border, where it ends somewhat sooner on the right side than on the left.

In the right lung this occurs at the front of the lateral aspect, while it is likely to

Fig. 1567.
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encroach somewhat anteriorly in the left, terminating- below the lingula. The left

lung is thus divided into a superior and an inferior lobe. In the right lung a middle

lobe is cut off from the superior by a secondary fissure, which starts from the main

fissure far back on the lateral aspect and runs forward, either straight or with an

upward or a downward inclination. The foregoing description applies to the course

of these fissures as seen on the surface ; but the chief fissure is, moreover, very deep,

penetrating to the main bronchus, and comjjletely di\iding the lung into a part above

it and one below it. The depth from the surface of an inflated lung to the bronchus

at the bottom of the fissure (taken at the point of origin of the secondary fissure on

the right and at a corresponding point on the left) is from 7-8 cm. on the right and
about I cm. less on the left. The secondary fissure is much less deep and may end

prematurely, or even be wanting, so that the middle lobe is a very irregular structure.

The left superior lobe comprises the apex and the entire front of the lung, while

the inferior takes in most of the back and all of the base, unless the lingula be re-

garded as constituting its anterior border. In the right lung the middle lobe forms

a varying part of the front and one-fourth or one-third of the base. The volume of

the upper and lower lobes of the left lung is about equal. In the right lung that of

the inferior is about equal to that of the other two. We consider the middle lobe

simply as a piece cut off from the upper, so that the right upper and middle lobes

correspond to the left upper one.

Variations of the Lobes and Fissures.—Were it not for the great difficulty in properly
examining the lungs, their marked tendency to variation would doubtless be more fully appre-
ciated. Schaffner ' has shown that an accessory inferior lobe is very frequently found on the

under surface, extending up onto the inner surface in front of the broad ligament. This lobe
may be merely indicated by shallow fissures or sharply cut off from the rest. It may present
a tongue-like projection imvard or may comprise the entire inner portion of the base. It usu-
ally represents, when present, from one-fifth to one-third of the base. It may occur on either

side or on both, but is larger and more frequently well defined on the right. On the other hand,
it is present, or at least indicated, rather more often on the left. .Schaflner found it in 47. i per
cent, of 210 lungs. The lobe of the right lung represents the siibcardiac lobe of many mam-
mals, that of the left being evidently its fellow. The irregularity and occasional absence of the
fissure marking of? the middle lobe have been mentioned. An irregular fissure may subdivide
the left lung into three lobes, and both lungs may exceptionally be still further subdivided, espe-
cially the right one. A little process of the right lung just above the base, behind the termina-
tion of the inferior vena cava, may very rarely become more or less isolated as the lobus caver.

The azygos major vein may be displaced outward, so that, instead of curving over the root
of the lung, it may make a deep fissure in the upper part of the right lung, marking off an
extra lobe.

External Appearance and Physical Characteristics.—The adult lung
is bluish gray, more or less mottled with black. At birth the lung-tissue proper is

nearly white, but the blood gives it a pinkish or even a red color. It grows darker
with age, pardy, perhaps chiefly, by the absorption of dirt, but also by the greater
quantity of pigment. Before middle age the lungs become decidedly dark by the
presence of black substance (be it dirt or pigment), arranged so as to bound
irregular polygons from 1-2.5 c"''- '^^ diameter, which are the lobules. At first,

while the black is scanty, the lines seem to enclose considerably larger spaces, but
when more of the lobules appear, owing to a greater deposit of the pigment in the
areolar tissue and lymphatics marking them off, it is clear that their diameter rarely

much exceeds 1.5 cm. Some, however, are relatively long and narrow. It is re-

markable that the deposit of pigment is much greater in certain places than in others.

Thus the rounded posterior parts of the lungs are darker than the anterior portions.

In general the external surface is much darker than the mediastinal or the ba.se, while
the surface within the fissures is the lightest of all. Moreover, the pigment on the
external surface, before the coloration has become general, is often in stripes corre-

sponding to the intercostal spaces, as if there were more pigment in the places most
accessible to light.

The lungs being filled with air, after respiration has begun, arc .soft and crack-
ling on pressure. They are extremely elastic, so as to collapse to perhaps a third

of their size when the chest is opened.

* Yirchow's Archiv, Bd. clii., 1S98.
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Fic. 15(18.

External surface of liiiiK. showing polygonal areas
correspoiiciing to lobules maj^ped out by deposits of
pigmenleil particles within connective tissue.

The weight of the liinj^ is (liriitiilt lo (Ic-lcnniiie, owir.^^ to the im|>o.ssibility of
([iiitr cxcliKliii- Ihiids. Sappt-y |)iits it at 60 or 65 ^111. for tlu- f(L-tus at term, and at

94 i^in. (Ml the a\i'ia,uc for the iu\v-l)orn infant that has breathed (thus shf)\v-

inj4 convincinj^Iy the worthlessness of the
method). Kraiise ^nves the adult weij^^ht

as i^oojrm. in the male and 1023 j,m"- in

the female. Accordinjr t,, Jiraune and
.Stahel, the wei^dit of the rij^ht Itin^ is to
that of the left as icx) : 85.

The specific gravity of the hmjr be-
fore breathing is i^icaUr than that (jf water,

_^ .

so that the hmj^- sinks in it. VVilmart ' has

--V~^^ iT^/^ ^SiP^
recently stated it as io6<S, which is the

;V4 -iT^^'mSf' J^W'r--*^. same as Sappey's statement and greater
than that of Krause (1045-1056). After
breathing it may be as little as 342, but
may go as high as 746. Probably figures

like the latter represent either diseased or
congested lungs.

The dimensions are necessarily of lit-

tle \'alue. According to Krause, the length
in man is 27.1 cm. on the right and 29.8
cm. on the left. In woman these dimen-
sions are 21.6 cm. and 23 cm. respecti\ely.

There is little difference in length between
the lungs, but such as there may be is in favor of the left. The other dimensions
are probably more variable. According to Sappey, the antero-posterior diameter,
which increases from above downward, finally reaches 16 or 17 cm. Krause gives
the transverse diameter at the base in man as 13.5 cm. on the right and 12.9 cm. on
the left, and in woman as 12.2 cm.
and 10.8 cm. respectively. Fig. 1569.

The average capacity of the

lungs of a powerful man, after an
ordinary inspiration, is stated at from

3400-3700 cc. The vital capacity,

which is the greatest amount of air

that can be expelled in life after a

forced inspiration, is from 3200—3700
cc. for men and 2500 cc. for women.

The Bronchial Tree.—The
plan of the bronchi of the human lung^
(Fig. 1558) is as follows. The two
primary bronchi, resulting from the

bifurcation of the trachea, run down-
ward and outward into the lowest

lateral part of the lungs, the right

one descending more steeplv. Their
course has been variously described.

That of the right one has been said

to resemble a C with the concavity
inward, and that of the left an S

;

but both comparisons are A'ery forced.

On their way they gi\-e off seco?idajy

bronchi, which are divided into ven-
tral and dorsal branches. The vcji-

Iral might more properly be called lateral, since they spring from the outer aspect of

the primary bronchus. They are much the larger, and supply all the lung, except the

ape.\ and the posterior portion lying along the spine ; the latter is supplied by the

' La Clinique, 1S97.

Relations of bronchial tree to anterior thoracic wall, as shown
by X-rays. yAfter Blak,'.)
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'^-^^

dorsal branches, which are small and irregular. There are usually four large and well-

marked ventral secondary bronchi, besides one or two insignificant ones the nature

of which is not easily determined. The ventral bronchi describe a spiral course
through the lung, curving forward and inward as they descend, so as to be in the
main parallel with the chief fissure. The dorsal branches, running backward, inward,

and downward, are not more than four in number, and may be reduced to two. There
are two bronchial tubes besides those mentioned above : one, the apical bronchus,
supplies the upper, part of the lung, on the right springing from the primary bronchus
2 cm. or less from its origin. It is a large branch, about iQ mm. in diameter, running
upward and outward, and divides into three branches, one of which ascends and two
of which run downward and outward on the front and back respecti\'ely. It is really

the first dorsal branch of the right primary bronchus, but we have not included it in

the dorsal branches. On the left the apical bronchus, which closely resembles the

right one, but is rather smaller, rises from the first ventral bronchus, of which it

may be called a dorsal branch. The other secondary bronchus, not included in the

foregoing scheme, is the subcardiac bronchus, which on the right arises usually from
the main- trunk between the first and second \entral bronchi, or from the second

ventral bronchus. It
Fig. 1570. x\xn% downward and

inward to the region

in front of the hi-

lum and above the

lower border of the

lung, which may be
marked off as a sep-

arate lobe, held to

represent the cardiac

lobe of mammals.
On the left the cor-

responding bronchus
arises always from
the second ventral

branch.

Homologies of the
Bronchi.—We are in-

debted to Aeby ' for the
idea, now practically

universally accepted,
that there is a main or
primary bronchus e.\-

tending through the

lung and giving off both ventral and dorsal branches* After the bifurcation of the pulmonar\-

arterv, each of its subdivisions reaches the front of the primary bronchus of each lung, and
(according to Aeby) crosses over it so as to lie behind it. This alleged crossing occurs on the

right just "after the origin of the apical bronchus, which is said, therefore, to be above the cross-

ing, and is called by Aeby the eparterial bro7tchns. Thus on the right all but one of the branches,

and on the left all, without excepdon, are given off below the crossing, and are called hyparterial

bronchi. Aebv attached so much importance to this relation that he considered the little irregu-

lar middle lobe of the right lung, because it is supplied by the first hyparterial bronchus, the

representative of the left upper lobe, the right upper lobe being without a mate and the two
lower lobes homologous. It is difficult to understand why such a relation should be of so great

import. Xarath,^ in refutation of Aeby, pointed out that during frttal life the pulmonar>- artery- is

a very insignificant, and withal variable stnicture, and, moreover, that it does not cross fairly

over the main bronchus, but runs on its outer side, the crossing occurring, if at all, deep in the

lung. Xarath showed also that the so-called eparterial apical bronchus of the right lung is

present in the left, arising from the first ventral instead of the primary- bronchus. It is a ter-

tiary bronchus from the first ventral which, especially on the right, is (among mammals) given

to wandering, so that it may spring from the main bronchus or even from the trachea. The
arterial relation he considers of no importance. Huntington,' after much work on human
and mammalian lungs, came to somewhat similar conclusions. He believes that the primary

type among mammals is one with a hyparterial bronchus on both sides, and the furthest

* Der Bronchialbaum der Siiugethiere und des Menschen, 1880.

* Verhandl. d. Anat. Gesellschaft, 1892.
' Annals of the New York Academy of Sciences, 1898.

^-/
\

)
-

Relations of bronchial tree to posterior thoracic wall, as shown bv X-rays.
{After Blake.)
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departure from it one with svniim-triral ei>arteri,il bnmclii. The type fijund in man is the most

common amon^ mamm.ils.' 1 luiitin^cton would do away entirely with the terms " eparterial"

and "hvparterial," except lor purposes ot t(j|)o};rai)hy. Certainly there is no need ol themni

human iinatiimy as a special studv ; whether or not the arterial relaticjus should, as Narath maui-

tains be ahsoh'itely discarded in comparative anatomy, we nuist leave undetermined.'

It must he admitted that were our knowled-e derived solely from the human lUnj; it would

be imi)ossible to make out this plan. We shall now describe what is actually to be seen.

Distribution of the Bronchi.— In the rii^^ht lun^ the apical bronchus, with a diameter of

about 10 mm arises about 2 cm. from the trachea (often nearer and rarely farther), and,

enteriii" the lop of the liilum, divides as described al)ove. The diameter of the main trunk, after

Lnviu--^ Htf the apical branch, is 12 mm. The first ri^lit ventral branch arises from its outer side,

abours »)r 6 cm from the bifurcation of the trachea, and runs downward, outward, and for-

ward
"

It is iibout S mm. in diameter. The apical branch and the first ventral supply the supe-

rior lobe of which the middle lobe is really a part. Shortly after the (jri^in of the first ventral

branch the chief bronchus seems to break up into a bundle of branches running mcjstly in the

same general direction, but diverging. It is usually not possible to determine which is tne

main trunk but the subcardiac branch may sometimes be distinguished, in the /<:// //////r the

first branch'is the hrst ventral, with a diameter of 12 nmi., arising some 40 mm. from the bilurca-

tion it gives off the apical, 7 or 8 mm. in diameter, after which the diameter of the main

branch is 12 mm. It presently breaks up like the right one. On this side the first ventral sup-

plies the upper lobe. A branch from the second ventral goes to the accessory lobe, if there

be one The branches of the left bronchus are very apt to give the appearance of being divided

into an upper and a lower set, the former, consisting of the first ventral branch, bearing the

apical and supi>lying the superior lobe, while the lower sheaf of branches supplies the inferior.

The secondary bronchi give off branches of 4 or 5 mm. in diameter, which diverge at acute

an<^les from the parent trunk, and in turn give off smaller branches at continually greater angles.

Tlfe branches tothe lobules are probably the fourth or fifth branches. 1 hey are about i mm.

in diameter and arise by the subdivision of the preceding branch. In the larger tubes the

ramification is clearly from the side, but in the smaller ones it is more suggestive of a splitting.

His - Minot '' and more recentlv Justesen* defend the theory that the origin of the bronchi is

throu<^hout by bifurcation, with subsequent unequal growth of the subdivisions until we come to

the smallest. Aeby gives the following table of diameters of the main bronchus above the origin

of the chief branches, the nomenclature being his.

Right. Left.

Above the eparterial branch 12.8 mm. . . .

Above the first hyparterial branch 9.6 mm. lo.i mm.

Above the second hvparterial branch 7.2 mm. 7.7 mm.

Above the third hvparterial branch 5-8 mm. 6.4 mm.

Above the fourth hyparterial branch ...... 4-6 mm. 5-3 mm-

The variations of the bronchial tree are very numerous. Very rarely indeed the right

apical branch does not spring from the primary bronchus, so that the disposition of the two

sides is symmetrical. The origin of the left apical from the primary bronchus has been

observed in two or three cases of infants, which also makes the arrangement symmetrical.

Chiari-^ has seen several cases in which the right apical bronchus is double, the duplication

being apparently due to the springing of one of its branches rom the main bronchus. I he

right apical bronchus may spring from the trachea, as in the sheep and other mammals. \\ e

havesiichan instance in which it is separated from the chief bronchus by the azygc; vem

The dorsal secondary bronchi are particularly likely to be reduced in number. The Nentral

ones may also be reduced by two having a common origin or by one becoming merely e

branch of another. The number may be apparently increased by the separate origin from the

parent stem of what are normally branches of branches.

The Lung Lobule.—The sui^ace of the lung- is covered with lines ot con

nective tissue containinf^ blood-vessels and lymphatics, with pigment either within the

latter or free, the lines marking off little polygons (Fig. 1568), which are the bases ot

pyramidal masses of pulmonary tissue known as the lobules. The shape of the latter

within the depths of the lungs is not accurately known ;
those at the sharp borders

are modifications of the tvpical ones at the surface. The bases of the pyramids at

the surface are bounded by four, five, or si.x sides, the larger diameter ^arvlng from

10-25 mm. and the smaller from 7-12 mm. If the base be assumed to be square,

the average breadth would be 12.57 mm' The average height is 13 mm. Ihe

lobules are separated from one another by a layer of connective tissue containing

' The latest and most elaborate work on this subject is Narath's Der Bronchialbaum der

Saugethiere und des Menschen, Stuttgart, 1901.

« Archiv f. Anat. u. Phys., Anat. Abth., 1887.

* Human Embryology, 1892.
* Archiv f. mikr'o. Anat., Bd. hi., 1900.

5 Zeitschrift fiir Heilkunde. Prag., Bd. x., 1890.

8 Bibliographic Anatomique, 1898.
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vessels. Each lobule is entered by an intralobular bronchus f.5-1 mm. in diam-

eter), accompanietl by its artery,—not cjuite at the ape.x f)f the pyramid, but slij^htly

to one side of it. The bronchus divides into two, at an anjjle of from 90°- 100°, a

little above the middle of the lobule, havin^i^ previously j^iven of^ two or three col-

lateral branches to its upper part. In the third

quarter of the lobule the two subdivisions ( 2-3

mm. in len^-th ) again split, with about the same
desj^^ree of divero-ence as the parent stems, but in

a plane at rioht anijles to that of the previous

splitting-. This is repeated in three or four suc-

cessive bifurcations, a varying- number of col-

lateral branches being given of?. Thus the num-
ber of branches in the third quarter is much in-

creased ; but it is in the last quarter and towards

the periphery of the lobule throughout that the

tubes break up into the great number of truly

ultimate bronchi. The various collaterals, spread-

ing and even reascending, undergo subdivision

also. Lague.sse and d' Hardiviller ' estimate the

number of terminal bronchi ( ductuli alvcolares

)

within a single lobule at from fifty to one hun-

dred or even more. The slightly dilated distal ex-

tremity of the terminal bronchus communicates
with from three to si.x spherical cavities, the atria

of Miller'' (so named by him from the resemblance

to the arrangement of an ancient Roman house).

The atria, in turn, communicate with a group of

larger and irregular cavities or air-sacs (sacculi

alveolarcs), into wliich directly open the ultimate air-spaces, the alveoli or air-cells

(alveoli pulmonis). The latter open not only into the air-sacs, but also into the atria, the

dilated distal part of the terminal bronchus being likewise beset with scattered alveoli.

Miller holds that the terminal bronchus, the air-chambers connected with it,

together with the vessels and

Diagram showing relations of terminal sub-
divisions of air-tubes. B, bronchiole ending in

terminal bronchi ( 77?) ; latter divide into atria

(.-I), each of which communicates with several
air-sacs {s) into which open the alveoli (a)

;

PA, branch of pulmonary artery follows bron-
chiole ; PV, pulmonary vein at periphery of
lung-unit. (After Miller.)

Fig. 1572. nerves, is the true lung-unit,

and calls it the lobule. We
cordially agree that this is

the true lung-unit, and pro-

pose that name for it, retain-

ing the term '

' lobule' ' for

the above-described more or

less isolated portion of the

lung which is surrounded by
connective tissue and vessels

and receives a single intra-

lobular bronchus and artery.

In some animals the lobules

are perfectly distinct ; they

may be isolated in the infant,

and can be in the main easily

made out in the adult. The
lung-unit, on the other hand,

is not surrounded by areolar

tissue, and its limits can be
determined only by recon-

struction from microscopical sections ; hence, apart from its minuteness, it is practi-

cally too much of an abstraction to deserve the name almost universally applied to

something tangible.

' Bibliographie Anatomique, 1S9S.

^Journal of Morphology, 1S93. Archiv f. Aiiat. u. Phys., Anat. Abth., 1900.

Corrosion-preparation of lung, showing lung-units, a, minute bronchus
ending in terminal bronchi (A, b) ; c, atria ; d, air-sac ; e, alveoli. ,-^ 8.
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about its surface.

Tlif iiUral(il)ular bronchus is accompanied by some areolar tissue, and certain

til)rous |)n)l()ni;ations extend into the lobule from the connecti\e tissue dispensed

Allhou-h NUprifK iall\' iIkm- a])|)<ar to divide the lobule into from
four to twelve j>arts, they

Fic. 1573-
r.ioiiciiioU-

\

MlKoil

nieinl)i:in

CartiUiK

Section of lung, showinj;; small air-tubes and branch of pulmonary artery. X 35.

penetrate but a short dis-

tance. They are not real

jiartitions, and the sub-

divisions they suj^^est

have no morphological
sij.;ni(i( aiice.

Structure.—As far

as their entrance into the

lun^s, the bronchi pos-

sess essentially the same
structure as the trachea.

After the division of

the bronchus within the

lung, the cartilage-rings

are replaced by irregu-

lar angular plates, which
a])jjear at longer and
longer intervals until

they finally cease, the last

nodules usually marking
the points of bifurcation

of the bronchi. Within
the walls of bronchioles

of a diameter of i mm.
or less cartilage is seldom present. As the cartilage disappears the unstriped muscle
broadens into a continuous layer, which, however, gradually becomes thinner as the

air-tube diminishes, and extends only as far as the terminal bronchi. Around the

circular openings, by which the latter communicate with the atria, the muscle is

arranged as a sphincter-like band
(Miller).

Fig. 1574.

The walls of bronchi of medium /
^!^^^!^^^^f».p"^^'^*^^y'-^^

size consist of three coats, which ^'^^ ^ .^r^
/ -•

-•.?-

from without in are : fi) an exter-

nal fibro-elastic tunic which encloses

the cartilage and blends with the

surrounding lung-tissue
; (2) a usu-

ally incomplete layer of involuntary

muscle composed of circularly dis-

posed elements ; (3) the mucosa,
consisting of a stratum of compact
elastic fibres next the muscle, the

fibro-elastic stroma and the cili-

ated columnar epithelium. Mucous
glands, similar to those of the

trachea, are present, decreasing in

number and size until the bronchus
approaches i mm. in diameter,

when they disappear. Their chief

location is outside the muscular
layer, which is pierced by the ducts.

In addition to diffused cells within

the mucosa, more definite aggre-

gations of Ivmphoid tissue occur as minute lymph-nodules along the bronchi, the

points of bifurcation of the latter being their favorite seats.

The epithelium lining the air-tubes retains the ciliated columnar type, with many

Tunica
propria

-Kpithelium

Goblet-cell

Muscle

Fibrous tissue
.Alveolar wall

Cartilage

Portion of wall of small bronchus. X 180.
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goblet-cells, as far as the smaller bronchi. Within these the ciliated cells are replaced

by simple columnar elements which, in turn, give place to low cuboidal cells within

the proximal part of the terminal bronchi. Towards the termination of the latter,

transition into a simple squamous ej)ithelium takes place.

The walls of the air-spaces—the atria, the air-sacs, and the alveoli—have es-

sentially the same structure, consisting of a delicate fibro-elastic framework which

supports the blood-vessels and the epithelium. Within the adult lung the latter is

simple and is represented by two varieties of cells, the large, flat, plate-like elements

(.020-. 045 mm. ) and the small nucleated polygonal cells (.007-. 01 5 mm.) occurring

singly or in limited groups between the plates. Before respiration and the conse-

quent expansion of the air-spaces take place, the cells lining these cavities are small

and probably of one kind. The groups of the smaller cells are larger, more numer-
ous, and more uniformly distributed in young animals than in old ones, in which
they are often represented by single cells irregularly disposed.

The adjacent alveoli share in common the interposed wall, which consists of the

two layers of delicate elastic membrane beneath the epithelium lining the alveoli and

Fig. 1575-

Air-sac

Passage from
atrium into air-sac

Alveolui

Terminal bronchus

Pulmonary artery

Bronchiole

Air-sacs

Atrium

Alveolus

Air-sacs

Section of lung, showing general relations of divisions of air-tubes. X 50.

the intervening capillary net-v\^ork, supported by a delicate framework of elastic fibres.

The capillary net-work is noteworthy on account of the closeness of its meshes, which
are often of less width than the diameter of the component capillaries. The latter are
not confined to a single plane, but pursue a sinuous course, projecting first into ojie

alveolus and then into the one on the opposite side of the interalveolar septum. The
capillaries are, therefore, excluded from the interior of the air-cells by practically

only the attenuated respiratory epithelium, the large plate-like cells lying over the
blood-vessels while the small cells cover the intercapillary areas. Distinct intercellu-

lar apertures or stomata, formerly described as affording direct entrance from the
alveoli into definite lymphatics, probably do not exist. That, however, inspired

foreign particles may pass between the epithelial cells into lymph-spaces within the
alveolar wall and thence into lymphatics, to be transported to more or less dis-

tant points, is shown by the gradual accumulation of carbonaceous and other parti-

cles within the interlobular tissue and the lymph-nodules along the course of the

lymphatic vessels. Such accumulations may acquire conspicuous proportions, the

entire interlobular septum appearing almost black. In view of the very frequent

presence of pigment-loaded leucocytes within the alveoli, as well as outside the alve-
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olar walls, it is hij^hly probable that such rells are inipDrtant agents in transpf)rting

the particles of inspired carbon throii^li the walls of the- air-cells. Additional par-

ticles, however, usually occupy tlu- cement-substance between the alveolar ejjithelial

cells, sometimes lyin^ aijjiar-
F'°- '576. ently within the cytoplasm of

the latter.

Blood-Vessels of the
Lung.

—

'\\\(ipulmonary artery,

serving not f(jr the nutrition of

the lun^ but for the aeration of

the blood, is very lar^e,—at

first larj.(er than the bronchus,

which it follows very closely

throughout its nullifications to

the terminal bronchi. Situated

js^l at first anterior to the bronchus,

it passes onto its superior and
then onto its outer side, and in

most cases twists around the

bronchus, so as finally, when
deep in the lunpj, to reach its

dorsal aspect. This is very dif-

ferent from Aeby's alleged cross-

ing of the main bronchus. The
arterial branches accompanying
the apical bronchus are in the

main anterior to the tubes in the

right lung and behind them in the left. According to Narath, the general course

of the arterv along the main bronchus is between the ventral and dorsal branches
;

but, as he states, this

Fig.

Capill.iry

nel-work

Branch of pulmonary vein

Portion of injected and inflated lung.

is not constant. We
have found certain

ventral bronchi in

the lower part of the

lung with the artery

before them. An iyi-

tralobular branch en-

ters each lobule near

the apex with the

bronchus, and follows

its ramifications until

the ultimate bronchi

have ended in the air-

chambers of the lung-

unit. The terminal

arterioles are in its

interior until they

break up into capil-

laries in the walls of

the alveoli. Side

branches, interlobu-

lar arteries, run in

the connective tissue

between the lobules.

It is from these, ac-

1577-

Smaller cells

Larger cells

Epithelium
lining al-

veoli

Section of lung, showing collections of particles of carbon in perivascular connective

tissue. X 140-

cording to Miller, that the subpleural net-work is filled ; formerly the latter was

held to be supplied bv the bronchial arteries.

The pulmonarv veins, which return the aerated blood to the left auricle, are also

large when they leave the hilum —two on each side, one near the top and the other
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Portion of injected lung, showing relation of blooa-
vessels to bronchi ;

pulmonary arteries (blue) accompany-
ing bronchi (white)

;
pulmonary veins (red) at i>eriphery

of lobule. X 2

near the bottom. Thej' arise from the capillaries in the walls of the air-chambers,

running hrst on the outside of the lung-units, unite with others, and ramify in the

connective tissue about the lobules, so that, first in the lung-units and then in the

lobules, the circulation is from the centre towards the periphery. As they ascend to

the hilum they unite with others and form

trunks that accompany the bronchi, lying Fig

in the main lower and to the inner side

of the latter. Corrosion preparations

(Fig. 1578") show very clearly that the

small arteries travel in close company
with the bronchi, while the veins course

by themselves.

The bronchial arteries carry the

blood for the nutrition of the lungs, es-

pecially that of the air-tubes, the lymph-
nodes, the walls of the blood-vessels,

and the areolar tissue about them ; hence

they follow the course of the bronchi.

They are in communication with the

interlobular system of the pulmonary
arteries.

The bronchial veins are very irreg-

ular. Both anterior and posterior are

described. The former carry the blood

back from the bronchi and the tissues

about them, becoming perceptible at the

bronchi of the third order (^/>. , the branches of the first branches) and running

to the hilum anterior to the bronchi, two with each. The posterior bronchial veins

appear at the back of the hilum and, without any close connection with the bronchi,

anastomose with other veins at the back of the roots of the lungs.

Anastomoses between the

Fig. 1579. Pulmonary and the Bron-
Pleura chial Systems.—Not only do

/-^'-''^'^ -^ the capillaries at some places

drain into either system ol

veins, but important com-
munications occur between
both the arteries and the

veins. {a) The bronchial

arteries as they enter the

lungs give off occasional

branches which, running for

some distance beneath the

pleura, suddenly plunge into

the lung to anastomose with

an interlobular artery. Such
a branch may arise from an
oesophageal arten*'. There
are also deep connections

betAveen the arteries of the

two systems on or near the

secondary bronchi and their

branches. {b) The com-
munications between the two
svstems of veins are ven^'-

extensive. Apparently all

the blood from the smallest branches of the bronchial arteries returns by the pul-

monary veins ; and, moreover, the bronchial veins about the larger bronchi have

free communication with those of the pulmonary system. According to Zucker-

Pulmonar>- vein

L>Ttiph-vess€l

Section of injected lung, showing l>-mphatic accompanying peripheral
branch of pulmonary vein. X 60. (Miller.S
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kaiull,' llu' pulmonary veins anasloinosc freely with those of the organs of the pos
terior incdiastiiium, and even of the portal system.

Ihe Ivinp/ittlics of the luni^ are very numerous. The (iee|)er ones probably

htj^in as l\-m])h-spaces within the interalvcolar sejjta, distal U) the terminal bronchi,

distinct lympluitics bein^ found only along the arteries and veins. These commu-
nicate with the subpleural lymphatic jjIcxus. Surrounding the walls of the terminal

i)ronchi Miller fount! usually three lymph-vessels. The latter increase in size and
number as the calibre oi the air-tubes enlarges. On reaching the bronchi the lym-

phatics form ple.xuses along them which ultimately open into the lymphatic nodes,

which are numerous in the hilum and in the roots of the lungs. According to Miller,

wiiere cartilage-rings are pri-sent a double net-work exists, one on each side (jf the

cartilage, the inner lying within the submucosa. The lymph-nodes of the lungs are

deeply pigmented, owing to the colored i)articles of foreign substances inspired.

Nerves.—The nerves of the lungs, from the pneumogastrics and sympathctics,

form the very rich anterior and j)osterior pulmonary plexuses about the roots, whence
they enter the lungs, running along the branches of the bronchial arteries and the

bronchi to their ultimate distribution in the septa between the alveoli (Retzius, Herk-

ley j. The nerves are destined chiefly for the walls of the blood-vessels and of the air-

tubes. Berkley describes interepithelial cnd-arborizations within the smaller bronchi.

THE RELATIONS OF THE LUNGS TO THE THORACIC WALLS.

The relations of the median and diaphragmatic surfaces of the lungs have been

given ( page 1844). The apex rises vertically about 3 cm. above the level of the upper
border of the first costal cartilage and about i cm. above the level of the clavicle.

These distances are to be reckoned on a vertical plane, not on the slanting surface of

the root of the neck. They vary extremely, depending, as they do, on the formation

of the body. Thus a sunken chest, which means a very oblique first rib, would have

more lung above the cartilage than a full chest with a more nearly horizontal first rib.

In extreme cases the lung may rise as much as 5 cm., or as little as i cm., above the

first cartilage. The plane of the inlet of the chest is made by the f)blique first ribs.

The fibrous parts enclosing it are dome-like, the roof of the cavity, to which the lung

is closely applied, swelling upward perhaps i cm. above this oblique plane ; the

top of the lung, however, is never above the level of the neck of the first rib. It

was formerlv taught that the right lung rises higher than the left. As a rule, there is

no appreciable difference between the two sides. The most that can be said for the

old view is that, if there be sonie trifling difference, it is probably rather more often

in favor of the right. The anterior borders of the lungs descend obliquely behind

the sterno-clavicular joints, and cur\e forward so as to nearly, or quite, meet in the

median line on the level of the junction of the manubrium and body of the sternum.

Below this the right lung extends a litde across the median line and the left recedes

slightly from it. The right border leaves the sternum at the sixth right costal carti-

lage, to which it has gradually curved, runs along that same cartilage, or a litde above

it. to its junction with the sixth rib, then crosses the ribs, passing the eighth at about

the axillary line, and reaches the spine at the ejeventh rib or a little higher, the

guide being the spine of the tenth thoracic vertebra. The lowest part of the lung is

on the side at the axillary line or behind it, but the line thence along the back,

although rising a litde, is verv nearly horizontal. The course of the border of the left

lung is essentially the same, except that, lea\ing the sternum at the fourth cartilage,

or at the space above it, the border describes a curve with an outward con\exity,

exposing a large piece of the pericardium, and turns forward to end as the lingula

opposite the sixth cartilage, some distance to the left of the sternum. As this point

depends on the development of the lingula, it cannot be stated accurately. It may
be said in general to be 3 or 4 cm. to the left of the median line. The greatest depth

of this curve is in the fourth intercostal space, about 5 cm. from the median line. The
course of the inferior border along the side and back is practically that of the right

one. although, perhaps, the left lung may descend a trifle lower at the side. At the

back the lower borders are \ery symmetrical.

' Sitzungsberichte d. Wiener Akad., Bd. Ixxxiv., 1881.
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Apart from variations in the lungs themselves, the different shapes and sizes ot

the chest, with the consecjuent differences in the inclination of the ribs, make these

relations very uncertain, especially at the side. In forced respiration there is no

change in the relations of the top of the lungs and the dome of the pleura, as they

are always in close apposition, and but little change in the first part of the anterior

borders. The latter, however, approach one another behind the sternum in forced

inspiration, a considerable advance of the left lung taking place at the cardiac notch.

We agree with Hasse that during inspiration the anterior parts of the lungs rise

just about as much as the thoracic walls. The greatest changes of relations are below

and at the side. It is said that in the axillary line the border may descend as much
as from 3-4 cm., and at the back as much as 3 cm. According to Hasse,' the

lower border of the lung in the axillary line nevcr_ descends nearer to the lower edge

of the thoracic wall than 7 cm. on the right and 5 cm. on the left. He finds that in

Fig. 1580.

Semidiagrammatic reconstruction, showing relations of pleural sacs (blue) and lungs (red) to thoracic wall;

anterior aspect.

extreme expiration the lower borders of the lungs rise in the axillary lines to 13 cm.

on the right and 14 cm. on the left above the lower border of the chest. He states

also that the anterior borders may withdraw to the parasternal lines (vertical lines

dropped from the inner third of the clavicles), which to us appears excessive. In

our opinion, the great factor in the expansion of the lungs is the increase in the vari-

ous diameters of the chest rather than the changes of relation of the borders of the

lungs to the walls.

The relations of the fissures to the surface are rather variable. The chief ones

ascend from the hila and reach the posterior surface at the sides of the vertebral col-

umn, generally at different levels, the right being the lower. We must, therefore,

*Die Formen des menschlichen Korpers und die Formanderungen bei der Athmung,
(ana. 1888 and 1890.
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trace the course of each fissure separately. The fissure of the rij^ht Uinj^ leaves the
vertebral column eitlur at the lilth rib or at the interspace al)o\e or below it. The
fissure tends to follow the lilth rib, bein^ in the a.xillary line still, either beneath it or
beneath an adjacent intenostal space. Towarils the front the fissure ^ets relatively
lower, ending in most i ases lithcr at the fifth space (jr jjeneath the sixth rib, near
the junction of the Jjone and carlilaj^e, from 5-10 cm. from the median line. The
secondary fissure of the rij^ht lung leaves the chief one somewhat behind the axillary
line, and, runnini; about horizontally f(jr\vard, ends at a very uncertain point.
Rochard, in liis small series of twelve observati(jns, found it at the third intercostal
space seven times. Once it was hii^her and four times lower. The fissure of the left

\uT\<r' leaves the side of the spiiu.- at a less <kfinite point, rant;injr in most cases
from beneath the third rib to the u|)])( r bordc-r (jf the fifth, and bein^ sometimes ever.

Fig. 1 581.

Semidiagrammatic reconstruction, showing relations of pleural ^acs (blue) and lungs (red) to body-wall;
posterior aspect.

lOwer. At the axillary line it is at the fifth rib a little more often than at any other

particular point, but it is almost as often at the fourth and more often somewhere
below the fifth. Its termination is more constant than its course, being beneath the

sixth rib, or the space above or below it, usually from 6—1 1 cm. from the median

line.*

The relatioyis of the bro7ichi to the chest-wall ha\'e not been studied on a suffi-

cient number of bodies for satisfactory conclusions. Blake ^ has had X-ray photo-

graphs taken of an adult body hardened with formalin, the bronchi being injected

with an opaque substance. The bifurcation was normally placed. We attach the

* Gazette des H6pitaux, 1892. Our description is almost wholly a synopsis of Rochard's
work.

^American Journal of the Medical Sciences, 1899.
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most importance to the course of the main bronchus :
" On the posterior wall the

course of the left bronchus is from a point to the right of the fourth thoracic spine to
a point on the eighth rib three inches to the left of the spine. The course of the
right bronchus is from the same point above to a point on the eighth rib two inches
to the right of the spine. On the anterior wall the course of the left bronchus is from
the lower part of the second right sterno-chondral articulation to a point on the fifth

rib just internal to the manunillary, and of the right bronchus from the same point
above to the intersection of the fifth rib with the parasternal line. " The liilum is

opposite the bodies of the sixth and seventh thoracic vertebrce and a part of the
adjacent ones. (Figs. 1569 and 1570.)

''The changes of the relations of the lungs during growth and in old age are
considered with those of the pleurae.

)

/

THE PLEUR/E.

The pleurae are a pair of serous membranes disposed one over each lung and then
reflected so as to line the walls of the cavity containing it, thus forming a distinct

closed sac about each lung ; hence the pleura is divided into a v/scera/ and -a parietal
layer. The latter is subdivided according to its situation into a mediastinal, a costal,

a cervical, and a diaphragmatic part.

Fig. 1582. The visceral layer cXos^Xy invests the

lung, following the surface into the

depth of the fissures. It leaves the

lung at the borders of the hilum and
invests the root for a short distance

(1-2 cm.), when it leaves the latter

and spreads out as the mediasthial

plei(ra, which is applied, back to

back, to the pericardium, thus form-

ing on each side a vertical antero-

posterior septum between the lungs

and the contents of the mediastina.

The prolongation over the root is not

quite tubular, since a triangular fron-

tal fold extends from beneath the root

to the inner side of the lung, growing
narrower as it descends, to end at or

near the lower borders. This is the

broad ligamoit of the lung ( li<4anicn-

tuin latum pulmonis). Its line of at-

tachment to the lung often slants

backward. The mediastinal pleura,

besides being applied to the side of

the pericardium, lies also against some
i;f the structures of the other medi-

astina. Above it is in contact with the

thymus on both sides, the suj^erior

\'ena cava on the right and the arch

of the aorta on the left. The phrenic

nerve descends on each side between
it and the pericardium in front of the

root of the hmg. In the posterior

mediastinum it lies against the left side of the descending aorta and the right of the

upper part of the greater azygos vein. It is in contact with nearly the whole of the

oesophagus on the right, and just before the latter passes through the diaphragm on
the left also. It covers the gangliated cord of the sympathetic on both sides as it

passes into the costal pleui-a, and is here stretched so tightly across the terminations

of the intercostal veins as to keep their walls distended. Anteriorly it crosses the

areolar tissue of the anterior mediastinum below the remnants of the thvmus. It

Semidiasrraminatic recoiistruclion, showing relations of
riglit pleural sac (blue) and lung (red) to thoracic wall ; lateral
aspect.
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is continued outward, hoth before and behind, to become the costal pleura, and is

continuous ii\H)\i.' whh ihc cervna/ p/tuim which lines the dome in the concavity of
the first rib. It passes below into the diafylirairmalic plnira which invests the upjier
surface of the chaphrai^iii. Laterally, and still more behind, it follows for a certain
distance the vertical fibres of the diaphrajj;m, and then is reflected (jnto the thorac ic

wall so as to line a potential cavity between the two layers which, exce[Jt ff)r some
little serous tluitl, are here in apposition. Villous projections occur alon^ the borders
of tin- luni,'^s, especially at the inferior border, where they form a dense, but very
niinule frinj^i-, not o\(r i mm. broad.

Relations of the Pleurae to the Surface.— In some places the lun^s and
the pleura- are always in the same relati(jn ; in others the pleurae extend a certain
distance beyond the lunjj^s, which fill them in complete inspiration so that their out-
lines correspond ; in other places the

Fin. 583.

<--
N

jileura- e.xteiul so much beyond the limj^^s

that even in the most extreme inspira-

tion the latter do not reach the limits of

the former. At the ai)ices the relations

of the lun^s and j)leurie are constantly

the same, both being in contact. All

that has been said of the relation of one
to the body-walls is true of the other.

Behind the first piece of the sternum the

relations are nearly the same, but below

this level a space exists in the pleura-

into which the lunijs enter during^ deep
inspiration. This is notably the case at

the left half of the body of the sternum.

The pleurce present inferiorly at the sides

and behind a merely potential cavity

between the diaphragm and the chest-

walls, to the bottom of which (probably

at the sides and certainly behind ) the

lungs can never descend. The pleurae,

howe\er, ne\-er approach closely the

lower border of the chest at the sides,

for the diaphragm arising from the inner

surface of the frame of the thofax takes

up a certain amount of space^ and above
it the connective tissue fills the cleft so

that the pleurae do not descend to within

3 cm. of the lower border. In the sub-

ject used by Hasse the space in the ax-

illary line below the reflection of the

pleurae to the origin of the diaphragm
(the lower border of the chest) was 5.5 cm. on the' right and 4 cm. on the left.

The outlines of the pleurae are as follows. Beginning at the apex, about 3

cm. vertically abo\e the cartilage of the first ribs, the anterior borders descend

behind the sterno-clavicular joints to meet at the median line at the level of the

second cartilage. They then descend together, or nearly so, behind the left half of the

body of the sternum. Half-way down the body of the sternum the left pleura tends

to diverge to the left, passing from behind the sternum usually at about the junction

with the sixth cartilage. The right pleura descends more nearly in a straight line and

turns suddenly outward at the level of the seventh cartilage. Laterally the pleurae run

pretty close to the cartilages of the sixth rib on the left and the seventh on the right,

but both cross the eighth rib at or near the junction of bone and cartilage. In the axillary

line, or a litde behind it, the pleura crosses the tenth rib at about the same place on

both sides, and usually ends posteriorly opposite the lower part of the twelfth thoracic

vertebra, the right one being often the lower (Tanja). While such is the general

outline, there are considerable and important variations both anteriorly and pos-

Semidiagrammatic reconstruction, showing relations of
left pleural sac (blue) and lung (red) to thoracic ^v•all

;

lateral aspect.
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— Iiiter-ilveolar

wall

teriorly. The former teachino^, according,'- to which tlie left pleura describes at the

front a curve somewhat similar to that of the left lun<^, is quite wronj^. However, the

point at which it leaves the sternum, the extent to which it is in contact with the

v\0\t jileura, and the distance the latter advances under the sternum are all very
uncertain. The most important point is the extent to which the pleura covers the

pericardium. According to Sick's' observations on twenty-three bodies of adults,

the reflection of the left pleura at the hfth cartilage was in seventeen either behind
the sternum or just at its border ; thus it left the sternum at a higher point only six

times. At the sixth cartilage the pleura was ten times behind the sternum and less

than I cm. from it in six. At the seventh cartilage it was five times at the border of

the sternimi or behind it and five times not over i cm. external to it. It left the

sternum close to the seventh cartilage five times. Tanja,^ however, found the left

pleura leaving the sternum at the fourth cartilage in four of fourteen bodies ranging
from eight years upward. The left pleura may ex-

ceptionally cross the median line, and, it is said, may
not extend forward as far as the sternum ; but such

a condition must be very exceptional. There is con-

siderable variation as to the depth of the descent

posteriorly. Tanja never found the lower fold at

the back in the adult higher than the middle of the

last thoracic vertebra. It may descend to the first

lumbar and even to the second.

Structure.—The pleura, like other serous mem-
branes, consists of a stroma-layer composed of bun-

dles of fibrous tissue intermingled with numerous
elastic fibres. The general disposition of the con-

nective-tissue bundles is parallel to the free surface,

although the bundles cross one another in various

directions. The free surface of the pleura is covered

with a single layer of nucleated endothelial cells

(from .020—.045 mm. in diameter), which rest upon
a delicate elastic limiting membrane differentiated

from the stroma-layer. The existence of definite

openings, or stomata, between the endothelial plates,

leading into the numerous lymphatics of the pleura,

is doubtful.

The siibserous layer is very thin over the lung

where it is continuous with the elastic interlobular

tissue. In the mediastinum it has a firm fibrous

backing so as to make a strong and dense membrane.

The cervical pleura is extremely thick and resistant, being strengthened by fibrous

or muscular bands from the system of the scaleni muscles spreading into it from

behind, as well as by expansions from the areolar tissue about the trachea, oesopha-

gus, and subclavian vessels. The costal pleura has a subserous layer, known as the

fascia endothoracica, through which it is attached to the thoracic walls less closely

than elsewhere. This fascia is thickest near the top. The ribs show clearly through

the pleura of the opened thorax, appearing light in contrast to the congested inter-

costal spaces. The subserous layer is hardly existent beneath the diaphragmatic

pleura, but at the sides of the thorax there is a considerable space below the reflection

of the pleura from the diaphragm, occupied by areolar tissue connecting the dia-

phragm and walls.

Blood-Vessels.—The arteries of the visceral pleurae have been shown by

Miller to come from the system of the pulmonary arteries instead of from that of

the bronchial, as previously believed. They form a fine net-work over the lung.

Those of the parietal pleurae come from the aortic and superior intercostals, the in-

ternal mammaries, the mediastinal, the oesophageal, the bronchial, and the phrenic

arteries.

» Archiv f. Anat. u. Phys., Anat. Abth., 1885.

^ Morphol. Jahrbiich, 1891.

-Endothelium
mSfki't or fiee surface

'jcT^^ C'liiiicctivt tissue

stroma of pleura

Section through free edge of lung, show-
ing visceral pleura. X 150.
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Imc. 1585.

Injected Ivinphalics of pleura, seen troin surtace.

X 75- {Miller.)

Tlu- vritis of the visceral |)leur;L' are Irihiilary to tlie piiliiKJiiary system ; those

of the parietal pleura- o|)en into the veins corresponding^ to the arteries. It is

important to note that the intercostal spaces have many veins and that the pleura

over the ijhs has Init few, these chieHy communicating; with the veins above and
below them. Owinj,^ to the arranj^ement by
which the intercostal veins are kept open, the

venous circulation of the parietal pleura* is

under the influence of the suction jjower both
of respiration and of the heart.

The lymphatics are numerous over the

lunjL^s anil also in the intercostal spaces,

Tliose of the parietes (jpen into both inter-

costal and substernal lymi)h-nodes.
Nerves.—The nerves of the visceral

pleune are from the pulmonary j^lexuses, con-

tainintc both pneumoj^astric and symjjathetic

fibres
; those of the parietal jjleurie are from

the intercostal, the phrenic, the sympathetic,

and the pnciini()ti;-astric nerves.

Development of the Respiratory
Tract.—The respiratory tract develops as

an outgrowth from the primitive digestive

tube. Early in the third week, in embryos
of little over 3 mm. in length, a longitudinal

groove appears on the ventral wall of the fore-gut, extending from the primitive

pharynx above well towards the stomach below. This groove becomes deeper,

constricted, and finally separated from the fore-gut as a distinct tube, the differen-

tiation resulting in the production of two canals,—the respiratory tube in front and
the cesophagus behind. Separation and completion of the former proceeds from

the lower end of the groove upward as far as the pharynx, into which both oesopha-

gus and air-tube open. The cephalic end of the latter becomes enlarged and forms

the larynx, the adjoining portion correspond-

ing to the trachea.

The Lungs.—The distal extremity of

the primary respiratory tube soon enlarges

and becomes bilobed, pouching out on each

side into a lateral diverticulum which rep-

resents the primitive bronchus and lung.

These pulmonary diverticula elongate and
subdivide, the right one, which is somewhat
the larger, breaking up into three secondary
divisions and the left into two, thus early

foreshadowing the later asymmetry of the

lung-lobes. Since the primary air-tube lies

medially in the dorsal attachment of the sep-

tum transversum, the pulmonary buds extend
laterally and backward into the dorsal parie-

tal recesses (later the pleural cavities), carry-

ing before them a covering of mesoblast.

The primary lobes increase in size and
complexity as additional outgrowths arise by
the division of the enlarged terminal part of

each diverticulum. The resulting divisions,

or new bronchi, are at first equal, but soon
grow at an unequal rate, the one elongating

most rapidly becoming so placed as to continue the main air-tube, while the less

rapidly elongating division becomes a lateral branch. The repeated bifurcation in

this manner results in the production of a chief bronchus, traversing the entire

length of the lung, into which open numerous lateral tubes or secondary brcvichi.

Fig

CEsophagu

Lung-tube.

Part of sagittal section of rabbit embr>o. show-
ing lung-tube growing downward and forward from
primitive lar>'ngo-pharynx. X 40.
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Fig. 1587.

The latter, from their relation to the principal stem of the pulmonary artery which

accompanies the chief air-tube, are regarded as dorsal and ventral. They alternate

with one another, and usually number four in each series ; not infrequently, how-
ever, the third dorsal bronchus fails to develop, thereby leading to a corresponding

reduction and asymmetry in the series. In the left lung the first dorsal bronchus

springs from the corresponding ventral bronchus instead of the chief tube, as on

the right side. This arrangement is probably associated with the fusion of the

upper and middle lobes in the left lung.

The secondan,' bronchi elongate and give origin to tertiary bronchi, and these,

in turn, to air-tubes of lesser calibre, until the ramifications end as terminal bronchi

and the associated divisions—atria, air-sacs, and alveoli—of the lung-unit. Since

the fore-gut is clothed with entoblast, it is evident that the lining of the respiratory

tract is derived from the same germ-layer. At first the outpouchings of the respira-

tory tube are surrounded by relatively thick masses of

mesoblastic tissue. Since the growth of the latter fails

to keep pace with the increasing mass and complexity

of the bronchial tree, the inter\-ening mesoblast becomes
greatly reduced. Coincidently the mesoblast becomes
vascular and rich net-works of blood-vessels appear
between the terminal divisions of the epithelial tubes,

later forming the chief constituents of the alveolar walls.

The mesoblastic tissue remains between the lobules as

the interlobular septa, as well as contributing all con-

stituents of the walls of the air-tubes except the lining

epithelial and its glandular derivati\es, which are ento-

blastic. Bv the close of the fourth month of foetal life

the low columnar cells lining the trachea and bronchi

acquire cilia. The peripheral layer of the mesoblast

invaded by the lungs eventually becomes the investing

serous membrane, or pulmonary pleura, all parts of

which are of mesoblastic origin. Before inflation occurs

at birth, the lung-tissue is comparatively solid and re-

sembles in many ways a racemose gland. With the

expansion following the establishment of respiration, the

epithelial cells lining the ultimate air-spaces undergo
stretching, a majority of the small polygonal elements

becoming converted into the flat plate-like cells seen

in the functionating lung.

The Larynx.—The phar\-ngeal end of the pri-

mary respiratory tract is surrounded in front and later-

ally by a U-shaped ridge, known as x\\q.furcula, anterior

to which lies the paired posterior anlage of the tongue.

The anterior portion of this ridge forms a median ele-

vation from which is formed the epiglottis : the lateral

portions constitute the arytenoid ridges which bound the laryngeal aperture at the

sides. During the fourth month a furrow on the median side of the arvtenoid ridges

marks the first appearance of the ventricle of the larynx, the margins of the groove
later becoming the vocal cords. About the eighth week the cartilaginous framework
is indicated by mesoblastic condensations. The thyroid cartilage consists for a time of

two separate lateral mesoblastic plates, in each of which cartilage is formed from two
centres. These are regarded as representing the cartilages of the fourth and fifth

branchial arches. As development proceeds the cartilages formed at these centres

fuse and extend ventrally until they unite anteriorly in the mid-line. Chondrification

is completed comparatively late, and when incomplete or faulty may result in the

production of an aperture,—the thyroid foramen. The anlages of the cricoid and
arytenoid cartilages are at first continuous, but later become differentiated by the

appearance of a centre of chondrification for each arA'tenoid and an incomplete ring,

for a time open behind, for the cricoid. The latter thus resembles in development
a tracheal ring, with which it probably morphologically corresponds. The cartilages

Reconstructions of developing
broncliial tree. A. fourth week : B.
beginning of fifth week ; C clr>se of
fifth week. (His-Merkel.)
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of \\'risl)ertj (cuneiform) and of Santorini (coriiicula larynj^isj are formed from
small portiuns sejnirated from the e[)i_i;lnttis and the arytenoids respectively. The

Neural canal

Spinal rord ^/^j

Spina) f^uiKliun

Fig. I 5 88.

• Vertebra

iitial vein

Cardinal vcni ^--^^-

-CEsophagus

"3 Pleural caviiv

haphragm ^/'^'!^'<^*''<
Z^ t^

Inferior vena cava -V Ji*/ 5 M

\
Left bronchus

Liver

Air-tube

Portion of transverse section of rabbit embr>o. showing developing lungs. 30.

epiglottis and the cricoid possibly represent rudiments of the cartilages of the sixth

and seventh branchial arches.
Fig. 1589. Changes in the Relations of

the Lungs and Pleurae to the
Chest-Walls.—At birth the thorax

is small, relatively very narrow, with

the lower part undeveloped and with

more horizontal ribs. The costal car-

tilages are relati\ely long to the ribs

proper. Nevertheless, at birth and in

childhood the borders of the lungs have
very" nearly the same relations to the

chest-walls that they have in the adult,

excepting in front. Here they do
not extend so far forward, and conse-

quently the pericardium is at first less

covered by the left lung. The course

of the pleurae is much less certain.

Tanja found much variation in that of

the lower borders of the pleurae, the

latter crossing all the costal cartilages

fourteen times in twenty-four bodies

of children under two years and not

a single time in the adult. In eleven

of the same series the pleurae did not

meet behind the sternum, and in nine

the left pleura did not reach it. He found neither of these conditions even once

in the adult. According to Mehnert, there is a \erv' slight progressive sinking of

Bronchiole

fnexpanded .^ '_ J
alveoli *^, ?

Seclion of fcetal lung, showing compact character of unin-
flated pulmonan.- tissue. 200.
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the lower border of the lung during the period preceding old age, which is more
rapid than the senile increase of the declination of the ribs.

PRACTICAL CONSIDERATIONS : THE LUNGS AND PLEUR/E.

The Lungs and Pleurae.—Many of the most important practical questions

arising in cases of injury or disease of the lungs and pleurae can be answered only
after a physical examination, the value of which will depend primarily upon com-
plete knowledge of the normal phenomena associated with respiration. Such
knowledge must be based upon accjuaintance with the structural conditions that

influence the sounds caused by a current of air entering and leaving the normal air-

passages and with the chief modifications caused by disease.

Only a few of even the most elementary facts bearing upon this subject can here
be mentioned, but their consideration at a time when the pulmonary system is being
studied can scarcely fail to be of practical value, and is necessary to an understanding
of those symptoms of pulmonary or pleural injury or disease which have the most
obvious anatomical bearing.

Anatomical Basisfor Varied Character of Breath-Sounds.—The normal sounds
of respiration vary with the situation of the air-passages examined. Their loudness
is in direct proportion to tiieir nearness to the larynx, so that larynigeal, tracheal,

bronchial, and vesicular breathing sounds are here mentioned in the order that indi-

cates progressively increasing softness.

These terms acquire pathological significance when breathing of one type is

heard in a portion of the chest where it should not be heard. The nearness of the
larynx to the surface and its inclusion of air, as if within a hollow box (West),
make laryngeal sounds loud and noisy on both expiration and inspiration. In the
trachea, part of which is deeper, and a portion of the walls of which is of soft

muscular and fibrous tissue, both these sounds, as heard over the suprasternal notch,

or over the lower cervical or upper dorsal vertebrae, while still loud, are softer and
are raised in tone. Over the bronchi, heard best between the scapuhe (page 1842),
they are both audible and are harsh, but have still further diminished in loudness.
Over the pulmonary tissue inspiration has- become soft and blowing and expiration
can scarcely be heard. The reasons for these differences are as follows. The sounds
of breathing are produced chiefly at or about the glottis, therefore distance from the
larynx accounts for the diminution in loudness. The decrease in the diameter of

the air-tubes accounts for the rise in pitch of the respiratory note. The entrance of

the air into compartments of various sizes within the pulmonary tis?ue breaks up the
air-column which carries the sound and distributes the vibrations, so that the sounds
are muffled and soft (West).

If the bronchial tubes or tubules are obstructed, as from hyperaemia of the
mucosa, or the presence of viscid secretion, the exit of air will be interfered with,

and there will be "prolonged expiration."

In a broad way, it may be said that in cases in which vesicular breathing is dimin-
ished or absent the cause should be sought : (i) In obstruction (pseudo-membrane
or fibrinous exudate). (2) In compression (aneurism, glandular swellings, medias-
tinal tumors). (3) In immobilization of the chest-wall on the affected side (fracture

of rib, intercostal neuralgia, pleurisy or pleuritic adhesions). (4) In distention of

the pleura by liquids or air (pneumothorax, empyema). If as a result of disease
the vesicular structure is occupied by an exudate (as in pneumonia), the vibrations are
conveyed more directly to the ear, expiration becomes audible, and, as consolidation
increases, the sounds, first of the smaller bronchioles and then of the larger bronchi,
replace the normal blowing sound, and " bronchial breathing" is established. If the
cavity of the pleura is distended with air {pneumothorax), which separates the lung-
tissue from the thoracic wall and conducts sound vibrations much less effectively

than do solids, the breath-sounds will be feeble and distant or absent. If the
pleural cavity is so filled with either air or fluid (ejnpyona) that the lung is collapsed
or compressed against the spine, the breath-sounds may be feeble or distant or entirely

wanting over the front and sides of the chest, but bronchial breathing can be heard
over the back. In exceptional cases of pleural effusion such breathing is also heard
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over the sitlcs aiul front, ami il has l)(.'cn su^^LSlrd lliat ihi.s is diu- to contact between

a broncluis and a rib, the hitter conveying; the breath-bounds directly to the ear.

If the larynx or trachea is narrowed, the air has to pass through a constricted

aperture, must do so at a greater rate, and will make a Ujuder noise,

—

stridor.

RCilis are caused by chai:;^es in the mucous and epithelial linintj and conteuts

of the air-passages. Like the normal breath-sounds, they are louder and noisier the

nearer they are to the laryn.x or the larj^i^er the tubes in which they are prcnluced.

Mucous rales are moist, are thouj^ht to be produced by the burstinj^ of air-

bubbles in viscid or watery mucus occupying the larger air-passages, as in bronchitis,

and vary in character {i.e., in fineness or c(jarseness, or in loudness; in accordance

with the size of the tube that they occupy. The bubbling of air through the ac-

cumulating mucus in the larynx, trachea, and bronchi of a moribund person—the
" death-rattle"—is an example of the larger kind of mucous rales.

Cnpitant rales are dry rales, due, it is thought, to the gluing together of the

opposing surfaces of a number of air-vesicles by an exudate, the entrance of air on

inspiration then causing a tine crackling sound, "like that which is heard when a

small bunch of hair near the ear is rolled backward and forward between the tifjs of

the finger and thumb" (Owen). If a similar condition affects the lumen of a tube,

il- may produce larger rales, still dry, known as rhonchi (snoring) ox sibili (hissing;.

Other factors enter into the production of rales, but the chief underlying anatom-

ical conditions have been mentioned.

Air entering a cavity
{
pu/niotiary vomicce, bronchiectasis) causes a sound re-

sembling that produced by blowing into an empty bottle,

—

amphoric . A peculiar

sound heard often in pneumothorax, and caused by the air from the fistulous com-

munication with the lung entering the pleural cavity and producing a bubbling

sound at the orifice, is described as jm'tallic tinkling. It is also thought to be due to

the dropping of liquid into an accumulation of fluid at the base of the pneumo-

thorax.

Voice-sounds, like breath-sounds, are louder over the laryngeal, tracheal, and

bronchial regions. When the voice seems very close and loud to the ear placed

over other regions {pectoriloquy, bronchophony), it indicates increased power of

conduction,

—

i.e., consolidation of lung-tissue.

If the tremor from the vibration of the vocal cords in speaking {vocalfremitus')

is transmitted with increased distinctness to the hands placed on the surface of the

thorax, it has the same significance. If it is absent, it usually indicates the interpo-

sition of some relatively non-conducting substance, as air { pnetimothorax), or pus

{empyema), or blood {hczmotliorax).

Percussion-soioids vary with the region and the condition of the lungs and

pleurae. Normally, during quiet breathing, the resonance is increasingly clear from

the supracla\icular region downward over the front of the chest to about the fifth

rib on the right side—where the pulmonary tissue begins to decrease in thickness on

account of the presence of the liver—and to the sixth rib on the left side. It is less

above the clavicle and over it, on account of the comparatively small amount of lung-

tissue in the apices ; and over the upper part of the back, on account of the interpo-

sition of the scapulae and of thick muscular masses. It becomes diminished in the

presence of moderate ef!usion, as in oedema ; dull if there is consolidation of lung-

tissue ; and is absent (flat) if there is either plastic exudate or fluid effusion in the

pleural cavity. In pneumothorax, or over a cavity in the pulmonary tissue, especially

if it is superficial, the percussion-note is tympanitic.

Injuries.— Contusions of the lung may occur without fracture of the bones of

the thorax or obvious lesion of the parietes. They are thought to be due to

suddenly applied elastic compression when—the glottis being closed—the lung or

the lung and pleura are ruptured as one may burst an inflated paper bag between the

hands.

The consequences are interlobular emphysema, the air having escaped from

the ruptured air-cells into the connective-tissue spaces of the lung {vide infra);

general emphysema, the air reaching the subcutaneous cellular tissue of the neck and

trunk through a ruptured pleura, or, the pleura being unbroken, passing from the

root of the lung into the mediastinum and thence to the base of the neck; p^iejimo-
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thorax, the air entering the pleural ca\ity ; in traumatic interlobular emphysema, or

pneumothorax, the chest on the affected side will be hyper-resonant, the vesicular

murmur will be feeble or absent, and in the latter there may be amphoric breathing

and—if there is a coincident effusion—metallic tinkling ; hcemoptysis, not an invaria-

bly symptom in either these injuries or lacerations by fractured ribs, probably because

they are usually on the external lung surface and remote from the larger bronchi

(Bennett) ; hemothorax, indicated by percussion dulness gradually extending upward,
by weakness or absence of respiratory murmur, by bronchial breathing over the

compressed lung, and by absence of \ocal fremitus.

Penetrating ^counds of the lung will have many of these signs plus the escape
of blood from the external wound. In the absence of haemoptysis, the possibility of a

wound of the costal pleura and of an intercostal or internal mammary artery

causing haemothorax, dyspnoea (from pressure), and hemorrhage, apparently in-

fluenced by respiration, should be borne in mind. Wounds of the pleura without

involvement of the lungs are rare, the visceral pleura being closely adherent to the

lung surface and the two pleural layers in close contact with each other. At the base

of the pleura, where a potential cavity (page 1859)

—

costo-phrenic sinus—exists

between the costal and diaphragmatic layers, a wound could penetrate both layers

and the diaphragm and open the abdominal cavity and involve the liver or spleen

(page 1788) without implicating the lung, which even in forced inspiration does not
descend to the bottom of this sinus. Wounds of the pleura are apt to be followed

by pneumothorax and by collapse of the lung, which is partly dri\en back towards
its root and the vertebral column by the atmospheric pressure from without, and
partly drawn there by its own elasticity e\'en. when the pressure within and without

is equal. In operations for empyema this collapse of the lung may take place, but

is infrequent because the pulmonary tissue has often already undergone considerable

compression, and because the atmospheric pressure is resisted by preformed pleural

adhesions.

General emphysema is often associated with wounds of the lungs and pleura. It

may be due to {a) escape of air from a pneumothorax into the subcutaneous tissue

during respiratory movements, or {b) escape of air cUrect from injured lung-tissue

when pleural adhesions about the wound prevent the formation of a pneumothorax.
Its occasional occurrence in laceration of the lung without external wound and
without invohement of the pleura has been explained {vide supra). It may follow

a non-penetrating wound of the chest if the opening happens to be valvular, so that

the air drawn in during respiratory movements cannot make its exit by the same
channel.

Pneuniocele—hernia of the lung—is rare as a result of thoracic wounds because

the elasticity of the lung-tissue and atmospheric pressure tend to cause collapse and
retraction of the lung rather than protrusion. When it is primarv it therefore follows

(^) a limited and oblique wound through which air cannot freely enter the pleural

cavity, although the egress of the lung under the pressure of muscular effort or the

strain of coughing is unopposed : or {b) a very large wound when the lung escapes

at the moment of injury (Bennett). Treves says that these recent herniae are most
common at the anterior part of the chest where the lungs are most mo\'able, and that

the injuries that cause them are often associated at the time with violent respiratory

efforts.

Pneumocele is more apt to follow the rare wounds that di\ide only the costal pleura,

as a wound of the lung itself tends to the production of a pneumothorax—which
would lead to collapse of the lung—and instantly lessens the pressure of air con-

tained in the lungs and trachea, one of the forces favoring protrusion.

Diseases of the pleurae and lungs can here be very briefly summarized only with

reference to the anatomical factors.

Pleurisy is at first attended by a '

' friction-sound' ' due to the roughening of the

opposed surfaces of the visceral and parietal pleurae by fibrinous exudate. Later it

may be lost by reason of (a) the temporary disappearance of the roughness, {b^

the formation of adhesions between the surfaces, or (r) their separation by effusion.

It is lost momentarily when the patient holds his breath, which will ser\'e to differ-

entiate it from a pericardial friction-sound. As the costal pleura, the intercostal
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muscles, and tlic al)d()niiiial nuisclcs arc all supplied by tliu hnvcr intercostal nerves,

the respiratory movements on the affected side are painful and are therefore greatly
limited. Accx)rdini;ly there will be hurried, shallow breathing with a weak \esicular

murmur on the affected side and e.\aj4X<^'''it^*""'l res])iratory sounds on the opposite
side. Pain and tenderness in the ej)i^astrium may result fnjin im|)lication of the
trunks of the lower intercostal nerves when the pleurisy is near the base of the chest.

When it is higher the pain may be felt in the a.xilla and down the inner side of the
arm from invoKement of the intercosto-humeral nerve, or in the skin over the seat

of disease through the lateral cutaneous liranches of the upj)er intercostals (Hilton).
In tliaphraymatic pleurisy the pain may be intensified l)\' jiressure over the point of

insertion of the iliaphraj^in into the tenth rib (Osier).

Pleural cjjiision {hydrothorax, empyema), in addition to the si^ns already
described lyvide supra), causes, when it is of sufiftcient amount, additional symptoms,
as buli^^ini^ of the side of the chest with obliteration of the intercostal spaces, disten-

tion of the net-work of superficial veins (from pressure on the vena cava or greater

azygos vein), and displacement of other viscera. If the fluid occupies the left

pleura, as its weight depresses the diaphragm, the pericardium, which is attached to

the central tendon, descends also, and with it the apex of the heart. At the same
tiniL' the heart is jiushed towards the right so that the apex beat may be felt in the

epigastrium (Owen).
An empyema may point and discharge itself spontaneously, in which case it

often does so at about the fifth interspace just beneath and external to the chondro-
costal junction (Marshall). At this place the chest-wall is exceptionally thin, as the

region is internal to the origin of the serratus magnus, external to the insertion of

the rectus, and above the origin of the external oblique (McLachlan).
Evacuation of the fluid may be effected by paracentesis—in pleurisy with serous

effusion—through the sixth or seventh intercostal space in the mid-axillary line, or

through the eighth or nmth space just anterior to the angle of the scapula. The
same regions are selected for thoracotomy—incision and drainage—in empyema. The
former site is usually preferred for anatomical reasons already given (page 170).

Pneumonia is often limited to one lobe of a lung, usually the lower. The fis-

sure between the two lobes of the narrower left lung runs from the third rib behind,

or from about the third dorsal spinous process or the inner end of the spine of the

scapula, to the base in front. The fissure between the X\\o lobes of the right lung
begins at about the same level behind and extends to the base of the lung anteriorly.

Where it crosses the posterior axillary line a second fissure springs from it which
passes horizontally forward to the fourth chondro-costal junction making the middle
lobe. Both lower lobes are posterior to the anterior lobes, and on both sides the

fissures run from the level of the inner end of the spine of the scapula behind to the

base in front. Therefore the dulness, crepitant rales, bronchial breathing, and
increased \ocal fremitus of a lobar pneumonia affecting the base would often be below
that line posteriorly and would be less marked in front ; while the flatness, prolonged
expiration, and other physical signs of a tuberculous infection (which affects by
preference the upper lobe) would be above the spine of the scapula posteriorly, and
lower would be more marked anterjorl)-.

The relations of the lungs to the thoracic walls have been described in detail

(page 1855).
The congestion and oedema which precede the so-called

'

' hypostatic pneumonia'

'

are very apt to begin in the thick lower and posterior portions of the lower lobes in

weak or aged persons kept long in the supine position.

Tuberculoiis infectioyi of the lungs is found oftenest in the apices, probably
because of the relatively defecti\'e expansion in that region which exists in all persons,

and particularly in those of the so-called phthisical type, with round shoulders, long

necks (page 143), and flat chests
;
possibly also because of the greater exposure to

changes of external temperature ; and perhaps somewhat owing to the short distance

intervening between the outside atmosphere and the ultimate bronchioles where
tuberculous pulmonary disease usually has its inception.

The physical signs are those indicating consolidation followed by softening or

the formation of a cavity {vide supra).
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Surface Landmarks of Thorax.—The most important of the bony points

have ahx'ady been (Icscrihed in connection with the sj)ine, thorax, clavicle, and
scapula. The relations of the llioracic viscera to the surface have likewise been given

(page 1855).
Inspection or palpation of the front of the chest will show (a) the oblique eleva-

tions of the ribs and the intercostal depressions
; (^d) the curved arch of the costal

cartilages
;

(c) the sternal groove ;
(d ) the angulus Ludovici

;
(e) the infrastcrnal

depression
; (/) the lower border of the great pectoral muscle ; (g-) the digitations

of the serratus magnus from the fifth to the eighth rib
; (/^) the nipi)le (pages 168,

170, 171).

The infraclavicular fossa, the coracoid process, and the pectoral deltoid groove
have been described in connection with the muscles and fasciae of the shoulder

("page 579).

Fig. 1590.
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Surface landmarks of the anterior wall of the thorax.

On the posterior surface of the thorax the most useful landmarks that may be

seen or felt are (a) the spine, acromion, vertebral edge and inferior angle of the

scapula (pages 255, '256)
;
(d) the spines of the dorsal vertebrse (page 148) ;

(c) the

median spinal or dorso-lumbar furrow, the groove between the erector spinae masses

overlaid by the trapezius above and by the latissimus dorsi below
;
(d) the depres-

sion at the inner end of the scapular spine indicating the tendinous insertion of the

lower fibres of the trapezius, the level of the third intercostal space, and a portion of

the right bronchus
;
(e) a. slight groove passing upward and outward over the erector

spinae elevation from one of the lowest dorsal spines to this depression and marking
the lower edge of the trapezius (Ouain).

The landmarks of the ilio-costal space and lumbo-sacral region are sufificiently

described on pages 148, 349.



THE URO-GENITAL SYSTEM.
The uix)-iienital system comprises two jL^roups of or^^ans, tlie urinary and the

generative ; the former serves for the elaboration and removal of the chief excretory

fluid, the urine, and the latter provides for the formation and liberation of the prod-

ucts of the sexual glands. The primary relations between these sets of organs, as

seen in the lowest vertebrates, are so intimate that the excretory duct of the primitive

kidney may also transmit the sexual cells, both trroups of organs being inseparably

united. In the higher vertebrates the primary relations are suggested by only tem-

porary conditions in the embryo, since with the development of a definite kidney

differentiation and separation take place until the urinary and generative organs con-

stitute independent apparatuses except at their terminal segment, where they are

more or less blended in the external organs of generation. After serving for a tirne

as the functionating excretory organ of the foetus, parts of the Wolfifian body and its

duct become transformed into the ducts of the male sexual gland. In the female

analogous canals, represented by the oviducts, uterus, and vagina, are not derived

from "the Wolffian duct, but from an additional tube, the Miillerian duct, which, how-

ever, is closely related to the primary canal of the fcetal excretory organ.

THE URINARY ORGANS.

These include the kidneys, the glands which secrete the urine, the vreters, the

canals which receive the urine and convey it from the kidneys to the bladder, the

receptacle in which the urine is temporarily stored, and the urethra, the passage

through which the urine is discharged.

THE KIDNEYS.

The kidneys (renes) are two flattened ovoid glands of peculiar^ form, described

as bean-shaped, deeply placed within the abdominal cavity against its posterior wall

and the diaphragm, one on either side of the lumbar spine. They are invested in a

distinct, although thin, smooth, fibrous eapsule (tunica fibrosa) and lie behind the

peritoneum, surrounded by loose areolar tissue, which usually contains considerable

fat (tunica adiposa). This fat is particularly conspicuous along the convex lateral

margin and about the lower pole of the kidney and is least abundant around the

upper end and over the anterior surface. The fresh adult organ, of a brownish-red

color, weighs about 130 gm. (4^^ oz. ) in the male, slightly less in the female, and

measures about 11.5 Q.x\\A^V2 in.) in length, 6 cm. {2% in.) in width, and 3.5 cm.

(15^ in.) in thickness. The left kidney is usually somewhat longer, narrower, and

thicker, and slightlv heavier than the right. Individual variations, especially as to

length, are responsible in some cases for organs unusually long (15 cm.), in others

for those relatively short.

Each kidney presents two surfaces, a convex anterior or visceral, when the

organ is in place directed forward and outward, and a posterior or parietal, some-

what flattened and looking backward and inward ; two rounded ends, or poles, of

w^hich the upper is usually the blunter and bulkier ; and two margins, the external,

marking the convex lateral outline of the organ, and the straighter internal. The

latter is interrupted by a slit-like opening, the hilum (hilus renalis), bounded by

rounded edges, which leads into a more extended but narrow space, the sinus f sinus

renalis), enclosed by the surrounding renal tissue. The capsule is continued from

the exterior of the kidney through the hilum into the sinus, which it partly lines.

In addition to the blood-vessels, lymphatics, and ner\'es passing to and from the kid-

ney through the hilum, the sinus ^contains the expanded upper end of the renal duct

1.S69
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or ureter, which also emerges at the hilum. The intersi)aces between these structures

are hlled with loose areolar tissue, in which lie accumulations of fat continuous with
the perirenal tunica adiposa.

Position.—The kidneys lie behind the peritoneum, embedded within the sub-

peritoneal tissue, so placed against the side of the vertebral column and the posterior

abdominal wall that they occupy an oblique plane, their anterior surfaces looking
forward and outward. The long axes of the organs are not parallel, but oblique to

the spine, in consequence of which disposition the upper ends of the two organs are

closer (8.5 cm.) than the lower extremities (11 cm. j, the planes of the inner margins

Hepatic veins
Fig. I 591.
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being anterior to those of the external. The greater part of both kidneys lies within

the epigastric region, but their outer margins reach within the hypochondriac areas

and their lower ends ordinarily encroach to a limited and variable extent upon the

umbilical and lumbar regions. The intersection of the plane of the transverse infra-

costal line and that of the vertical Poupart line usually passes through the lower pole

of the kidney, falling, as a rule, somewhat higher in the right than in the left organ.

Approximately the kidneys may be said to lie opposite the last thoracic and the

upper two lumbar vertebrae, reaching to within from 2.5-3.5 cm. (i-i}4 in.) of the

highest part of the iliac crest. The exact level of the kidneys, however, is subject
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to considciahlL' iiulivitlual variation, as well as usually differiiij^ on the two sides in

the same subject. The rij»ht orj^an commonly lies somewhat lower than the left, in

conseciuence t hiellv of the j^neater permanent xolume of the rij^ht lobe (jf the liver.

Not infre(iuently the kidneys occupy the same le\el, and in excepticjiial ca.ses the

ordinary relations may be reversed, the ri^ht lyini; a triHe hij^her than the left.

Acldison ' fountl that in 30 per cent, of the subjects examined by him the rij^hl

kidney lay as hitjh or higher than the left. According t(j Helm,'*' in women the kid-

neys lie, as a rule, about one-half of a lumbar \ertebra lower than in men, this differ-

ence depending upon the smaller size of the \ ertebrit and the greater curvature of

the lumliar spine in the female subject.

As a rule, the right kidney extentis from the upper border of the last thoracic

tt> the middle of the third lumbar vertebra, or somewhat below the lower bc^rder of

the third lumbar transverse i)rocess. While always obliquely crossed by the twelfth

rib, the outer margin of the right kidney usually falls short of the eleventh rib.

Fig. 1592.
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Since the left kidney usually lies from 1.5-2 cm. higher than the right, its

upper pole is opposite the lower half of the eleventh thoracic vertebra, its lower level

being opposite the lower border of the second lumbar vertebra and the third transverse

process. Its outer margin may reach, or be crossed by, the eleventh rib ; the

costal relations are, however, variable and influenced by the obliquity of the ribs,

which is greater w^hen the ribs are well developed than when they are rudimentary.
The kidneys in young children in general lie somewhat lower than in later life.

Fixation.—Although possessed of mobility to a limited degree,—slight depres-

sion and elevation probably normally accompanying respiratory movements.—the

kidneys have a fairly fixed position. The maintenance of the latter has been
variously ascribed to the support afforded by the peritoneum, the perirenal con-

nective tissue and fat, the blood-vessels, and the surrounding organs, all of which
during life may contribute to this end. Gerota, however,' has shown that, apart

from the blood-vessels and, especially in children, the suprarenal bodies, the peri-

toneum and adjacent organs may be removed without materially lessening the fixation

of the kidneys, the latter receiving support particularly from their peculiar and inti-

mate relations with the subperitoneal tissue. This, in the vicinity of the kidney,

' Journal of Anatomy and Physiology, vol. xxxv., 1901.
'" Anatom. Anzeii^er, Bd. xi., 1S96.
^ Archiv t. Anat. und Entwick., 1S95.
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assumes the character of a distinct fascia (fascia renalis), which at the outer border

of the organ spUts into an anterior and a posterior layer. The former passes in

front of the kidney, renal \'essels, and ureter, and, crossing the great pre\ertebral

vascular trunks, joins the corresponding layer of the opposite side. Traced ujjward,

the anterior layer covers the suprarenal body, above this organ fusing with the pos-

terior layer of the renal fascia. The latter passes behind the kidney, over the fascia

covering the transversalis, quadratus, and psoas, as far as the inner border of the last

muscle, along which it becomes attached to the spine. The posterior layer extends

upward behind the suprarenal body, which, in conjunction with the anterior layer,

is completely invested on all sides except below, where it lies against the kidney, to

Frn. 1503.

Diaphragm

Left kidney

Descendins; colon—

Iliac crest

Diaphragm

Right suprarenal body

Liver

Right kidney

Ascending colon

Psoas muscle

Posterior aspect of kidneys in situ in formalin subject; portion of posterior body-wall has been removed, as have
been also parts of pleural sacs and diaphragm.

the support of which organ it materially contributes. Although everywhere sepa-

rated from the fibrous tunic of the kidney by the inter^•ening layer of fat {hinica

adiposa), the renal fascia is attached to the renal capsule proper by bands of con-

nective tissue, which are especiallv strong at the lower pole, thus direcdy affording

support to the organ. Behind, the posterior layer of the renal fascia is likewise

attached to the transversalis fascia by means of areolar tissue, between the connecting

bands of which a variable amount of fat is usually present. Above, beyond the

suprarenal body, the renal fascia fades away over the diaphragm ;
below, it passes

into and is lost within the fattv subperitoneal tissue of the iliac fossa.

The fixation of the left kidney is firmer than that of the right, greater security

being gained for the left organ in consequence of its more extensive relations to the
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fusion which takes place chirint; the duvclopiiicnt (page 1704) of the large intestine

between the original parietal peritoneum and that covering the applied surface (jf the
primary mesentery of the descending colon ; in conse(|uence, the left kidney is

invested anteriorly with a subperitoneal layer of excejjtional strength. When, for

various reasons, the tonicity of the tissues supporting the kidney becomes impaired
and these structures become abnormally lengthened, the organ may acciuire undue
mobility antl suller displacement.

Relations.—The position of the kidneys being wholly retroperitoneal, the
posterior relations of both organs are chiefly muscular, since they lie closely

applietl to the diaphragm, psoas magnus, (juadratus lumborum, and the posterior
aponeurosis of the transversalis, the parietal fascia and perirenal areolar tissue alone
intervening. The inecpialities in the sujijiorting structures produce corresponding
modelling of the opposed renal surfaces, which is clearly distinguishable on organs
hardened in situ. In specimens hardened in formalin, the psoas area appears as a nar-

row, slightly depressed tract along the inner border ; an adjoining broader band marks
the area for the quadratus lumborum, beyond which the outer part of the posterior sur-

face rests upon the transversalis apo-

neurosis. The crescentic diaphragmatic

area crosses the upper pole, the inner

limb of the crescent marking the con-

tact with the crus. In organs hardened
in the recumbent posture, conspicuous

and probably exaggerated indentations

show the former position of the trans-

verse processes of the second and third

lumbar vertebrae. An oblique, shallow

furrow crossing the kidney from the

upper pole outward, usually locates the

course of the twelfth rib. In connec-
tion with the posterior relations of the

kidneys, it is important to recall the

inferior limits of the pleural sacs (page

1859), which, where they cross the

twelfth rib, may descend as low as the

level of the first lumbar transverse pro-

cess and therefore cover the upper part

of the kidneys.

The anterior relations of the
kidneys differ on the two sides, not
only as to ' the viscera concerned, but
also in the manner of their contact and
the consequent e.xtent of the renal peri-

toneal investment. Primarily the entire

visceral surfaces of the kidneys are covered by serous membrane ; later this iiuest-

ment becomes only partial, in consequence of the permanent attachment which certain

organs, as the pancreas, duodenum, and colon, obtain. When these viscera undergo
the backward displacement incident to acquiring their final location, they are pressed
against the abdominal wall and the kidneys, to which they become attached by
areolar tissue, since the intervening opposed peritoneal surfaces lose their sbrous
character. Where the organs touching the kidneys remain covered with peritoneum,
the renal areas of contact retain the original serous investment.

The right kidney is in relation with the corresponding suprarenal body, the lixer,

the duodenum, the hepatic flexure of the colon, and, to a limited extent, usually the
small intestine. The right suprarenal body covers the upper pole and adjacent part
of the inner border of the kidney, the surface of contact being devoid of peritoneum,
since the organs are closely connected by areolar tissue. The liver covers the larger

part of the anterior surface and outer border of the kidney, which models the hepatic
tissue as the conspicuous renal impression seen on the inferior surface of the organ.
Both the liver and the kidney are invested by serous membrane, and are, therefore,

118

Iliac fascia

Iliacus
muscle

Diagrammatic longitudinal section, showing relations of
supporting tissue to right kidney. (Ceroia.)
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separated by an extension of the greater sac of the peritoneum. The second part of

the duodenum overlies the hilum and the inner renal border, the non-peritoneal area
being of uncertain extent in consequence of the variations in the position of this part of

the intestinal tube. Although covering usually about the middle two-fourths of the
median border, the duodenal area may embrace the entire inner third or more of the
anterior surface of the kidney, extending from the extreme upper to the lower pole

;

or, on the contrary, the duodenum may touch the kidney only near its lower pole.

The hepatic flexure occupies a triangular area, external to the adjoining duodenal
one and also non-peritoneal, which includes the outer and lower third, more or less,

of the anterior surface of the kidney. The extent and form of the surfaces of con-
tact between the kidney, colon, and duodenum are very variable ; when large they
may cover the entire lower half of the kidney, or when less extensive they may
leave uncovered the lower pole. In the latter case coils of the small intestine often

occupy this area, which is covered with peritoneum.

The left kidney is in relation with the corresponding suprarenal body, the

spleen, the stomach, the pancreas, the splenic flexure of the colon, and the small in-

testine. The suprarenal body lies upon the median side of the upper pole, attached

Fig. 1595.

Hepatic area
(peritoneal)

Colic area
(non-peritoneal)

Jejunal area
(peritoneal)

Suprarenal area (non-peritoneal) Sui)rarenal area (non-peritoneal)

Pancreatic area
(non-peritoneal)

Duodenal area (non-peritoneal)

Right renal duct

Colic area
(non-peritoneal)

Jejunal area
(peritoneal)

Left renal duct (ureter)

Inferior vena cava

Anterior surface of kidneys of formalin-hardened suDject, snowing visceral areas, blood-vessels, and renal ducts.

by areolar tissue ; its area is therefore non-serous. The upper two-thirds of the

outer border and the adjacent part of the anterior surface of the kidney are covered

by the spleen, the peritoneum intervening, e.xcept within the narrow attachment of

the layers of the lieno-renal ligament. Below the splenic area the kidney is covered

to a variable extent by the splenic flexure of the colon, this non-peritoneal area

usually including the outer half of the lower pole. The pancreas lies in front of the

hilum and approximately the middle third of the kidney, frequently reaching as far

as the outer border. Above this non-peritoneal area, between the latter and the

suprarenal and splenic surfaces, lies the small triangular serous area which the stomach
touches, while below the pancreatic zone, internal to that for the splenic flexure, the

kidney presents a triangular peritoneal area over which the coils of the jejunum glide.

From the foregoing it is evident that each kidney rests within a depression, the

"renal fossa," formed by the structures with which it comes into contact above,

behind, at the sides, and below. The foss^ are deeper and narrower in the male

than in the female, owing chiefly to the greater development of the muscles against

which the kidnevs lie.

The Renal Sinus.—The longitudinal, slit-like hilum, occupying somewhat less

than the middle third of the tnner border of the kidney, opens into a more extensive

but shallow C-shaped space, the renal sinus, which, surrounded by the kidney-tissue.
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Fig. 1596.

takes in approximately the mediai) half of the interior of the organ. The greatest

dimension of the sinus corresponds with the long a.xis of the kidney, the shortest with

the distance between the anterior and posterior walls. The sjjace—most extended

verticall)—is compressed from before backward, while its greatest depth ( 2. 5-3. 5 cm. )

is just above the upper border of the hilum. The sinus is occujiied in large measure

by the dilated upper end of the ureter, the renal pelvis, and its subdivisions, the

calyces: the remaining space accommodates the blood-vessels, lymphatics, and nerves

that pass through the'^hilum and the intervening cushion of areolar and adipose tissue

continuous witirthe perirt-nal fatty capsule. The fibrous capsule of the kidney covers

the rounded Hjjs of the hilum and is continued into the sinus, to which it furnishes

a partial lining.

In contrast to the even external surface of the kidney, the walls of the smus are

beset with conical elevations, the renal papillcc, which are well seen, however, only

after removal of the contents and the fibrous lining of the sinus. The papillce mark

the apices of the pyramidal masses of kidney-tissue of which the organ is composed.

The individual cones, from 7 to 10 mm. in

height, are in many instances somewhat com-

pressed, so that their bases are elliptical in

section instead of circular. Adjacent ones

may undergo more or less complete fusion,

the resulting compound papilke being often

grooved and irregular in form. Usually from

eight to ten papilke are present in each kid-

ney, but their number varies greatly, as few

as four and as many as eighteen having been

observed (Henle). The walls of the sinus

between the bases of the papillae are broken

up into elevations and depressed areas, the

latter marking the localities at which the

blood-vessels and nerves enter and leave the

renal substance. The apex of each papilla

is pierced bv a number of minute openings,

barely recognizable with the unaided eye,

which mark the terminal orifices (foramina

papilla riaj of the uriniferous tubules from

wlfich the urine escapes from the renal tissue

into the receptacles formed by the calyces

which surround the papilla? and are attached

to their bases. The number of uriniferous tu-

bules opening at the apex of a single papilla

—

the field in which the pores open being the

area cribrosa—varies with the size of the cone, from eighteen to twenty-four being

the usual complement for a simple papilla. When the latter is compound and of

large size, more than twice as many orifices may be present.

Architecture of the Kidney.—The entire organ—a conspicuous example of

a compound tubular gland—is made up of a number of divisions which in the mature

condition are so closely blended as to give litde evidence of the striking lobulation

marking the foetal kidney. The external surface of the latter (Fig. 1597) is broken

up by furrows into a number of irregular polygonal areas, each representing the

base of a pyramidal mass of renal tissue, the kidney lobe or rcjiculus, which, sep-

arated from its neighbors by an envelope of connective tissue, includes the entire

thickness of the organ between its exterior and the sinus, a renal papilla being the

apex. For a short time after birth the lobulation is evident, but later the de-

marcations graduallv disappear from the surface, which becomes smooth, and the

interlobular connective-tissue septa within the organ disappear, the pyramids alone

indicating the original lobulation.

Renal
vein

Renal \xt\-

vis. luwer
part

Ureter

Anterior surface of right kidney from which
fibrous capsule has been partly removed ;

blood-

vessels and renal duct are seen entering and emergnig
through hilum.

Although evidences of the latter occasionally persist in the adult human or^an. the kidneys

of many of the lower animals (reptiles, birds, ruminants, cetaceans, and certain camivora) retain
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the divisions in a more or less marked degree, the renal lobules of the aquatic mammals being
unusually distinct. In some mammals (rodents, insectivora) the entire kidney corresponds to a
single papilla, while in others (elephant, horse) no distinct pai)illa.' exist.

Fig. 1597.

On making a longitudinal section of the fresh kidney, from its convex border

through the sinus, the papilke will be seen to form the free apices of conical masses,

the renal pyramids, the bases of which he embedded within

the darker surrounding kidney-substance composing the outer

third of the organ. This peripheral zone, which appears darker

and granular in contrast to the lighter and striated renal pyra-

mids, constitutes the cortex; the medulla includes the conical

areas formed by the pyramids and partially occupies the inner

two-thirds of the thickness of the organ. The cortex contrib-

utes the bulk of the kidney, alone forming the entire surface,

including the lips of the hilum, and receiving and surrounding

the bases of the pyramids. The cortical tissue further pene-

trates for a Aariable distance between the pyramids, separating

the latter and in places gaining the sinus. These interpy-

ramidal extensions are \\\^ renal columns, or coha?i?is 0/ Berlin,

and consist of typical cortical substance. Since the branches

of the renal blood-vessels lie within the interlobular connective

tissue separating the primary divisions of the foetal organ, these ^•essels never enter

the kidney by passing into the papillae, but always enter at the side of these. They
therefore sink into the renal substance within the areas occupied by the renal columns,

the surfaces of which directed towards the sinus are pitted by the vascular foramina.

Within the sinus the blood-vessels, surround the calyces with coarse net-works, enter-

ing and emerging from the renal substance through the orifices encircling the papillae.

On close inspection, preferably with the aid of a hand-glass, it will be seen that

the cortex, including that within the renal columns, is not uniform, but is subdivided

by narrow striated bands, wedge-shaped

Right kidnty of neW'
bom child, showing lobular

tion of surface.

in outline and lighter in color, mto
radially disposed darker and lighter

areas. The latter, consisting of groups

of parallel tubules, are known as the

medullary rays (pars radiata), since

they are apparently due to prolonga-

tions of the medullary tissue. The
darker tracts intervening between the

medullary rays form the labyrinth (pars

convoluta), and appear granular, owing

to the tortuous character of the com-
ponent tubules. The labyrinth is

studded with bright red points mark-

ing the position of the vascular tufts

or ^Q;lomeruli, which are ne\'er present

within the medullary rays or the renal

pyramids, although found within the

cohmins of Bertin.

On sectioning minutely injected

organs, it will be observed that the

larger radially coursing interlobular ar-

teries, on gaining the boundary zone

between the cortex and medulla, break

up into smaller branches, some of which

Fig. 1598.
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blood- v^sel
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Calyx,
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Calyx

Portion of
sinus

Renal
papilla

I'reter

Longitudinal section ot right kidney, showing relations of

pelvis and its divisions to renal substance and to sinus.

pass directly towards the surface, while others change their direction and assume an

arched horizontal course, thus producing the impression of
'

' arcades' '
at the base of

fhe pyramids. The terminal twigs—"end-arteries," since anastomoses are wanting

—run generally perpendicular to the exterior of the kidney and occupy the centre

of the tracts separating the medullary rays. The latter, therefore, are the axes of
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minute conical masses of renal siihstaiue, the corlical lobnln;, the bases of vvliich lie

at the surface and the apices williin ihu pyramids of tht- inc-chiila. From the fore-
j^oinjr it is c\idc'nt that i-ach renal pyramid corresponds to a ^roup of corlical IoIjuIcs,

the tul)ulcs of which, on cnterinj^; the medulla, become jjrojj^ressively less numerous
but larger, in consecpience of repeated juncture, until, as tlie wide excretory ducts,
they iiwd at the sunnnit of the papilla. The relations of the pyramids to the papillie

are less simple than formerly recoj^nized, since, instead of each of the latter eml^racinj^
but one of the former, Maresch ' has shown that a sinj^de papilla, as a rule, includes
from two to four pyramids,

which are blended into one
conical mass culminatini; in

the ])apill,u'v apex.

Structure of the Kid-
ney. — The fundamental
components of the \-erte-

brate excretory or^an, both

in the f(Etal and mature con-

dition, include (i) a tuft of

arterial vessels derived more
or less directly from the

aorta, (2) tulniles lined with

secretory epithelium, and

(3) a duct for the convey-
ance of the excretory pro-

ducts. These constituents

are represented in the kid-

ney pf man and the hiq;her

animals by ( i ) the glomeru-
lus, (2) the convoluted uri-

niferous tubules, and (3 ) the

collecting- tubes, pelvis, and
ureter. Since, in a general

way, to the epithelium lining

the tubules may be ascribed

the function of taking from
the circulation the more solid

constituents of the urine,

and to the glomerulus the
secretion of its watery parts,

obviously the most favora-

ble arrangement to secure
the removal of the excretory
products is one insuring

flushing of the entire tubule
with the fluid secreted by
the glomerulus. Such ar-

rangement implies the loca-

tion of the vascular tuft at the very beginning of the tubule,—a disposition which
in fact is found in the kidneys of all higher animals. The number of the glomeruli,
therefore, corresponds with that of the uriniferous tubules, each of which begins in

close relation with the vascular tuft. The kidney-substance consists of an intricate

but definitely arranged complex of uriniferous tubules, supported by the interstitial

connective-tissue stroma, which have their commencement in the cortex and their
termination at the apices of the papillae, their intervening course being marked by
many and conspicuous variations in the character, size, and direction of the tubules.

The uriniferous tubule begins as a gready expanded blind extremity, the
capsule (i), which surrounds the vascular tuft or glomerulus, the two together con-
stituting the Malpighian body, which lies within the labyrinth. On leaving the Mal-

^Anatom. Anzeiger, Bd. xii., 1S96.

I'roxim.'il con-
voluted tubule

iileriiR-diate

lulnilu (tlistal

convoluted)

Intermediate
tubule

I'.fferent vessel

.Neck

AfEcrent vessel

Capsule

-f- Interlobular

---J artery-

Descend ing
limb

.Ascetuiing
"inib

Loop of Henle

Papillary duct-^

. Papilla

Diagram showint; course of uriniferous tubule.
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Fig. 1600.

Labvrinth

pighian body the tubule becomes very tortuous and arches towards the free surface

as the proximal convoluted tubule (2) ; this, after a course of considerable length,

usually leaves the labyrinth and
enters the medullary ray, which it

traverses, somewhat reduced in

diameter and slightly winding in

course, as the spiral tubule (3; and
passes into the medulla. Immedi-
ately upon gaining the latter, the

tubule suffers marked decrease in

size, penetrates the renal pyramid
for a variable distance towards the

papilla, then bends sharply upon
itself and retraces its course to once
more enter the labyrinth. Its ex-

cursion into the medulla includes

the descending limb (4) and as-

cending limb (5) of the loop of
Henle. The ascending limb—the

longer and wider of the parallel

limbs of the loop—rises within the

labyrinth to the immediate vicinity

of the corresponding Malpighian
body, the neck of which it crosses,

and then, after arching over the cor-

puscle, gives place to the distal

convoluted or intermediate tubule

(6), a segment which, marked by
increased diameter and tortuosity,

crosses the general course of the

convoluted tubule and is succeeded
by the narrower and arching co7i-

necting tubule (7). The latter

enters the medullary ray and, join-

ing with similar canals, forms the

straight collecting tub^de (8), which,

progressively increasing in size by
junction with others, traverses the

remaining length of the medullary

ray and enters the renal pyramid.

Within the deeper part of the latter

the collecting tubules fuse into larger and larger canals until, as the relatively wide

papillary ducts (g), they terminate on the apex of the papilla at the orifices {fora-

mina papillaria) which open into the calyces.

The relations between the various segments of the uriniferous tubuks and the

subdivisions of the kidney are, therefore, as follows :

Malpighian body,—capsule and glomerulus

Proximal convoluted tubule

Ascending limb of Henle' s loop

Distal convoluted or intermediate tubule

Connecting tubule (beginning)

Connecting tubule (termination)

Section of corte.v. showing relation of labyrinth
and medullary rays. X 50.

Cortex

Labvrinth

Medulla

Medullary ray \ Spiral tubule

\
Collecting tubule

f Descending limb and

J
Ascending limb of Henle' s loop

I

Collecting tubule

I Papillary ducts
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Capsulr

Injected glomenilus, showing afferetit and efferent vessels and
continuation into intcrtubular capillaries. X 250.

Although ;is a inatttTof coinciiiciicu tlu- entire canal, from its commenccincnt
in the .Malpimliian Ixxly to its tenniiialioii on the papilla, has been described as the
uriniforoiis tubnle, both m-neti-

caily and finictionally two dis- Fin I'^or.

tinct parts must be recoj^ni/i-d.

These are the unbranched tiri-

nifcrous tuhulc proper^ which
includes all di\isions from the

MalpijLjhian body to the icrnii

nation of the intermediate tn

bule, and the diict-ti(h(\ which
when traced from the ])apilla

towards the corte.x, undergoes
repeated di\ision until from a

single stem the numl)er of con-

necting tubules is sufficient to

provide each uriniferous tubule

proper with its own excretory

canal.

I. The Malpighian Body.—This
structure, spherical in form and from
.012-.020 mm. in diameter, consists

of two parts, tlie^/owrr/z/w.^and the

capsule. Tlie former is an ago:re.si;a-

ion of tortuous capillary blood-ves-

sels into which break up the lateral

terminal twites li^iven off from the

arteries as these pass between the cortical lobules towards the free surface of the kidney. The
lateral branches—very short, often arched, and only .002-.004 mm. in diameter—spring at varj--

ing angles from all sides of the interlobular arteriole and enter the Malpighian body as the vas

affercHS. On entering tlie glomerulus, the afferent vessel divides into from four to si.x twigs,

each of which l^reaks up into capillaries. These may anastomose and form a va.scular comple.x

that may be filled from any branch ; not infrequently, however, such communication does not

exist, each terminal twig

then giving rise to an iso-

lated capillary territory,

the entire glomenilus con-

sisting of vascular lobules,

each drained by its own
radicle. Sooner or later

all the channels of exit

unite toform the single vas

efferevs, through which

the blood from the en-

tire glomenilus escapes.

The efferent vessel as it

emerges from the Mal-

pighian body is close to

the vas afTerens, both usu-

ally lying on the side op-

posite to that occupied by
the neck of the capsule

from which the uriniferous

tubule is continued. In

consequence of the short

course and manner of ori-

gin of the twigs from the

interlobular arteries, the

glomeruli are disposed in

rows, somewhat like berries attached to a straight common stalk.

The capsule of Bowman, the dilated beginning of the uriniferous tubule, almost com-
pletely invests the glomerulus with a double layer derived from the wall of the tubule, which
seemingly has suffered in\agination by the vascular tuft. Such pushing in, however, is only

Fic. 1602.

Capsule

Section of renal cortex, showing details of Malpighian body; glomerulus is

surrounded by capsule which passes into obliquely cut neck. X 200.



i88o HUMAN ANATOMY.

Fig. 1603.

Blood-vessel

Convoluted tubules, cut transversely and ob-
liquely, showing character of epithelial lining.

X 400-

apparent, since the close relations of glomerulus and capsule result from the growth of the latter

around the vascular tuft and not from invagination of the dilated tubule. The capsule consists

of a distinct membrana propria and a lining composed
of a single layer of flat, plate-like cells, the modified

epithelium of the uriniferous tubule. In sections pass-

ing through the aflerent vessel and the neck the lumen
of the capsule appears crescentic in outline, since the

space between its outer and inner walls is widest at

the neck and reduced to a mere slit where the two
layers are continuous around the narrow stalk tra-

versed by the afferent and efferent vessels. The inner

or "visceral" layer of the capsule, the thicker of the

two, is firmly attached to the glomerulus by the deli-

cate intervening connective tissue, the entire comple.x
appearing rich in nuclei which belong to the epithe-

lium of the capsule, the endothelium of the capillaries,

and the connective-tissue cells.

2. The Proximal Convoluted Tubule.—After un-

dergoing the conspicuous constriction marking the

neck of the capsule, the uriniferous tubule abruptly

enlarges into the convoluted segment which forms ap-

pro.ximately one-fifth of the length of the entire canal

and has a diameter of from .040-.060 mm. In com-
mon with other parts of the tubule, its wall consists of a
membrana propria, apparently structureless, but com-
posed of a delicate reticulum and intervening homoge-
neous substance and a single layer of epithelial, cells.

Although the histological details of the latter

varj- in different, but not constant, parts of the convo-

luted segment, the lining cells present certain charac-

teristics, chief among which is the differentiation of

the cytoplasm of the cells into a broader outer and

a narrow /ww^r zone. The former exhibits coarse radial striations, the so-called "'rods," pro-

duced by rows of granules within the vertically disposed threads of spongioplasm (Rothstein)

which occupy approximately the pe-

ripheral half of the cell extending

from the membrana propria towards
the inner zone. The latter, next the

lumen, usually appears as a well-

defined narrow border which, when
successfully preserved, presents a

fine vertical striation ("bristle bor-

der") that depends not upon rows
of granules, as do the rods of the outer

zone, but upon the disposition of

the threads of the spongioplasm. In

consequence of maceration and other

post-mortem changes, the inner zone

may undergo partial disintegration

and break up into short hair-like rods

which have been mistaken for cilia.

Although the spherical nuclei f.005-

.007 mm.) of the epithelium of the

convoluted tubule are sharj^ly de-

fined, the demarcations betAveen the

individual cells are obscure and often

wanting, the tubule being lined by a

seemingly continuous nucleated layer

or syncytium. The lumen is not

imiform throughout the convoluted

tubule, in some places being wide and
in others reduced to mere clefts; these

differences depend chiefly upon the

varying height of the epithelial lining.

3. The Spiral Tubule.—Following the tortuous path of the convoluted tubule, the canal is

usually continued into the medullary ray by a segment which, while comparatively straight, de-

FlG. 1 604.

V^:
Blood-vessel

Portion of medullary ray, showing spiral and collecting tubules. V 400.
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scribes a wavy or spiral course in its descent to tlie pyramid. This, the .spiral tubule of .Schachowa,
differs from the precedin^j in the j^radual reduction of its diameter (.35-.04U mm.) and in the

thickness of the epithelial linin^j, the cells of which, although retaininjj the jjeneral character of

those of the convoluted tubule, exhibit a distinct demarcati<jn from one another and a narrow
honioj^eneous inner /.one. The spiral tubules are distin;(uishable from the surnnindin^^ collectin;^

tubules by the lijj;hter sharjjly defuietl cnboidal lininji cells of the latter. Just Inrfore passing; into

the medulla to become the descending limb of Henle's loop, the spiral tubule diminishes in width
and in consetiuence ends as a canal of conical form.

4. The Loop of Henle.—The descending limb of this L'-like sejjmeiit is distinguished not

only by the conspicuous reduction in its diameter (.012-.015 nun.), beinjj the narrowest i)art of

the entire uriniferous tubule, but al.so by the altered character of its epithelium. The latter

consists of low elements, so thin that the oval nuclei cause distinct elevaticjns in the cells which
project lx;yond the (general level of the epithelium. Since the nuclei usually do not lie exactly

Fig. 1605.

Ascending limb-
• V K ' -

'-^'
^-fe^-t \

Fig, 1606.

\^?11 Si

Henle's loop

Collecting tubule

Longitudinal section of medulla passing through
Henle's loop. X 400.

Longitudinal section of medulla, showing parts
of limbs of Henle's loop. X 400.

opposite each other, the projections on
one w^ll alternate with those of the

other, in consequence of which dispo-

sition the lumen appears wavy and
irregular, although not much reduced

below the diameter of that of the pre-

ceding spiral segment and generous in

proportion to the entire width of the

tubule. The flattened cells consist of clear, slightly granular cytoplasm, in which is embedded

a distinct elliptical nucleus of relatively large size.

The ascending limb differs from the descending in its increased diameter (.024-.02S mm. ),

which depends upon sudden augmented thickness of the walls and not upon the width of the

lumen, the darker and striated appearance of its epithelium, and its extension from the medulla

into the cortex. The outlines of the individual lining ceils are not sharply defined in well-pre-

served organs, although the readiness with which these elements undergo post-mortem change

often results in their artificial separation. The cells are often irregular in height, the lumen, in

consequence, varying and in places, especially within the cortex, being almost obliterated. The

nuclei often occupy a clear area, and are separated by striations of unusual length. Although

the cells exhibit a differentiation into an outer rodded zone, a finely striated inner border, as seen

in the epithelium of the convoluted tubules, is wanting ; where an inner zone is represented, it

assumes a variable vesicular rather than a striated character. The length of the loop of Henle

is influenced by the level of the corresponding Malpighian body within the cortex—the nearer

the latter lies to the medulla the greater the descent of the loop towards the papilla, and i-ice

versa, this relation probablv depending upon the intimate a.ssociation between the termination

of the ascending limb and the Malpighian body. According to the reconstructions of Huber,'

1 Amer. Joum. of Anatomy, vol. iv.. Supplement, 1905.
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on g^ainino: the Malpi.s:liian corpuscle the ascending Hnib crosses the neck in close proximity to

the glomerulus, wilii which it is connected by twij^s from the vas efferens ( Hamburj^er '), and
then arches over the corpuscle to end in the succeedinjj convoluted tubule. The position of

the sudden transition from the narrow into the wider tube of Henle's loop varies, the chang;e
exceptionally occurrinij after the turn is reached, sometimes within the loop itself, but most fre-

cjuently within the descendintj limb a short distance above the loo]).

5. The Distal Convoluted Tubule.—On sj^aininj^ the level of the corresponding; Mali)i.i;hian

body, the ascendiiii; limb i;radually widens into the distal convoluted or intermediate tubule, a
canal api^roximatini;- the diameter (.040-.045 mm. ) of the surroundin.y; convoluted tubules, but
differing from the latter in its wider lumen and in the character of its epithelium. This consists

of well-defined cuboidal cells, with spherical nuclei, the cytoplasm of which, while granular, is

comparatively clear and devoid of stria-

FiG. 1607. tions. The moderately tortuous path of

the intermediate tubule is marked by a

number of abrupt changes in direction,

but in general lies for a time enclosed by
the arch described by the corresponding
convoluted segment (.Schweiger-Seidel),

which it finally crosses (Hulierl.

6. The Connecting Tubule.—This
I)ortion of the tubule (.023-.025 mm. in

diameter) resembles the preceding seg-

ment in its clear epithelium, the lining

cells, however, being lower, with a cor-

responding increased lumen. After a

short and usually arched course, the con-

necting tubule enters the medullary ray

and, uniting with similar canals, joins in

forming the collecting tubule.

7. The Collecting Tubule.—This
first lies within the medullary ray, where
it forms the beginning of the system of

straight duct-tubes that culminates in

the canals opening upon the ])apilla,

and then passes into the renal ]>yramid.

During their course through the medul-
lary ray the collecting tubules repeatedly

unite to produce stems, which, while in-

creasing four- or fivefold in diameter, are

diminishing in number. In consequence
of this fusion within the pyramid, the col-

lecting tubules are disposed in- groups

( I'^ig. T609), each of which corresponds

to the tubules prolonged from a single

medullary ray and is surrounded by the

limbs of the loops of Henle. On enter-

ing the renal pyramid, the groups of col-

lecting tubules at first are separated by
the intervening bundles of straight blood-

vessels (fasa rcctcr) that are given oflf

from the larger twigs within the boun-

dary zone for the supply of the medulla.

After passing to within about 5 mm. of the apex of the papilla, towards which the>- converge,

the large collecting canals undergo repeated junction, increasing in diameter but rapidly dimin-

ishing in number, to form the wide papillary ducts. The epithelium lining the collecting tubules
'—the larger as well as the smaller—consists of clear cuboidal or low columnar cells, sharply

defined from one another and provided with spherical nuclei. The light-colored cytoplasm

and distinct demarcation of these elements render the collecting tubules conspicuous and their

recognition easy.

8. The Papillary Ducts.—These, the final segments of the kidney tubules, number from

ten to eighteen for each single papilla, at the apex of which they end. Each is formed by the

junction of from ten to thirty of the larger collecting tubules (.050-.060 mm.) and attains a

diameter of from .2-3 mm. The lining epithelium is composed of conspicuous, clear columnar

cells, about .020 mm. in height and one-third as much in width, which rest upon a distinct

Longitudinal section of renal medulla, showing Henle's
loops and collecting tubules. X 45.

1 Archiv f. Anat. u. Entwick., Suppl. Bd., 1890.
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inembrana propria almost as far as the leriiiinalion of tiic canal. At this jjoint the inernliraiiL-

failfS away atui tin- fpitiuiiiiin of the duct becomes continuous witli Inat ( lothin^; the surfaci; of

tile |)api!la and linin;^ tlu- priv is < >l

Fig. 1608.

})^mmmn Q^:"3

Blood-vcsBci

DcscciifJinjf
limb of loop

the kidney.

It is evident tiiat the num-
ber of Malpi};hian bodies and uri-

niferous tubules pro|>er is j;r»atl\

in excess of the larger collecting

tubes, each papillary duct re|)re-

sentinjj the termination of an elab-

orate system of di\ idinj; canals as

far as the connecting; tubules, from
which point the true uriniferous tu-

bules comi)lete their tortuous path

without further subdivision.

The Supporting Tissue.

The interstitial strt)ma holdiui; in

place the tubules and the blood-

vessels consists of a net-work of

modified connective tissue, or re-

ticulum, which has been shcjwn

by
digest i

ous
kidney

dant along the patl

terlobular and the larger blood-
vessels, from the adventitia of

which delicate trabecuUe extend
in all directions to form the meshes
lodging the tubules, smaller ves-

sels, and capillaries. Within the

cortex the supjwrting tissue is meagre, being best developed along the interlobular vessels and
around the Malpighian bodies. According to Mall, the membrana propria of the tubules is

resolvable into delicate net-works of reticulum directly continuous with the surrounding stroma,
the general arrangement of which corresponds to the disposition of the tubules. Within the
medulla the interstitial tissue is much more abundant than in the cortex, its amount increasing
towards the apex of tne papilla, in which location considerable tracts of comparatively coarse
stroma-fibres separate the pai)illary ducts. At the surfaces of the divisions of the renal substance

Section of medulla across renal pyramid, showing large collecting tubules,
limbs of Henle's loops, blood-vessels, and stroma. X 130.

Fig. 1609.

mm^
Section across upper part of renal pyra-

mid, showing groups of blood-vessels sur-
rounded by uriniferous tubules. X 50.

Fig. 1610.

space for blood-vessel

Supporting stronia-tissiie of kidney after
pancreatic digestion ; spaces lodged tubules
and blood-vessels. X no.

the interstitial tissue is continuous with the investing fibrous capsule, the interlobar septa, or the
lining of the pelvis, as the case may be. Not only the blood-vessels, but likewise the ner\e-
trunks and the lymphatics are provided with sheaths of the renal stroma.
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Fig. i6ii.

Two calvces

Blood-Vessels.

—

Arteries.—The renal arteries—usually one to each kidney,

but not infrequently two, and in exceptional cases three or even four—are of unequal
length, the right one being the longer in consequence of the parent stem, the aorta,

lying to the left of the mid-line. Embedded within the subperitoneal tissue and
covered by the renal fascia (page 1872), they pass laterally, accompanied and more
or less masked by the renal veins, to the hilum of the kidney, during their course

giving ol^ small twigs to the Capsula adiposa as well as to the suprarenal bodies.

Just before entering the kidney, or within the hilum, the renal artery divides into an
anterior (ventral) and a posterior (dorsal) branch, each of which embraces the pel-

vis and divides into four or five twigs that hug their rcspectixe wall of the sinus.

Preparatory to entering the kidney, each twig breaks up into from three to five

smaller divisions which enter the

renal substance through the vascu-

lar foramina surrounding the pa-

pillae. On entering, they pass

along the sides of the papillae, their

course corresponding in position to

the original tracts of connective tiij-

sue that separate the primary di-

visions of the foetal kidney (page

1876) ; they are therefore appro-

priately designated interlobar ar-

teries. The general expansion of

the branches derived from the an-

terior and posterior arteries is par-

allel to the corresponding \entral

and dorsal surfaces of the kidney
;

the intervening zone along the

convex border of the organ, about
I cm. on the posterior surface,

contains few, if any, of the larger

vessels and, in consequence, ap-

pears lighter in color. The vessels

supplying the kidney do not anas-

tomose, each such '

' end
'

' artery

providing for a particular area of

renal substance. On reaching the

level of the bases of the rerlal

pyramids, each interlobar artery

breaks up into a tree-like bundle

of twigs, some of which pursue an

arched course across the bases of

the pyramids, thereby producing

the impression of a series of arcades

at the junction of the medulla and cortex. From these vessels two series of terminal

branches arise, one for the supply of the cortex, the other for that of the medulla.

Inferior division of pelvis

Ureter

Corrosion preparation of injected right kidney,
viewed from behind, showing relations of branches of
renal artery to divisions of renal pelvis.

The cortical arterioles pursue a course generally perpendicular to the free surface, towards

which they run between the cortical lobules, giving off short lateral twigs that end as the vasa

afferentia in the glomeruli of the Malpighian bodies. The latter are arranged in columns in

correspondence witli the path of the interlobular cortical arterioles. Some of these, however,

do not give off vasa afferentia, but ascend to the kidney capsule, for the supply of which they

provide in conjunction with the direct branches from the renal arter}'.

After traversing the capillary cc^nplex, the blood is carried from the glomerulus by the

vas efferens, which, smaller than the vas afferens, on its exit immediately breaks up into the

cortical capillaries that form net-works enclosing the tubules within the labyrinth, and, continuing,

surround those within the medullary ray, in the latter situation the meshes being relatively longer

and more open and containing blood that has already supplied the proper uriniferous tubules.

The medullary arterioles, derived in part from the terminal branches of the interlobar

stems at the bases of the pyramids, descend within the latter as bundles of radially disposed
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Fig. i6ia.

Capsuli;

straijjlit t\vip;s {artt-rio/tr reclcr) that at first surnjuiul tlic Kr<)ii|)s of ccilluclin},' tubules aud then
break up to take |)art in foruiiu); the capillary net-work of the medulla, l-rout these meshes the
l)k)od is collected by the straight venous radicles that accom|)any the arteriiiles aud, with the
latter, constitute the vane trctir, owin^f to whose presence the d.irker stri:e of the medulla are due.
In conse(iuence of numerous imastonioses the v.iscular supply of the medulla is less inde|H:nd-
eiit of that of the cortex, than was formerly supp<jseil (llui)er).

I'tiiis.— The \ciiis of the kidney arc also di.sposed as cortical and medullary
branches which empty into larjrcr stems {vena arcijormcs) that cross the bases of
the ])yranii(ls as a series of communicating venous arcades.

The blood within the cortical capillaries escajjes by three paths: (i) throu^jh numerous
small veins that traverse the outer third of the cortex towards the capsule, bene.ith wlii( h they
empty into larger stems running iiarallel t(j the free surface of the kidney. I'rom three to
five of these horizontal ves-

sels converu^e towards a com-
mon point and thereby pro-
duce a star-like li.u;ure {vota

sit'/Iafa), which is the betjin-

iiinjj of the iiilerlobular vein

that, in company with the cor-

respondine: arteriole, passes
throuj^h the cortex to become
tributary to the venous arcade
at the base of the jiyramid

;

(2) throujih small venous
branches that empty directly

into the interlobular veins at

various levels
; (3) throujjh

the deep cortical veins that

traverse the inner third of the

cortex and are tributaries of

the venae arciformes. The
medulla is drained by the veu-

uUc rectcr, straisjht vessels

that beo;in in the medullary
capillary net-work and empty
into the arciform veins. The
latter terminate in the larger

interlobar veins that accom-
pany the arteries along the

sides of the pyramids and
emerge into the sinus around
the papillae. The further

course of the relatively large

and valveless venous trunks
corresponds with that of the

arteries ; the veins draining

each half of the kidney unite

into a single stem, the two
thus derived joining to form the renal vein. The latter usually lies anterior to the renal arten,- in

its path to the vena cava, the left vein being longer than the right in consequence of the position

of the cava on the right of the spine.

The lymphatics of the kidney occur as a superficial and a deeper net-work.
According- to the investigations of Stahr' and of Q.\\\-\€o,- \\\(t superficial lyviphatics

comprise a delicate subcapsular mesh-work from which two systems of collecting

trunks arise ; the one passes into the kidney to join the deeper lymphatics within the

renal substance, the other pierces the capsule to imite with the j:)erirenal lymjihatics

within the capsula adiposa. The deep lymphatics arise within the corte.x from deli-

cate interlobular net-works, the general path of the more definite stems being that of

the blood-vessels. On leaving the hilum, the larger collecting trunks—from four to

^ Archiv f. Anat. u. Entwick., 1900.
* Bull. d. Soc. Anat., F^v. 1902.

iTiteilobar

vein
IiiUrlobar

;utt.r\

.Me(lullar>'

arterioles

t'a|)illary net -work—

V Papilla

Diagram showing arraiigenieiit of blood-vessels of kidney. {After Disse.)
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seven in number—follow the renal artery and vein, especially the latter, which they
surround. The lymphatics of the kidney end chiefiy in the nodes lying at the sides

or in front of the aorta ; small lymph-nodes frequently occur in the vicinity of the

hilum.

The nerves of the kidney are derived from the renal plexus formed by contri-

butions from the solar and aortic plexuses and the least splanchnic nerve. The

Fig. 1613.

Stellate vein

Glomerulus of
Malpighiau body

Interlobular artery

Interlobular vein

Vasae rectse
of medulla

-^— Capillary net-work in

labyrinth

T^ V-i
Capillary net-work
medullary ray

Large blood-vessels at

junction of cortex and
''^/) medulla

Longitudinal section of injected kidney of dog, showing general arrangement
of blood-vessels of cortex aiid adjacent medulla. X 40.

plexus accompanies the renal artery, which it surrounds with its mesh-work, into the

sinus ; within the latter is formed a well-marked perivascular net-work from which a

number of twigs are given off to supply the walls of the pelvis and ureter, while the

majority accompany the vessels into the kidney. The investigations of Rctzius.

Kolliker, Disse, Berkley, and especially of Smirnow,' have shown that all the renal

biood-vessels are generously provided with fibres for the supply of the muscular

1 Anatom. Anzeiger, Bd. xix., 190T
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tissue of their wails. In ajiuiiiuatioii tin- nci'vc-til>ics pass between tiie uriniferous

tubules aiul form plexuses surrouiulin^ the membraua propria. Smirnow traced

the ultimate tibrilhe within the tubules, their free endinj^s lyin^ between the epithelial

cells. The vessels and tubules of the medulla are provitied with similar but less

closely dis|)osed nervous filaments which are destined chiefly for the muscular tissue.

Accordinjj^ to the last-named investigator, the nerves of the kidney include s«jme

sensory ami both meilullated and non-medullated fibres. The fibrous capsule also

possesses a rich ner\<)us supply.

Variations.—More or less conspicuous furrows are frequently seen on the surface of the

atlult kidney ; lliese represent a persistence of tlie loljuiation iiorinaliy present in the fcetus and
tile younj:; child. '

In addition to variations in size, a marked deficiency on one side bein}< usually compen.sated

bv a lar^e orj^an on the other, the kidneys often i)resent different deji^rees of iinir)n depending
upnn ahnorinal ai)proxiinalioii or fusion of the |)riniary renal anla.nes. The connection may
consist of a hantl, chietly of librous tissue, that unites otherwise normal (jrj;aiis ; or it may l)e

formed bv an isthmus of renal tissue that e.vtends between the appro.ximated hjwer poles ; or

the two orj^ans may form one continuous U^^haped mass across the spine, then c(jnstitutinj^ a

"horseshoe" kidney. E.xtreme disp'acemeiit and fusion may produce a sinjjle irrej^ular orj^an

whose primary double anlaj^e is indicated by the presence <jf two renal ducts that descend on
different sides of the pelvis to terminate normally in the bladder. Absence of one kidney
occasionally occurs, the orj^aii present usually b'einj^ correspondingly enlarged. Complete absence

of both kidnevs has been observed as a rare congenital malformation.

PRACTICAL CONSIDERATIONS : THE KIDNEYS.

Congenital abnormalities of the kidneys may af?ect (a) their shape, size, and
number

;
(d) their position ; and kidneys that are abnormal in one of these respects

are apt to be so in others. The matter is of practical importance in relation to the

diagnosis of intra-abdominal swellings and to the many operations now undertaken

for the relief of various renal conditions.

(a) Anofna/ies as to Shape, Size, or Number.—One kidney may be congenitally

absent or greatly atrophied ; may be constricted so as to assume an hour-glass

shape ; or lobulated, as in the foetal condition ; or the two kidneys may be fused so

that ( I ) their inferior portions are united by a band of tissue—glandular or fibrous

—

that crosses the vertebral column, usually in the lumbar region ("horseshoe

kidney") ; or (2) they may form an irregularly bilobed mass, one side of which is

much larger than the other, or become one single "disk-like" kidney lying in the

mid-line on the lumbar spine, on the sacral promontory, or in the hollow of the sacrum

(Rokitansky, Morris).

Of these conditions the rarest is the true congenital absence, or extreme atrophy

of a kidney ( i in 2650) ; horseshoe kidneys are more than twice as common ( i in

1000) ; while one-sided renal atrophy associated with, post-natal disease is relatively

frequent (i in 138) (Morris).

Both kidneys have been absent in many still-born children and acephalous

monsters. In a very few cases a supernumerary kidney has been found.

Anomalies affecting the blood-supply to the kidney occur in nearly 50 per cent,

of cases. The renal arteries are usually increased in number, or di\ide at once

—

before reaching the hilum—into several branches, foetal conditions in the human
species that are permanent in many birds and reptiles. Accessory or supernumerary

veins are much more rarely found.

{b) Anomalies of Position.—Congenital displacement—apart from the horseshoe

kidney—usually affects one kidney, which is apt to be found in the vicinity of the

sacral promontory or the sacro-iliac joint, but may be either higher or lower, and

may, by its malposition, give rise to serious or even fatal error in diagnosis or treat-

ment.

It would seem proper to include here those rare temporary displacements that

are due to the congenital presence of a mesonephron, which—as the usual support

given by the peritoneum is lacking, and as the contained blood-\esscls are in such

cases of abnormal length—permits mobility of the kidney beyond the physiological

limits (floating kidney).
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Movable Kidney.—The extent of the normal kidney movement—of ascent during
expiration or while lying supine, and of descent during inspiration or while standing
erect—does not, on an average, much exceed an inch in the vertical direction. There
may also be a slight lateral movement. When this limit is distinctly and greatly

overpassed the condition known as " movable kidney" results. The normal kidney
is usually not palpable below the costal arch. Occasionally the lower end of the
right kidney may be felt there just external to the rectus muscle. In emaciation the

lower ends of both kidneys ma\- be palpable.

Three degrees of abnormal mobility have been arl:)itrarily but usefully agreed
upon for purposes of description : ( i ) The lower half may be felt by bimanual pal-

pation—the fingers of one hand bein^ pressed into the ilio-costal space posteriorly,

and of the other, into the subcostal region anteriorly—during deep inspiration.

(2) The greater part of the kidney or the whole organ may be felt during deep
inspiration, but ascends under cover of the ribs and liver during expiration. (3) The
whole kidney descends and can be retained between or below the examiner's fingers

during the respiratory movements (Morris).

The most important factors in holding the kidney in its normal position in the

renal fossa (page 1874) are : (a) the perirenal fascia, which through its attachment to

the trans\-ersalis fascia and to the perinephric fat, in conjunction with {b) the peri-

toneum, where that covering exists, prevents any undue mobility; (r) the renal vessels,

which must correspond in length to the radius of the circle of movement of the kidney
and, to an extent, resist elongation

;
{d) intra-abdominal pressure, which, through

the upward thrust of the more mobile viscera, adds to the support that {e) they and
their attachments give to the viscera in the upper zone of the abdomen ; {/) the

shape of the renal fossae, which, like the kidneys themselves, are somewhat narrower
at their lower extremities.

Undue mobility of the kidney is thus favored by («) congenital absence of the

peritoneal support (floating kidney,

—

vide supra')
; ((^) diminution of the tension of

the peritoneum and perirenal fascia from absorption of perinephric fat
;

(r) repeated

jars and jolts, as from jumping or falling, or from coughing or straining, that tend
to elongate the renal vessels as well as to stretch the peritoneum and its attachments
and thus increase both the retroperitoneal space in which the kidney mo^•es and the

radius of the arc of its movement ; {d) pregnancy, the removal of intra-abdominal

tumors or of accumulations of fluid, or other conditions that produce laxity and
weakness of the abdominal walls

;
(e') ptosis of other viscera, acting either by their

push from above (liver, spleen) or their drag from below (colon) ; or {f) general

muscular weakness, acting not only by reason of the associated lack of tonicity of

the abdominal wall, but also through the modification in shape of the renal fossae,

the depth of which depends, cceteris paribus, on the development of the loin muscles,

and especially of the psoas and quadratus lumborum.
A careful study of the body-form in its relation to mo\'able kidney seemed to

show (Harris) that a relative diminution in the capacity of the middle zone or area

of the body-cavity (containing the liver, stomach, spleen, pancreas, and larger por-

tion of each kidney), either original or acquired (as from tight lacing), acts by forcing

the liver and spleen downward upon the kidneys, and at the same time depri\ing

them of the support afforded by the narrowest or most constricted portion of the

parietes of this zone, which narrow portion is then above the centre of the kidney

instead of below it, as it should be normally.

Consideration of the above-mentioned anatomical factors makes clear the greater

frequency (80 per cent.) of movable kidney in women than in men. It should be

added that in women the renal fossae are normally shallower and less narrowed at the

lower ends than in men, the depth and the narrowing depending, as has been said,

upon muscular development. It will be understood, too, why among the women
who suffer from this condition is found a so considerable proportion who are thin and
round-shouldered, with long, curved spines and flattening and adduction of the lower

ribs, or who have had several children, or one difficult labor, or an exhausting illness

attended by emaciation, or have been addicted to tight lacing. In both sexes the

history of a violent fall or of a chronic cough is not infrequent.

Movable kidney is thirteen times more frequent on the right side than on the
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left because of the foUowiiiK eoiuiilioiis, wliich are ol varying relative importance in

ditl'erent cases : {u) the left perirenal fascia is slrenKtheiud by some lil^ruus bands,

remnants of the fusion of the descendin^r mescjcolon with the primitive parietal piri-

toiu-um ( Moullin), the left kidney beiuK' thus more lirmly bound to the descendmK

roK.n than is the right to the ascending co1<mi ;
id) the greater size, weight, and

tlensily of the liver as comp'ir<-'tl with the spleen, and its more intimate association

with respiratory movements, making the impact of the former on the upper surface of

the right kidney both more fre(iuent and more j^otent than the similar contact of the

SDleen with the left kidnev ; ( r) the greater length of the right renal artery, which has

to cross the mid-line to reach the kidney ;
although the right vein is similarly shorter

than the left vein it olTters less resistance to elongation than does the left renal artery
;

(d) the right kidney is usually lower than the left kidney
(
i^age 1S71 ), and therefore

more easily loses the support of the parietes at the regKMi where that support is most

effective (vide supra) ;
(e) the connection of the left suprarenal capsular vein

with the left renal vein gives some fixation to the left kidney, as the capsule remains

in position and does not follow the kidney in its abnormal movements (Morris, Cru-

veilhier) • (/ ) the right renal fossa is more cylindrical—/.r., less narrowed at its

lower end—than the left, especially in women, owing to a slight torsion of the lumbar

spine (Moullin), or perhaps to the greater width and development of the right side

^From an anatomical stand-point, the symptoms caused by excessive mobility are :

1 Those due to traction upon and irritation of the nerves
;
as, for example,

/>ain felt in the loins and often referred to the lower abdomen or genitalia, owing to

the association of the renal plexus with the spermatic or ovarian plexus
;
the same

association gives to the pain produced by pressure upon a movable kidney the sick-

ening quality peculiar to testicular nausea (page 1951); ?iausea a?id vomttm^, due to

a similar connection with the solar plexus and pneumogastncs ;
nezirasi/ie?iia, which

may be either a result of movable kidney—through nerve irritation—or a cause,

when it has produced emaciation and muscular weakness.

2 Those due to traction upon the gastro-intestinal tract, especially upon the

duodenum and bile-ducts, as di^esfive disturbance, Jhiiulence, constipation and even

jaundice As the second portion of the duodenum is dragged upon through its

areolar-tissue connection with the right kidney, its lack of mesentery prevents it from

moving downward, it is stretched so that its lumen is diminished, and interference

with the digestive current and secondary dilatation of the stomach follow (Bartels) ;

at the same time the bile-ducts are elongated and narrowed and the passage of bile

through them is interfered with (page 1731). On the left side similar disturbance of

digestion may follow the pull of the kidney on the stomach and colon.
_ _

3. Those due to traction upon the vessels, resulting—as the compressible vein is

more readily affected—in congestion of the kidney, sometimes so marked as to give

rise to a temporary haematuria.

4. Those due to traction upon or angulation or twisting of the ureter, causing an

acute hydronephrosis, at first intermittent. Tuflier has shown that the bending or

kinking of the ureter when a kidney is displaced occurs in more than 50 per cent,

of cases at a point a few centimetres below the pelvis, where it is held against the

abdominal wall by strong connective tissue and cannot follow the moving kidney

(Landau). In some cases, as a result of ureteral stenosis at the point of obstruc-

tion, secondary changes occur in the kidney which consist essentially m {a\ an

atrophy of the renal kructure most directly exposed to pressure from the retained

urine (Virchow) ; and (3) interstitial degeneration resulting from interference with

nutrition, due to the facts that distention of the pelvis of the kidney takes the direc-

tion of least resistance, which is forward, and that the pelvis is placed behind the

vessels where they enter the hilum, so that as it distends it stretches, flattens, and

obstructs them (Grififiths).
• • • , j

As Morris has pointed out, the increased resonance and diminished resistance in

the loin, described as indicating the absence of the kidney from its normal position, are

of litde value because (a) the ilio-costal space in some positions of the trunk and

thigh is somewhat hollow ; (^) the thickness of the loin muscles and of the fat makes

the percussion-note dull even when the kidney is displaced ;
and (c) in its normal

119
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position the kidney is so overlapped by the lower thoracic wall that the resonance
and resistance of the loin have at best but little relation to it (page 1873).

Of course, obstruction of the ureter from other causes—as valvular folds at the
ureteral orifice, thought to follow a congenital exceptionally oblique insertion of the
ureter into the pelvis (Virchowj, or brought about by distention of the pelvis

(Simon), or aggravated by swelling of the pelvic mucosa (Kiister, Cabot j—or ob-
structive disease of any part of the lower urinary tract may also result in a hydrone-
phrosis which, if infection occurs,—as it often does,

—

hitcom<:s-A pyo?icphrosis. Either
a purulent collection thus formed or an abscess originating in the renal structure

(pyogenic or tuberculous infection) may find its way into the fatty and connective
tissue of the loin,—perinephric tissue,—or suppuration may reach that region from
other sources or may occur there primarily.

Perinephric abscess is characterized by certain symptoms which should be studied
in connection with the anatomy of the region, as {a) pain, radiating to the lower ab-
domen, genitalia, or thigh,

—

i.e., in the distribution of the ilio-hypogastric, ilio-ingui-

nal, anterior crural, obturator, and other branches of the lumbar plexus
; {b') flexion

and adduction of the thigh, from irritation of the motor filaments of the same nerves,

especially if the abscess is about the lower pole of the kidney, and therefore in inti-

mate relation with the third and fourth lumbar nerves, from which the supply of the
flexors and adductors is chiefly derived

;
(r) bending of the body towards the

affected side, towards which the concavity of a lateral lumbar curve in the spine is

directed,—a symptom which, like b, may be due either to muscular spasm or to an
instinctive effort to increase the loin space

;
{d ) intestinal disturbance from the

proximity of the abscess to the colon, into which it may open. Such abscess may
also penetrate the lumbar aponeurosis and the quadratus lumborum muscle and ap-
pear in the loin at the outer border of the erector spina between the latissimus dorsi

and external oblique (the lower part of which interval is Petit' s triangle, q.v.'), or may
descend by gravity into the pelvis, or may—very exceptionally—open into the peri-

toneal cavity.

Abscess of the kidney which penetrates the renal capsule to reach the perirenal

region usually does so at a non-peritoneal area of the kidney surface, but does not

necessarily reach the loin. As reference to the relations of the kidney (page 1873)
will show, the pus may be evacuated directly into the colon or duodenum, or more
frequently—because the apposed areas are covered with peritoneum which favors

limiting adhesions—into the stomach or liver, or through the diaphragm into the

base of the chest.

Renal calculus produces symptoms which are analogous to those described

above as associated with suppurative disease in or about the kidney, and which

—

apart from haematuria and pyuria and the physical evidence of the presence of a stone,

such as is afforded by the X-rays—depend for their interpretation upon a knowledge
of the renal reflexes,

—

i.e., of the association of the small and lesser splanchnics and
the tenth to twelfth dorsal and first lumbar spinal segments with the sensory and
motor nerves derived from the same segments. These symptoms are, in part, pain

radiating to the genitalia, vesical irritability, nausea and vomiting, rectal tenesmus,

and retraction of the testicle. The last-named symptom is more marked in children

and young persons, in whom the gland is often drawn up to the external ring or

even into the inguinal canal. After puberty, as the testis increases ia weight and the

cremaster grows feebler with age, the retraction becomes less obvious (Lucas).

It has been suggested that occasionally the sudden exacerbation of pain occur-

ring at night when the patient is at rest may be due to the passage of flatus along

the colon that presses against the kidney (Jacobson).
The aching pain beginning at the lower edge of the last rib, in the angle between

it and the spine, and extending along the edge of the rectus muscle below the level

of the umbilicus, is probably reflected along the last dorsal nerve, as it is almost

certainly relieved by operations in which that nerve is divided, but the stone is not

found (Lucas).
Disease of the kidney, when non-suppurative, has but little obvious anatomical

bearing. It may be noted, however, that the time-honored practice of applying

counter-irritants and heat to the loin in renal congestions has a scientific basis in the
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free anastomosis bftwccii ihc lower intercostal and ujjpcr lumbar arteries, supplying
the parietes of the loin, and some terminal branches of the renal artery. This—

a

part of the " sub{)eritoneal arterial plexus" (Turner)—is accom[)anied, of course,

by a similar venous anastomosis. Thus the ai)plication of cups or hot fomentations
or counter-irritants to the loin may act, at least temporarily, by enlarj^inji;^ sujjerhcial

vessels and withdrawinjLj blood from a congested or inflamed kidney.

In somewhat the same line of thought, as io congestion, attention may be called

to the facts that the ca|)sule and pelvis c^f the kidney are the sensitive portions ; that

renal pain, not dependent on infection, (jr on the irritati(jn of a calculus, or on dis-

placement, usually means increased tension ; that great relief of both pain and con-
gestion is therefore often experienced after nephrotomies that are merely exphjratory,

although, if the tension is due to accumulation of fluid within the renal pelvis, grave
renal congestion may follow its evacuation and the accompanying sudden relief from
habitual pressure just as it follows st)me cases of catheterization of habitually distended
bladders ( Belfleld ) ; and that occasional cures of various forms of acute or subacute
nephritis, or of "albuminuria associated with kidney tension" (Harrison), ha\e been
obtained merely by splitting the kidney capsule with or without ])uncture of the

kidney itself. The more recent attempt (Israel) to apply the method to chronic
nephritis with severe or dangerous symptoms (especially colic and hcematuria), and
the still more recent introduction ( Edebohls) of bilateral " decortication"—decapsula-

tion—in chronic nephritis without such symptoms, have not at this time demonstrated
their value. They are of much interest, however, in relation to the important sub-

ject of tension of the kidney and of the effects of modification of its vascular supply.

The beneficial results of relief of tension in swellings of the testicle T acute orchitis)

or of the eye (acute glaucoma) are pointed out as illustrations of the manner in

which splitting the capsule benefits some forms of nephritis (Harrison, Israel). De-
cortication is supposed to act by removing a barrier—the fibrous capsule—to the
establishment of collateral circulation, promoting a free supply of blood to the kidney
previously impoverished by reason of the inadequacy of its vessels, and favoring the
absorption of excessive interstitial connective tissue, the regeneration of renal epi-

thelium, and the removal of injurious pressure upon the uriniferous tubules (Edebohls).
The problems presented have so distinct an anatomical bearing that their mention
here does not seem inappropriate.

The rich blood-supply of the kidney,—an amount of blood equal in weight to

that of the organ itself flowing through it each minute during full functional activity

(Tilden Brown),—while it fa^^ors congestive conditions, makes total embolic necrosis

—such as occurs in other glands confined within dense capsules, as in the submaxillary
salivary gland as a secondary result in angina Ludwigii (page 553) and in the testi-

cle in some cases of torsion with complete venous and partial arterial obstruction

(Gerster)—very rare, only one case (Friedlander) having been reported.

Subparietal injuries to the kidney are common, constituting 39 per cent, of

visceral lesions resulting from contusions of the abdomen or loin. Rupture of the

kidney by abdominal or lumbar contusion has been experimentally shown (Kiister)

to depend upon the effect of a force (hydraulic) acting through the full vessels and
the pelvis and causing the kidney to burst, usually along the lines radiating from the

hilum in the direction of the tubules,

—

i.e., transverse to the long axis of the kid-

ney, towards the point of maximum impact of the lower ribs, the opposing resistance

being supplied by the spine (Morris). There is reason to believe that the direc-

tion of ruptures—radiating from the hilum to the periphery—is. influenced by the

lines of least resistance indicating the original absence of vascular loops and of their

accompanying connective tissue between the adjoining lobules of which the foetal

kidney is composed.
As the ribs in immediate relation to the kidney are the eleventh and twelfth,

which are rarely fractured, laceration by direct impact of broken ribs is relatively

uncommon, although it does occur.

Ruptures may much more rarely be produced by muscular action alone, but in

such cases the violent muscular effort that usually adducts the ribs and forces them
against the kidney and towards the spine is almost always associated with forward

or lateral bending of the vertebral column. Forcible anterior flexion of the spine, as
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from a weight falling on the shoulders, may cause compression of the kidney between
the lower ribs and the ilium, and is, therefore, not infrequently followed by ha.ma-
turia, indicating some degree of rupture of kidney-substance.

The rupture may be (a) iiicomplete,—i.e., may involve the parenchyma alone,

the symptoms in these relatively rare cases being those of excessive renal tension

{vide supra), the constitutional signs of hemorrhage and of toxaemia (usually due to

urinary extravasation or to perinephric cellulitis) being moderate or lacking
; (b)

eoDiplete internally,—into the pelvis of the kidney,—a more common condition, in

which haematuria, acute hydronephrosis, from blocking of the ureter with blood-

clot, and vesical irritability are prominent symptoms, and the constitutional signs

of hemorrhage and toxaemia are more marked
;

{c) complete extertially,—extending
through the fibrous capsule,— in which, in addition to the immediate indications of

hemorrhage and the later symptoms of sepsis, the usually free urino-sanguineous
effusion into the loin produces marked lumbar swelling and tenderness ; or (d ) com-
plete,—running from the pelvis to and through the capsule,—in which, with a com-
mingling of the above symptoms, there is often profound shock which may terminate

fatally.

Rupture of the kidney extending through its outer surface may be (e) transperi-

toneal, in which case hemorrhage is apt to be very free, as there is no surrounding
pressure to resist and limit the extravasation, and fatal peritonitis will almost surely

follow unless the escaped urine is normal, acid, and sterile, and unless both it and
the blood-clots are speedily evacuated.

When, in addition to the laceration of the kidney, a single intraperitoneal organ
is also injured, it is always on the same side as the injured kidney (Watson). The
liver, for example, or the ascending colon, may be involved in a case of subparietal

rupture of the right kidney, but never the spleen or the descending colon. This will

readily be understood from a consideration of the frequency with which the cause of

rupture is a forcible forward bending of the vertebral column, the kidney being caught
in the angle of the bend, any lateral deviation of which may determine the side on
which the injury occurs and the involvement of liver or spleen respectively.

Transperitoneal rupture of the kidney is relatively far more common in children

than in adults. Until the age of eight or ten years is reached the kidney lacks its

covering of perinephric fat, and its anterior surface lies in contact with, and is closely

connected to, the peritoneum. A rupture in\-olving that surface is therefore practi-

cally certain to open the peritoneal cavity and is likely to be followed by excessive

hemorrhage and septic infection. In children under tea years of age 85 per cent,

of subparietal ruptures of the kidney have proved fatal (Maas).

Wounds of the kidney must, of course, involve the capsule and external surface,

so that hemorrhage into the perinephric tissues is an almost constant symptom. If

the wound has reached the calyces or the pelvis, urine will be commingled with the

blood. Vesical haematuria may be prevented by the presence of a clot in the ureter,

or by the actual severance of that tube. If large vessels have been opened, the blood,

in addition to reaching the bladder or the perinephric space or the peritoneal cavity,

may pass upward to the diaphragm, downward to the iliac fossa, or along the spermatic

vessels to the external abdominal ring, or outside of the ureter to the perivesical space,

or forward between the two layers of the mesocolon. In a reported case of gunshot
wound in which the missile reached the kidney from above downward, injuring

pleura and diaphragm en route, the concomitant injury to the lower intercostal nerv'es

caused rigidity anjl tenderness of the anterior abdominal wall and gave rise to the

unfounded suspicion that the wound was transperitoneal.

Ajiuria due to reflex effect upon the normal kidney may follow a rupture or

wound or even calculous irritation of the other kidney, although, as a rule, calculous

anuria indicates a bilateral lesion. Both kidneys are, of course, supplied from the

same segments—the tenth, eleventh, and twelfth dorsal and first lumbar—of the

spinal cord. Excessive tension from compensatory hyperremia has been thought to

explain this form of anuria, and the theory is supported by the facts that the condi-

tion sometimes follows a nephrectomy, the remaining kidney being normal, and that,

whatever its cause, it is often relieved by nephrotomy of the hitherto sound kidney.

The susceptibility of the kidney to reflex stimulation or inhibition must be admitted,
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however, as cases of l)()lh polyuria aiul ihrL-atciu-cl siijipression have followed ihe

tjentle and partial insertion of the ureteral catheter ( Tikleii Brown j.

Tumors of the kidney have, as a class, the following dislnictive anatonncal

characters, which have been well summarized by Mf)rris :

•
, ,

•

,

(a) The larj^a- intestine is in front of the tumor. Normally the right kidney,

unless enlarged, lies a little way from the lateral wall of the alxUjmen, behind and to

the inner side of the ascending colcjn ; not in close contact with the abd(jminal wall

and outside the ascending colon, as the liver does. When the kidney js enlarged,

the ascending colon is usually placed in front of and towards the nmer side of the

tumor. Onthe left side the descending ccjlon is in front of, and inclines towards the

outer side of, the kidney below ; in some cases coils of small intestine may (nerlie either

right or left tumor if the enlargement is not sufiftcient to bring the kidney into direct

contact with the front abdominal wall. When the colon is empty or non-rc-sonant,

it can l)e felt as a roll on the front surface of the tumor. Bowel is not thus found in

front of splenic tumors and very rarely in front of a tumor of the liver.

{b) There is no line of resonance between the kidney dulness and the vertebral

spine, and no space between the kidney and the spinal groove into which the fingers

can be dipped with but little relative resistance, as there is between the spleen and

the spine.
, ,, r , , , .. t. 1

{c) While a renal tumor fills up the "hollow of the back somewhat, it does

not often protrude or project backward. Marked posterior projection usually indi-

cates perinephric swelling, as from an abscess or a urino-sanguineous effusion.

id) A kidney tumor can sometimes be recognized by its proneness to maintain

an outline resembling that of the normal kidney. ....
{e) A kidney swelling, if inflammatory in origin, descends less in inspiration

than does a splenic, hepatic, or adrenal swelling; this symptom in a case of new

growth is not very valuable, as the renal tumor may ha\e a considerable degree of

movement.
1 u

(/) As a rule, kidney tumors do not reach the mid-line, do not mvade the

bony pelvis, and are separated from the hepatic dulness by a line of resonance. If

large enough, the tumor may reach the anterior abdominal parietes about the level

of the umbilicus, but external to it.
,• • j j-

{g) In large renal tumors varicocele, from compression or distortion and dis-

tention of the spermatic vein, has been noticed in a number of instances.

Operations upon the kidney for its fixation (nephrorrhaphy, nephropexy), for

drainage or relief of tension -('nephrotomy), for the extraction of a calculus (nephro-

lithotomy), or for the establishment of collateral circulation (decortication), are almost

invariably done through the loin.

The vertical incision—on a line about an inch posterior to the middle of the

crest of the ilium and running from that level to the twelfth rib—does not, as a rule

give sufficient room, divides the last dorsal and the lumbar vessels and nerves, and

hence jeopardizes the subsequent integrity of the ilio-costal wall.

The oblique incision begins about a half inch below the twelfth rib and at the

outer border of the erector spinae. It is well to count the ribs from above downward,

as when the twelfth rib is rudimentary it may not project beyond the edge of the

erector spin« and may be mistaken for the transverse process of the first lumbar

vertebra. In such circumstances the incision, having by error been made close to

the edge of the eleventh rib, has, in reported cases, opened the pleura.

The oblique incision is extended for\vard for three or four inches parallel with

the twelfth rib,

—

i.e., with the vessels and nerves of the region. The skin and super-

ficial fascia, the latissimus dorsi, and the external and internal oblique muscles having

been divided and the lumbar aponeurosis and the transversalis fascia severed, a

layer of fat will then appear or will bulge into the incision ('perirenal or transversalis

fat). As this is cut through or separated with fingers or forceps, a layer of con-

nective tissue may be recognized—the posterior layer of the perirenal fascia and

then a second layer of fat ('perinephric fat, capsula adiposa). which is sometimes finer

in texture and more distincdy yellowish ('Morris), and which, if it is incised or torn

through and drawn into the" w'^ound, will present a funnel-shaped opening leading

down direcdy to the kidney (Gerota), which can then often be isolated by blunt
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dissection with the linger, and either stitched in place, decapsulated, or opened, in

accordance with the indications.

It may be noted tliat bleeding from the separation of the capsule is comparatively
trifling; and that if the kidney itself is to be incised, the fact that its blood-supply is

naturally divisible into two independent segments—anterior and posterior—which
are ct)mpletely separated by the renal pelvis, and the vessels of which are given off

from the main trunk of the renal artery (Hyrtl), indicates, as the line of safety, the

convex posterior or outer border. When the pelvis of the kidney is distended w^ith

fluid, a white line on that border (Hrudel's line) is said to indicate the relatively avas-

cular area. The anterior vascular di\ision is said to carry three-fourths of the arterial

blood-supply and the posterior division the remaining fourth (Brodel), so that in the

majority of cases the posterior surface of the kidney would furnish the lesser quantity

of blood.

For removal of the kidney (nephrectomy) the oblique incision may be prolonged
forward, the peritoneum being detached and pushed in that direction ; or a vertical

incision running downward from it may be added ; or, if the nephrectomy is to be
done for the removal of an exceptionally large tumor, the anterior or transperitoneal

route may be adopted and the incision made in either the linea semilunaris or the

linea alba, the outer layer of the mesocolon being opened to gain access to the retro-

peritoneal space. The nerves and vessels, as they enter the hilum of the kidney, the

vein lying in front, constitute the " pedicle." The ureter lies more posteriorly and
on a slightly lower plane. The irregularities in the division, distribution, and points

of entrance of the renal artery should be remembered, as should also—on the right

side—the proximity of the vena cava during the separation of close adhesions.

In all the lumbar operations upon the kidney the colon may present in the

wound after the transversalis fascia has been opened, and should be looked for and
displaced antero-externally to avoid danger of wounding it.

THE RENAL DUCTS.

The duct of the kidney—the canal which receives the urine as it escapes from
the kidney and conveys it to the bladder— consists of a short dilated and sub-

divided upper segment, the renalpelvis, and a long, narrow, tubular lower segment,
the 7(reter. Since not only

Fig. 1 614. _ these but also the papillary

ducts of the kidney are de-

veloped from a common out-

growth from the Wolfifian

duct, the renal duct stands

in most intimate relations

with the renal substance.

The pelvis of the
kidney (pelvis renalis), al-

though beginning and lying

chiefly within the sinus, ex-

tends beyond the latter,

passing downward to be-

come continuous with the

ureter. Its widest part, just

within the hilum, presents an
unbroken convex postero-

mesial surface, its opposite

side, directed towards the

renal substance, being inter-

rupted by the subdivisions

of the pelvis. These include

the divisions of the pelvis into an Jipper and a lo7t>er seg-vient (calyces majores),

extending towards the respective poles of the kidney. Each of these segments

receives a group of from four to six smaller conical passages, the calyces or infun-

Calyce

Casts obtained by corrosion, showing two forms of renal pelvis:

.-(, usual type; ^.variation.
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dibulu (c;il\';'-s ihIikmcs i, lliat proceed tioin the renal suhslance, where they surrouDd
the ])a|)illa'.

The latter are einWraced by the expanded bases of the conical calyces, the walls

of which are intimately blended with the kidney-substance around the sides of the

free part of the pa|)il!;e, a narrow cleft sej)aratini4 the latter from the enchjsin^ calyx.

The epithelium oi the papillary ducts is directly continuous with that lining the

calyx, while the subepithelial tissue of the latter blends with the intertubular renal

stroma. On layinj^' open the calyx, the papilla is seen as a conical elevation project-

ing into the funnel-shai)ed envelope (Fij^. 159^); although usually enclosinjf a sinj^le

papilla, the calyx may receive two or even more such pnjjections.

The two i^cMieral j^^roups of calyces—an ui)per and a lower—o])en into the two
large primary subtlivisions {stiprrior and in/i-n'or pelvis) that join U) produce the

main compartnu-nt of the pelvis. The lower <^m\ of the latter emerj.((fs thnjugh the

hilum antl arches downward to pass—about midway between the hilum and the

inferior pole of the kidney—inscnsil^ly into tlie ureter; excejjtionally this junction

is marked by a constriction in the lumen of the canal. Although surrounded in its

upper part and smaller divisions by the branches of the renal blood-vessels, the general

position of the pelvis within the sinus and as it emerges through the hilum is behind

the blood-vessels, the intervals between the renal duct and the other occupants of

the sinus being tilled with adipose tissue. On the right side the lower part of the

pelvis is covered in front by the second part of the duodenum ; on the left by the

pancreas.

The Ureter.—This part of the renal duct is a flattened tube wiiich connects the

renal pelvis with the bladder. It lies beneath the parietal peritoneum, embedded
within the subserous tissue and surrounded by fat, and descends along the posterior

abdominal wall to the pelvic brim ; crossing the latter, it follows the lateral wall of

the pelvis, curving downward, forward and finally inward along the pelvic floor,

to reach the bladder. The general direction of its course is indicated by a vertical

line on the surface of the abdomen drawn from the junction of the inner and middle

thirds of Poupart's ligament (Tourneux). The average length of the undisturbed

ureter is approximately 27 cm. (10.5 in.), the left duct Ijeing usually about one

centimetre longer than the right in consequence of the higher position of the corre-

sponding kidney. Apart from the uncertainty of determining just where the pelvis

ends and the ureter begins, its length is influenced by several factors, such as the

level of the kidneys and of the bladder, the descent of the renal pelvis, body height,

and sex, so that considerable variation is encountered ; the excessive figures some-
times given are probably based upon measurements of the ducts after removal and
abnormal relaxation. The diameter of the ureter—from 4-5 mm.—is not uniform,

since at certain points, corresponding to changes in the direction or relations of the

canal (Solgerj, constrictions regularly occur, near which the tube exhibits fusiform

dilatations or spindles (Schwalbe). The most constant narrowings are situated

(i) from 4-9 cm. (1^4-3/4 in.) below the hilum, at which point—the upper isthmus

of Schwalbe—the diameter of the canal is reduced^ to almost 3 mm.; (2) near the

pelvic brim as the duct crosses the iliac vessels (lower isf/imus), preceded by a fusi-

form enlargement {chief spindle) ; and (3) at the lower end of the ureter as the

canal penetrates the wall of the bladder. Since its course and relations vary in

different parts of its path, the ureter is divided for description into an abdominal and
a pelvic portion.

The abdominal portion (pars abdominalis)—from 13-14 cm. (about 5-5 J4 in.)

in length—l)egins a short distance below the hilum and descends upon the anterior

surface of the psoas magnus muscle and its fascia towards the sacro-iliac articulation,

with a slight inclination towards the mid-line (Fig. 1591). The distance between the

two ureters at their upper ends is about 9 cm. (3^ in.) and at the pelvic brim about

6 cm. (2^/i in.). Just before reaching the latter level the ureters obliquely cross

the common iliac vessels, approximately the point at which the artery divides into its

e.xternal and internal divisions, or, especially on the right side, they may pass over

the external iliac vessels instead. About midway in their course to the pelvis both

ducts are crossed in front, at a very acute angle, by the spermatic (or ovarian) ves-

sels and behind and obliquely by the genito-crural nerve. The right ureter passes
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behind the descending part of the duodenum, hes to the riglit of the inferior vena
cava, which it approaches and even touches in its descent, and is covered by the
attachment of the mesentery. Above the left ureter may be covered by the pancreas
when that organ is unusually broad, and below it is crossed by the attachment of the
sigmoid flexure.

The pelvic portion (pars pelvina)—from 12-13 cm. (5 in.) in length—lies

against the lateral wall of the peh'is, close beneath the serous membrane embedded
within the subperitoneal tissue, and curves downward and forward to about the level

of the ischial spine, where it turns inward upon the visceral layer of the pelvic fascia

to reach the dorsal wall of the bladder (Fig. 1619). In its descent it lies in front of

the internal iliac artery as far as the greater sciatic notch (Merkel), crosses the ob-
literated hypogastric artery and the obturator nerve and vessels to their inner side,

and, as it traverses the pelvic floor, is surrounded by the tributaries from the vesical

plexus to the internal iliac vein and may lie upon the middle and inferior vesical

arteries. The ureter is crossed
Fig. 1615. on its inner side by the vas defer-

ens, and pierces the bladder-wall

immediately in front, or under
cover of the anterior part, of the

seminal vesicle or of the ampulla
(Fraenkel '). The space between
the ureter and the seminal vesi-

cle, which when the bladder is

empty may be considerable, is

filled by areolar tissue containing

veins and fat. The relations of

the ureter to the bladder are pe-

culiar, since, in addition to pene-

trating the latter so obliquely that

the last 18 mm. (^ in.) of the

renal duct are embedded within

the vesical wall, the muscular tis-

sue of the latter is seemingly pro-

longed (page 1897) over the ure-

ter outside the bladder for some
5 mm. as a distinct sheath (Wal-
deyer). The ureteral orifices on
the inner surface of the vesical

wall are slit-like and valvular in

form and, in the contracted condi-

tion of the bladder, about 2.5 cm.

apart, thisdistance being increased

twofold or even more when that

organ becomes distended.

The female ureter (Fig. 1622) calls for special description on account of the

relations of its pelvic portion to the generative organs. On gaining the lateral wall

of the pelvis, the ureter descends in close proximity to the unattached border of the

ovary and constitutes the postero-inferior boundary of the ovarian fossa (page 1986).

On the pelvic floor the ureter enters the base of the broad ligament, within which

duplicature it is crossed by the uterine artery, passes between the veins of the vesico-

vaginal plexus, and continues downward and forward in the vicinity of the uterine

cervix to the vagina; its terminal .segment lies embedded within the connective tissue

between the cervix and bladder, close to the anterior vaginal wall for a distance of

from 1-1.5 cm., where, bending somewhat inward, it reaches the posterior vesical

wall, which it pierces obliquely in the manner above described.

Structure.—The wall of all parts of the renal duct is the same in its general

construction and includes three layers, (i) the mucous membrane, (2) the mus-

cular tunic, and (3) the outer fibrous coat; the mucosa and the muscular layer are

1 Die Samenblasen der Menschen, Berlin, 1901.

Renal
blood-
vessels

Ureter

Sagittal section throuKh sinus of child's kidney, showing lower
part of pelvis and commencement of ureter. X lo.
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more or li-ss hltMulrd. :i distinct suhinucosii luiiiu; w;lIllill^^ The viucans membrane

is clotlu'd with "transitional" cpilheliinn c(jnsislinj.( (^f several strata of cells, the su-

perhcial elements bein^^ plate-like and the deei)est ones irrej^ailarly coluinnar. The

tunica |)ro|)ria constitutes a subepithelial layer of hbro-elaslic tissue which blends with

the subjacent muscular tunic. Within the ureter the mucous membrane is usually

thrown into lont,ntudinal folds, and in conse(iuence in transverse section the lumen

of the canal ai)pears stellate. Niither well-marked pai)illu,- nor true ^dands are pres-

ent, althout^h in placi-s the subei)ilhelial ti.ssue invades the epithelium and subdivides

the' latter into nest-like groups of cells. Occasional aKk^re^ations of lymphoitl cells

occur, which in the vicinity of the calyces sometimes form distinct minut*- lymi>h-

nodul'es within the mucosa '( Toldt). On the papilla- the epithelium linin^^ the renal

duct passes uninterrupted into that of the papillary canals, while the undcrlyinj^ tunica

propria becomes continuous with the intertubular renal stroma. The muscular luuic

consists of bundles of the involuntary variety disposed as a thin inner lon^Mtudinal

and a chief external circular layer. Within the renal pelvis and its lar^^er subdivisions

both layers are well represented, but are reduced on the calyces ;
at the junctuju of

the latter with the kidney the circular muscle increases and surrounds the papilla

with a minute sphincter-like bundle (Henle). E.xcept in the upper part of the renal

Fig. 1616.

Mucous coat, throw
into longitudinal folds

Fibrous coat
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y >"' -i a». >

V*- '' muscular bundles

Circular muscular bundles

Transverse section of ureter. X 25.

duct an additional imperfect outer longitudinal layer of muscle is represented by

irregularly scattered bundles. The fibrous coat, or tunica adventitia, composed of

bundles of fibrous and elastic tissue, invests the renal duct as its outer tunic and con-

nects it with the surrounding areolar tissue. At the kidney the outer coat of the

renal duct blends with the tunica fibrosa that invests the renal substance between the

calyces Beginning several centimetres above the bladder, the adventitia of the

ureter is strengthened and thickened by robust longitudinal bundles of involuntary

muscle that follow the duct to its vesical orifice and, in conjunction with the fibrous

tissue in which they are embedded, form the ureteral sheath (Waldeyer). Accord-

ing to Disse, this muscle belongs to the wall of the ureter and is distinct from the

musculature of the bladder.

Vessels.—The arteries supplying the different segments of the renal duct are

derived from several sources. Those distributed to the pelvis and the adjoining part

of the ureter are small branches from the renal artery, the abdominal portion ot the

canal being additionally supplied by twigs given off from the spermatic (ovarian) artery

as the latter crosses the duct and by a special vessel (a. uretenca) proceeding from

the internal or common iliac artery or from the aorta (Krause). The pelvic portion

receives branches from the middle hemorrhoidal or the inferior vesical arteries. 1 he
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vessels from these several sources anastomose and produce a net-work that encloses

the canal and sends twigs that break up into capillaries that supply the coats com-
posing its wall. The veins begin within the mucosa, beneath which they form an in-

ternal j)lexus that communicates with a wider-meshed outer plexus within the fibrous

coat, from which tributaries pass to the internal or common iliac and the spermatic

veins. The Ivviphatics within the mucous membrane and submucosa, according to

Sakata,' are not demonstrable as distinct net-works, but as such are seen within the

muscular tissue and on the surface. The lymph-trunks from the middle third of the

ureter, which are the most numerous, pass to the lumbar nodes ; those from the lower

segment are tributary to the internal iliac nodes or communicate with the lymphatics

of the bladder ; while those of the upper part either empty into the aortic nodes or

join the renal lymphatics.

The nerves of the renal duct, derived from the sympathetic system, accompany
the arteries and come from the renal, spermatic, and hypogastric plexuses. Within
the ad\entitia thev form a plexus containing numerous microscopic ganglia, the largest

of which are at the upper and lower ends of the duct. In addition to the fibres sup-

plying the blood-vessels, both medullated and non-medullated fibres pass to the mus-
cular and mucous coats.

Variations.—Tliese consist most often in more or less complete doubling of the canal on
one or both sides. While subdivision of the ])elvis into an unusual number of tubular calyces

is rare, its cleavage into two separate ccjmpartments, either alone or in correspondence with

doubling of the ureter, is relatively common. The division may be so complete that the two
resulting ducts open into the bladder by separate orifices. The termination of the ureter in

the seminal vesicle—a malformation occasionally encountered—depends upon the close embryo-
logical relations (page 2039) which exist between the two structures. While congenital absence
of the kidney is not necessarily associated with entire absence of the ureter, failure of the

latter to develop implies incompleteness or absence of the kidnej^, since a part of the duct'

system of the latter is derived from the primitive ureter (page 1937).

PRACTICAL CONSIDERATIONS : THE URETERS.

The ureters may be multiple from a fused kidney, or two or more ureters may
spring from the pelvis of a single kidney, indicating a defect in the development of

the primary foetal ureter. The separate ureters may unite at any point between the

kidney and the bladder or may remain distinct throughout.

Marked obliquity of insertion of the ureter into the peh'is (page 1896) may
leave on a lower le\-el than the ureteral origin a pouch of the pelvis—corresponding

to the lowest of its original subdivisions—which, when it fills with urine, compresses

the upper end of the ureter, narrows its lumen, and favors the production of hydro-

nephrosis. This condition may also occur in either the second or third of the fol-

lowing variations in the upper end of the ureter thus described by Hyrtl : {a) there

is no pelvis, but the ureter divides into two branches without dilatation at the point

of division, each branch having a calibre a little larger than that of the ureter
; (<5)

there is a pelvis,—that is, a funnel-shaped dilatation at the point of division ; the

upper portion is the smaller, and terminates in three short calyces ; the lower and
more voluminous portion terminates in four or five calyces

;
(r) there is only half a

pelvis,—that is, the lower branch divides and is funnel-shaped, forming a narrow

pelvis, which terminates in one, two, or three short calyces; while the upper is not

dilated, and extends to the upper portion of the kidney as a continuation of the

ureter (Fenger).
The lower end of the ureter may in the male, as a rare anomaly, open within

the boundaries of the sphincter vesicae, or into the prostatic urethra, or into the

seminal \'esicle, ejaculatory duct, or vas deferens.

As the opening is never anterior to the compressor urethrae, incontinence of

urine does not result, but interference with its free exit causes ureteral dilatation and
hydronephrosis.

In the female the ureter may open into the urethra, vagina, or vestibule.

There may be incontinence of urine, or again such obstruction as to cause uretero-

renal dilatation.

^ Archiv f. Anat. u. Entwick., 1903.
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These anomalies are readily iiiuleistooil by reference to the enibryoloj^y of the

ureter
(
pa^e 1937).

Urttcral calculus is most often arrested { a) at a point fr<jm 4-6.5 cm. (i>^-

2j^ in. ) from the renal ptKis ; ( /' ) at the point where the ureter crosses the iliac

artery; (r) at the junction of the pelvic and vesical jjortions
; (d) at its vesical

orifice. At these places normal narrowini^s are found in the majority of subjects.

The symptoms of calculus im|)acted in the ureter an; diflicult of distinction from thcjse

of stone occupN-ini;- or en^a'^inv; in the pelvis of the kidney, but it may be said that

if, aftc-r the usual phenomena of renal colic, vesical symjjtoms are marked and per-

sistent, and especially if they are associated with slij.,dit ha-maturia and no < alculus

is detected in the bladtler, the existence of stone in the ureter should be strongly

suspected. The bladder-symptoms—irritability, frequent urination, tenesmus— will

be more marked the nearer the situation of the stone to the lower end of the ureter.

The relations of the nerve-sujjply of the ureter with that of the bladder and the geni-

talia anil with the great intra-abdominal ple.xuses sufficiently explain the chief sub-

jective symptoms of calculus.

Complete and sudden blocking of the ureter by a calculus often j)roduces an

acute hydronephrosis, the symptoms of which may overshadow those directly referri-

ble to the region of impaction. The muscular walls of the ureter are capable of

strong contraction, and, indeed, the painful "colicky" symptoms attending the

passage of a stone along the ureter would better be described as "ureteral" rather

than '

' renal.

At present the diagnosis of ureteral stone and its localization are to be made with

much certainty by the X-rays.

In an effort to find tenderness which, in the presence of the above symptoms,

might locate a stone, or might determine the region of riiphire or other ureteral

injury, or might confirm a diagnosis of ureteritis or of tuberculous infiltratioyi (as a

result of ascending or descending infection), it should be noted that the beginning

of the ureter, the lower extremity of the kidney, and the level of origin of the

spermatic or ovarian artery are all approximately defined byTourneur's point, which

is situated at the intersection of a transverse line between the tips of the twelfth ribs,

with a vertical line drawn upward from the junction of the inner and middle thirds of

Poupart's ligament ; the course of the abdominal portion of the ureter corresponds

to the same vertical line. Tourneur considers its direction vertical from the border

of the kidney down to the pelvic brim, over which it passes 4^ cm, (2 in.) from

the median line. The exact location of this point is the intersection of a horizontal

line drawn between the anterior superior iliac spines and a vertical line passing

through the pubic spine. Morris thinks that this point would usually be too low

and too far inward, and that the junction of the upper and middle thirds of the line

for the iliac arteries (page 819) better indicates the point of crossing of the ureter

over the artery. At this point, under favorable circumstances, a dilated or tender

ureter may be felt by gentle, steady pressure backward upon the abdominal wall until

the resistant brim of the pelvis is reached. The vesical portion of the ureter can be

palpated in man through the rectum. Guyon has called attention to the exquisite

sensitiveness of this portion of the ureter upon rectal exploration in cases of stone,

even when the calculus is located high up. In woman vaginal examination permits

the palpation of the ureter to an extent of two or even three inches, as it runs beneath

the broad ligament in close relation to the antero-lateral wall of the vagina (Cabot,

Fenger).
Morris gives the following directions for palpating the lower extremity of the

ureter :

(rt) Vai^inal Palpation.—The part of the ureter which is capable of being felt

through the vaginal wall is about three inches or a little less, or, roughly speaking,

about a quarter of the whole length of the duct. It is that part which extends from

the vesical orifice of the ureter backward, outward, and upward to the base of the

broad ligament and towards the lateral wall of the true pelvis.

It is in the superior third of the anterior and lateral wall of the vagina that the

examination must be made, and it is at the part between the level of the internal

orifice of the urethra and the anterior fornix, where the tissues are very lax, that the
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ureter will be most readily felt. The examination should be made very gently, and
.the finger should be passed comparatively lightly over, not pressed firmly against,

the vaginal surface. The ureter courses about midway between the cervix uteri and
the wall of the pelvis, and by hard pressure the ureter is displaced before the finger
in a direction towards the pelvic wall. The uterine artery or the muscular fibres of
the obturator internus or levator ani (Sanger) should not be mistaken for the ureter.

{b) Redai Palpation.—The lower extremity of the ureter, when occupied by a
foreign body or in a state of disease, can be felt through the rectum in the male, but
less readily than through the vagina in the female. A calculus impacted in the lower
end of the ureter has been located and removed through the rectum. It is through
the antero-lateral wall of the bowel and a little higher than the level of the base of the
vesicula seminalis that we feel for the ureter. The pulp of the finger should be
directed towards the back of the bladder and pushed as far as possible beyond the
upper edge of the prostate ; afterwards the finger-pulp should be turned towards the
lateral wall of the pelvis, and whilst still pushed as far as possible, it should traverse
the wall of the rectum forward and backward. The examination is difficult, and if

the prostate is much enlarged the detection of the ureter is impossible. The normal
ureter is not likely to be distinguished, even if the perineum be thin and the prostate
normal.

(r) I'csicalpalpation—through the dilated urethra of the female—may disclose
dilatation, oedema, prolapse, or infiltration, inflammatory or tuberculous, of the
vesical end or orifice of the ureter, or may reveal the presence of an impacted
calculus.

Wounds or subparictal injuries of the ureter, unassociated with other intra-

abdominal lesions, are rarer than similar injuries of the kidney, decrease in frequency
from above downward, and, on account of the bony protection afforded it, are very
uncommon in the pelvic portion of the ureter.

The upper portion may be crushed against the transverse process of the first

lumbar vertebra (Tufifier), or so stretched as to tear or sever it (Fenger).
Unless the escape of urine from an external wound occurs, the symptoms are

merely those of ureteral irritation, usually with slight transient haematuria and the
e\'idence of slow urinary extravasation superadded.

After extraperitoneal rupture or wound the swelling due to extravasated urine

and subsequent celkilitis might be recognized in the loin or detected bv rectal or
vaginal examination in the pelvis. Longitudinal wounds gape less (and therefore

heal more readily) than transverse wounds, on account of the longitudinal disposition

of the thicker internal layer of muscular fibres.

Tumors of the ureters are almost unknown as primary conditions, but consider-

ation of the relations of the ureter (page 1895) ^"^'^ show that it may be pressed upon
by growths or involved in inflammatory processes originating in the caecum or in the

ascending or descending colon. Its pelvic portion is more exposed to pressure than

is the abdominal on account of the counter-resistance of the pelvic walls, and here it

may be compressed by fecal masses in the sigmoid or rectum, by iliac aneurism, or

by growths of the uterus, ovary, or Fallopian tube, or may become involved in dis-

ease of the appendix when it occupies a pelvic position, or of the bladder or seminal

vesicles.

The tough, resistant character of the walls of the tube, the laxity of the con-

nective tissue in which it lies, the layer of loose fat that, in part of its course,

surrounds and protects it in well-nourished individuals (Luschka), and its rich vas-

cular supply (from the renal, spermatic or ovarian, and vesical arteries) enable it to

resist or avoid injury or to undergo speedy repair. It is thus possible to separate it

extensively from surrounding structures during operations with little or no risk of

necrosis.

The oblique course of the ureter through the vesical wall subjects it to pressure

when the bladder contracts, or when it becomes rigid from arterio-sclerotic disease.

Frequency of urination alone has been thought competent—by the constantly recur-

ring obstruction to the entrance of urine into the bladder—to produce ureteral dila-

tation and hydronephrosis. As its obliquity leaves it on the inner aspect covered by
mucous membrane only, and as the outer aspect is covered by the muscular layer of
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the blacUlcr-wall, it can be understood that incision of the mucosa over tlie iiitra-

parietal part of the ureter, for the purpose of extractinj^ a calcuhis, involves httle
risk of pelvic cellulitis from extravasation of urine. It caruiot be said that there is

no risk, as in one case a [leritoneal fistula and death resulted (Thornton).
(Operations upon the ureter are frecpient for the extraction of a calculus f uretero-

lithotomy); or the extirpation (ureterectomy) of an infected ureter (tuberculous or
pyogenic) either at the same time with its kitlney ( nephro-ureterectomy ) or at a later

period; or for the closure of wounds or tistuhe, or the relief of stricture, or the
implantation of the distal end of the ureter—after removal of a diseased, injured, or
obliterated portion—inta the bladder, rectum, or elsewhere.

The anatomical factors relating to these operations cannot here be described,
but it may be saicl generally that whenever it is possible the extraperitoneal route is

selected to lessen the danger of peritonitis, and that the oblicjue lumbar incision

em[)loyetl to reach the kidney (page 1H93) will, if prolonged downward and forward
parallel to Poupart's ligament and to the outer edge of the rectus, give access to

the whole abdominal ureter and to the upper part of its pelvic portion. Cabot has
shown that the ureter is bound to the external—or under—surface of the peritoneum
by fibrous bands, and that when that membrane is stripped up from the posterior
abdominal wall the ureter accompanies it. He found that the relation of the ureter

to that part of the peritoneum which becomes adherent to the spine is, within a slight

range of variation, fairly constant, the ureter lying just outside the line of adhesion.
Hence, if the surgeon has stripped up the peritoneum and has come down to that

point where it refuses to separate readily from the spinal column, he will find the

ureter upon the stripped-up peritoneum at a short distance outside of this point.

On the left side the distance from the adherent point to the ureter is from one-half

an inch to an inch, while on the right side it is somewhat greater, owing to the
ureter being displaced to the outside by the interposition of the vena cava between
it and the spine. It should be remembered that the peritoneum adherent to the
abdominal portion of the ureter is very thin and may be torn in an attempt to

separate it.

After the ureter dips down into the true pelvis it is less easily located because
it has no fixed relation to a bony landmark. Cabot has suggested that osteoplastic

resection of the sacrum would give access to this lower pelvic portion of the ureter.

In women it can often be reached through the vagina. The ureter is, of course,

accessible transperitonealiy through its whole route.

THE BLADDER.

The bladder (vesica urinaria)—the reservoir in which the urine is received from
the renal ducts and retained until discharged through the urethra—is a muscular sac.

lined with mucous membrane, situated in the anterior part of the pelvic ca\'itv imme-
diately behind the symphysis pubis. Its form and size, and likewise to a considerable

extent its relations, vary with the degree of distention, so that in describing the

organ the condition of expansion must be taken into account. When containing little

fluid and hardened iti situ, the general shape of the bladder is pyriform, presenting a

free, slightly convex superior surface, covered with peritoneum and projecting into

the pelvic cavity, and a distinctly convex non-peritoneal inferidr surface, attached
by areolar tissue to the pubic symphysis and the pelvic floor upon which it rests.

The urethra, surrounded by the prostate, emerges from the most dependent portion

of the lower surface, behind which point the latter ascends to join the upper surface

along the indistinct posterior border. The part of the bladder between the urethra

and the posterior border constitutes ihe fu7idus or base (fundus vesicae), which in the

male is in relation with the seminal ducts and vesicles and the recto-vesical pouch
and is directed towards the rectum, and in the female is attached to the anterior

vaginal wall. In the empty organ the superior and inferior surfaces blend along the

sides in the convex lateral borders ; anteriorly these meet at the apex or sumttiit (vertex

vesicae), from which a median fibrous band ( llqamentum umbilicale medium ) that rep-

resents the urachus—the obliterated segment of the intra-embryonic part of the allan-

tois—extends to the umbilicus along the abdominal wall. The body (corpus vesicae)
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includes the uncertain part of the bladder between the apex and the fundus. The
term 7icck is sometimes applied to the re.c;-ion immediately surrounding^ the urethral

orifice, although a distinct neck in the usual sense does not exist. The intersections

of the lateral and posterior bor-

FiG. 1617. ders mark apj)r()ximately the

points at which the ureters enter

the vesical wall. As pointed out

by Dixon/ the attachments of

the ureters correspond to the lat-

eral angles of the trigonal figure

that the empty bladder resembles

when viewed from above, the

apex being the anterior angle.

Apex, from which passes the

urachus

Ampulla

Seminal vesicle

Urinary bladder, sli.srhtly distended and hardened in situ,

from formalin subject ; viewed from above.

Fig. 1 618.

The cavity of the stron,e[ly con-

tracted bladder, as seen in sagittal

sections of organs hardened i7i situ,

is little more than a cleft bounded
above and below by the thick vesi-

cal walls and below continuous with

the urethra ; in the vicinity of the

ureteral orifices, however, the lumen
broadens into the lateral recesses

which are never entirely effaced

(Luschka). The modifications of the

lumen sometimes seen, more frequently in women and especially in organs not hardened in situ,

in which the superior surface is more or less sunken and in consequence the vesical cavity is

crescentic or V-shaped in mesial section, are to be regarded as the result of post-mortem change

and not as representing conditions existing during life, since normal contractions of the muscular

vesical sac are little calculated to produce such forms. The empty bladder measures in length

from 5-6 cm. (2-2>^ in.), in breadth from 4-5 cm. {i}4-2 in.), and in thickness from 2-2.5 cm.

{J^-i in.) (Waldeyer).

In the distended d/adder the demarcation between the surfaces above described is gradually

effaced until, in extreme expansion, the organ assumes a general ovoid form in which the supe-

rior and inferior surfaces and the fundus are uninterruptedly continuous and all indication of

the borders is completely obliterated. Such extreme changes, however, accompany only exces-

sive and unusual distention, the alterations taking place under normal conditions, with a prob-

able maximum capacity of from 250-300

cc. (7>^-9fl. oz.), being much less radical.

When the bladder begins to fill, the region

first to be affected is the posterior and lower

lateral portions of the organ, expansion oc-

curring more rapidly in the transverse than

in the longitudinal axis (Delbet), which for

a time retains a generally horizontal direc-

tion. With increasing distention the blad-

der invades the paravesical fossae at its sides,

behind is pressed against the seminal vesi-

cles, which in the empty condition of the

bladder extend laterally as transverse wings

and touch the vesical wall only with their

inner ends, and encroaches upon the recto-

vesical pouch and the rectum. The con-

dition of the latter also influences the direc-

tion of the vesical expansion, since the filled

rectum decreases the available space behind

and forces the bladder upward and forward.

Not until the distention has progressed to a

considerable degree does the antero-inferior u u w
segment lengthen and undergo upward displacement and the apex rise much above the pubic

symphysis ; mid only after the distention greatly exceeds physiological limits and becomes very

excessive does the bladder altogether lose its pyriform contour and become symmetrically ovoid

The highest point of the greatly enlarged organ no longer corresponds with the attachment of

' Anatom. Anzeiger, Bd. xv., 1899.
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Preceding preparation viewed from side, showing relations

of bladder, associated ducts, and prostate.
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the urachiis, but lies farther above and behind, since the anteroinferior wall always remains

shorter than the postero-superior. The conditicjn of the rectum and tlic pressure exerted by

the abdominal viscera inlUience in no slijjht dej^ree the form aiul position of the distended

bladder, since, when these factors are both unfavorable to unliampered expansion, the inferior

surface and fundus are depressed to a jj^reater de^jree than when the l)owel is empty and the

superior surface is little impressed by the overlyinjc organs, the entire bladder assuming a more

vertical iH>sition and the ovoid form beinj^ modified (Merkel). Unfler patholojijical conditions

the bladder may suffer such enormous expansion that it reaches as hij^h as or even above the

umbilicus and occupies a larije part of the abdominal cavity. (Jwin^ to its intimate attachment,

the part of the interior surface united to the prostate and the pelvic lloor undergoes least change

both as to form and relations.

Fig. i6io-
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Dissection of sagittally cut pelvis, showing relations of organs after fixation by formalin injection.

The capacity of the bladder durino^ life so obviotisly depends upon individual

peculiarities and habit that it is impossible to more than indicate approximately the

quantity of fluid that ordinarily induces a desire for the evacuation of the vesical

contents. This quantity—the physiological capacity of the bladder—may perhaps be

said to vary from 175-250 cc. (6-9 fl. oz. ), 700 cc. (24 fl. oz. ) representing the

maximum for the normal organ (Disse). Under pathological conditions, as in

paralysis of the vesical wall, the bladder may contain from 3-4 litres without rupture.

As a means of determining its capacity during life, estimates based upon artificial

distention of the bladder after death are worthless, since the maximum resistance
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Fig. 1620.

wilhout rupture of the dead vesical wall is much less than that of the living organ.

The bladder in the female has a smaller capacity than in the male.

The interior of the bladder varies in appearance according to tiie condition

of the mucous membrane. The latter is loosely attached to the muscular tunic

by submucous areolar tissue, anci hence in the contracted state of the organ is thrown

into conspicuous, mostly longitudinal plications ; when the bladder is nlled these

folds are effaced and the inner surface appears smooth. With excessive distention,

the interlacing bundles of the muscular wall may be stretched so far apart that the

submucous tissue and the mucosa may occupy the interstices so formed, an irregular

pitting or pouching of the mucous lining resulting. A triangular area, the tiigoman

vesica;, included between the urethral orifice in front and the ureteral openings behind,

is distinguished by its smoothness under all degrees of contraction, e\'en in the

empty bladder being only indistinctly wrinkled. Over the trigone (Fig. 1620)

the submucosa is absent and the mucous membrane rests directly upon a compact

muscular stratum in which the closely placed transverse bundles of the \-esical wall are

reinforced by radiating fibres continued from the ureteral sheath (page 1897). The
slightly curved posterior border or base of the trigonum is marked by a band-like

elevation, X.\\q plica tiretericcs, or iorus uretericus of Waldeyer, that unites the open-

ings of the renal ducts. This ridge, best marked at its outer ends, is less evident

and often interrupted near the mid-line, and is subject to much indixidual variation.

Its production depends upon the eleva-

tion of the mucosa and muscular tissue

in consequence of the oblique path of

the ureters through the vesical wall.

The margins of the trigonum—lateral

as well as posterior—are raised and its

central area is somewhat depressed

towards the urethral opening . The lat-

ter (orificium urethrae internum) occu-

pies the apex of the trigonum, and is

usually not circular, but crescentic,

owing to the projection of its posterior

border as a small median elevation, the

vesical crest (uvula vesicae), that ex-

tends from the apical end of the trigone

into the urethra to become continuous

with the urethral crest in the prostatic

part of the canal. The vesical crest

consists of a thickening of the mucous membrane enclosing bundles of muscular

tissue. When hypertrophied, as it not infrequently is in aged subjects, this fold,

may form a valvular mass that occludes the urethral orifice. The anterior wall of

the latter is commonly marked by low converging folds continuous with the longi-

tudinal plications of the urethral mucous membrane.

The ureteral orifices are usually slit-like in form (4-5 mm. long), obliquely trans-

verse in direction, but may be oval, round, or punctiform (Disse). The lateral bor-

der of the opening is guarded by a valve-like projection (valvula ureteris) that forms

part of the nodular elevation that is produced by the wall of the ureter. The median

margin of the opening is embedded in the interureteral plica. The urethral and the

two ureteral openings mark the angles of an approximately equilateral triangle, the

sides of which, in the contracted condition of the bladder, measure from 2-2.5 cm.

;

when the organ is expanded, this distance increases to from 3.5-5 cm. or even more.

The urethral orifice lies from 1.75-2. 2 cm. in front of the base of the trigone when the

latter is contracted. Immediately behind the vesical triangle the posterior bladder-

wall presents a slight depression, the retrotrigonal fossa or fovea retroureterica

(Waldeyer), that corresponds to the "bas-fond" of the French writers. When
abnormally enlarged and pouch-like, as it often is in advanced life when associated

with an enlarged prostate, this fossa becomes of practical importance (page 1981).

Peritoneal Relations.—The superior surface of the empty or but slightly

filled bladder is completely covered by peritoneum as far as the lateral and posterior

Interior of lower segment of partly distended and hardened
bladder, viewed from above and behind.
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borders. On each side the serous coveriii^^ jja.sses from the or^'an to hne tlie i>ar:i-

vesical fossa, the sickle-shapetl depression that separates tlie contracted bladder from

the adjacent' pelvic wall. In frcjnt these side folds, the laUral false ligaments, meet

at the vesical ape.\, where they cover the fibrous band of the urachus and are reflected

onto the anterior abtlominal wall as \\\iiantcriorfalse U^iramenl ( Iit;ainciituiii umljiiicaic

medium ). .\n uncertain fokl. the plica vesicalis transversa, often crosses the other-

wise smooth upper surface of the bladder. This jjeritoncal v\l\^c, sometimes repre-

sented bv two or more low wrinkles, e.xtenils laterally Ut be lost either (^n the pelvic

wall or, passing over the pelvic brim, towards the internal abd<»minal rin^^ Di.von '

found the fold well represented in the male fo-tius, and inclines U) the view that its

production is connected with a d\\\^ on the peritoneum incident to the formation of

the inguinal pouches. Behind the peritoneum passes from the posterior border of

the einpty bladtler over the uj^per end of the seminal vesicles and the vasa deferentia,

to form a horizontal crescentic shelf-like fold (plica rcctovesicalis )
from 1-1.5 cm.

wide, that extends from the bladder backward, embracing the rectum and ending at

the sacrum on either side of the gut (Fig. 1619).

Since this clui)licature includes parts of the seminal ducts and vesicles, Di.xon and Birming-

ham'' have suggested lor its lateral and backward e.xtensions, which contain bundles of invol-

untary muscle (111. rcctovesicalis) attached to the sacrum and rectum, the ap|)ropriate name,

sacro-genitalfolds, and pointed out their correspondence to the utero-sacral folds in the female

(page 2007). The median ixirt of the shelf-like plica, conspicuous behind the empty bladder,

but more or "less obliterated on the distended organ, overhangs the lowest part of the peritoneal

recess, the recto-vesical fossa, that intervenes between the rectum and the seminal vesicles and

ampulUe of the vasa deferentia, and towards which the fundus of the bladder is directed. In

recognition of these relations, the anterior wall of this recess being in direct relation with the

seminal tracts, the authors last mentioned propose to call this depression the recto-genitalfossa,

—a term alike applicable to both se.xes, since the relations of the rectum to the uterus in the

pouch of Douglas in the female are similar. All other parts of the bladder, including the

postero-inferior (fundus) and the antero-inferior surfaces, are entirely devoid of peritoneal

covering. In the female the serous membrane passes from the posterior border of the bladder

onto the anterior uterine wall, the shallow utero-vcsicalfossa intervening. Occasionally a corrf •

sponding depression e.xists in the male as a slight indentation between the posterior vesical wall

and the seminal vesicles (Di.xon).

With the changes of form and position which the bladder undergoes when it become.-, dis-

tended are associated alterations in its peritoneal relations. These include the gradual obliter-

ation of the upper part of the recto-vesical fossa, along with the shelf-like fold, and the elevation

of the line of peritoneal reflection at the sides, so that the lateral false ligaments no longer reach

the pelvic floor, but pass from the -lateral wall of the pehis directly to the superior surface of the

bladder, from which the plica transversa has disappeared. Anteriorly the relations of the serous

covering are also affected, since with the rise of the bladder above the level of the symphysis

the peritoneum is carried upward and a suprapubic non-peritoneal area becomes progressively

more extensive until, in extreme distention, a space measuring vertically from 8-9 cm., or about

3% in., may be uncovered.

Fixation.—The attachinents of an organ so subject to considerable alterations

in size and form as is the bladder must obviously provide for such changes as well

as the maintenance of a more or less definite position. The "ligaments" of the

bladder are conventionally described as true and false, under the latter being included

the peritoneal folds (above described) that pass from the oYgan to the adjacent ab-

dominal and pelvic walls. The sacro-genital folds were formerly sometimes called

the posterior false ligaments. From the manifest instability of the relations and

attachments of the peritoneuin incident to distention and contraction, it is evident that

such peritoneal folds can contribute little to the definite support or fi.xation of the

bladder ; hence those parts of the organ possessing a serous covering are rnovable.

The inferior surface, on the contrary, is comparatively fi.xed on account of its close

relations to the pelvic floor (and in the male to the prostate) and the presence of

fascial bands or true ligameyits. The latter are derived from the pelvic fascia, which

in the vicinity of the bladder presents a stout, glistening, band-like thickening (arcus

tendineus) that on each side stretches from the posterior surface of the symphysis, a

• Journal of Anatomy and Physiolog>-, vol. xxxiv., 1900.

* Journal of Anatomy and Physiology, vol. xxxvi., 1902.
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short distance above its lower border, backward to the ischial spine (page 1899J.
On either side of the mid-line the anterior ends of these tendinous arches pass as

strong fascial bands, the pubo-prostatic ligaments, from the symphysis to the prostate,

blending with its capsule, and thence continue to the inferior surface of the bladder,

where they are lost in the outer fibrous coat of the vesical wall. In the female these

fascial bands pass directly to the bladder as the anterior true ligaments. After leaving

the symphysis, the tendinous arches send expansions—the lateral true ligame?its—to

the side of the bladder, which materially assist in fixing the organ.

The cleft left between the medial borders of the two levator ani muscles is occupied in the

male by the rectum and prostate and in the female by the rectum, vagina, and urethra, over

some of which organs (rectum, vagina, and prostate) the pelvic fascia covering the upper sur-

face of the levator ani muscles (fascia diaphragma pelvis superior) sends more or less e.xtensive

investments and thus binds them to the pelvic floor.

Additional support is afforded by more or less definite processes of muscular tissue pro-

longed from the bladder to adjacent structures ; those passing within the arcus tendineus to be

attached on either side to the back of the symphysis constitute the pubo-vi-sical muscles, while

others, the recto-vesical muscles, extend backward to blend with the rectal wall.

Fig. 1621.

Symphysis pubis

Pubovesical space, cleaned out

Pelvic line

Arcus tendineu!-
fascise pelvis i

White linens
(arcus tendineus m.
levatoris ani;

Pubo-vesical ligament

Arcus tendineus

^Levator ani muscle

Obturator canal

'%- White line

Bladder, partly distended

Anterior part of pelvis of female, viewed from above and behind, showing relations of bladder

to pelvic fascia ; bladder has been partly distended and pulled backward.

Between the lateral pubo-prostatic ligaments, the symphysis, and the bladder lies a deep

recess (fovea pubovesicalis), traversed by the dorsal \ein of the penis and filled with fatty areolar

tissue the floor of which is formed by the fusion of the pelvic fascia with the transverse ligament

of the perineum. Above the level of the pubo-prostatic ligaments lies the prevesical space, or

space of Retzius,v;\\\c\\ is bounded in front by the anterior wall of the pelvis below and the

transversalis fascia above, and behind by a thin membranous condensation of areolar tissue, the

fascia umbilico-vesicalis (Farabeuf), that passes from the pelvic floor over the prostate and

bladder to the abdominal wall, to fuse with the transversalis fascia at a variable distance below

the umbilicus Laterally the boundaries of this space, filled with areolar tissue loaded with fat,

are uncertain since when distended, as when the seat of an abscess, it may embrace the sides of

the bladder below and extend above as far as the obliterated hypogastric arteries. Under usual

conditions, however, the space may be regarded as confined chiefly between the antero-infenor

surface of the bladder and the adjacent anterior pelvic wall.

Relations.—When emptv. or containing only a small quantity of fluid, the

bladder possesses two general surfaces, a superior and an inferior. The anterior two-

thirds of the the latter rests upon the prostate and the pelvic floor, and, according o

Dixon ' when hardened in situ presents a rounded median ridge which, together with

the ureters, ouUines two forward, upward, and outward sloping infero-lateral areas

These rest upon the pelvic floor and the posterior surface of the pubis, separated

» Journal of Anatomy and Physiology, vol. xxxiv., 1900.
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from the latter by th<* retropubic pad of fat from .5-1 cm. thick. The fundus—the
posterior part of the inferior surface inclutlcd between the urethral opening and the
posterior border—is in contact with the median ends of the seminal vesicles and of

the ampulhe of the seminal ducts, by which structures and their musculo-adipose
bed the bladder is separated from the anterior wall «jf the recto-vesical fossa.

The internal orifice of the urethra lies immediately above the prostate, usually
from 1.2-2.5 cm. ( 'j-i in. ) above the plane pa.ssin^ throuj^di the lower border of the
symphysis and the lower end of the sacrum ; the distance from the upper border of

the symi)hysis to the orifice meiusures from 5-6 cm. (2-2^4 in.) ; in the horizontal

plane it lies from 2.5-3 cm. behind the symphysis, its nearest j)oint cjn the latter

beint;: about 2 cm. (I)isse). These measurements are influenced by chanj^es in the
position of the inferior surface, being shortest when the emi^ty bladder is pushed
upward.

Fig. 1622.

Ureter

Suspensory,
ligament of ovary

Fallopian tube

—

Round ligament

Ovary 1^^'^

Obliterated
hypogastric artery

Uterus

Symphysis pubis
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External urethral
orifice in vestibule

rtero-sacral fold

Rectum

Externa] os uteri

Bottom of recto-
uterine pouch

N'agina

Perineal body

Sagittal section of female pelvis of formalin subject.

Laterally the paravesical fosscr intervene between the empty bladder and the
sides of the pelvis. In the contracted condition the superior surface usually lies

below the plane of the pelvic inlet, the entire bladder being- within the anterior third
of the pelvis and close to the pelvic floor. This upper surface, covered with peri-
toneum, is in contact with coils of small intesvine which, when the rectum is empty,
may occupy a part of the recto-vesical fossa.

In the distended bladder the relations of the inferior surface suffer little change on account
of the intimate attachments of the vesical wall to the prostate and to the fixation to the pubis
afforded by the pubo-prostatic (pubo-vesical) ligaments and enclosed muscle. The postero-
inferior surface expanding backward and outward, comes into more extensive and closer rela-
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Uterus

Uiacluis

Bladdci

Symphysis pubis
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tions with the seminal vesicles and ducts. The condition of the rectum markedly influences the

dej^ree to which the distendinjj bladder rises above the sympliysis, since, when the bowel is empty,

and hence more intrapelvic space is available, the bladder j^ains a lower suprapubic level than

w^hen its ascent is favored by a distended rectum. With the elevation of the vesical apex above

the level of the symphysis, the bladder acquires a temporary relation with the anterior abdominal

wall in front, and its sides, in case of marked distention, may come nearly or actually into con-

tact with the vasa deferentia, the obliterated hypogastric arteries, and the obturator vessels and

nerves, as these structures lie along the pelvic wall embedded within the fat-laden subperitoneal

tissue.

The bladder in the female lies lower within the pelvis than in the male, chiefly in conse-

quence of the absence of the prostate, and when empty never quite reaches- the level of the upper

border of the symphysis. When distended, therefore, it less often rises into the abdomen,

since the capacity of the normal organ in the female is somewhat less than in the male. The
fundus, or postero-inferior surface, is firmly united by connective tissue with the anterior vaginal

wall and sometimes the lower part of the uterus. Where reflected from the anterior surface of

the uterus onto the bladder, the peritoneum lines the shallow utero-vesical fossa and then con-

tinues over the superior vesical surface. Upon the latter rests the body of the uterus, rising or

falling with the expansion or contraction of the bladder-wall, but normally remaining in contact,

—a relation predisposing to the production

Fig. 1 623. of the concave or sunken condition of the su-
Rectum perior surface not infrequently seen in frozen

sections of the female pelvis.

The infantile bladder differs both in form
and position from the adult organ. Since

the greater part of the bladder represents a

persistent and dilated portion of the intra-

embryonic segment of the allantois, its fcjetal

form is essentially tubular. In the new-born
child (Fig. 1623), in both sexes alike, the

bladder is spindle-shaped and extends from
about midway between the umbilicus and
the symphysis to the level of the pelvic brim,

its anterior surface being in contact with the

abdominal wall. Ortly the lower pole of the

infantile bladder, corresponding to the ure-

thral orifice, lies slightly below the upper
border of the symphysis, the body lying

entirely within the abdomen, lateral and
posterior surfaces being undifferentiated.

Leaving the anterior abdominal wall, the

peritoneum completely invests the posterior

surface of the bladder, as well as the semi-

nal vesicles and the ampullae of the seminal

ducts, before passing onto the rectum. The
bottom of the recto-vesical fossa lies often below the level of the urethral orifice, which does not

come into relation with the pelvic floor. In the new-born female child the uterus is situated rela-

tively high and comes into contact with the bladder, while the vagina does not, only touching

the urethra. The reflection of the peritoneum to form the utero-vesical fossa varies in position,

and when high, as it often is, may leave a part of the young bladder unprovided with a serous

covering. Coincident with the descent of the bladder, associated v\ith the growth and expansion

of the pelvis, its posterior wall increases more rapidly than the anterior, this inequality resulting

in the production of a fundus that gradually approaches the pelvic floor. According to Disse,^

the descent of the young bladder is rapid during the first three years, slower from the fourth

to the ninth year, between which and puberty little change occurs. Succeeding this period of

rest the bladder renews its descent, and by the twenty-first year has gained its definite position

on the pelvic floor. Before the third year the empty bladder always remains above the symphy-

sis ; by the ninth year it has sunken below that level, but when distended the apex rises withm

the abdomen. During descent the non-peritoneal area on the posterior surface progressively

increases, the serous investment in general extending farther downward in the male than in the

female child. Persistence of infantile relations often accounts for variations observed in the adult.

Structure.—The bladder consists essentially of a muscular sac lined with mucous

membrane and covered on its upper surface with peritoneum, a layer of connective tis-

sue loosely uniting the mucous and muscular coats. From wathin outward, four coats

1 Anatomische Hefte, Bd. i., 1892.

—Vagina

Sagittal section through pelvis of new-born female child,

hardened in formalin, showing infantile form
and suprapubic position of bladder.
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,v 'y-r
-Epithelium

Mucous mem.
braiie, thrown
into folds

are distiii'^iiishaMc,—the mucous, the submucous, tlu- muscular, and tlic incomDlete

serous.

The mucous coat varies in tliickness with both location and the dc^^ee of e«m-

tractit>n. Over the vesical trigone, where always comparatively smooth, it is thin,

measuriu}^ only alK)Ut . 1 mm. ; wlure stron^dy wrinkled by contraction, it may attain

a thickness of over 2 nun. Ihe mucosa resembles closely that of the renal duct,

consistinj,M)f a fibro-elastic tunica jjropria covered with transitional epitheliinn. The

latter includes several strata of cells, the deepest of which are colmnnar, the middle

irrej>;vilarly poly^^onal or club-shaped, and the inner plate-like, their deeper surface

fittiliK^ over and between the imderlyin^^ elements. Although jrlands may be con-

sidered as absent, tubular depressions are occasionally found in the vicinity of the

trijrone which are' reijarded by some ( Kalischer, Brunn) as true ^dands. Waldeyer

has suj4i;i-sted that these structures may l)e interpreted as rejjresentin^ in a sense

urethral ulands disi)lace(l durinti: the development of the vesical tri^ajiie.

The submucous coot, loose and elastic, permits free Kli'l'.".>>' ''^ ^^i^* niucous over

the muscular tunic when readjustment becomes necessary durinjr contracti(m. Com-

posed of bundles of fibrous tissue interwoven with elastic fibres, it supports the

blood-vessels and nerve-plexuses, and contains numerous bundles of involuntary

muscle. It is not

sharply defined Fig. 1624.

from the adjoin-

ing coats, but

blends with the

stroma of the mu-
cosa on the one

side and extends

between the
tracts of the mus-
cular coat on the

other. Beneath

the trigonum a

distinct submu-
cous layer is

wanting or re-

placed by a sheet

of muscular tis-

sue.

The muscu-

lar coat, thicker

than the mucosa
and compara-
tively robust, va-

ries according to
. , , • 1 •

..

the condition of the bladder, being thin during distention and very thick in strong

contraction when it may measure as much as 1.5 cm. The bundles of involuntary

muscle are krrancred in two fairly distinct chief layers,—a thin outer longitudinal and

a thick inner circular. Inside the latter, and virtually within the submucosa, lies an

incomplete additional layer. The longitudinal bundles, best developed on the upper

and lower surfaces, do not constitute a continuous sheet, but interlace, leaving inter-

fascicular intervals which are occupied by connective tissue. In the vicimtv of the

prostate extensions of the outer layer are attached to the anterior pelvic wal as the

pubo-vesical muscles ; others pass backward to blend with the intestinal wall as the

recto-vesical muscles, while from the apex bundles are prolonged into the urachus

The circular layer, although more robust and uniform than the outer, is weak and

imperfect over the trigonal region, and in both sexes is well developed only alter

attaining the level of the internal ureteral orifices (Disse). Towards the apex of the

bladder" the bundles of the circular layer assume an oblique and less regular dispo-

sition. The innermost layer—that within the submucosa—is represented by isolated

and indefinite muscular bundles that are blended with the connective tissue. Over

x^.

Section of wall of bladder, under very low magnification,

showing general disposition of coats. X 12.
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the vesical trigone, however, this layer becomes condensed and forms a compact
transverse muscular sheet that is closely united to the overlying mucous membrane
and, in conjunction with the muscular tissue of the urethra, surrounds the beginning
of that canal with a constrictor-like tract, the internal vesical sphincter.

The outer fibrous coat of the vesical wall is strongest over the inferior surface,

where it receives reflections from the pelvic fascia; towards the apex and beneath the
peritoneum it is less definite and often intermingled with adipose tissue. Over the
postero-inferior surface in the male it is fused with the fibrous tissue surrounding the
seminal vesicles and ducts, and in the female is blended with the anterior vaginal wall.

Vessels.—The arteries supplying the bladder are chiefly the superior and
inferior vesical, from the anterior division of the internal iliac ; these are reinforced

by branches from the middle hemorrhoidal, as well as l)y small twigs from the internal

pudic and the obturator arteries. The superior vesical supplies the upper segment
of the bladder and sends small branches along the urachus. The inferior vesical

divides into two or more branches which are distributed to the infero-lateral and
postero-inferior surfaces. In' addition to twigs to the region of the trigone, others

pass to the prostate, seminal vesicles, and ducts. On gaining the bladder, the vesical

branches anastomose and enclose that organ in an arterial net-work from which
twigs enter the muscular coat and break up into capillaries for its supply. Others
penetrate the muscular tunic and within the submucosa form a net-work from which
arterioles pass inward for the supply of the mucous membrane.

The veins do not accompany the arteries, but form a submucous plexus that

drains the mucous; Inembrane and empties into a muscular plexus which, in turn, is

received by an e;cternal subperitoneal plexus. From the latter the blood from the
entire organ passes into the large prostatico-vesical plexus at the sides of the bladder
and thence into the tributaries of the internal iliac veins. With the exception of the
smaller ones on the inferior surface, all the vesical veins possess valves (Fenwick).

The lymphatics of the bladder begin as a close-meshed net-work within the mus-
cular coat, according to Gerota,^ being absent within the mucous membrane. Out-
side the muscular coat they form a wide-meshed subperitoneal plexus, those from the
apex and body coursing downward and laterally and those from the fundus upward.
Leaving the sides of the bladder, the efferent channels, chiefly in company with the
arteries, pass to the internal iliac lymph-nodes and to those situated at the bifurca-

tion of the aorta. Along the path of the lymphatics on the antero-inferior surface of

the bladder Gerota describes one or two very small nodes as usually present.

The nerves of the bladder include both sympathetic and spinal fibres. The
former, distributed chiefly to the muscular tissue, are from the vesical plexuses, which,
as subordinate divisions of the peKic plexuses, lie at the sides of the bladder.

The sympathetic fibres accompany the arteries and are joined by the vesical branches
from tlie sacral plexus derived from the third and fourth, possibly also the second,
sacral spinal nerves. The principal trunks reach the bladder in the vicinity of the

ureters, the trigonal region receiving the most generous nerve-supply and the apical

segment the fewest fibres. Within the outer fibrous coat the larger nerves divide

into smaller branches that are connected with ganglia, especially in the neighborhood
of the ureters, from which twigs enter the muscular tunic and break up into smaller

ones bearing terminal microscopic ganglia before ending in the muscle. Other
branches penetrate the submucosa, where they form plexiform enlargements contain-

ing numerous minute ganglia, from which fine twigs proceed to the mucosa to end,

according to Retzius, between the epithelial cells. In general the sensibility of the

normal bladder is comparatively slight, the trigonal region, especially at the ureteral

openings, being its most sensitive area.

PRACTICAL CONSIDERATIONS : THE BLADDER.

Absence of the bladder is a very rare abnormality, but in more than one case

has proved to be consistent with prolonged life, the dilated ureters—opening into the

urethra—having acted as reservoirs for the urine and the muscle-fibres at their con-

stricted orifices having taken on sphincteric action and prevented urinary incon-

• Anatom. Anzeiger, Bd. xii., 1896.
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tincncc. In othc-i less fortunate cases in wliiili the iiii-tcial (jpcninj^s were on the

surface of tlic body, implantation of the ureters int(j the intestinal tract (page lyoi;
has Ween done witli varying degrees of success.

lixtrovcrsion (exstropiiy) of the bladth-r, the most frecjuent congenital ab-

nornialitv of this organ, is associated with failure of the ventral plates forming the
aixloniinal wall to unite in the mid-line. In this condition, which (jccurs in males in

from So to 9t) per cent, of cases, the symphysis jjubis and the anterior wall of the
bladder fretpu-ntly are also lacking, anil the posterior vesical wall—protruded by
intra-aixiominal pressure—forms a rounded prominence, deep red in color, from
chn^nic congestion. The ureteral orifices are often plainly visible. Cryptorchisni,

bifid scrotum, inguinal hernia, and epispadias are frequently present. Although the

opinions regarding the causes and factors leading to these malformations are various

and conflicting, it is certain that these defects depend upon faulty development at a

very early j)eriod of fcEtal life, probably in connection with abnf)rmalities (^f the

allantois and of the cloacal region of the embryo, and that the suggested explana-

tions on a mechanical l)asis, as over-distention of the allantois or unusual shortness or

location of the umbilical cord, are entirely inadecjuatc to account for malformations
which often so profoundly affect the entire lower segment of the anterior body-wall
and the associated organs.

Occasionally a vcsico-abdominal fissure occnxs \\\\\\o\x\. extroversion, when the

posterior wall of the bladder will be concave instead of convex and partially covered
by the imperfect abdominal wall.

The ])osterior wall of the bladder and the anterior wall of the rectum or vagina
may be defective at birth, resulting in a congenital vesico-rectal or vesico-vaginal

fistula.

The foetal communication between the extra- and intra-abdominal portions of

the allantoic sac may remain pervious, so that the urachus, instead of becoming a

fibrous cord extending from the umbilicus to the summit of the bladder, is patent

and constitutes a channel by means of which urine is discharged at the navel.

Cystocele.—A portion of the bladder may be found either alone or together

with intestine or omentum in the sac of an inguinal or femoral hernia, or more
rarely it may be part of an obturator or perineal or ventral hernia.

The ordinary causes of abdominal hernia (page 1759 J favor the production of

this condition. In their presence, and especially if there is also present an intestinal

hernia of long standing, a thinned and dilated bladder may readily be drawn by
gravity into one of the hernial orifices by the connection of its extraperitoneal

portion with the subperitoneal fat with which it is in close contact. The bladder
" diverticulum." thus formed, is a result, not a cause of the hernia, and in 75 per

cent, of cases includes only the extraperitoneal bladder-wall. As vesical dilatation

and atony are usually the result of obstructive disease,—most common in elderly

males,—and as abdominal hernia is frequent during late middle life (page 1762^, it

will be understood why 75 per cent, of cases of hernia of the bladder occur in men
(irrespective of cases of vaginal cystocele) and more than 50 per cent, in persons

over fifty years of age. In old hernite there has, of course, been an opportunity

for the stretching and elongation of the bladder-w-all essential for the production of

the cystocele.

The laxity of the attachments of the bladder to surrounding structures necessi-

tated by its changes in size or capacity favors the production of hernia.

Effects of Distention.—The cavitv of the normal empty bladder, which is strongly

contracted during life, presents little more than a narrow, cleft-like lumen, with a

gentle upward curve, continuous with that of the urethra. As it distends the

pyriform bladder becomes oval in shape, its summit rises from the pelvis above the

symphysis pubis, its anterior wall becomes applied to the inner surface of the ab-

dominal wall in the hypogastric region, and the whole organ assumes an ovoid shape
or, in extreme distention, one nearly spherical. Its normal capacity in the adult is

about one pint, but the looseness of the submucosa over the greater part of its sur-

face, the reticular arrangement of its muscle-fibres, and the yielding nature of the

structures by which it is surrounded when it has risen from the pelvis permit of

its enormous distention, especially as a result of slowly increasing obstructive dis-
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ease. Its summit may then pass above the level of the umbilicus and it mav fill

almost the whole abdomen.
Retention of urine—inability to empty the bladder—may be due (a) to obstruc-

tion at the neck of the bladder, the j^rostate, or the urethra, as from clots in bleeding
from the kidneys, ureters, or the bladder itself, prostatic hypertrophy, stricture, or
rupture of the urethra

;
{b) to ailections of the bladder muscles, as paresis or

paralysis of the detrusors in cerebral or spinal injury or disease, or reflex spasm of the
sphincter after operations on the anus or rectum ; or incoordination, as in hysteria,

or neurasthenia, or shock.

The distended bladder forms a rounded fluctuating tumor in the hypogastric
region, which, as the intestines are pushed up with the fold of peritoneum back of

the urachus (plica vesico-umbilicalis), is always dull on percussion. If the disten-

tion is acute, the pressure on the sensory nerves of the bladder gives rise to dis-

tressing pain. If it takes place slowly, or if it follows cerebral or spinal injury, it

may be quite painless.

After a time, in cases of great distention, the sphincter vesicte and compressor
urethrae yield to the pressure and the urine overflows the bladder more or less con-

tinuously,—incontinence of retention,—a condition which should always be suspected

to exist in aged male patients who have either very frequent urination or constant uri-

nary dribbling. Great paresis or actual paralysis of the detrusors may result from
distention, so that the power to empty the bladder is temporarily or permanently lost

even after all obstruction has been removed.
During marked distention certain changes take place in its relations that are of

much practical importance. The neck of the bladder is so firmly fixed in position by
the base of the prostate, with its dense capsule continuous with the deep layer of the
triangular ligament (page 1977), by the anterior true ligaments of the bladder itself,

and by its close attachment to the rectum or to the uterus and vagina, that it does not
participate in the upward movement of the summit and body, but if the rectum is

not distended, rather sinks slightly in the pelvis. The looseness of the fatty con-

nective tissue occupying the space of Retzius (page 1906) and separating the antero-

lateral walls of the bladder below the peritoneal reflection from the pubes and the

obturator internus and levator ani muscles permits the elevation, during distention, of

all the remainder of the bladder.

The anterior peritoneal fold, which, with the bladder undistended, reaches to the

symphysis pubis, is so raised that if the summit of the bladder is half-way between
the pubes and the umbilicus, there will be from 5-6.5 cm. (2-2^ in.) of the non-
peritoneal portion of the anterior bladder-wall in close apposition with a similar area

of the inner surface of the abdominal wall. In a male child five years of age the

space between the upper edge of the symphysis pubis and the reflection of the peri-

toneum will be one inch when the bladder contains three ounces of liquid. The close

attachment of the peritoneum to the summit of the bladder and its very loose attach-

ment to the parietes (necessitated by the changes in size and position of the bladder)

permit this upward displacement.

Coincident distention of the rectum by a rubber bag limits the backward and
downward extension of the distended bladder, adds slightly to its elevation in the

abdomen, keeps it in close contact with the abdominal parietes, and increases the

distance between the recto-vesical fold and the anus from two and a half inches to

three and a half inches. The use of the rectal bag has practical disadvantages which
have led to its abandonment in most cases. The Trendelenburg position elevates

the partly distended bladder and carries upward the peritoneal folds by gravity.

\ arious operations (vide infra) are so planned as to take ad\'antage of this uncover-

ing of the bladder-wall, which permits access to that viscus and to its ca\ ity without

danger of peritoneal infection.

Prevesical inflam7nation mav follow infection through an operation or other

wound, involving the prevesical space of Retzius, or may be caused by extravasa-

tion of urine into that space ; and as the connective tissue occupying it is continuous

superiorly with the abdominal and inferiorly with the pelvic extraperitoneal tissue, a

cellulitis beginning there mav be widespread, or may result fatally. Some of the

relations of this space are indicated in the fact that such infection has been known to
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follow chronic cystitis, uteritK' or jxriiitc'rinc inManuiiation, postpartum siii)puration

of the syiiij)livsis pubis, aiui j)urulfnt thrombosis of the umbilical \ein in a ncu-l)orp

infant ( Thorndiki' ).

Colh-ctions of i)us ha\c o|)cn«-(l from lu-rr sitontaneously throu^di the anterior

abdominal wall, into tlu- rectum, the bladder, or the urethra, and into the peritoneal

cavity.

Rupture of the bladder rarely follows distention alone, but is not uncommon as

a result of trauma expended upon the pelvis or lower abdomen when the bladder is dis-

tendetl. The cases in which rupture follows over-distention from obstructive disease,

without the intervention of force, are usually prostatic in ori^nn, as in retention from

stricture the urethra ordinarily ulcerates behind the constriction and jjeriurethral

extravasation of urine rclie\is the tension.

The liability to traumatic rupture is direcdy proportionate to the degree cf dis-

tention and conseciuent elevation of the viscus, and if that condition exists in a blad-

der the subject of chronic dilatation and atrojjhy, or in one rendered unnaturally

immobile by pericystitis or pelvic cellulitis, the force required to produce rupture is

much lessened. Occasionally in the presence of fracture of the pelvis it is difficult to

decide whether a given lesion of the bladder is a rupture or a wound from a fragment

of bone.

Eighty-tive per cent, of ruptures are iyitraperitoneal, because, {a) in distention

the peritoneal becomes the most tense of the coats of the bladder-wall
;

{b)'\\. is the

least elastic
;

{c) it covers that portion of the bladder which, as it rises into the

abdomen, first loses the protection afforded by the pelvis, and is less reinforced by

pressure from surrounding tissues; {d) the bladder- walls are thinnest over that

area
; (<?) the region is exposed to counter-pressure against the promontory of the

sacrum. These conditions also explain the usual situation of intraperitoneal ruptures

in the upper and posterior bladder-wall.

Extraperitoneal rupture is apt to be in the anterior wall,

—

i.e., that portion most

immediately in contact with the pelvic bones, which in these cases are often found

to be fractured.
•

1
•

r

Pathological Cspontaneous) rupture is usually in the extraperitoneal portion of

the bladder,' because there the influence of gravity is most potent in aiding in the

production of the protrusion of the thinned mucosa between the often hypertrophied

bands of muscular fibres. The early stage of this condition—in which the muscle

hypertrophy is the prominent change—constitutes the so-cdW^d fasciculated bladder ;

later, when the pouching has become marked, it is known as sacculated bladder.

In children rupture of the bladder is rare in spite of its thinness and of the fact

that in them it is an abdominal rather than a pelvic organ, because (a) the chief

causes of distention are absent ;
(b) the greater sensibility of the bladder renders its

evacuation more frequent or less likely to be neglected ; in the adult incontinence of

urine generally means distention, in the child irritation (Owen); (c) owing to the

undeveloped condition of the prostate the bladder is more movable.

Wounds of the bladder may occur from within,—during instrumentation.—or the

bladder may be reached by weapons, missiles, or' vulnerating bodies of any sort,

through the suprapubic region, the rectum, the perineum, the obturator or the

sciatic foramen. They often result from the direct laceration of the bladder-wall by

a bony fragment in fracture of the pelvis. Like ruptures, they may or may not in-

volve the peritoneum.

The sv7>iptoms of rupture or wound will obviously \'ary with the situation of the

lesion. The most important are due to the escape of urine from the bladder either

into the space of Retzius or into the peritoneal cavity. The determination of the

general character of the injury—made in part by catheterization, which, in the

presence of inability to urinate, yet fails to draw more than a little bloody urine, and

does not withdraw all of a measured quantity of injected fluid—should be followed

by instant operation, whether the lesion is extra- or intraperitoneal in its situation.

Occasionally, after a small stab or [jistol wound, the loose mucosa may act as a

plug, and, aided by the muscular contraction of the bladder-wall, will for a time

prevent extravasation, and then the above-mentioned signs may be absent or may
appear later, when ulcerative or necrotic processes have opened the way for the
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escape of urine. A similar, but usually permanent closure of the wound—by mus-

cular contraction, or by a valvular action from the change in the relation of the coats

of the vesical wall after tension has been relieved—takes place when the bladder has

been tapped above the pubes {^suprapubic puncture).

Cystitis, in so far as it has an anatomical bearing, should be studied with regard

to the possible sources of the essential infection and of the almost equally essential

predisposing condition of congestion. No explanation is required of the influence

of (a) frequent micturition, however caused ; {b) trauma
;
{c) vesical distention

;

{d ) acid urine
; {/) calculi or tumors

; (/) cold and wet ; (g) prolonged sexual

excitement; ( // ) cardiac weakness, in bringing about a congestion of the vesical

and vesico-prostatic plexuses. The suddeii removal of pressure when an habitually

distended bladder is emptied may be followed by congestion so excessive as to cause

haematuria.

Infection may occur by spreading from the urethra or prostate, by instrumenta-

tion, by descent from the kidneys, by extension from any pericystic focus of suppu-

ration, or by direct passage of the microbic cause from the rectum. The great

venous plexus at the base of the bladder, emptying into the valveless internal iliac

veins, is engorged whenever pressure is made upon the latter, as by fecal masses in the

sigmoid flexure or rectum. Constipation is thus both a predisposing and—through

the migration of microbes to the contiguous bladder—an exciting cause of cystitis.

The mucosa of the bladder, supplied by the hypogastric plexus, is not very

sensitive normally, except in the region of the trigonum. There it is tightly con-

nected with the muscular layer, and the loose, elastic, submucous connective tissue

found in the remainder of the bladder is absent. The difjference is shown by the

smooth surface of the trigonum as contrasted with the rugae of the lax mucosa seen

over the rest of the interior of the empty bladder. The laxity in the superior por-

tions of the bladder is determined by the necessity for great changes in its size. At

the trigonum a similar looseness of the mucosa would encourage its prolapse, and

might result in frequent obstruction of the ureteral and vesical outlets. This close

adhesion of' mucous and muscular layers prevents free swelling when inflammation

occurs, and, in conjunction with the particularly generous vascular and ner\^e-supply

to the trigonum and neck of the bladder, explains the pain and sensitiveness of that

region in cystitis. In a marked case the whole bladder may become sensitive, so

that hypogastric pressure is painful.

Frequent micturition, as a result of cystitis or of other conditions in which vesical

irritation is present, is due to stimulus of the sensory nerves supplied by the third

and fourth sacral nerves from the second, third, and fourth sacral segments of the

cord. The motor impulse reaches the bladder from the eleventh and twelfth dorsal

and first lumbar segments through the hypogastric and pelvic plexuses.

The skin of the scrotum and of the penis and the urethral mucous membrane

are supplied with sensation from the same spinal segments as is the bladder, and

therefore the referred pains in vesical irritation or inflammation are often felt in those

regions in the distribution of the perineal branches of the pudic and inferior gluteal

nerves. As the inferior hemorrhoidal nerve—supplying the skin over the external

sphincter ani and about the anus—is often derived from the sacral plexus, itching or

tickling in that region or painful spasm of the anal sphincter may be caused by

vesical irritation.

Other referred pains in vesical disease are to the lumbo-sacral region, through

the communication between the second, third, and fourth sacral nerves and the hypo-

gastric plexus ; to the kidney, by the junction in the spermatic plexus of filaments

from the vesical and renal plexuses ; and to the lower limb, occasionally to the foot

(pododynia), through the sacral nerves which enter into the sacral plexus and the

lumbo-sacral cord, giving of^ the great sciatic nerve, and also into the pelvic

plexuses.

The important muscular element in the vesical, as in the ureteral, walls gives

the "colicky" character to the symptoms of irritation and, in the case of the in-

flamed bladder, causes the violent tenesmus accompanying the discharge of the last

drops of urine, when the muscles in the vicinity of the sensitive trigonum contract

spasmodically.
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The saiuf syiuploms

—

fici|iuiil inicliirition, referred pains, tenesimis—are caused
hy ii zrsnii/ cir/cN/z/s iuu\ have the same anatomical l)asis. 'Ihey are most marked
if the stone is small, roiii;li, and movahU-, so that in the erect j^osition it falls u\Hm
the trigonal surface. Such a stone may hjII or be forced by the stream of urine

into the vesical outlet and proiluce sudden interruption of micturition. This
symptom is sci-n most often in youn^ male children, in whom the relatively vertical

position of the bladder, the marked tenesmus caused by the presence of the stone,

and the small si/e of the vesical orifice favor its jjroduction. The tenesmus in

children is often so excessive as to result in prolapse of the rectum, which is aflected

by and ])articipates in the straininj^ expulsive efforts.

in a sacculali-d bladder a \cr\' lart;i' stone may lie in a ])ouch with but little of

its surface presi-ntiiij:; towards tlu- bladdc i-cavity (encysted stone; and j^dve rise to

almost no subjecti\e symptoms.
Perineal litliotomy is much less frccpiently done than formerly, on account of the

application of Higelow's ojieration of lithola[ja.\y to the great majority of calculi, and
of the revival of suprapubic lithotomy and its use in a considerable proportion of the

remainder. A description of the parts involved in this operation serves, however,

as Treves has said, to give a proper conception of their important anatomical re-

lationships.

The Male Perineum.— This region—a fissure when the thighs are appro.xi-

mated—becomes an ample lozenge-shaped space wlicn the legs and thighs are flexed

Fig 1625.

Tuber ischii

.

/
Tuber ischii

Subcutaneous
fibres of sphinc-
ter ani extemus

— Tip of coccyx

Dissection of perineum; skin has been removed, leaving superficial fascia undisturbed.
Sound has been pas.s'ed through urethra into bladder and scrotum drawn for^vard.

and the latter are strongly abducted,—the lithotomy position. It corresponds to

the outlet of the pelvis. On the surface it is bounded roughly by the scrotum
anteriorly, the buttocks jwsteriorly, and the upper limits of the ihner aspects of the

thighs laterally. More deeply the boundaries are the symphysis pubis and subpubic

ligament anteriorly, the coccyx posteriorly, and the greater sacro-sciatic ligaments, the
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ischial tuberosities and rami, and the pubic rami laterally (Fi^. 1627). It is divided

into two lateral symmetrical halves by a dense cutaneous ridge, the raphe, across

which, as it represents the junction of the two foetal halves of the perineum, no blood-

vessels pass from one side to the other ; and into two unsymmetrical antero-posterior

triangular portions by an imaginary transverse line drawn between the anterior

borders of the ischial tuberosities and running in front of the anus. The posterior

of these two divisions—the portion of the outlet of the pelvis which contains the

rectum and anus—is the rectal triangle (anal perineum). Its practical relations have

been sufficiently dealt with in the article on the rectum and anus (page 1693;.

The anterior division, the iiro-genital triangle (urethral perineum), has for its

deep boundaries : posteriorly the deep layer of the superficial fascia ( fascia of Colles)

as it passes behind the transverse perineal muscles to become continuous with the

inferior layer of the triangular ligament (page 563); laterally the rami of the pubes

Fig. 1626.

Internal per-
ineal nerve

Inferior
pudendal
nerve

Int. pudic artery

Puflic nerve

Anal fascia

Inferior hemor-J
rlioidal artery'

Inferior hemor-J
rhoidal nerves!

Colles's fascia

Sphincter ani
LXternus

Tuber ischii

Tip of coccyx

<<

^,^<t>*^

Dissection of perineum, showing: superficial and hemorrhoidal branches of mternal pudic

artery and of pudic nerves on right side ; Colles's fascia exposed on left.

and ischia ; anteriorly the pubic arch. Over the uro-genital triangle the superficial

fascia is separable into two distinct layers, the superficial and the deep. The super-

ficial layer contains a considerable amount of fat, and is continuous with the corre-

sponding layer over the thighs and buttocks and with the masses of fatty tissue that

fill the ischio-rectal fossa?.
" The deep laver, or fascia of Colles, is membranous and

free from fat, and is not only applied closely to the lower edges of the transverse

perineal muscles and attached to the base of the inferior layer of the triangular liga-

ment, but is also attached to the external margin of the rami of the pubis and ischium.

Anteriorly it is continuous with the deep layer of superficial fascia of the scrotum

(dartos), penis, and spermatic cords, and with the fascia of Scarpa (page 515)

on the front of the abdomen. When it is di\ided, a definite space, the superficial

perineal interspace, is opened, which is bounded below by Colles's fascia, above by

the inferior layer of the triangular ligament, laterally by the attachments of the fascia
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and tlie lij^aincnt to the pubo-ischiatic rami, and bcliind by the union (jf the fascia

with the base of the h^ament.
Tliis space or pouch contains the bulb and the crnra of the i)enis and the

nuisclos coverinii; them, the superficial transverse perineal muscles, the superlicial

perineal nerves and vessels, and the hni^ pudendal nerves ; in its anterior part the
internal pudic artery divides into its terminal branches, the dorsal artery oi the penis

and the artery to the corpus cavernosum. It is very iinjjortant in its relations to

wounds and ru])tures ol the urethra (y. :'. ).

In the uro-j^eiiital triani^le, half-way between the centre of the anus and tiie

perineo-scrotal junction, is the so-called " j)erineal centre," where the bulbo-caver-

nosus, the sphincter ani, and the superficial transverse perineal muscles meet, arvd

which corresponds to the middle of the posterior ed^e of the fibrous shelf fftrmed

by the union of the two layers of the trianijular lis^ament. These structures are

exposed when CoUes's fascia is turned back, and on either side a triangular space is

Fig. 1627.
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Tuber ischii

Sphincter ani extemus

Levator ani

Pudic nerve

Internal pudic artery

Greater sacro-sciatic lig.

Gluteus maximus
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Transversus perinei mus.

Anal fascia

Greater sacro-sciatic lig.
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Dissection of perineum ; Colles's fascia has been cut and reflected to expose crura and bulb of
penis covered by muscles ; on right side iscbio-rectal fossa is partly cleaned out.

seen, the floor of which is constituted by the inferior layer of the triano^ular ligament.

At the lateral, median, and posterior sides of the triangle lie the bulbo-cavernosus,

ischio-cavernosus, and superficial transverse perineal muscles respectively (Fig. 1627).
When the inferior layer of the triangular ligament is divided, the space (deep

perineal i)i(erspace) between that and the superior layer fas this portion of the parie-

tal layer of the pelvic fascia is called) is opened and is found to be broader in-

feriorly and behind, the two layers fusing anteriorly with a dense band {Ugawentmn
transversum pelvis) stretching from one pubic bone to the other, and leaving only
sufficient space above it, beneath the subpubic ligament, to permit the passage of

the dorsal vein of the penis. The space between the two layers (Fig. 1629) is

occupied by (a) the compressor urethrae muscle
;
{b) the membranous urethra,

about half an inch in length; (<-) Cowper's glands {glayidulcs bulbo-tirethrales);

(d) the beginning of the artery of the bulb ; (e) the continuation of the internal

pudic artery, which, while between the two layers of the triangular ligament and
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before piercing the superficial layer, gives off the artery to the bulb. This latter

arterv mav come off from the accessory pudic when that vessel is present (page 8i8j,

and will then be more anterior, and less exposed to division in lithotomy, than

usual ; or it may come oft from tho internal pudic before the latter has penetrated

the superficial layer of the triangular ligament, and will then be behind its usual

position and more likely to be wounded. When the superior or deep layer of the

triangular ligament is opened, the prostate—partly covered by the median fibres of

the levator ani—and the neck of the bladder are exposed (V\g. 163 1). this deep layer

being continuous with the prostatic sheath.

It will be seen that in reaching this point by dissection there will have been

exposed certain alternating layers of fascial and muscular structures (Cunning-

ham) as follows : (a) superficial fascia (superficial and deep layers)
;
(d) super-

ficial perineal muscles ; icj inferior or superficial layer of the triangular ligament

Fig. 1628.

Crus penis

CoIIes's Ciicia

Triang. ligament

— Ischioovemosus muscle,
:-:rced aside

Cms penis

Dorsal artery of penis, artery of
corpus caveraosum to the right

Bulb of penis

Superfi :ial perineal artery

Superficial perineal nerves
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pudic nerve

Internal pudic artery

— Inf. hemorrhoidal nerve

Inferior hemorthoidal
artery

Gluteus maximi

Dissection of perineum, showing inferior layer of triangular iigament
and inner wall of ischio-rectal fossa partially exp>osed.

rfascia triuoni uro^enitalis inferior) ; T^ ) compressor urethr^e muscle; (<?) superior

or deep layer of the triangular ligament f fascia tritjoni urogenitalis superior (/)
levator ani muscle ; ( ^') prostatic fascia (bheath ).

Landmarks.—With the patient in the lithotomy position: (i; The pubis,

coccyx, tuberosities, ischio-pubic rami, and greater sacro-sciatic ligaments may be

felt. (2) The transverse diameter, between the tuberosities, is 9 cm. (2^2 in.) ;

the antero-posterior diameter, from the coccyx to the pubis, is also 9 cm. (3>^ in.)

on the skeleton, 10 cm. (4 in.) as measured on the living person. ( s) The centre

of the anus is about 4 cm. fi^2 in. ) from the tip of the coccyx, and is on a line drawn

between the tips of the ischial tuberosities. (4) The perineal centre is approxi-

matelv 4 cm. (i>^ in.) in front of the anus. (5) The bulb ^and its arter}-) are just

anterior to this ; its position may be indicated by a slight median surface elevation ;

the artery passes inward between the layers of the triangular ligament about a half
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inch above the b;isc nt ihc latter,—i.e., about one and a half inches from the anus.

(6) Measured in the niitl-line from the symphysis to the centre of its base, the tri-

anj^nil.ir lii;aincni extciuls backward about one and a half inches. Cj ) The mem-

branous urethra, lyinj; l>elwcen the two layers of the triangular li^MUient, is a little

below the middle of this line,—/.r , a little less than an inch below the symphysis and

from one-half to three-quarters of an inch above the anus. It measures from one-

half to three-ciuarters of an inch in len>;th. («) The dorsal vein passes above the

trian^nilar lii,Mment a little less than a half inch below the lower ntar^ni of the sym-

physis ; the puilic artcrv and nerve pierce the superficial layer of the irianj^ular liga-

ment a little lower. (9) The distance from the surface of the perineum to the pelvic

floor is about one inch near the symi^hysis and from two to three inches posteriorly

and laterally. ( 10) The vesical orifice is on a horizontal antero-i>osterior line drawn

through a point a little below the middle of the symphysis, is about an inch to an

inch and a quarter behind it, and is from two and a half to three inches above the

Fig. 1629.
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Dissection of perineum, in which infeinor layer of trianRular ligament and corpus spongriosum have been par-

tially removed, exposing urethra covered by compressor urethrae muscle and Cowper's gland.

perineal surface. Cii) The prostate is about three-quarters of an inch below the

symphysis. (12) The pudic artery, as it lies in Alcock's canal, is about one and a

half inches above the lower margin of the ischial tuberosity.

These measurements are, of course, approximate, and vary with the size of the

pelvis and its outlet and the amount of subcutaneous fat, which, in the lithotomy

position, may much increase the normal antero- posterior convexity of the perineal

surface.

Lateral Lithotomy.— It will now be understood that in opening the bladder

through one side of the perineum the incision must not extend too far forvvard. as it

might involve the artery of the bulb, which lies a little anterior to the "perineal

centre" (Fig. 1629) , or too much externally, as the pudic might be wounded where

it lies on the ramus of the ischium ; or too far posteriorly, as, after dividing the

layer of the superficial perineal fascia covering the rectal triangle, and thus opening up

the ischio-rectal space, it might open the rectum itself. In the deeper parts of the

wound it will be seen that if it is too extensive, or carried too far upward, it might

pass completely through the left lobe of the prostate and divide the visceral layer of
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the pelvic fascia (which is reflected from the gland near its upper endj, favoring the
development of pelvic cellulitis from urinary infiltration (page 1933^; or it might
divide the neck of the bladder and open up the recto-vesical fos,sa with the same
results ; or, if the i)rostatic incision were too extensive and too vertical, it might
wound the ejaculatory ducts or seminal vesicles. The incision—which is made after

a grooved staff has been introduced into the bladder, and while it is held in place by
an assistant—accordingly begins at a point a little to the left of the raphe and a little

posterior to the perineal centre

—

i.e., about one to one and a quarter inches in front

of the anus—and, opening the left ischio-rectal fossa, ends at the junction of the
outer and middle thirds of a line drawn between the posterior margin of the anus
and the ischial tuberosity. This incision should be deepest near its upper end—not
far, at its upper and deepest portion, from the apex of the " perineal triangle"—and
should become shallower as it passes into the ischio-rectal space. It divides skin.

Sectional surface of
corpus spongiosum

Corpus cav- /
ernosum, cut—

Adductor brevis

— Corpus cavernosum,
cut

Urethra

ubpubic ligament

Tuber ischii

Greater sacro-
sciatic ligament

Greater sacro-
sciatic ligament

Coccygeus

Gluteus
maximus, cut

Deep dissection of perineum, in which root of penis has been removed, showing urethra
emerging from prostate, which is partly exposed between levatores ani.

both layers of superficial fascia, the superficial transverse perineal muscle, artery, and
nerve, the lower edge of the superficial layer of the triangular ligament, and, as it

crosses the ischio-rectal fossa, the inferior hemorrhoidal vessels and nerves.

The left forefinger of the operator now guides the knife into the groove of the

staff, and the incision is deepened with the knife-blade inclined laterally and pushed
onward into the bladder, dividing the compressor urethrae muscle, the membranous
urethra, the superior layer of the triangular ligament, a few median fibres of the leva-

tor ani, the prostatic urethra, and a portion of the left lobe of the prostate.

The neck of the bladder should be dilated with the finger rather than incised,

and will, without serious laceration, permit the exti'action of a stone of the diameter

of an inch to an inch and a quarter.

In children the following facts should be borne in mind : {a) the relative nar-

rowness of the pelvis, limiting the operative space ; i^b') the undeveloped condition
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of the prostate, necessitatinj^' the chvision of more of llic vesical neck and increasing

the risk of opening up the pelvic fascia ;
{c) the greater niohiliiy (jf the bladder

(the neck of which in the adult is larj^^ely fixed by its connection with the base of

the prostate), so that it has been pushed before the finger and torn from the urethra
;

(</ ) the situation of the bladder above rather than in the pelvis, the neck, therefore,

being relatively higher than in the adult; (f)the hjoseness and delicacy of the

recto-vesical fascia, j)erniitting the easy separation of the bladder and rectum and

forming a cavity which the finger may mistake for that of the bladder; if) the

relatively low level of the recto-vesical fold of peritoneum, exposing it to injury if the

wound is unduly prolonged ui)ward.

Median lithotomy involves the division, through the median raphe of the peri-

neum, of the skin, superficial fascia, sphincter ani and porli(Mis of the (jiher struc-

FlG. I 63 1.

Adductor brevis

Corpus cavernosum

Adductor magnus

Biceps and
semitcndinosus

Tuber ischii

Obturator Internus

Cut edge of anal
fascia

Cut edge of levator

ani

Greater sacro-sciatic

ligament

"•Corpus cavernosum,
cut

Cut edge of visceral layer
of pelvic fascia

Cut edge of levator ani

Cut edge of pelvic fascia

Greater sacro-sciatic
ligament

Rectum, turned back

Deep dissection of perineum, in which pelvic floor has been partly removed, exposing bladder,
seminal vesicles, spermatic ducts, and prostate; rectum has been turned back.

tures entering into the "perineal centre," the lower portion of the superficial layer

of the triangular ligament, the compressor urethrae muscle, the membranous urethra,

and the apex of the prostate. The bladder is entered by dilating with the finger the

prostatic urethra and vesical neck. The advantages claimed for it are : (a) dimin-

ished hemorrhage on account of the relatively slight vascularity of the mid-line ; (b)

lessened risk of opening the pelvic fascia
; (r) lessened risk of wounding the ejacu-

latory ducts or seminal vesicles. The disadvantages are : (a) the narrow space

between the rectum and the deep urethra, exposing the bulb and its artery to

danger anteriorly and the rectum posteriorly
; (^) the lack of space for the extrac-

tion of even moderately large calculi
;

(c) the increased risk of pushing the bladder

before the finger and tearing, it from the urethra. All these objections are much
greater in the case of children.

Suprapiibic lithotoyny is done by means of an incision in the mid-line, imme-
diately above the symphysis, dividing skin, superficial fascia, transversalis fascia
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(there is no distinct linea alba at this point), and prevesical fatty connective tissue

in the space of Retzius. Sometimes this fat can be gently pushed or sponged
upward and carries the peritoneum with it. The method of securing a non-peritoneal

area of bladder and abdominal wall for this operation (as for others involving a

suprapubic cystotomy J has been suf^ciently described.

The female bladder is less capacious than the male bladder. Its longest diame-

ter is transverse, as posteriorly the pelvic space is occuj^ied by the uterus and
vagina, and as the female pelvis is relatively wider than that of the male.

The lesser depth of the pubic symphysis in the female and the absence of the

prostate result in a relatively lower vesical outlet and a short, direct, distensible

urethra, the dilatability of which (also on account of the absence of the prostate)

extends to and includes the vesical neck.

As these conditions fa\or easy and full evacuation of the bladder, cystitis and

stone are comparatively uncommon ; and as they facilitate intravesical exploration

or operation per urethram, cystotomy in the female is rarely called for. Foreign

bodies introduced by the urethra are relatively common in the female bladder.

The utero-vesical pouch of peritoneum does not descend so low as the recto-

vesical pouch in the male. Below it the close relations between the bladder and the

cervix uteri and the upper half of the vagina lead to the involvement of the bladder

in many of the diseases originating in these structures. The latter relation permits

of the recognition by vaginal touch of calculi impacted in the lower ends of the

ureters, the orifices of which are about opposite the middle of the vagina.

THE URETHRA.

The urethra—the canal conveying the urine from the bladder to the exterior of

the body—differs in the two sexes, since in the male, in addition to its primary com-

mon function of conducting the urine, it serves for the escape of the secretions of the

testicles, seminal vesicles, prostate, Cowper's glands, and urethral glands. It is of

interest to note that in thd lowest mammals, the monotremes, in which the urethra and

intestine open into a common space, the cloaca, the seminal duct is prolonged to the

end of the penis as a separate canal. Embryologically the male urethra consists of

two parts, a posterior segment—homologous with the canal in the female—beginning

at the bladder and ending at the openings of the ejaculatory ducts, and an atiterior

segment including the remainder of the canal. With regard to the regions of the

body in which they lie, the urethra may be considered as being composed of d^ pel-

vic, a perineal, and a penile portion. It is more usual, however, to describe the

male urethra as consisting of the prostatic, vieynbranons, and spongy portions,—

a

division based upon more or less definite anatomical relations of structures through

which it passes.

The prostatic portion (pars prostatica), from 2-3 cm. (S/^-ji^^ in.) in length,

descends with a slight cur\'e, but almost \-ertically, from the internal urethral orifice

of the urethra to the superior layer of the triangular ligament. Beyond the vesical

wall, which embraces its commencement {pars intramuralis of Waldeyer), it is en-

tirely surrounded by the prostate, which it pierces from base to apex (Fig. 1619).

Notwithstanding, tliis part of the urethra admits of considerable dilatation, although

ordinarily its lumen is more or less obliterated by the apposition of the anterior and

posterior walls. At the two ends of this division the lumen is narrower than in the

intervening part, although this spindle-form dilatation is reduced by the encroach-

ment of a fusiform elevation, the urethral crest (crista urethralis) or verionoyitanum,

that extends along the dorsal wall from the ridge {nvnla) on the vesical trigone above

to the membranous urethra below, into the folds of which it fades, usually by diverging

ridges (frenula cristae urethralis). On transverse section (Fig. 1681), the lumen of

this part of the urethra appears crescentic in oudine in consequence of the projection

of the crest. The most prominent and expanded part of the latter (colliculus semi-

nalis) is occupied by the slit-like opening of tha prostatic utricle (utriculus prostaticus)

or simis pocularis, a tubular diverticulum, usually from 6-8 mm. in length, but some-

times much longer, that leads upward and backward into the substance of the pros-

tate and represents the fused lower ends of the Miillerian ducts of the embryo
;
the
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sinus is, therefore, regarded as the inorpholouii al equivalent of the vaj^ina and uterus.

On the lateral lips of this recess lie the small orifices of the ejaculalf)ry ducts, while
those of the prostatic tubules oi)en into the ^^roove-like depressions on either side of

the urethral crest. The internal urethral orifice lies approximately on a horizontal
plane passinj^ through the middle of the symphysis, about 2.5 cm, (i in.) behind
the latter and an ecjual distance from its lower border.

The membranous portion ( pars mcmbranacea) curves downward and forward
from the aj)ex of the prostate to the bulb of the corpus sponijiosum, which it enters
somewhat (about I cm.) in advance of its posterior extremity. In its course the
membranous urethra jjierces both layers of the triangular litjament and is surrounclcd
bv the tibres of the comj)ressor urethra' muscle ; behind it, on either side of the
mid-line, lie the inlands of Cowper. This part of the canal measures only about I cm.
in length, and is the shortest, narrowest, and least distensible of the sej^ments.

When empty, its mucous membrane is thrown \nU) longitudinal folds, and on cross-

section its lumen is stellate. In

consecjuence of its curved course,

the anterior wall is shorter than the

posterior, which marks the most
dependent point of the subpubic

curve that lies about 18 mm. (3^

in. ) below and behind the lower

border and in the plane of the sym-
physis. Since almost the entire

membranous portion lies between
the layers of the triangular liga-

ment, its mobility is much less

than that of the other parts of the

urethra. The short terminal part

of the membranous urethra that

lies below the triangular ligament

and above and in front of the bulb

as it enters the corpus spongiosum
(pars praetrigonalis) is, however,
not only wider and thin-walled,

but much more movable,—charac-

teristics that increase the difficulty

of guiding instruments into the

narrow and fixed intratrigonal seg-

ment beyond.
The spongy portion (pars

cavernosa) includes the remainder
of the canal and terminates at

the external urethral orifice. Its

length varies with the size and
condition of the penis, but averages about 14 cm
tion of the penis it presents a double curve ( Fig,

Fig. 1632.

Vesical trigone

Ejaculatory duct

Prostatic ducts

Membranous urethra

Bulbus
spongiosum

Spongy urethra^

Opening of duct of
Cowper's gland

Corpus
cavernosum, cut
and turned out

Part of bladder and iiuilc urethra, exposed by opening and
turning aside anterior wall, showing posterior surface of prostatiCi
membranous, and beginning of spongy portions of urethra.

(5/^ in.). In the flaccid condi-

1619), the fixed proximal part of

which continues the subpubic curve forward and slightly upward through the peri-
neum to a point corresponding approximately with the attachment of the" suspensory
ligament to the dorsum of the penis, while the freely movable distal part, ox prepiibic
curve, follows the pendent penis. Throughout its course this part of the urethra is

surrounded by the corpus spongiosum, at first embedded near its upper border, then
about in the middle, and at the termination near its lower margin covered by the
thick cap of spongy substance forming the glans. The lumen of the spongy portion
is variable both in size and form ; at its two ends, where surrounded bv the bulb and
the glans, it presents fusiform dilatations, the intermediate part being of more uniform
calibre. The first of these dilatations (fossa bulbi) occupies the bulb of the corpus
spongiosum for about 2 cm., beginning about half that distance in front of its posterior
extremity. Abruptly narrowing behind, towards the pars membranacea, in front the
fossa gradually diminishes into the ordinary lumen of the canal. The ducts of Cow-
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per's glands open by slit-like orifices on the posterior wall or floor of this part of the
urethra. The terminal dilatation, the yiavicidar fossa (fossa navicularis urethrae),

occurs at the e.xtreme distal end of the canal within the tclans and opens ontr* the

surface by a vertical slit-like aperture, the exterjial iirethral orifice (orificium urethrae

externum) or meatus, the most contracted and least distensible part of the entire pas-

sage. Since the lateral waUs of the navicular fossa are in apposition except during
the passage of fluid, its lumen appears as a vertical slit on cross-section (Fig. 1674) ;

beyond the fossa, however, the anterior and posterior walls come into contact, and
hence the lumen is here represented by a transverse cleft (Fig. 1674, C), which in the

region of the bulb is replaced by one of irregularly stellate outline.

The female urethra—about 3.5 cm. (i^ in.) in length—is much shorter than

the canal in the male and embryologically corresponds to the portion of the latter that

lies between the internal urethral orifice and the openings of the ejaculatory ducts.

Except at its beginning, the canal is firmly united behind with the anterior vaginal

wall, the downward and forward cur\-e of which it closely follows until near its termi-

nation, where it turns more sharply forward (Fig. 1622;. In consequence, the lower

part of the urethro-vaginal septum is somewhat thicker below than above. With the

exception of a slight spindle-form dilatation about the middle of its course, the lumen
of the female urethra is fairly uniform, with a diameter of about 7.5 mm. during

physiological distention ; except during the passage of fluid, however, its walls are in

contact and the mucous membrane is thrown into slight longitudinal folds. One of

these on the upper half of the posterior wall, known as the urethral crest, is more
conspicuous, ineftaceable, and continuous with the apex of the vesical trigone ; it cor-

responds, therefore, with the similar ridge in the male urethra. The position of its

termination below, on the roof of the vestibule, is marked by a low, corrugated, coni-

cal elevation or papilla which surrounds the external urethral orifice and lies from

1.5-2 cm. below the subpubic border. The tirethral orifice, usually a small sagittal

slit about 5 mm. in length, is subject to much variation in size and shape, being at

times triangular, crescentic, cruciate, or stellate in form. On the papilla, on either

side of the mid-line and close to the posterior margin of the urethral orifice, lie the

minute openings of the paraurethral ducts, or tubes ofi Skeyie, from 1-2 cm. long,

which are the excretory passages of small groups of tubular glands situated without

the wall of the urethra. These ducts, regarded as the homologues of the prostatic

ducts that open into the grooves at the sides of the urethral crest, sometimes open

directlv onto the posterior urethral wall just within the orificium externum.

Structure,— The Male Urethra.—The wall of this canal consists of a mucous

membrane containing a rich venous plexus and supplemented in the prostatic and

membranous portions by considerable tracts of muscular tissue. The mucous mem-
brane, which possesses an unusual amount of fine elastic fibres, is clothed with an

epithelium that varies in different parts of the canal. Throughout the upper two-

thirds of the prostatic portion it resembles that of the bladder, belonging to the

transitional variety ; on approaching the pars membranacea the epithelium becomes

columnar in type, usually being simple, but in places suggesting a stratified arrange-

ment on account of the presence of small reserve cells ' between the outer ends of the

chief epithelial elements. This variety is continued through the cavernous portion as

far as the navicular fossa, where the epithelium becomes stratified squamous in type,

and at the external orifice is direcdy continuous with the epidermis covering the glans.

The deeper parts of the mucosa contain a rich venous plexus, and in places, notably

in the urethral crest, assume the character of erectile tissue. The constriction of the

external orifice is due to a ring of fibro-elastic tissue prolonged from the envelope

and septa of the cavernous tissue of the glans.

The 7nuscular tissue associated with the male urethra includes intrinsic and ex-

trinsic fibres, the former being involuntary in character and directly incorporated

with the wall of the canal and the latter being accessory bands of striped muscle de-

rived from structures surrounding the duct. The intrinsic musculature consists of an

inner longitudinal and an outer circular layer, of which the former is thinner but

more widely distributed, extending from the internal urethral orifice (where it is con-

tinuous with the superficial layer of the muscle of the vesical trigone; as far forward as

1 Herzog : Archiv f. mikro. Anat. u. Entwick., Bd. Ixiii., 1904.
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the orifices of the ducts of Cowper's jj^lands. Tlie circul.ir fibres, outsitle the lonj^ntudi-

nal, are best developcil at the internal orifice, where they form a layer three or four
times as thick as the lonj^ntuthnal. wliicli they accompany as a thstinct, although di-

miiiishini,^, stratum as far

1633-

Sitrfacc epithelium

Crypts

•if.- .^

-^^^*^'rS-i^f.
^^'£^

Section of mucous membrane of prostatic urethra, showing
gland-like crypts in mucosa. X 45.

forward as the termination Fig.

of the ineinbraiious uri--

thra, disappearint,'^ first on

the lower and last on the

upper wall of the fossa

bulhi. Heyond the pos-

terior third of the pars

spongiosa the intrinsic

muscle is wantini»-, the

muscular tissue surround-
ing the remaining parts

beloni^ini^ to the erectile

tissue of the corpus spon-

giosum (Zuckerkandl).
The infernal vesical

sphincter encircling the

commencement of the ure-

thra is derived from the

deeper layer of the mus-
cular sheet of the trigone

;

the muscle of the adjacent vesical wall does not directly take part in its production
(Kalischer).

At the apex of the prostate the urethra is encircled by bundles of striped muscle
known as the external vesical sphincter. Higher up these bundles lie entirely in

front of the urethra in close relation with the lower border of the involuntary sjjhincter,

in front of which they extend. Below, the external sphincter is continuous with the

compressor urethrce muscle, as an upward prolongation of which it may be regarded
(HoUj. As it passes between the two layers of the triangular ligament, the mem-

branous portion of the
Fig. 1634. urethra is enclosed by

stout annular bundles of

the compressor urethrae

muscle, which when stim-

ulated to contraction, as

by the presence of an in-

strument in the canal,

may tightly embrace the
urethra and embarrass
the passage of the cathe-

ter. These fibres are
continued forward for

some distance beyond the
lower layer of the trian-

gular ligament.

Since they affect the

canal, although not in

intimate relation with its

wall, the fibres of the

bulbo-cavernosus muscle
may also be included in

the extrinsic urethral
musculature.

, . . , The urethral^^lands,
or glayids of Littre, embrace two groups—those within the mucous membrane and
those within the submucous tissue—the ducts of which are seen with a magnifying-

Surface epithelium

Crypt

Blood-vessels
in mucosa

Venous spaces
of cavernous
tissue

Section of wall of urethra in spongv portion, showing cr>-ptsm mucosa and numerous venous spaces. X 35.
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glass as minute openings on the mucous membrane. The former, the intramucous

glands, are simple in structure, consisting usually of a single alveolus, less frequently

of two or three, from .070-. icx) mm. in diameter. They are lined with cylindrical

epithelium and occur in all parts of the urethra, being most numerous in the spongy
portion (Herzog). The submucous glands, although small, are larger than those

limited to the mucosa, but are less widely distributed, being absent in the distal half

of the pars membranacea and the pro.ximal third of the spongy jjortion. They are

most abundant and best developed on the upper wall of the spongy portion, anterior

to the openings of the ducts of Cowper's glands (Herzog). Their ducts often extend
several millimetres obliquely backward, more or less parallel to the urethra, and divide

into two or more slightly expanded terminal tubules which are lined with cylindrical

epithelium. Where surrounded by the corpus spongiosum, the submucous glands lie

embedded within the fibrous tissue of the albuginea ; in the pars membranacea the

glands are surrounded by the bundles of the compressor urethrae muscle.

In addition to the foregoing true, although small glands, the urethral mucous
membrane is beset, along its upper wall and near the mid-line, with small diverticula

(lacunae urethralcs) which are little more than tubular depressions within the lining of

the canal and cannot be regarded as glands, although they often receive the ducts of

submucous glands that

Fig. 1635. open into them. One of

exceptional size (from 4-
1 2 mm. in length) is com-
monly found on the roof

of the navicular fossa, its

orifice being guarded by
a fold of mucous mem-
brane (valvula fossae na-

vicularis).

The Fevialc Urethra.

—As in the male, the wall

of this canal consists es-

sentially of a mucous
membrane supplemented
by an outer muscular tu-

^ nic. The nnicotis mem-
X 50. brane, thrown into longi-

tudinal folds when the

canal is closed, is composed of a tunica propria, rich in elastic fibres, covered with

stratified squamous epithelium that above resembles the vesical type and below that

of the vestibule. In the female the urethral glands are represented by small groups
of tubular alveoli that open by minute orifices on the mucous surface and correspond

to Littre's glands in the male. They are most plentiful in the upper part of the ure-

thra, and often, especially in aged subjects, contain concretions resembling those

found in the prostatic tubules (Luschka). The mucosa is also beset with small pit-

like depressions, similar in character to the lacunae in the male, into which the ducts

of the glands frequently open.

The viuscular tissue of the female urethra comprises intrinsic unstriped fibres

forming part of the wall and extrinsic striated tissue outside of the canal. The
former are represented by an inner layer of longitudinally disposed fibres and an

outer one of circular bundles, the two being separated by an intervening stratum of

areolar tissue on which a rich venous plexus confers the character of erectile tissue.

At the internal orifice the circular fibres, in conjunction with those from the trigone,

form the internal vesical sphincter. Between the layers of the triangular ligament the

canal is surrounded by bundles of the compressor urethrae, fibres of which are pro-

longed into the anterior vaginal wall. The lower end of the urethra is embraced by
the anterior fibres of the sphincter vaginae muscle (Lesshaft).

Vessels.—The arteries supplying the urethra are from several sources, since

those distributed to the canal are usually branches derived from the vessels passing

to the surrounding organs. The pars prostatica receives twigs from the middle hem-

Tunica
propria

Longitudinal
muscle

Circular
muscle

Longitudinal section of wall of female urethra.
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orrhoidal and the inferior vesical ; the uicinbr.inous jxjrtion from the inferior hem-
orrhoidal and the .superficial perineal ; and the spongy portion from the bulbar,

cavernous, and tlorsal arteries from the internal pudic. In the female the urethra is

supi)lied i)v l)ran(hes from the inferior vesical, the uterine, and the internal pudic for

the upper, middle, ami lower thirds respectively.

The veins, which form a rich ple.vus beneath the mucijus membrane, in the

proximal part an- tributary to the vesical and ])rostatic veins, and in the spongy p(jr-

tion to the iK)rsal \ein of the penis and the internal pudic veins. In theJemale the

veins empty into the vesico- vaginal and pudendal ple.xus. Hehnv they communicate
with the venous spaces of the clitoris and the bulbus vestibuli (Waldeyerj.

The numerous lyniphaties within the mucous membrane form a proximal and a

distal set. The former pass backward to join the lymjjhatics of the vesical trigone,

the latter course forward and unite with those of the glans. The lymph-tracts from
the spongv and membranous portions of the urethra communicate with the internal

or puliic group of inguinal lymph-noiles ; those from the prostatic portion are afier-

ents to the internal iliac nodes. In thefemale the lymphatics from the ujjper part of

the canal pass to the internal iliac nodes ; below they empty into the lymph-vessels
of the labia minora and communicate with the inguinal nodes.

The nerves are from the pudic, which conveys sensory fibres to the mucous
membrane and motor fibres to the striped muscle, and from the hypogastric plexus
t>f the sympathetic by way of the prostatic and cavernous plexuses.

PRACTICAL CONSIDERATIONS : THE MALE URETHRA.

Congenital abnormalities of the urethra are not common. Absence o\ the urethra

usually causes death of the foetus before birth, as urine is secreted and enters the

bladder during intra-uterine life, the vesical distention then causing pressure upon
the umbilical arteries and embarrassment of the foetal circulation. Atresia of the

urethra may be found at birth at any point in the canal, but if posterior to the meatus
is apt to result in death of the foetus. Occasionally it affects only the meatus, the

mucous membrane of the glans presenting no orifice, but either yielding spontane-
ously to the child's efforts to urinate or being readily penetrated by a probe.

Contraction of the meatus so that it will admit only the finest probe is a not

uncommon congenital condition, is often associated with phimosis, and may cause a

sufficient degree of urinary obstruction and of refle.x irritation of the susceptible

nerve-centres of an infant to recjuire meatotomy {q.v.).

Hypospadias.—This is a congenital deficiency in the lower wall of the urethra

which may terminate at the perineo-scrotal junction or at any point anterior to it.

The varieties of hypospadias are described in accordance with the degree of arrest

of development (page 2040) which has occurred. If this has been extreme, the

anterior orifice of the urethra may even lie in the perineum, the two halves of the

scrotum remaining ununited, and often consisting of two separate pouches, which are

empty when the testicles have failed to descend, and which, therefore, resemble
strongly the external genitalia of the female. In these cases the penis is atrophied

and is closely applied to the fissure in the scrotum. In the peno-scrotal variety the

opening is at the junction of the anterior fold of the scrotum with the inferior surface

of the penis, and the latter is apt to be somewhat better developed, although still

strongly curved downward, owing to its being much shorter on its inferior than on
its upper surface. In the penile variety of hvpospadias the urethral opening may
be at any point on the low'er surface of the penis between the peno-scrotal junction

and the corona glandis. In the so-called balanic hypospadias the opening of the

urethra is situated on the under surface of the glans ; the frenum is absent. There
is often a little groove at the anterior extremity of the glans which resembles the

normal meatus, but which usually ends posteriorly in a blind pouch. When the

urethral orifice is situated far back, the patient is usually sterile, although not neces-

sarily impotent if the organ is well developed. Often, however, it is so rudimentary

or so markedly curved upon itself that intercourse is impossible. The forms of hy-

pospadias involving the glans are of no physiological importance and require no
treatment.
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Epispadias is an absence of the upper wall of the urethra, is much rarer than
hypospadias, and is often associated with exstrophy of the bladder (pay-e 191 1). It

may be extensive, in which case the opening of the urethra is close to the pubes, or
there may be congenital absence of the pubic symphysis.

In relation to its injuries and diseases and to its use as the route by which instru-
ments are introduced into the bladder, the urethra may be divided into various por-
tions, as (a) afiieriorsind postcrio?- ; {b) yixedand movable ; (r) curved -Axid straight

;

{cL) narrow and wide ; ((?) dilatable and non-dilatable ; (_/) erectile and nucsctilar •

(g-) penile, perineal, and prostatic.

{a) The anterior urethra includes all the spongy portion and the posterior or
deep urethra all the prostatic portion. They are separated, especially as regards
infectious processes, by the intervening membranous urethra,—that portion lying
between the two layers of the triangular ligament and surrounded by the compressor*
urethrse muscle. The contraction of that muscle, acting on the narrowed urethra
of this region, constitutes a natural barrier to the backward progress of infection,

and is doubtless aided in this by the resistance to tumefaction offered by the un-
yielding inferior layer of the triangular ligament (the arbitrary boundary of the
"anterior" urethra posteriorly), and possibly, in the ordinary position of the male
organ, by gravity, as the movable prepubic downward curve of the urethra {^I'ide

infra~) begins only a little anterior to that point. The division is a practical one,
and in its relation to the most common urethral infection (gonorrhoea) affects both
prognosis and treatment (page 1931).

(<5) The yf.iY'fl' portion of the urethra includes the prostatic and the membranous
portions and a little—from one to one and a half inches—of the posterior part of

the spongy portion. It may be said to extend from the neck of the bladder to the
posterior margin of the suspensory ligament of the penis, about two and a half inches
anterior to the inferior layer of the triangular ligament. Of this relatively fixed portion
the membranous urethra is the only part that has practically no mobility. The pros-
tatic portion may be moved slightly within the limits allowed by the pubo-prostatic
ligaments and by the connection of its capsule with the superior layer of the triangular

ligament in front and the recto-vesical fascia and rectum beneath and above. The
posterior part of the spongy urethra, the "bulbous" portion, has even more motion
both laterally and inferiorly, as its movement in those directions is not opposed by
any strong membranous or ligamentous structure. Of course, anterior to the suspen-
sory ligament the spongy urethra moves with the corresponding portion of the penis.

This division, like the one following, is of great practical importance in urethral
or vesical instrumentation.

(r) The terms curved and straight, as applied to the urethra, are purely rela-

tive. With the penis flaccid and pendent there is almost no straight portion, and the
urethra presents a reversed, irregular, S-shaped curve, the upper segment of which
begins a little anterior to the vesical orifice and is nearly vertical, with its concavity
forward in the erect position of the subject, while the lower and longer segment is

less vertical, is convex anteriorly, and ends at the meatus. The whole urethra may
be divided, as to its curves, into (i) a comparatively fixed snbpnbic curve, including
most of the prostatic urethra, all of the membranous urethra, and that portion of the
spongy urethra posterior to the suspensory ligament ; and (2) ?i. prepubic curve,
including the remainder. The former, or fixed, curve is, for convenience, described
as that part of a circle of three and one-quarter inches diameter which is subtended by
a cord two and three-quarters inches long. Practically it varies greatly from this stand-
ard. It maybe flattened out by downward pressure (the patient being supine) with
a finger on each side of the root of the penis, thus elongating somewhat the slightly

elastic suspensory ligament and depressing the anterior limb of the curve ; it can
temporarily be obliterated, as in passing through it a straight instrument or the
straight shaft of an instrument with a terminal curve. The two ends of the curve
are approximately on the level of a line drawn through the under surface of the
symphysis at right angles to its vertical axis. The summit of the curve—the lowest
point with the subject erect—is on a line prolonging the vertical axis of the sym-
physis, and is at the centre of the membranous urethra and about an inch behind
and below the subpubic ligament.
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The prcpubic curve can be straij^'httned by erectin^^ or raising' up the ])enis as
is done durint; the use of urethral instruments, most of which, especially sounds and
catheters, are made so as to correspond in their curves Uj the theoretical tixed curve
above ilcscribcd. The catheters employcti in certain conditions, especially prostatic

hypertro|)hy, are elonj^atcd and j^iviii a larj^jer curve to correspond with the elonv^a-

tion of the prostatic urethra and the ^-^reater curve j^iven it by the elevation of the
vesical neck (pa^ei9Si).

(d) As the urethra, when not distendetl by the j^assaj^e of urine, semen, or
instrmnents, is a mere valvular slit, the walls lyinj^ in contact, it has to be studied as

to 7cidtli or narrowness by various methods of dilatation durinj,^ life and of injection

upon the cadaver. The result of such studies demonstrates that the narrow and
wilier portions of the urethra alternate as follows : the external meatus (the nar-

rowest), the fossa navicularis, the spongy urethra, the bulbous j)ortion, the mem-
branous urethra, the prostatic urethra, the vesical orifice.

(^) As to its dilatabilily,—i.e., its susceptibility to distention by instruments,

—

the meatus is the least distensible, and then, in order, follow tlie membranous,
spongy, bulbous, and prostatic portions, the latter being the most distensible.

A definite ratio (nine to four) has been thought to exist (Otis) between the cir-

cumference of the flaccid penis and that of the distended urethra. A certain propor-
tionate relationship in size iietween the calibre f)f the urethra and the circumference of

the penis does undoubtedly exist, but neither is it so definite nor is the urethral cali-

bre so large as the above figures would indicate.

(/) At the point at which the prostatic urethra enters the bladder it is sur-

rounded by the internal vesical sphincter, a muscle made up of unstriped fibres ; anterior

to this a double layer of unstriped muscular fibres and the glandular structure of the
prostate surround the urethra. At the apex of the prostate lies the external vesical

sphincter, made up chiefly of voluntary muscular fibres.

The discharge of urine from the bladder is prevented by the tonic contraction of

the muscular apparatus of the membranous and prostatic urethra. As the bladder
becomes distended, the internal vesical sphincter yields and the urine enters the pos-

terior part of the prostatic urethra, causing a desire to urinate, which is resisted bv the
action of the voluntary fibres of the external vesical sphincter and the compressor
urethrae. On passing a catheter when the bladder is full, the urethra seems about an
inch shorter than it does immediately after micturition ; this is owing to the participa-

tion of the posterior portion of the prostatic urethra in the retentive function of the
bladder.

The compressor urethrae muscle is readily excited to reflex spasm. Ordinarily,

on the passage of instruments, a moderate degree of resistance can be detected, due
to the contraction of this muscle. In irritable conditions of the mucous membrane
there may be excited a spasm so violent that it will be impossible to introduce a soft

instrument. Such spasm may also be excited by irritation of the prostatic urethra
either from distention of the bladder or from any other cause. Thus it is often found
extremely difificult to evacuate the bladder when the desire to urinate has been re-

sisted for many hours, and acute inflammation of the posterior urethra not infrequently

requires the use of catheters to overcome the tight muscular contraction of the com-
pressor urethrae which prevents micturition. Not only the introduction of sounds, but
even the injection of bland liquids will cause contraction of the compressor urethrae

muscle, and hence prevent such injection from reaching the membranous or the pros-

tatic urethra. Any inflammation in these portions of the urethra will also cause the
tonic contraction of the sphincter muscles to be accentuated. Hence inflammatory
discharge from the membranous or the prostatic urethra will tend to flow, not for-

ward, but into the bladder, and injections intended to reach the deep urethra will, if

driven in at the meatus, extend no farther back than the inferior layer of the trian-

gular ligament.

There seem, then, to be good grounds, both from a physiological and from a
clinical stand-point, for dividing the urethra into an anterior erectile part and a pos-
terior muscular part.

{g) 'Wi^ penile urethra terminates at the anterior margin of the suspensory- liga-

ment ; ihe perineal urethra includes the bulbous (with the so-called pretrigonal or
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prediaphragmatic portion) and membranous urethra.- ; the /rd^^/a^/V urethra, of course,

extends thence to the bhidder. All of these terms are in constant use, and a consid-
eration of the urethra from the stand-points sugg^ested by its subdivisions as above
described cannot fail to be useful in relation to its injuries and diseases.

Subcutaticous rupture of the urethra is rarely seen in its penile portion. In the
great majority of cases (92 per cent. ) it af?ects the perineal portion (80 per cent, from
falls astride, 12 per cent, from perineal blows), and in the majority of these the bul-

bous urethra suffers most severely. The mechanism of rupture varies with the size

and shape of the vulnerating body, but the urethra is usually crushed against either

the transverse ligament or subpubic arch, the anterior face of the pubis (which is

placed at an angle of only 30 degrees with the horizon), or the ischiatic or pubic
rami. In cases of fracture of the pelvis or temporary or permanent disjunction of the
pubic symphysis, the membranous urethra may be lacerated by the fragments or may
be torn partly or completely across by the drag upon it of the triangular ligament.

The rupture may be complete or incomplete, the former being more common in

the membranous urethra on account of {a) its fi.xity
;
{b) the density of the triangular

ligament
;

{c) its proximity to the pubes and ischium
;
{d) the relative thinness of its

walls ; and {e) the absence of the protection afforded by erectile tissue, which is

present in only a scanty layer. The symptoms are hemorrhage from the meatus or
into the bladder, or both ; difficult or painful urination, or retention of urine ; swelling

usually in the perineum or at the perineo-scrotal junction ; and later extravasation of

urine, which will be guided in certain definite directions in accordance with the locality

of the rupture {vide infra).

Urethritis, almost always due to gonococcus infection, but sometimes caused by
the ordinary pyogenic organisms aided by congestion from trauma (catheter urethritis),

may from the anatomical stand-point best be divided into anterior and posterior.

Anterior urethritis affects that portion of the urethra in front of the compressor
urethrre muscle ; the following characteristic symptoms and complications are due to

its situation : (a) free discharge from the meatus
;
{b) a7'dor urimr, due partly to

the mechanical disturbance of the flow of the stream of urine (converting the urethral

slit into a suitable channel and separating the apposed walls), but chiefly to the con-
tact of the acid and saline urine with the inflamed mucosa ; (^c) freqxient and painful
erectioyi, due (i) to irritation of the lumbar centre, causing increased blood-supply
through the dorsal arteries and the arteries to the bulb and corpora cavernosa

; (2)

to the compression of the dorsal vein of the penis by clonic contraction of the com-
pressor urethrae and bulbo-cavernosus muscles, and to the compression of the penis

itself against the pubic arch by similar contraction of the ischio-cavernosus also

obstructing the return current
; (3) to the loss of elasticity by the congested, infil-

trated mucous membrane and submucous connective tissue, which are not able to

stretch as they normally do when the cavernous bodies become engorged with blood
;

{d) chordee, a curvation of the penis due to the fact that the inflammation extends to the

submucous connective tissue, and thence to the trabeculae of the erectile tissue of the

spongy body. The exudation of lymph consequent upon this fills up the intertra-

becular spaces, which by engorgement furnish the ordinary mechanical element
of normal erection. When the organ becomes erect the corpora cavernosa are fully

engorged with venous blood. The infiltrated portion of the corpus spongiosum, how-
ever, remains rigid and undilatable, the blood being unable to find its way into the

partially obliterated spaces. If the inflammation extends to the corpora cavernosa,

erections will be equally painful ; but in this case the curve will be upward. If only
one cavernous body is involved, the curve, of course, will be towards the affected

side
;

{e) follicular ov peri-urethral abscess, due to invoh'ement of the urethral folli-

cles and to occlusion of their mouths by swelling of the mucosa, preventing drainage

into the urethra
; (f) lymphayigitis and bubo, usually associated with retention of

discharge and inflammation between the prepuce and glans, the infection extending
by the superficial lymphatics and reaching one of the superficial nodes lying just below
Poupart's ligament, embedded in the subcutaneous cellular tissue and above the fascia

lata. The lymphatics more directly connected with the urethra itself belong to the

deeper set, and run beneath the pubic arch to join the deep pelvic lymphatics and to

terminate in the lumbar nodes.
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A rare complication {Coxvperitis) may result from infection of the bulbo-
urethral ^Mands throuj^di their ducts which emjjty int(j the bulbous urethra. The
first symjjtom usually developed is |)ain in the pcriiicuni, mu( h increased by press-
ure, and rendirinj^'^ sitting' or walkinj,^ markedly painful. The intlainmatory swell-
inj; of the j^lands is resisti-d by the two layers of the triangular lij^^ament between
which they are situated and by the deep perineal fascia, and this resistance, associ-
ated with the determination of blood to tiie i)art by ^Mavitation, imparts, as in other
inflammations where the same contliti(jns exist, a thr(;bbin^ element to the t)ain

which renders it peculiarly distressinj^^.

Posterior Urethritis.—Although it is true that the cc^niprcssor urethra.- muscle
constitutes a sphincter which, by its tonic contraction, keeps the membranous part
of the canal constantly closed ag^ainst injections forcetl throuj^h the- meatus, the
gonococcus, as it passes backward in the deeper layers of tlu- eiMlluliuni, is not
arrested by this muscle, but with few exceptions invades the pf)sterior urethra, from
which region it can readily extend to the prostatic ducts, the seminal vesicles, the
vas and epididymis, antl, much more exceptionally, to Cowper's j^lands and to the
bladiler.

To some or all of the above symptoms may then be added : (a) freqiient and
urgent urination, as the normal slij^ht desire to urinate, felt when the bladder is

moderately distended, the internal vesical sphincter dilates, and the urine comes in

contact with the prostatic urethra, is transformed into an uncontrollable desire when
the prostatic mucosa is inHamed and hypersensitive

; (b) tenesmus from spasm of

the internal sphincter transmitted to the detrusors and due to the same excitation
in the neighborhood of the vesical neck

; (r) eystitis Tpaj^e 19 14) may follr)w direct
extension of the infection by way of the mucosa

; {d) prostatitis (page 19S0) from
its spread along the prostatic ducts or into the prostatic follicles

;
{e) epididymitis

(page 1952); or (/) vesiculitis (page i960), from its following the vas deferens or
the seminal ducts.

Chronic urethritis is apt to follow an acute attack because : (a) the canal affords

periodical passage to a secretion, the urine, which is liable, by reason of changes in

its constitution, to become an actual irritant; (^b) it is exposed, at times of erection,

to intense congestion of all its vessels, and the converse is also true, a congested or
irritated spot along the urethra predisposing to erection

; (r) gravitation, the propor-
tionately excessive supply of blood to the region, and the absence of extravascular
resistance due to the loose character of the spongy tissue, all favor the persistence

of any congestion left after a first attack of urethritis ; (^d) the condition of approxi-
mation of mucous surfaces, as of the urethral walls during the intervals of micturition,

is here, as elsewhere, unfavorable to the disappearance of granular or injected areas
or other traces of inflammation. The tendency of the gonococcus to establish itself

in the deeper Hyers of the mucous lining, and to multiply there where it is compara-
tively inaccessible, is another cause of the frequent occurrence of the chronic forms
of urethral inflammation.

Stricture of the urethra is an important and frequent sequel of urethritis. It

consists essentially in a contracting peri-urethral deposit of fibrous tissue due to the
organization of the exudate deposited in the submucosa during the existence of a
urethritis. The situation of stricture varies, but there can be no doubt that the great
majority are to be found in the bulbo-membranous region, which includes a space
from about one inch in front of the anterior layer of the triangular ligament to the
prostato-membranous junction. The next most frequent seat is in the first two inches
of the urethra. The frequency of strictures in these regions is due to the fact that

they are exceptionally vascular and that chronic urethritis is especially apt to become
localized at those points. The especial abundance of follicles in the bulbous urethra
favors urine leakage and submucous exudate there. Gravitation in both regions

favors chronic congestion and may possibly of itself explain the clinical facts as to

frequency. The smallest number are found in, the middle of the spongy urethra.

These remarks apply to the form of stricture produced by urethritis. Traumatic
stricture usually affects the membranous urethra. Stricture of the prostatic urethra

is practically unknown, probably because in that region the submucous connective
tissue is relativelv scanty, the urethra is lined with vesical or transitional instead of
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columnar epithelium and is supported on all sides by the firm glandular structure,

thus offering greater resistance to and limiting the outward passage of intlammatory
exudate or of urine.

The subjective symptoffis of stricture are due to the interference of the coarctation

with the normal passage of urine through the urethral canal and to the physical

changes in the urethra, and the resulting irritation and inflammation.

The urethra behind a stricture becomes dilated and thinned, the walls atrophv, it

is deeply congested, the increasing pressure produces pouching or dilatation, the

retained urine, decomposing, sets up a superficial inflammation, the mucosa is denuded
of its epithelial layer, urine escapes into the spongy tissue, and abscess or serious

extravasation may follow.

During this process (which may not pass through all these stages) the most
important symptoms ha\ing a definite anatomical basis are as follows :

(a) Frequency of tirifiation : this arises first from the change in relation between
the expulsive force required of the bladder and the accustomed demands upon it ; then
from extension of inflammation backward by continuity until the vesical neck is

involved ; often from the production of a genuine cystitis ; later from atony with

retention.

(d) Dribbliiig after iiriyiation depends upon the retention behind the stricture

of some drops of urine, which escape by gravity after the act of micturition is com-
plete. It is not infrequently a very early symptom, dependent on irregular action of

the circular muscle-fibres of the urethra. The dribbling, which is called the '

' incon-

tinence of retention,"—the overflow from a distended bladder,—is a very late symp-
tom, following retention and usually associated with a high degree of atony. The
incontinence of stricture is to be diagnosticated from the incontinence of prostatic

hypertrophy by the fact that it is at first worse in the daytime, and only becomes
nocturnal later. The reverse is the case in prostatic incontinence. The mechanism
of incontinence of urethral origin is simple. The dilatation of the urethra behind the

stricture having extended to the neck of the bladder, the urinary reservoir becomes
in shape a funnel, the bladder representing the base, the neck situated at the point of

stricture. The patient being in the erect position, the weight of the column of urine

comes directly on the stricture, which permits it to filter through drop by drop. In

dorsal decubitus, on the other hand, the bladder fills up and retains its contents until

the changes in it and in the urethra are verj' far advanced. In the prostatic patient

it is possible that the physiological congestion of the lumbar cord produced by the

recumbent posture makes urination more frequent at night and during the early

morning hours. It lessens as the day goes on, and it is only later when the bladder

becomes confirmed in irritability that diurnal frequency follows.

(f) Retention of urine may occur early and suddenly from an acute increase of

the congestion of the mucous membrane of the strictured region, or it may be a late

symptom and dependent on the great obstruction offered by the stricture.

Ardor urinae, change in the character of the stream, diminution of expulsive

power, vesical tenesmus, and urethral discharge may occur, but are not constant, and
require no explanation from an anatomical stand-point.

id) Extravasation of urine is one of the most serious of the late results of

stricture. The localizing symptoms—those which indicate the point at which the

urethra has given way—depend upon the course taken by the urine. In all that part

from the meatus to the scrotal curve, extravasation is accompanied by a swelling of

the penis, greatest in the immediate neighborhood of the point of escape. In the

region included between the attachment of the scrotum and the posterior part of the

bulb the course of extravasated urine is governed by the attachments of the deep
layer of the superficial fascia, or the fascia of Colles. Extravasation of urine occurring

through a solution of continuity in this region of the urethra will first follow the space

enclosed by this fascia in front and below and by the inferior layer of the triangular

ligament posteriorly, and as it cannot reach the ischio-rectal space on account of the

attachment of the fascia to the base of the ligament, and cannot reach the thighs on
account of the attachment of the fascia to the ischio-pubic line, it is directed into the

scrotal tissues, and thence up between the pubic spine and symphysis until it reaches

the abdomen.
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When it escapes from the membranous urethra, cxtravasated urine is confined

to the rej^ion included between the layers of the trianj^ular lij^ament, and only j^ains

access to the other parts after suppuration and slou^hiiij^ have ^iven it an (jutlet, the
consecutive symjitonis then dependiiijL,^ upon the porli(jn of the aponeurotic wall which
first ijave way. If the (i|jeninj^ is situated behind the superior layer lA the trian^^ular

ligament,

—

i.e., in the prostatic urethra,—the urine may either fcjlUjw the c<jurse of

the rectum, makiiii^ its appearance in the anal perineum, or, as it is sejjarated from
the pelvis only by the thin pelvic fascia, it may make its way throuj^h the latter near

the puU)-prostatic ligament, and may spread rapidly thnju^h the subperitoneal c(m-
nective tissue.

(^) The bladder, ureteral, and kidney changes are similar to those that follow

obstruction from any other cause, and cystitis, sacculated bladder, ureteral dilatation,

and pyone|)hritis are not uncommonly terminal conditions in cases of stricture.

Calheterism is one of the most important of the minor operations (jf surgery.

For its proper performance, even in the normal urethra, an acquaintance with the

differences in direction, mobility, dilatability, and contractility of that canal is essen-

tial (vide supra), as is familiarity with its relations to such structures and organs as

the triangular ligament, the prostate, and the rectum (q.v.). The following points

are worthy of mention here in their relation to the anatomy of the urethra, (a)

The penis is gently stretched, the dorsum facing the abdominal wall to avoid folds or

twists in the mobile anterior urethra, (b) In persons with protuberant bellies the

shaft of the catheter is at first kept parallel with the line of the groin ; if this is not

done, the point of the instrument may be made to catch in the upper wall, at the tri-

angular ligament, owing to the elevation of the handle necessitated by the protrusion

of the abdomen ; the handle should, in any event, be kept low until the tip of the

instrument is about to enter the membranous urethra, {c) The penis is drawn up
with the left hand while the instrument is gradually pushed onward, the handle being

finally swept around to the median line, the shaft being kept parallel to the anterior

plane of the body and nearly touching the integument. The instrument is now
pressed downward towards the feet, while the left hand still steadies the penis and
makes slight upward traction. After four or live inches of the shaft have disappeared

within the urethra, it will be found that the downward motion of the instrument is

arrested, (d) The fingers of the leTt hand are then shifted to the perineum and used
as a fulcrum, while the handle is lifted from its close relation with the anterior abdomi-
nal wall and swept gently over in the median line, describing the arc of a circle, {e)

After the shaft has reached and passed the perpendicular, the handle should be taken
in the left hand and the index and middle fingers of the right hand should be placed

one on either side of the root of the penis, making downward pressure (to straighten

the anterior limb of the subpubic curve, vide supra), while the left hand, depressing

the handle, carries the point of the instrument through the membranous and prostatic

urethra into the bladder. The entrance into that organ will be recognized by the free

motion that can be given the tip of the instrument when the handle is rotated, and by
the latter remaining exactly in the median line and pointing away from the pubes
when the hold upon it is relaxed.

In urethral instrumentation it should never be forgotten that the elas:ticity or

extensibility of the urethra resides for the most part in the spongy portion, as is clearly

demonstrated by erection, and this elasticity belongs in the greatest degree to the

inferior wall, which permits of easy distention or elongation, and changes its dimen-
sions and form with notable facility ; while the superior wall yields with much more
reluctance, and offers a certain resistance to all agents tending to depress or elongate

it. This difference increases with age, and obtains especially in senile urethrce.

The extensibility of the inferior wall is brought into play even bv a moderate
force, and the surgeon cannot count on its resistance. It glides before an instrument,

and cannot serve to guide it ; it cannot be incised with any accuracy or precision ; it

lacerates or ruptures when surprised by distention ; and it yields rapidly and easily

to mechanical pressure testing its extensibility. It should be noted, too, that this

elongation of the canal is chiefly at the expense of the anterior urethra. Again, the

spongy portion does not yield equally in all its parts, since it has been shown that of

the different regions the perineo-bulbar is the most distensible. The inferior wall of
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the urethra can then be considered as normally longer than the superior surface. The
term "surgical wall," proposed for the upper wall by Guyon, would seem to be
merited, because it offers the shortest route to the bladder, is the most regular and
constant as to form and direction, presents the smoothest and firmest surface, is the

less capable of gliding before an instrument or being modified by mechanical pressure,

offers the greatest resistance to rupture and penetration, is less intimately connected
with important structures, and is the less vascular of the two walls. As to the calibre

and distensibility of the urethra, enough has already been said ; but it should not be
forgotten that there are three relatively constricted parts, the internal or vesical mea-
tus, the external meatus, and the membranous regions ; and three dilatations, the

fossa navicularis, the bulbar cul-de-sac, and the prostatic depression, the last two dila-

tations presenting numerous individual variations ; and in this connection it is impor-

tant to remark that all three of these dilatations are excavated at the expense of the

inferior wall of the canal. The urethral curve only remaining regular in the superior

wall, it results that the more pronounced the curve the more accentuated are the bul-

bar and prostatic depressions ; and as a certain degree of lengthening of the urethra

always corresponds to the greatest curve,—since these are both produced by bulbar

and prostatic augmentation of volume,—one can reasonably conclude that urethrae of

the greatest curves present at the same time the greatest length. With a knowledge
of these facts, the instrumental exploration of the urethra becomes a matter of much
accuracy and precision ( Morrow j.

The anatomy of the various forms of urethrotomy and other operations on the

urethra is sufficiently dealt with in the foregoing and in the practical considerations

relative to the bladder, male perineum, and prostate (q.v.).

DEVELOPMENT OF THE URINARY ORGANS.

The development of the essential parts of the urinary tract—the kidney and its

duct—is so intimately related with the foetal excretory organ, the Wolffian body, that

a brief account of the latter and of the principles underlying its genesis is a necessary

introduction to the intelligent consideration of the subject here to be presented. The
excretory apparatus of amniotic vertebrates, even in the highest mammals and man,

includes three structures which, although as functionating organs existing in no

Single animal, stand in genealogical sequence. These are \)i\(t pronephros, the vieso-

nephros or Wolffian body, and the metayiephros or definitive kidyiey.

The Pronephros.—The first of these, the pronephros, sometimes called the "head-kidney"

on account ot its anterior position in its primary condition, in all higher forms is at best a rudi-

mentary' and functionless organ ; nevertheless, it is of extreme interest as indicating the funda-

FiG. 1637.

Neura] tube

Fig- 1636. flBSw /S°'"*'^
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Noto- Aorta / \nsceral mesoblast / Viscera! mesoblast

chord Entoblast Remains of intermediate mass

Part of transverse section of early rabbit em- .
Section of sliRhtly older embr>,o.show-

br^•o. showing primary division of mesoblast into ing differentiation of duct-anlage and mass in

somite, intermediate niass, and parietal and vis- which tubules develop. X 100.

ceral layers. X 100.

mental plan upon which, in a modified form, the later Wolffian body is developed. Although, so

far as known, existing as a permanent organ alone in the hag ^^\\^s( Myximdcr) as a temporan-

structure the pronephros attains considerable development in many fishes and amphibians
;
m

the higher animals, even as an embryonal organ, it remains ver>- rudimentary aiid transient

When adequately represented, the pronephros consists of a more or less extensive series ot
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sli}jhtlv transverse tiihults within the postero-lateral IxKly-wall that internally rommunicate
with the hocly-cavity <>r ((L-loin, the openinjjs l)ein^ known as ttcphru.stomala, and externally

join a common canal, \\\*^ ptoncf>hric dint, which extends caudally and empties into the dilated

terminal sej^ment of the intestinal tube, the cloaca. In relation with the inner end of each
tubule, but projectin^^ freely into the body-cavity, lies a K^oup «jf convoluted blood-vessels, the
glomerulus, supplied by branches of the aorta. These three parts of the primitive excretory

Fig. 1638.
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Parietal peritotieum.

Body-cavi
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c

jiliric tubule

Proncphric duct

Mcsoblabt of body-wall

cavity (coclom)

Gut-tube

omc
"Aorta

Visceral peritoneum

us of pronephros

Diagram showing fundamental relations of pronephros (on right side) and of mesonephros
or Wolffian body (on left side of figure). (IViedersheim.)

organ provide for the essential recjuirements of the most elaborate urinary apparatus,—the pro-
duction of the watery constituents, the excretion of the waste products, and the conveyance of the
excretion so elaborated. The pronephros is fundamentally a segmental organ, the tubules being
so arranged that each corresponds to a single body-segment or metamere, although by no means
every such division contains a tubule. It may be assumed that the tubules of the pronephros
represent the segmental ducts which in ancestral forms extended from the body-cavity directly

onto the external surface of the body and thus carried off the fluids accumulated within the
ccelom. In consequence of the closure of this direct communication with the exterior, which
may be accepted as having occurred during the evolution of a more elaborate excretory system,
the necessity for a new i^ath of exit is met by the formation of the common pronephric duct into

which the tubules open, and which, by its prolongation to and termination in the end-gut, insures
the escape of the excretions.

The development of the pronephros is closely associated with the mesoblastic somites. A
transverse section of an early mammalian embryo (Fig. 1636) shows the paraxial mesoblast, be-
tween the neural canal and the cleavage of the lateral

mesoblast into the somatic and visceral plates, to comprise
two parts, the mesial forming the somite and the lateral the
intejnicdiate cell-mass. It may be assumed that in the
higher types the early somite and the intermediate cell-

mass have arisen by fusion of the primarily distinct dorsal
and ventral mesoblastic plates (P^ig. 163S). The inter-

mediate cell-mass soon separates into a small duct-anlage,
situated dorsally and in close relation with the ectoblast,

and a larger ventral tract comprising the remainder of the
intermediate cell-mass. Within this ventral area the tu-

bules shortly appear, and later the glomeruli. Although
reaching a comparatively high development in certain fishes

and amphibians (especially in Ichthyophis described by Se-
mon ), in mammals the pronephros consists of a few tubules
connected with the duct, and even as an organ of embryonic
life never attains more than a feeble and transient exist-

ence. In the human embryo of 3 mm. length, studied by
Janosik, it was represented h\ two rudimentary tubules that
extended from the mesothelial lining of the body-cavity
towards the pronephric duct, with which one of the tubules
still communicated. The pronephros of the amniotic ver-
tebrates, therefore, must be regarded as a rudimentary
inherited organ which appears in response to transmitted
ancestral tendencies.

The Mesonephros or Wolffian Body.—This organ
may conveniently be regarded as comprising a later generation of excretor>' tubules opening into

a common canal, the Wolffian duct, which is usually looked upon as the continuation and mor-
phological persistence of the pronephric duct. In their development these tubules and duct bear
a similar relation to the intermediate cell-mass as do those of the pronephros, only the body-
segments involved lie farther tailward and the strict segmental arrangement of the tubules is lost

owing to their multiplication and, as in mammals, precocious development. In contrast to the

^-v

Body-cavity

Longitudinal section of young embrj-o,
showing early stage of Wolffian body ; tu-

bules are joining duct. X 50.
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rudimentary character of the pronephros, the Wolffian body not only serves for a time as the

chief ex-cretorv orijan of the embryo, but in many lower vertebrates contmues to functionate

during iife The anlajje of the Wolffian duct first appears as bud- like outgrowths from the dor-

sal side of the intermediate cell-mass ; these fuse into a strand which, separating from the cell-

mass, lies as a solid cord beneath

Fig. 1640. the ectoblast. The latter takes no
part in the formation of the duct,

which is entirely of mesoblastic
origin, the appearances leading to

the assumjition by certain authori-

ties of its derivation from the outer
germ-layer depending upon the

temi)()rary apposition or attach-

ment that the duct effects in con-
se(iuence, probably, of its inher-

ited inclination, since in ancestral

forms the tubules opened on the

free ectoblastic surface. At first

solid, the Wolffian duct later pos-
sesses a lumen which gradually
follows the tailward growth of the
strand until, finally, it opens into

the dilated end-gut or cloaca.

In mammals the Wolffian
tubules are developed within the

ventral division of the intermedi-

ate cell-mass as solid cords that

later acquire a lumen and an at-

tachment to the Wolffian duct. Although in the lower vertebrates (fishes, amphibians) retain-

ing a communication with the coelom by means of a nephrostome, in mammals this connection

is lost and the e.xpanded inner end of each tubule comes in close relation with the convoluted

vascular tuft, the glomerulus, which now, howe\er, no longer projects freely into the body-

cavity. As in the kidney, the glomerulus is supplied by an afferent twig from a branch of the

aorta, and is drained by an efferent vessel that breaks up into a capillary net-work surrounding

the convoluted tubule and eventually

"Wolffian duct

Mesothelium
Wolffian tubule Developing capsule

Part of transverse section of embryo, showing commencing develop-

ment of Malpighian corpuscle in WolflTian body. X 150.

becomes tributary to the cardinal vein.

The first appearance of the Wolffian

body in the human embryo occurs very

early (2.4 mm. length) and at a time

when the remains of the pronephros are

still present. The duct precedes the

tubules and opens into the cloaca in em-
bryos of 4.2 mm. length (Keibel), the

tubules, which develop independently,

establishing communication with the

duct shortly before. The development
of the glomeruli is relatively tardy, since

these bodies are not found until the

human eiT\br>'o has attained a length

of about 7 mm. Their formation and
growth continue during the first and
second months until the embryo meas-
ures 22 mm. in length, when their great-

est perfection is reached (Nagel).

When fully developed, about the

end of the second month, the Wolffian

body appears as an elongated organ
(Fig. 1720) which extends along almost

the entire length of the posterior wall

of the body-cavity, on either side of the

mid-line, from behind the lung-anlage to

the lower end of the gut-tube. About
the eighth week, the Wolffian body en-

ters upon its stage of regression which,

continuing during the third and fourth

months of foetal life, results in the grad-

ual atrophy of the organ and its replace-

ment as the functionating excretory

gland by the kidney which meanwhile
has been formed. This atrophy involves

Fig. 1 64 1.

Ca[)sule of Malpighian

Body-cavity

Wolffian duct

Transverse section of fully developed Wolffian body,

showing also indifferent sexual gland. X 80.

first the glomeruli of the anterior portion of the organ, which, together with many of the tubules,

completely degenerate, the retrogressive process extending tailward and gradually involving the

middle and posterior segments. Although the glomeruli suffer destruction, some of the tubules

and the Wolffian duct for a time remain and contribute in varying degree, according to the sex
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Fir.. 1642.

of the fcitus, to thf formation of <xTt.iiii structures and parts of the excretory canals of tlie

sexual Inlands. In iht- male the W'oltlian duct and tulniles persist chiefly as the vas deferens and
the epitliilymis ; in the female, in wiiom the

atrophy is more complete, these remains are

represented principally by the epoo|)horonand
Gartner's duct. In both se.xes certain ad-
ditional rudimentary orjjans—the parailidy-

niis in the male anil the paroophoron in the

female—are deriveil from the tubules of the

sexual sej^ment of the W'oltlian body. A more
detailed account of these transfoimations is

given in connection with the development of

the reproductive ory;ans (page 2037 and Fig.

1719).

Primar>- colloctinjj
tuhuk-s ((|M:(iinf(

into huUlivisions
of jxrlvis

—kcnal |H;lvis

Stroma

'f
-•*:

%""

fe

:i/>J -Malpighian body

Malpi^hian
corpuscle ol

Longitudinal section through developing kidney; por-
tion of atrophic Wolffian body is seen below. X 35.

The Metanephros or Kidney.

—

The (.Icvclopmcnt of the (.IdiniiixL- kidney
in inanunals bei^ins as a pouch-like out-

growth from the pt)Steri()r wall of the

Wollifian duct, a short distance above its

termination into the cloaca. In man the

renal diverticulum makes its appearance
during the fourth week, at which time
the embryo measures from 6-7 mm. in

length. At hist short and wide, the stalk

of the pyriform sac soon becomes tubu-

lar, growing upward and backward into

the mesoblast of the posterior body-wall.

This stalk rapidly elongates, and termi-

nates above in a blind club-shaped ex-

tremity which after a time lies behind the

upper atrophic segment of the Wolffian
body. The tubular duct becomes the

ureter and its dilated end-segment the renal pelvis. The latter is surrounded by a
sharply defined oval area of compact mesoblast that is intimately concerned in the

production of the convo-

FiG. 1643. luted kidney-tubules (of

which as yet no trace is

present), and hence is

termed therefia/d/as/efna.

From the ventral and
dorsal walls of the primi-

tive pehis, which is com-
pressed from befQre back-

ward, a number of hollow-

sprouts grow into the

surrounding mesoblastic

stroma. Each is a short

cylinder that terminates

in a slight dilatation. At
first few, these sprouts in-

crease rapidly in number
as well as in length, and
bv repeated dichotomous
division give rise to a sys-

tem of branching canals

that later are represented

by the straight collecting

tubules of the kidney.

Concerning the ori-

gin of the remaining portions of the uriniferous tubules t\^'o opposed views obtain.

According to the one, all parts of these canals develop as direct continuations of the
122

AmpuUary terminations of

primary collecting tubult-~

Developing
Malpighian
bodies

Loops o
Hen

Large col-

lecting duct

Section of developing kidney, showing formation of urinifer-
ous tubules and collecting canals. X loo.
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Ripht
umbilical artery

Gut-tube

Notochord

outgrowths from the primitive renal pelvis
;
according to the other, the convoluted

tubules (from their beginning in the capsule to their termination in the collecting

tubules within the medullary ray) arise independently within the renal blastema,

and, secondarily, unite with the duct-system from the pelvis to complete the canals.

The careful studies and reconstructions of Huber ' leave little doubt as to the cor-

rectness of the latter view, which,
Fig. 1644. moreover, accords with the prin-

ciple observed in the dexelop-
ment of the pronephros and the

Wolffian body, in which the tu-

bules and the duct join subse-

quent to an independent forma-
tion. The attenuated proximal
end of the convoluted tubule—for

a short time solid and in close rela-

tion with the anlage of the glom-
erulus—soon becomes a sickle-like

process which gradually incom-
pletely surrounds the vascular tuft

and later expands into the charac-

teristic capsule. With the con-

tinued growth of the tubules their

tortuosity becomes more marked,
the loop of Henle early becoming

a conspicuous feature of their course. By the third month the formation and group-

ing of the tubules have progressed to such extent that the surface of the young
kidney exhibits the outlines of the individual lobes composing the organ. This lobu-

lation is retained until some months after birth. In addition to the convoluted tubules,

the vascular and supporting tissues are derived from the renal blastema, the con-

densed peripheral part of which becomes the fibrous capsule of the kidney. As the

latter assumes the role of active excretory organ, the Wolffian body undergoes atrophy,

with the exception of such parts as are concerned in the development of the sexual

ducts.

The Bladder and the Urethra.—The details of the development of the

bladder and urethra in mammals and man have been materially advanced by the

End-gut

Tail-bud

Reconstruction of cauilal portion of human embr>-o of seven-
teen days (,3 mm. greatest length), showing cloaca connected
withgut and allantoic duct. X 48. {Drawnfrom Keibel model.)

Allantoic duct

Fig. 1645.

Gut-tube

Fig. 1646.

Gut-tube Allantoic duct
Wolffian duct

Renal bud

Cloacal membranci

Ventral segment of

cloaca

Dorsal segment of cloaca Cloacal membrane

Reconstruction of cloacal region of human
embrvo of twenty-six days (6.5 mm. length)

;

Wolffian duct opens into ventral segment of

cloaca. X 75. {Drawn from Keibel model.)

Preceding model viewed from right side, show-
ing beginning division of cloaca into ventral (uro-

genital) and dorsal (intestinal) segment by longi-

tudinal septal fold. {Drawn from Keibel model?)

investigations of Keibel, Retterer, and Nagel, upon whose conclusions the following

accoun't is based. A sagittal section through the caudal pole of an early human

embryo of 6.5 mm., about the beginning of the fourth week (Fig. 1645), exhibits

1 American Journal of Anatomy, vol. iv.. Supplement, 1905.
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the end-segment of the j^ait dilated into an elonj^Mtetl chamber, the cloaca, from the
upper (.Mul of wliich the allantois passes forward and on the sides of uhicli open the
Wolffian duels. The ventral wall of this space is thin, and consists of the ojjposed
outer and inner gerindayt*rs alone, no mesoblast int(•rveninJ^^ This ecto-entoblastic

septum is the cloacal mcm-

Vena cava

Allantoic
duct

Belly-stalk

Aorta
/

\
Noloclioni

Renal pelvis

Reconstruction of cloacal region of human embryo of thirty-three

clays (II.5 mm. length); cloaca now incompletely separated into uro-
genital and intestinal segments. X 25. {Drawnfrom Kcibel tiwdel.)

brane. Durinj.,'^ the fourth week Fig. 1647.

the subdivision ol the cloaca

into a ventral and a dorsal

compartment begins by the for-

mation of a frontal fold that

projects downward from the

angle between the gut antl the

allantois. Subsequently this

partition is supplemented by
two lateral folds that a[)pear on
the side walls of the cloaca and
are continuous above with the

frontal fold (Fig. 1646). By
the union of these three plicae,

above and from the sides, a

septum is formed that gradu-

ally grows caudally and sub-

divides the cloaca into a ventral

allantoic and a dorsal intestinal chamber. This partition, however, for a time is incom-

plete below, communication between the two spaces being thus maintained.

During these changes the short canals common to the Wolffian ducts and the

primitive ureters are drawn into the ventral chamber, the four tubes thereafter open-

ing independently, but in close proximity, on the posterior wall of the ventral cloaco-

allantoic space. This undergoes further differentiation into an upper (vesical) and a

lower (genital ) segment, the latter gradually narrowing into a tubular space, closed

below by the fore part of the cloacal membrane, which becomes the uro-genital

sinus and, after rupture of the membranous floor, communicates with the exterior.

For a time the orifices of the Wolffian ducts and the ureters are closely grouped,
those of the former, how-

FiG. 1648 ever, lying nearer the

mid-line and slightly

higher than the more
widely separated ureteral

openings.

During the second
month an important

modification of these

relations occurs, associ-

ated with elongation and
expansion of the upper
part of the vesical seg-

ment, by which the ure-

ters are drawn upward
and the W^olftian ducts

downward. The inter-

vening tract corresponds

to the lower segment of

a spindle-shaped sac that

extends upward and is

continued towards the
umbilicus by the allantois. The upper part of this sac, which is the dilated allantois,

forms the body and summit of the bladder and the urachus ; the lower part, into
which the ureters open TFig. 1649) and which is derived from both allantois and
cloaca, differentiates into the vesical trigone and the urethra as far as the openings of

Bladd

Allantoic
duct

Rectum Xotochord
Wolffian duct Ureter

Reconstruction of cloacal region of human embryo of thirty-seven days
(14 mm. length); ureter now opens independcntlv into uro-genital sinus,
which above contributes lower segment of bladder and below is now almost
separated from gut-tube. X 17. {Drawnfrom Keibel model.)
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the ejaculatory ducts,—the permanent representatives of the Wolffian ducts. In the

female the tract produces the entire urethra, since the orihce of the sexual canals

opens into the uro-genital sinus. The bladder, therefore, is composite in origin, its

Fig. 1649
Broad ligament f)vary

Bladder

Symphysi;

Clitoris

Glaus

Epithelial knob.

Anus
Uro-genital sinus v

Rectum

Spinal cord

Notochord

Ureter

Miillerian ducts

Wolffian duct

Reconstruction of human embr\-o of nine weeks (25 mm. length) ; ureter has migrated to

bladder, leaving Wolffian and MiiHerian ducts attached to uro-genital sinus, which is com-
pletely separated from intestine. X 10. {Drawnfrom Keibel model.)

upper part being from the allantois alone, while in the formation of the trigonal region

both allantois and cloaca take part. The remaining portions of the urethra in the

male are formed by the extension of the uro-genital smus along the under surface of

the corpora cavernosa of the developing penis (page 2044).
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1

THE MALE REPRODUCTIVE ORGANS.

This uroup emprises ihc scxiuil ^l^inds (the Ushs), the ducts (vasa defcrcntia)

aiul iluir api.cndiiKL-s (the seminal vesicles), the copulative ..rKan (the pnits), and

certain accessory i^iMMX-, (the prostate and Cou'Per s .^'A/W.-; Alth.^u^h at hrst

situated within the abdominal cavity, the testes mi^^ratc through the inKumal canals

into the scrotum, which sac they usually Rain sh(.rtly before birth. In their descent

they are accompanied by blood-vessels, lymphatics, nerves and their ducts, which

structures with the supi.ortin- and investini,^ tissue, constitute the spermatic cords that

extend from the internal abdominal rin,i;s thiou-h the abdonunal wall to the scrotum.

THE TESTES.

As often employed, the term " testicle" includes two essentially difTerent parts,

the testis—the true sexual gland—and the epididymis, the highly convoluted begin-

ning of the spermatic duct.
, . , • ,

, . » „
The testes or testicles proper, the glands producing the seminal elements, are two

slightly compressed ellipsoidal bodies so suspended within the scrotum—the left lower

Fig. 1650.
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Reflection of serous covering

A antero-lateral view of right testicle after enveloping membranes have been cut and

turned aside ; B, antero-median view of same.

than the right—that their long axes are not vertical, but directed somewhat forward

and outward. Each testis measures from 4-4.5 cm. (i^-i^i in.) in length, about

2 5 cm. in breadth, and 2 cm. in thickness, and presents a lateral and a medial sur-

face separated by an anterior and a posterior border, and an upper and a lower pole

The' lateral surface looks outward and backward, and the flatter medial one inward

and forward. Both surfaces, as well as the anterior border, are completely covered

with serous membrane (the visceral layer of the tunica vaginalis) and are therefore

smooth The rounded anterior border is free and most convex, the much less arched

posterior border, covered bv the epididymis and attached to the spermatic cord, being

devoid of serous membrane and corresponding to the hilum. In consequence o the

obliquity of the long axis of the organ, the upper pole, capped by the head ot the

epididymis, lies farther outward and forward than the more pointed lower one. which

is related to the tail of the epididymis and attached to the scrotal ligament (page
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Fig. 1651.

2042). The testis is of a whitish color, and, althouj^di readily yielding, imparts a

characteristic impression of resilience when compressed between the tingers.

Architecture of the Testis.—The framework of the testicle proper consists

of a stout capsule, the tunica albiii^inea, a dense tibro-elastic envelope from .4-. 6 mm.
in thickness, that gives form to the organ and protects the subjacent soft glandular
tissue. Along the posterior border of the testis the cajjsule is greatly thickened

and projects forward as the mediastimon testis or corpus Hiq;hmori, a \\'edge-shaped

body (from 2.5-3 cm. in length j, from which radiate a number of membranous septa

that pass to the inner surface of the tunica albuginea. In this manner the space
within the capsule is subdivided into pyramidal compartments, the bases of which lie

at the periphery and the apices at the mediastinum. These spaces contain from 150
to 200 pyriform masses of glandular tissue, more or less comj)letely separated from
one another, that correspond to lobules (lobuli testis). Each of the latter is made up
of from one to three greatly convoluted seminiferous tubules, held together by delicate

vascular intertubular connective tissue.

The seminiferous tubules—from. 1 5- 25 mm. in diameter and from 25-70 cm.
(10-28 in.) in length—begin as blind canals, which are moderately branched and

very tortuous { tubuli contorti) throughout their

course until they converge at the apex of the

lobule, where they pass over, either directly

or after junction with another canal, into the

narrow, straight tubules i tubuli recti) that

enter the mediastinum and unite into a close

net-work, the rete testis. The latter extends

almost the entire length of the mediastinum,
and consists of a system of irregular inter-

communicating channels, the cuboid epithelial

lining of which rests directly upon the en-

sheathing fibrous tissue of the mediastinum.

With these passages the canals of the testicle

proper end, the immediate continuation of the

spermatic tract being formed by from fifteen

to twenty tubules, the ductuli efferentes, that

pierce the tunica albuginea along the posterior

border and near the upper pole of the testis

and, forming the co?ii vasc2ilosi, connect the

sexual gland with the tube of the epididymis.

Structure.—In contrast to the dense
fibro-elastic tissue that composes the frame-

work of the testis,—the capsule, mediastinum, and interlobular septa,—the con-

nective tissue occupying the spaces between the seminiferous tubules is loose in

texture and arrangement, consisting of delicate bundles of white fibrous tissue in

which elastic fibres are few or absent. In addition to the plate-like cells, leucocytes,

and eosinophiles that occur in varying numbers within the meshes of this tissue in

conjunction with blood-vessels and nerv'es, groups or cord-like masses of peculiar

polygonal elements, the interstitial cells, also occupy the intertubular stroma, especi-

ally in the vicinity of the mediastinum. These cells (Fig. 1654), from .015-020
mm. in diameter, possess relatively small round or oval eccentrically placed nuclei

and a finely granular protoplasm that usually contains numerous brownish droplets,

pigment particles, and, sometimes, crystalloid bodies in the form of minute needles

or rods. In some animals, notably in the hog, the deeply colored interstitial cells

form conspicuous tracts that impart a dark tint to the testicle in section. Their sig-

nificance is uncertain, but there is reason to regard these cells as concerned in internal

secretion, producing a specific substance.

The wall of the convoluted seminiferous tubules consists of a delicate tunica

propria, composed of an inner elastic lamella strengthened externally by circularly

disposed fibres, within which are several layers of epithelial cells. The latter vary

not only before and after the attainment of sexual maturity, but subsequently with

functional activity or rest ; in man, however, the variations depending upon these

Globus major of epididymis

Vas deferens

Colli

vasculosi

Ductus
epididymidis
Ductuli
eflterentes

Tubuli recti

Rete testis in

mediastinum

Tubuli
contorti

\'as aberrans

Ductus
epididymidis

*=^- Globus minor

Septum Tunica atbuginea

Diagram showing relations of secretory
tubules and system of ducts.
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causes are much less marked than in animals, in wliich sexual activity is limited to

defmite jjeritjds. Seen in sections of tlic mature human testicle ( hi^. 1656), the epi-

thelium lining the seminiferous tuhules includes lw«j ciiief kinds of cells, the support-

ing and the spftmato^fnitic. The former—the cells of Sertoli—take n(j active jjart

in the production of the spermatozoa, but serve chietiy as temporary supports for the

more essential elements during certain stages of spermatcjgenesis. They are elongated

elements of irregularly pyramidal form that rest In' expanded bases ui)on the mem-
brana propria, aiul [)roject towards the lumen of the tubule between the layers of the

Fig. 1652.

ronvolutions of duct of epididymis in globus major
Epididymis -«f^^^

Colli vasculosi
ii'onvolutions of
• 'icrent ductsj

~' ^--Kfferfnt ducts

Digital fossa

Serous surface of testis

Sections of duel of
epididymis

Blood-vessels

Rete testis in mediastinum

Testis

Interlobular

Tunica albuginea^ ^^
Convolutions of duct of
epididymis in globus minor

Sagittal section of testicle of child, showing general arrangement of framework and
gland-tissue and of canals connecting epididymis with testis. V lo.

surrounding spermatogenetic cells. The large oval nuclei of the Sertoli cells are con-

spicuously meagre in chromatin, and lie towards the middle of the cell at some distance

from its base. The outer part of the protoplasm contains fat-droplets, the inner zone

being granular or often longitudinally striated. Where the tubuli contorti pass into

the straight tubules the supporting cells become reduced in height and form a layer

of simple columnar cells continuous with the low cuboidal epithelium lining the rete

testis.

The spermatogenetic cells include three forms that stand in the relation of suc-

ceeding generations to one another, those representing the oldest lying nearest the
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membrana propria, and the youngest, from which the spermatic filaments are directly-
derived, next the lumen of the tubule. The first generation, the spennatogo7ies, lie

at the periphery between the cells of Sertoli, and, although small round elements,

Blood-vessel

Seminiferous tubule,
cut obliquely

Tunica albuginea

Seminiferous tubule
cut transversely

Group of interstitial cells i

Tunica vaginalis

Portion of cross-section of testis, showing dense fibrous envelope
and adjacent seminiferous tubules. X 30.

possess nuclei exceedingly rich in chromatin. The division of these cells results in

two cells, of which one retains the position of the parent cell, which it replaces as a
new spermatogone destined for a succeeding division, while the other passes inward,
enlarges, and becomes a mother cell ox primary spermatocyte of the second genera-
tion. This element, conspicuous by reason of its size and large nucleus, undergoes
mitotic division and gives rise to daughter cells or secondayy spermatocytes. The
latter almost immediately divide and produce smaller cells, the sperynatids, by the
transformation of which the spermatic filaments are directly produced. It is impor-

tant to note that the spermatids

Fig. 1654.

/^i^W'-''̂ -
'^.hV-^. Blood-vessel

<i'.^.
^.

iTSTTT Epithelial

: ,^i cells of

r'

05"*^ tubule

=^InterstitiaI

contain only one-half of the num-
ber of chromosomes normal for

the ordinary (somatic) cells, a
like reduction (page i8') occur-

ring in the matured ovum.
Spermatogenesis. — The

cytological cycle resulting in the

production of the spermatozoa
from the epithelial cells lining the

seminiferous tubules comprises

four principal stages : ( i ) divi-

sion of the spermatogones into

spermatocytes
; (2) division of

the latter into spermatids ; (3)
transformation of spermatids into

spermatozoa ; (4 ) completed dif-

ferentiation and liberation of sper-

matozoa. The changes incident

to the first and second of these
stages have been outlined ; a brief account of the subsequent changes may here be
added. The spermatids, at first small cells with round nuclei, elongate, their nuclei

coincidendy becoming oval and smaller, but rich in chromatin, and shifting to the

Intertubular
connective
tissue

Group o* interstitial cells lying within intertubular stroma. X 300.
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enil of the cell most removed
from llu- himcii. Tin- modilicd

sperm. iliils now I )rcomc closely

related with a Sertoli cell, witli

the protoplasm of which the\

fuse. The structure thus

formed, known as the sf>crma-

tob/ast, consists of an irriLinlar

nucleateil conical |)rotoplas-

mic mass ( Fitj. if>57, 27),

with the inner end of which the

radiating; clusters of partially

fused spermatids are hlentled.

The succeedinj^ chanj^es in-

clude the transformation of the

elonijated nucleus of the sper-

matid into the head and of its

centrosome into the neck-
granules of the s])erniatoz()on,

while from the protoplasm of

the spermatitl, possibly in con-

junction with that of the sper-

matoblast, the flatrellate tail-

filament is derived. As the

spermatozoa become more
and more differentiated, they

appear as fan-shaped ^^roups

in which the heads are always
buried within the spermato-

blast and the tails directed to-

wards the lumen of the canal.

After separation, which subse-

quently takes place, the liber-

ated spermatozoa occupy the

centre of the tubule as masses
which often occlude its lumen
and in which the seminal fila-

ments are disposed in peculiar

whorl-like ti^roups. Their com-
plete development, however,
is deferred until they reach

the tube of the epididymis,

during the passage through
which highly tortuous path

they attain maturity and lose

the protoplasmic remains of

the spermatids that usually for

a time adhere to the middle-

piece. The spermatogenetic

process does not involve uni-

formly all parts of the seminif-

erous tubule, but is manifested

with wave -like periodicity ;

consequently sections taken

through the same tubule a few

millimetres apart exhibit dif-

ferent stages of the cycle, al-

though the cells are never all

of one phase.

Fig. 1655.

J?;,^'^

Uilalol duct

Blood-vessel

Part of mediastinum, showing irregular channels of rete testis. X 75.

Fig. 1656.
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cells in various stages of spermatogenesis. X 350.
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The spermatic filaments or spermatozoa, the essential male reproductive
elements, are, like the ova, direct derivations of epithelial cells that are descendants

Fig. 1657.

Diagram illustrating: phases of one complete cycle of spermatoeenesis. Sequence of figures shows in
detail growth (1-6) and division (7-8) of spermatogone; growth and division of primary spermatocyte (9-19)
into secondary spermatocytes ; division of latter (20-21) into spermatids (22-24); fusion of these with Sertoli cell
to form spermatoblast (25-26); differentiation (27-31) and final liberation (32) of spermatozoa. {After Ebner.)

of the primary indifferent sexual elements. Unlike the ova, however, which are rela-

tively large and often absolutely huge, and, apart from size and minor distinctions,

fairly similar in all vertebrates, the sper-
FiG. 1658. matic filaments present great diversity

in form and detail and represent a high
degree of specialization. The human
spermatic filament is small, and consists

of an ovoid head^ a cylindrical jniddle-

piece of uncertain extent, and a greatly

attenuated and prolonged tail,—the

propelHng organ of the flagellated cell.

The mature element measures about

.050 mm. in its entire length, of which
only about .005 mm. is contributed by
the head, probably about the same by
the middle-piece, and from .040-. 045
mm. by the tail. The head, somewhat
flattened in front and hence pyriform

in profile, although rich in chromatin,

appears homogeneous, since the chro-

matin is uniformly distributed and not

arranged as threads or mesh -works.
The structural basis of the remaining parts of the spermatic element is a delicate
axial fibre Xh-AX. extends from the head to the tip of the tail (.Fig. 12) and is in-

Htiman spermatic filaments seen from the broad sur-
face, except a, which is in profile. X 800.
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vested Ijy a delicate envelope, with the exception of the last .004-.006 mm. that con-
tinues uncovered as the attenuated endpiece. In front, minute spherical thickenings,
the Jiick-iiranit/t's, mark the termination of the axial fibre, where it joins, but does
not penetrate, the head. They probably represent thtr rcntrosome of the spermatid
Within the middle-piece the envelope surrounding the axial fibre, after the actioi.
-' certain stains, t-xhibiis markings that suggest the presence of a spirally arranged

ment of great delicacy.

of cc

lilame

THE EPIDIUV.MIS.

The epididymis, the greatly convoluted beginning of the seminal duct, is a
crescentic body, triangular in section, that covers the entire posterior Ixjrder and the
adjacent part of the outer surface of the testis. Its enlarged upper end or globus
major ( caput cpididymldis) covers the superior pole of the sexual gland and is attached
to the latter not (jnly by connective tissue and serous membrane (as is the globus
minor), but by the efferent ducts that establish communication between the testis and
its excretory canal. The succeeding jxirt, the body, gradually tajjers as it descends to

the lower pole, at which jjoint the epididymis presents a second and less conspicuous
enlargement, \}ciG: globus minor (cauda epididymidis;, that bends backward to become
the vas deferens. The latter passes

Fig. 16 39-

\'as
deferens

Globus
major

P.Trs

testicularis

of vas def-
erens
Epididymis

Globu:
minor

Coni vasculosi

Efferent ducts

Rete testis

Straight
tubules

upward along the median side of

the posterior border of the epidid-

ymis to ascend in the spermatic

cord. Where attached to sur-

rounding structures, as at its two
ends where in contact with the tes-

ticle and along its posterior border
where blended with the spermatic

cord, the epididymis is devoid of

serous covering ; in other places

it is completely invested by the

tunica vaginalis, a deep recess, the

digital fossa f sinus epididymidis)

intervening between the body of

the epididymis and the adjacent

surface of the testis. The bulk of

the globus major depends upon
the aggregation of from twehe to

fifteen conical masses ( lobuli epi-

didymidis) formed by the efferent

ducts and their tortuosities, the

C07ii vasculosi, that pass from the

upper end of the testis and connect

the rete testis with the canal of
the epididymis.

The latter (ductus epididymi-

dis), beginning in the globus major, receives the efferent ducts and becomes gready
convoluted, the extraordinary windings of the single tube contributing the chief bulk
of the body and the tail of the epididymis. When unravelled, the canal measures
from 5-5.5 m. (18-20 ft.) in length, its remarkable convolutions sufficing to pack
away this long duct within the small volume of the epididymis.

Structure.—The conical lobules of the globus major are enclosed by a fibrous

envelope resembling but less robust than the tunica albuginea testis, within which the
convolutions of a single tubule are held together by delicate vascular connective tissue.

The transition of the channels of the rete testis into the efferent ducts is marked by
an abrupt change in the character of the lining epithelium, the low cuboidal cells of

the former giving place to irregularly ciliated columnar elements within the latter.

The tubules—from .2-. 5 mm. in diameter—present an irregular lumen, owing to the

inconstant thickness and pitted surface of their epithelium. Just before terminating

Pyramidal lobules of gland-tissue (seminiferous tubules)

Dissection of testicle after tubules have been filled with quick-
silver; testis has been separated into the component lobules.
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Fibrous env

in the canal of the epididymis, the tubules become narrowed and surrounded by a
thin layer of circularly disposed involuntary muscle. The canal of the epididymis—
from .4-5 mm. in diameter—is lined throughout by a double layer of tall and
slender columnar cells, the free ends of which bear jj^roups of cilia of exceptional
length that adhere and form pointed tufts surmounting the cells. A noteworthy
feature of the wall of the canal is the layer of involuntary muscle, from .015-030 mm.
in thickness, that encircles the membrana propria and, especially in the globus minor,

almost entirely rejjlaces the stroma
Fig. 1660. of \\^^. mucous membrane. Exter-

nally the muscle fades into the con-
nective tissue holding together the
convolutions of the canal.

Vessels of the Testis and
Epididymis.—The arteries sup-

plying these organs are the sper-

matic and the deferential, the former
being distributed especially to the

testis and the latter to the epi-

didymis. An additional source is

provided by anastomoses with the
cremasteric artery. The spermatic

artery (a. testicularis)—a slender

branch from the abdominal aorta

arising a short distance below the

renal—is distinguished by its long
course necessitated by the migra-
tion of the sexual gland from the

lumbar region into the scrotum.

On reaching the posterior surface of

the testicle, it divides into three or

four branches that enter the medi-
astinum and break up into super-

ficial and deep twigs, which follow

the tunica albuginea and the septa

respectively and form the rich ca-

pillary net-works surrounding the

seminiferous tubules. One or more
branches pass to the head of the

epididymis and anastomose with the

artery of the vas. The latter (a. deferentialis), from the inferior or superior vesical,

accompanies the spermatic duct and supplies chiefly the body and tail of the epididy-

mis, by its connections with the spermatic artery establishing an anastomosis that

may become of importance in maintaining the nutrition of the testicle.

The veins, superficial and deep, emerge from the testis and, joining with those

from the globus major, form several stems of considerable size that ascend within the

spermatic cord in front of the vas deferens, while those from the body and tail of

the epididymis unite into a smaller po.sterior group that accompany the canal

(page i960).

The lymphatics of the testicle, beginning in the walls of the tubules and the sur-

rounding connective tissue, follow in general the course of the veins as a superficial

and a deep set, and emerge as a half-dozen or more relatively large trunks to which
the lymphatics of the epididymis are tributary. Within the spermatic cord they ac-

company the groups of veins, and finally empty into the lumbar lymph-nodes.

The nerves of the testis and epididymis, chiefly sympathetic fibres destined

for the walls of the blood-vessels, accompany the latter as the spermatic and the

defereyitial plextises that surround the corresponding arteries. Medullated fibres,

probably conveying sensory impressions, occur among the more usual pale ones.

The relations between the terminations of the nerves and the tubules are uncertain,

Letzerich and Sclavunos describing intercellular filaments within the canals in addition

Attachment
to testis

Intertubular
stroma

Vas aberrans

i deferens

Section across lower part of epididymis X 15.
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to the uc'll-establislud nul-plcxusts on the cxttriKil surface of their incmbrana pro-
pria, ilie existence ol iiilr ituhal nerves, hcnvever, needs further evidence.

Fig. 1661.

Till-: APriCNDAGES OF THE TKSTICU:.

Under this heading; aic iiichuled several \esti_14ial strucliu-cs that remain for a
variable period, some llnoiiLihimt lifi-, as more or less cons])icuous bodies attached to

the testis or to the e|>i(li(l\ iiiis. They claim attention not only on accoimt of their

interestini^ mor|)hol()!L;ical relations, but also since they may become the seat of

cystic and otluT patliolo^ital ( hanjLi^es. The most important are (i) the appendix
testis, (2) the appi'itdix cpididyiiiidis, (3; the paradidymis, and (4) the vasa aber-
rantia.

The appendix testis, often called the unstalked or sessile hydatid^ is a small
but fairly constant body (bein^ jircsent in over yo per cent, according to Toldt)
from 5-10 mm. in length antl less than half as much in breadth, fixed to the upi)er
pole of the testis close to or slightly overlaid by the globus major (hig. 1650). The
term "hydatid" is inappropriate, since the body is solid and not vesicular and its

form is irregular. Its free end often

pre'sents a shallow, funnel-like de-

pression surrounded by a dentated

margin, the whole suggesting the

fimbriated end of the oviduct in minia-

ture, a resemblance supported by the

embryological significance of the ap-

pendage as the remains of the cranial

end of the Miillerian duct (page

2038) overgrown and enclosed by
connective tissue. In structure the

appendage consists of a vascular con-

nective-tissue stroma in which lies

embedded a minute canal, of variable

size and extent, lined with columnar
epithelium. Usually the canal ends
blindly, but in exceptional cases it

may open on the free surface.

Inconspicuous additional appen-
dages of the rate testis have been
described by Roth and by Poirier,

which consist of blind tubules that

extend from the testicle into the lower

end of the globus major, either lying

buried within the latter behind the

Appendix

Sagittal section of appendix testis. X 25.

testis or projecting as small elevations on the free surface. They probablv represent
the remains of Wolffian tubules that failed to retain their connection with the canal of

the epididymis (Wolfifian duct).

The appendix epididymidis, or stalked hydatid, much less constant than the
sessile one (27 per cent, according to Toldt), appears as a small pvriform body (from
3-4 mm. in length) attached to the upper pole of the globus major (Fig. 1650).
This appendage is variable in form, size, and number (since two or more may be
present), and corresponds with the pedunculated hydatid in the female, both bodies
probably being derived from anlages of the tubules of the Wolfifian body, although
their origin is still a subject of discussion and by some referred to the Miillerian

duct.

According to Toldt, an additional minute body {lower paradidymis), consisting

of a single convoluted tubule, is sometimes found, even in aged subjects, behind the

head of the epididymis, but in front of the veins. It may be isolated, connected with
the canal of the epididymis, with the rete testis, or with both, these variable relations

being explained by its probable nature as an efferent duct that has become com-
pletely or partly disconnected. This tube is frequently the seat of cysts which.



I950 HUMAN ANATOMY.

when the canal retains its connection with the epididymis or testis, may contain
spermatozoa.

The paradidymis, or organ of Giraldls, consists of an irregular group of blind
tubules (from 5-6 mm. in extent) that lie within the lower end of the spermatic cord,
above but close to the globus major and always in front of the venous plexus. This
organ {upper paradidymis of Toldt) is regarded as representing a' partial per-
sistence of the rudimentary tubules of the Wolfifian body (page 1936) and is, there-

fore, the homologue of the paroophoron. It is essentially a fcjetal structure, usually
entirely disappearing after the first few years of childhood. The tubules (from . i-

2

mm. in diameter and lined with ciliated eiMthelium; rarely gi\-e rise to cysts.

The vasa aberrantia (ductuli aberrantesj include tubular appendages—usually
two, but sometimes only one—that extend for a variable distance within the epididymis
and end blindly. The upper and shorter one is attached to the rete testis and pur-
sues a downward course within the epididymis. The lower and larger one, often

30 cm. (12 in. ) or more in length, passes upward from the lower part of the canal

of the epididymis and consists of one or more convoluted tubes of considerable size.

Both are to be regarded as probably originating from the Wolfifian tubules.

PRACTICAL CONSIDERATIONS : THE TESTICLES.

Monorchism—the absence of one testicle fnot to be confounded with cryptor-
chism, vide infra)—has been shown at autopsies to occur occasionally. It is

attended by no symptoms.
Anorchism—the absence of both testicles—may be inferred when the scrotum

is also absent or incompletely developed, and there is a rudimentary condition of

the external genitalia ; impotence, sterility, and the physical and mental attributes

of eunuchism appear later.

Arrest of descent of one or both testicles (page 2040) may occur at any point

between the lower border of the kidney and the bottom of the scrotum. The chief

forms are : {a) Abdominal Retentioyi (cryptorchism, unilateral or bilateral) : the
testicle may be applied to the posterior abdominal wall in close relation to the lower,

outer border of the kidney ; it may be provided with a long mesorchium, allowing

it to move freely in the abdominal cavity, or it may lie in the iliac fossa close to the

internal ring ; {b) Ingui7ial Retention : the testicle may be arrested at the internal

ring, in the inguinal canal, or at the external ring. It is usually extremely mobile
until subject to repeated attacks of inflammation and fixed by adhesion, (r) Crtiro-

Scrotal Retention : the testicle may pass through the external abdominal ring, but
fail to descend completely, lying in close relation to the ring or at a varying distance

below it. Of these, inguinal retention is the most common. Adhesions from prenatal

peritonitis in a, small size of the external ring in b, and undue shortness of the cord
or of one of its constituents in c have been thought to explain some of these cases.

Aberrant descent (ectopy), in which the testicle leaves its normal route, may
occur in one of several forms. (^) \x\ peyio-pubic ectopy the testicle is found beneath
the skin of the abdomen above the root of the penis, ib) In perineal ectopy the

testicle is felt as a freely movable, ovoid tumor, sensitive to pressure, lying on one
side of the central raphe, and placed in front of the anus ; the cord can often be
traced from the tumor to the external abdominal ring. The overlying skin some-
times exhibits ruga, and the corresponding side of the scrotum is often atrophied.

ic) Femoral ectopy appears as a movable tumor exhibiting the physical character-

istics of the testicle and the peculiar sensitiveness. Its position is that of complete
femoral hernia or of the inflammatory swellings which so commonly affect the glands
overlying the saphenous opening.

Of these, perineal ectopy is the usual form. Irregular development of the

gubernaculum may explain a and c, as certain of the fibres of the genito-inguinal

ligament run to the pubic, lower inguinal, and inguino-femoral regions, and their

over-development might draw the testicle in front of the pubes or into the femoral
canal. Exceptional attachments (which have been shown to exist) of the guber-
naculum below to the tuber ischii or sphincter ani may account for at least some ot

the cases included in b.
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In its bcarinjr on the development and course of hernia and inflammation the

relation of misplaced testicle to the peritoneal pouch, which accom|jani«s it, is of

great importance. This j)ou(h may remain open, ccjnnnunicatinj^ freely with the j^en-

eral perilomal cavity, thus i-nhancing the probai)ility of tin- furmalion of hernia <»r of

the extension of intlammation ; it may be chjsed above but ojHrn below the testicle,

favorini; the development of hydrocele ; it may be (jbliterated. Exceptionally, espe-

cially when the testicle is retained but the vas has partly or completely descended,

the funicular process of the peritoneum may extend as an open pouch to the bottom

of the scrotinn, thus allowinji^ a hernia to pass far beyond the position of the retained

testis.

Occasionally the tc-sticle is found in the front of the scrotum (the e[>ididymis

anterior and the vas deferens in front (jf the other constituents (^f the cord;, as if it

had made a semi-revolution on its vertical axis {inversion of the testicle;. The pos-

sibility of the existence of this anomaly emphasizes the projjriety of determininj^ by

palpation and l)y the test of translucency the position of the testicle before tappinj^

for hydrocele ; or, if these fail, of evacuatinj^^ the tluid by incision instead of with a

trocar.

Torsion (axial rotation) of the testicle, including the spermatic cord,—also on

its longitudinal axis,—is an accident which usually affects imperfectly descended tes-

ticles, but is not confined to them. The cause is probably a congenital malformation,

since, as Owen has pointed out, a testis properly placed in the scrotum and possessed

of a normal mesorchium cannot be twisted. The twist may be in either direction,

—

to the right or to the left,—and in accordance with its extent and the degree of con-

striction to which the vessels are subject the symptoms are slight or severe. In slight

cases the epididymis alone becomes infiltrated. In severe cases the entire gland with

the epididymis becomes gangrenous.

Orchitis—as distinguished from epididymo-orchitis—is rare as a result of either

trauma or infection, owing to the firm support the gland receives from the tunica albu-

ginea and to the free movement of the testicle, not only within its serous tunic, but

also within the scrotum, and, on the other hand, to the fact that septic organisms

gaining access to the ejaculatory duct, or brought to the gland in the general circula-

tion, are in either case arrested and given the opportunity to multiply in the neigh

borhood of the epididymis.

The intimate investment of the testicle by the tunica vaginalis, which is complete

except at the point of entry and emergence of the vessels at its posterior border, but

which leaves the whole hinder aspect of the epididymis without a serous covering,

determines the frequency with which serous effusion (acute hydrocele) occurs in

contusions or inflammations of the testicle proper as compared with those of the

epididymis.

The similar close investment of the former by the tunica albuginea accounts for

the relatively greater pain and slower swelling in orchitis. It also brings about, when

by ulceration a communication with the cutaneous surface has been established, the

slow protrusion of the swollen and infected testicular substance, known as hernia or

fungus testis, analogous to hernia orfuJigus cerebri, the physical conditions—enclo-

sure of peculiarly soft and yielding tissue within a dense and resisting membrane

—

being similar in the two instances. The sickening pain following contusion of the tes-

ticle, or often associated with orchitis, is due to pressure upon or irritation of testicu-

lar nerves which, by way of the spermatic plexus, communicate with the aortic and

solar sympathetic plexuses. A similar communication with the renal plexus explains

the testicular pain and retraction accompanying the passage of a renal calculus. The

primary development of the testicle in the vicinity of the tenth dorsal vertebra has

determined its chief innervation from the tenth dorsal segment of the cord (Head)

and thus its relation to the posterior divisions of the lower dorsal and the lumbar

nerves which causes the '
' backache' ' so commonly felt in orchitis, in the presence of

a solid tumor of the testicle, or after injecting the sac of a hydrocele. The epididy-

mis derives its ner\e-supply chiefly from the pelvic plexus, which also supplies the

vas deferens and the seminal vesicles. As it communicates with the spermatic plexus,

the same symptoms may be associated with an epididymitis ; but as swellmg is less

resisted and pressure is therefore less, and as the communication with the great
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abdominal plexuses is more indirect,
'

' testicular nausea' ' is less pronounced and is

often absent.

Epididvmo-orchitis is usually of infectious origin, the gonococcus and the bacillus

tuberculosis being the micro-organisms most often found, although the inflammation

may occur in the course of any infectious disease, as scarlatina, mumps, or typhoid

fever.

The direct channel offered by the vas deferens explains the localization of the

gonorrhceal infection (page 1954J; the division of the spermatic artery at the epidid-

ymis, and the fact that the arteries of the epididymis are smaller and more tortuous

than those of the vas or of the testicle, and the consequent slowing up of the blood-

current (favoring bacterial growth), may account for the preference shown the ei)idid-

ymis by the general infections. Syphilis more often affects the testicle itself because

syphilitic orchitis is usually a late manifestation ; the disease at this stage shows its

customary predilection for fibrous and connective-tissue structures, and, beginning, as

it often does, as a cellular infiltration of the tunica albuginea, it follows the trabeculae

into the interior of the gland. When syphilis affects the testicle during the second-

ary stage, it behaves like other infections and is, at least at first, localized in the

epididymis.

A certain number of cases of epididymo-orchitis follow strain, there having

been no known infectious cause and no direct trauma. They have the usual symp-
toms,—apt to be slight at first,—and occur with much greater frequency on the left

than on the right side. Two of various theories as to their production are inter-

esting from the anatomical stand-point, (a) Violent contractio?i of the cremaster

muscle, which, by suddenly jerking the testicle against the pillars of the external

ring, causes bruising of the gland-tissue and the epididymis. The cremaster is cer-

tainly capable of vigorous contraction. Thus it is not rarely observed that direct

trauma of the testicle is followed by marked retraction of the organ, so that it may
be drawn into the inguinal canal or even into the abdominal cavity. Even in severe

pain, such as that which accompanies renal colic, the testicles are frequently found

in close apposition to the external ring, while any one can observe the contraction

of the cremaster by noticing the motion of one or both testicles during the passage

of a catheter. Certain cases of chorea of the testicle are at times observed when

this organ is moved by the cremaster with considerable rapidity and violence.

{U) Rupture of some of the veins of the spermatic plexus, which are peculiarly under

the influence of intra-abdominal pressure, are provided with but few and imperfect

valves, are feebly supported by the surrounding tissues, and hence are especially

subject to disease. Thus varicosity of these veins is one of the most common sur-

gical affections, and the effect of the contraction of the abdominal parietes and the

diaphragm upon the dilated veins is so marked that succussion on coughing or

straining in any way is sufficiently distinct to simulate that of an omental hernia.

Given, then, a sudden and violent increase of pressure in these vessels, it is perfectly

possible to conceive that rupture may occur, even although they are healthy ;
this is,

of course, more probable if they are weakened and dilated. Such a rupture would

naturally take place in the cord, in the epididymis, or even in the substance of the

testicle. And, if the theory of venous rupture from pressure is correct, we should

expect the left testicle to be more frequendy involved (as the veins of this side are

more frequently varicose), and the pain to be slight at first and gradually increase as

more blood was effused and inflammatory symptoms developed.

It is not improbable that both of these factors are concerned in the production

of this form of epididymo-orchitis.

The various ttimors of the testicle have no especial anatomical significance except

as to the routes by which they involve the nearest lymph-nodes {vide iiifra).

Castration, unless modified by extensive malignant disease, is usually done by

means of an incision which may be placed over or just beneath the external abdomi-

nal ring or even lower, and extends through the scrotal tissues, but not into the

tunica vaginalis. The gland with its coverings may, if normal, easily be shelled out

and the cord isolated, transfixed, ligated, and divided. If the vascular constituents

of the cord are ligated separately, three arteries—the cremasteric, the spermatic, and

the deferential—must be tied. The deferential artery is found close to the vas, and
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with it are a few veins ; the cremasteric hes to the outer side of the cord, near its

surface ; the spermatic is in front <jf the cord, surrounded hy the antericjr group of
veins, and can scarcely l>e distinguislied from them. Ilach artery should have a
separate ligature, hut the two sets of veins may be tied en masse ; the divided cord
should he secureil with artery forceps until the end of the operation.

When the cord is extensively involved, the incision should he extended u() along
Poupart's ligament. It is deepened to the jjeritoneum, whic h is stripped up, allowing
access to the lymph-nodes (jf the pelvis. When the lymphatic in\r)lvement extends
upward beyond reach, it may be attacked through a transperitoneal opening. The
nodes into which the lymph-\essels of the cord pass completely surround the aorta.

There is, moreover, one lying upon the external iliac artery which probably will be
invoK ed.

Hydrocele—an effusion into the tunica \aginalis—may begin in the acute form
{vide supra), may result from disease of the cord, the epididymis, or—more par-
ticularly—the testis, or may ai)pear to be "idiopathic,"

—

i.e., with no discoverable
preceding pathological contlition of the scrotal contents. In the majority of such
cases it is thought (Jacobson) that the effusion of fluid commences passively and
without any irritation or inflammation to begin with, the causes predisposing to its

production being the pentlent position, the less \igorous condition of the cremaster
aiul dartos, feebler cardiac circulation, deficiency of tone in the scrotal blood-vessels
and lymphatics, together with, perhaps, a tendency to venous congestion from
hepatic and renal degeneration. AH these conditions, which combine to bring about
a passive effusion, naturally begin to be most active in middle life, this being the age
when the ordinary hydrocele of the tunica vaginalis is most frequently met with.

After a while, as the fluid increases in bulk, it becomes, from exposure to friction,

etc., liable to irritation and to inflammatory changes, which show themselves in both
tlie fluid and the tunica vaginalis itself.

The anatomical relations of the effusion to the testicle and epididymis, the char-

acteristic slow increase in size of the affected side of the scrotum, the ef?acement of

the rugc^e, the drag upon the cord, and the referred pains sometimes caused by it

have been sufficiently explained (yVide supra).

Congenital hydrocele depends for its existence upon the maintenance of a com-
munication between the tunica vaginalis and the abdominal cavity. The funicular

portion of the tunic does not become obliterated. The fluid may come from the

general abdominal cavity or may be exuded from the vaginal tunic. It may develop
in early infancy or not until later in life.

Infantile hydrocele is an effusion into a sac formed by more or less of the unob-
hterated funicular portion of the vaginal tunic. This sac is closed from the peritoneal

cavity above and communicates with the tunica vaginalis testis below.

Bilocnlar hydrocele is a comparati\ely rare form of infantile hydrocele. The
funicular portion of the tunica vaginalis is commonly obliterated, at the internal ring.

Below this the whole tunica vaginalis may be patulous, or it may be closed just above
the position of the testis. As the fluid accumulates, sacculation develops, the tumor
extending either backward and downward into the pelvis or more commonly upward
and inward between the abdominal muscles and the peritoneum.

Encysted hydrocele of the cord, or funicular hydrocele, consists of an accumula-

tion of fluid within an unobliterated portion of the funicular portion of the tunica

vaginalis. This accumulation is closed from the peritoneal cavity above and from the

tunica vaginalis testis below. The hydrocele may be unilocular, bilocular. or multi

locular, in the latter case forming a series of small cysts along the course of the cord.

These cysts may be placed in the inguinal canal, and are more common on the right

side. They are usually observed in children, and may be complicated by hernia.

THE SPERMATIC DUCTS.

The spermatic ducts are two tortuous canals, one on either side, that connect the

epididymi with the urethra and thus provide channels for the escape of the products

of the sexual glands. Each duct is divisible into the vas deferens and its ampulla

and the ejaculatory duet ; at the upper end of the latter the spermatic duct is connected

123
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with the seminal vesicle, a saccular organ representing- an outgrowth from the main
canal.

The Vas Deferens.—This tube (ductus deferens) extends from the ejjitlidymis
to the ejaculatory duct and includes almost the entire length of the spermatic duct,
vvith a diameter (»f from 2-3 mm. Beginning at tne globus minor as the direct con-
tinuation of the convoluted canal of the epididymis, the \'as deferens is at first also very
tortuous, and by its windings forms a tapering mass (pars testicularisj about 2.5 cm.
in length. From the latter the seminal duct is prolonged upward along the inner
side of the epididymis and behind the testis, becoming progressively less wavy and

Fig. 1662.
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of larger and more uniform size (3 mm. ) as it enters the spermatic cord. Although
the apparent entire length of the canal is about 30 cm. (12 in.), its actual extent is

some 45 cm. (18 in.) on account of the tortuosity of its first part.

Within the spermatic cord (pars funicularis), accompanied by the deferential

artery and the posterior plexus of veins (Fig. 1670), the vas occupies a position

behind the other constituents of the cord, and may be recognized by the hard, cord-

like feel imparted by its thick fibro-muscular wall. The duct ascends almost verti-

cally to the pubic spine, and on gaining the abdominal wall passes through the external

abdominal ring, traverses the inguinal canal, and completes its passage of the body-
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wall by K<*'"K through the internal abdominal iinj4. After enier^inj^ fruni the latter

it parts company with the spermatic vessels, hooks iner the external and posterior

surface of the deep epiji^astric artery, crosses oblicjuely the external iliac vessels and

the pelvic brim, and enters the true pelvis. I'njm its entrance at the internal rinj^

the vas lies within the subserous tissue immediately beneath the perit(jneum, thnjugh

which it may usually l)e tracetl.

During its further course ( pars pclviiia ) the duct at lirst lies alonjf the lateral

pelvic walli directed backward and slightly upwartl towards the ischial spine, crossing

to their iiuier or median side the obliterated hypogastric artery, the obturator nerve

and vessels, the vesical vessels, and the ureter. After passing in front and to the

inner side of the ureter, the duct turns sharply downward and inward and traverses

the subperitoneal tissue covering the pelvic Hoor to reach the vicinity of the seminal

vesicle in the space between the posterior surface of the bladder and the rectum.

Where in relation with the seminal vesicle, the vas deferens presents a somewhat

flattenetl spiiuUe-form enlargement, kn(jwn as the ampulla (ampulla ductus defcren-

tis), from 3-4 cm. in

front and then along

length and from 7-10 mm. in its greatest width, that j^as^es in

Fio. J 663.

Main lumen

Lateral
diverticulum

Circular muscle

the median side of the

seminal vesicle in its

descent to the pros-

tate gland. The con-

tour of the ampulla is

uneven and humpy,
especially after re-

moval of the invest-

ing fibrous tissue, due
to the sacculations

and tortuosity of the

canal (Fig. 1666) and
the short diverticula

that pass off from the

main duct at various

angles, thus antici-

pating in simpler form

the arrangement seen

in the seminal vesicle.

Just before reach-

ing the latter the vas

usually describes a

curve directed backward and outward (Fig. 1469) and occupies the crescentic recto-

vesical ( sacro-genital ) peritoneal fold. At the lower end of the ampulla the vas loses

its sacculations and again becomes a narrow tube which, joining with the passage

from the seminal vesicle, is continued as the ejaculatory duct that traverses the sub-

stance of the prostate gland and terminates in the urethra at the side of the pros-

tatic utricle. The ampullae of the two sides converge as they descend, so that their

lower ends are almost in contact where the spermatic duct receives the seminal vesi-

cles, The intimacy of the relation between the vasa deferentia and the bladder

varies with the condition of the latter organ. With the increased volume incident to

its distention, the posterior surface of the bladder is pressed against the spermatic

ducts; on the other hand, when the bladder is empty, only the lower parts of these

structures are in close relation with the vesical wall.

The ejaculatory duct (ductus ejaculatorius ), the terminal segment of the

spermatic canal and apparentlv formed by the union of the duct of the corresponding

seminal vesicle and the vas deferens, Is really the morphological continuation of the

latter, from which the seminal vesicle is developed as a secondary outgrowth. Be-

ginning with a diameter of from 1.5-2 mm., the ejaculatory duct enters the posterior

surface of the prostate (Fig. 1680), defining the lower limit of the middle lobe, and

after a course from 18-20 mm. (about J4- '"• ) '" length, ends in the urethra by a

minute elliptical opening situated on the crest at the side of the orifice of the prostatic

Cross-section of ampulla of spermatic duct. X 18.



1956 HUMAN AXATU-MV
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Utricle (Fig. 1632). In rare cases the ducts of the two sides may join before reach-
ing the urethra and communicate with the latter by a common aperture, or they may
open independently into the prostatic utricle. In the descent ot the duct the lumen
of its upper and nuddle thirds is modifietl by a series of four or hve diverticula of de-
creasing size ( Felix;. At such levels the usual oblique o\al outline of the canal is

amplified by the irregular dilatations.

Structure of the Spermatic Duct.—The vas deferens is distinguished by the
conspicuous thickness of its wall (from 1-1.5 mm.; that encloses a relatively narrow
lumen (.5-7 mm. ) and confers upon the canal its characteristic hard, cord-like feel.

The wall consists of three coats, the mucous, muscular, and fibrous ( Fig. 1664). The
mucous coat is clothed with

Fig. 1664. epithelium which in the vi-

cinity of the testicle and for

an uncertain distance beyond
resembles that lining the duct
of the epididymis, consist-

ing of an imperfect double
layer of tall, columnar cili-

ated cells. Throughout the
greater part of the duct, how-
ever, the cells are lower and
without cilia and contain
numerous particles of pig-

ment. The tunica propria

possesses a dense felt-work

of elastic fibres intermingled
with bundlesof fibrous tissue.

The robust muscular coat

(from .8-1.2 mm. in thick-

ness ) constitutes appro.xi-

mately four-fifths of the en-

tire wall, and consists of pale

fibres arranged as an outer
longitudinal, a middle circu-

lar, and an inner longitudinal

layer, the latter being less

well developed than the outer and middle strata. The external fibrous coat that

invests the muscular tunic is thin and serves to connect the spermatic duct w ith the
surrounding structures.

In its general structure the ampulla corresponds with the vas deferens, the walls

of this part of the duct, however, possessing a much thinner muscular coat, in which
the inner longitudinal layer is wanting, and a mucosa modelled by numerous ridges
and depressions TFig. 1663; and covered with a single layer of low, columnar, non-
ciliated epithelial cells.

The ejaculatory duct likewise possesses a structure essentially the same as in

other parts of the spermatic canal. Its walls, however are thinner than those of the
ampulla, this reduction being due to the diminished thickness and incompleteness of

the muscular coat, which on nearing the urethra becomes attenuated and mingled with
fibrous tissue. In some places the epithelium of the duct consists of a single and in

others of a double layer of columnar cells until within a short distance from the termi-

nation of the canal, where it assumes the transitional character of the epithelium

lining the prostatic urethra.

Outer
longitudiiui! —

muscle

Circular
muscle

Inner
longitudinal'

muscle
Mucous

membrane

^^M^-

Cross-section of vas deferens. X 20.

THE SEMINAL VESICLES.

The seminal vesicles (^ vesiculae seminales ) are two sacculated appendages of the

vasa deferentia that lie behind the bladder and in front of the rectum. Flattened from
before backward, their general shape is pyriform, with the larger ends, or bases,

directed upward and outward, the long axes converging towards the mid-line as the
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organs taper, oft«.n al)i"iii)ily, al llu-ir lowi-r cikIs to join ilie sjjcrmatic ducts. Usually
froiu 4-5 cm. in Ic-n^tli, somcliincs much lonj^cr and iclalivcly slender and at others

sht)rt and broad, the seminal vesicles vary j^reatly in size and in the detail of arran^e-

im-nt of their component parts and not inlretiuenlly are markedly asymmetrical, tin-

right one beini; often, but not in-

variably, the larger. Fic. 1665.

Divested of the libro-muscular

tissue that invests the organ as its

capsulf A\\(\ blends its divisions into

a tnberculateil common mass, each

vesicle mav be resoKed into a chief

duct and diverticula. The former

—from 10-12 cm. (4-5 in.) in

length—ends blindly after a more
or less tortuous course, its terminal

part often describing a sharp hook-
like returning cur\e (Fig. 1667).

From the main canal an uncertain

number (from four to eight or

mt)re '
) of blind tubular diverticula

branch at varying angles and in

ditTerent directions and by their

tortuosities add to the complexity
of outline. The lumen of the chief

duct, as seen in section, is irregu-

lar, constrictions and dilatations

following one another with little

regularity. The opening of the

duct into the lateral wall of the vas

deferens is large in comparison with the terminal lumen of the ejaculatory duct, thus
favoring the entrance of the secretions temporarily stored within the ampulla into the

sacculated vesicle. The latter contains a fluid of light brownish color in which sper-

matozoa are nearly always found during the period of se.xual activity.

Relations.—The seminal vesicles, together with the ampullae, lie embedded
within a dense fibro-muscular layer, so that their position remains relatively fixed,

especially below, and to a certain degree independent of the changes in volume of the

bladder and the rectum, neither

of which thev directly touch.

Although when distended these

organs are in close relation with

the seminal vesicles, when empty
the bases of the latter lie laterally

and at some distance from both

the vesical and rectal wall, sur-

rounded by numerous veins that

continue the prostatic and vesi-

cal plexuses. The lower half

of the seminal vesicles and the

ampulLne He behind the fundus

of the bladder, their axes ap-

proximately corresponding with

the sides of the vesical trigone

and embracing the retroureteric

fossa, which part of the bladder-

wall, when distended, may pro-

ject between and even displace laterally the seminal ducts and vesicles. In passing

from the slightly expanded bladder onto the rectum, the peritoneum covers the

upper fourth of the seminal vesicles and the adjoining part of the ampullae. The

' Pallin : Archiv f. Anat. u. Entwick., 1901.

Seminal vesicle

Ejaculatory ducts

Cast ot ampullae and seminal vesicles, showing wind-
ings and sacculations of lumen. (Pallin.)
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b^/b
Diagram showing course of main canal in preceding preparation:

a. ampulla ; c, seminal vesicle ; *, ejaculatory duct. [Pallhi.)

extent of this investment, however, varies with the depth of the recto-vesical pouch,

which in turn depends upon the degree of distention of the bounding organs, the

bladder and the rectum.

Structure.—In their general make-up the seminal vesicles closely resemble the

Ampullee, possessing a robust muscular wall composed of an inner circular and an
outer longitudinal layer of involun-

Ftg. 1667. tary muscle. The mucous mem-
brane is conspicuously modelled
by numerous ridges and pits, so

that the free surface appears

honey-combed (Fig. 1668). The
epithelial covering consists of a

single or imperfect double layer

of low columnar cells, many of

which present changes indicating

secretory activity. Although true

glands are wanting within the

seminal vesicles, the minute di-

verticula within the epithelium

containing goblet-cells may be re-

garded as concerned in producing
the peculiar fluid found within

these sacs, which is of importance probably not only in diluting the secretion of the

testicle and suppl)nng a medium faxorable for the motility of the spermatic fila-

ments, but also in completing the volume of fluid necessary for efficient ejaculation

(W'aldeyer ).

Vessels of the Seminal Ducts and Vesicles.—The arteries supplying the

spertnatic duct are deri\ed chiefly from the deferential, a \-essel of small size but long

course that arises either directly

from the internal iliac or from its Fig. t668.

vesical branches. On reaching the

duct, just above the ampulla, the

artery divides into a smaller de-

scending and a larger ascending

division. The former, in conjunc-

tion with accessory twigs from the

middle hemorrhoidal and the in-

ferior vesical arteries, generously

provides for the ampulla, and the

latter accompanies and supplies the

vas deferens throughout its long

course, finally, in the vicinity of the

testicle, anastomosing with branches

from the spermatic,—a communica-

tion of importance for collateral cir-

culation. The twigs passing to the

spermatic duct enter its wall and

break up into capillary net-works

within the muscular and mucous
layers. The rich arterial supply for

the seyninal vesicle includes anterior

and upper and lower branches, con-

tributed by the deferential, the in-

ferior vesical, and the superior and

middle hemorrhoidal arteries. The
minute distribution is effected by capillary net-works to the muscular and mucous

coats.

The veins that follow the spermatic duct as the deferentialplexus, and within

the spermatic cord communicate with the pampiniform plexus, increase in size and

Pits of mu
cous coat

Cross-section of seminal vesicle, showing
modelling of mucous surface. X i6.
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I'artitiuii SfjiaratitiK adjacetil divcrtitula

mmibcr ;is tlicy approach the hlachkr ami srmiiial vcsick- ; in ihc viciiiily of the latter

they cuinnuinicate w ilh the seminal plexus antl empty with the trunks i)i the posterior

blatkler-wall into the vesico-prostatic plexus. The posterior and lateral surfaces of

the seminal vesicle are covered with a net-work of larj^e veins f^dcxiis veiiosus scrai-

iialis) that become tributary to the vesico-prostatic ])lexus.

The Ivnipliatiis of the seminal ducts and vesicles are numenjus and arranged as

tk-eper and superlicial sets which form alferent trunks that pass to the internal iliac

lymph-nodes. Those

from the lower part Fig. 1669.

of the seminal vesi-

cles join the vesical

lymphatics.

The nerves sup-

plyini»- the spermatic

duct are deri\e(
from the hypoj^astric

plexus of the sympa-
thetic and consist

chiefly of pale fibres

destined for the in-

voluntary muscle,
some medulla ted
fibres, however, be

in^ present. They fh

accompany the y'^^ „- - -
^, ^ ^ - _/ nbrous coat

j^reater part of the

duct as the dcfercn- ^ ^.f ^ ^ ^- ™. ^,^ ^<^
Halplexus and have '^.^^^^^{t^^^Z/^lXi^'^^i^^^^
been traced mtO the

portion of wall of semmal \esicle in lonKitiiclinal section,

muscular tissue and bho\Miig pitting of mucous coat x 45

the mucosa. Within
the former they form the dense />/(?. i«i' )nyospermaticus described by Sclavunos,' and

are fairly plentiful within the mucous coat (Timofeew^). The nerves distributed to

the seminal vesicles are very numerous and are derived in part directly from the

hypogastric plexus (Fraenkel''), or through prolongations of the latter as secondary

plexuses that follow the vesical and middle hemorrhoidal arteries.

Epithelium

Mucous coat

( ircular
muscle

1 (ingitudifia

muscle

PRACTICAL CONSIDERATIONS : THE SEMINAL VESICLES.

The seminal vesicles are rarely injin-ed. The two forms of infection that are

most common are the gonorrhceal and the tuberculous, although vesiculitis may be

due to the ordinary staphylococci or to the colon bacillus. The channels of infection

are comparable to those which convey disease to the epididymis; the ejaculatory

ducts are continuous with the vas deferens and the vesicular duct, and the inferior

vesical and middle hemorrhoidal arteries replace the spermatic artery. The tuber-

culous disease is, however, usually secondary to similar infection of the prostate or

of the epididymis.

The anatomical relations of the vesicles to (a) the vesical trigonum, (b^ the

prostate and prostatic urethra, and (c) the rectmn sufiFiciently explain the usual

symptoms of acute vesiculitis : (a) frequent, painful, straining urination, hypogastric

pain
;
{b) priapism, painful emissions of blood-stained semen, occasionally epididy-

mitis as a complication ; (r) painful defecation, rectal tenesmus, perineal and anal

pain.

Rectal exploration (page 1692) will usually establish the diagnosis, as it will in

hcberculous vesiculitis, in w-hich condition, as in other forms—acute and chronic

—

of vesiculitis, there are apt to be pains referred to the loins, the hypogastrium, the

' Anatom. Anzeisjer, Bd. ix., 1894.
* Anatom. Anzeijjer, Bd. i\., 1S94.
^ Zeitsch. f. Morph. u. Anthrop., Bd. v., 1903.
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anus and perineum, the hip-joint and sacro-iliac articulation of the affected side and
the other side of the thi^h, due to the association of the vesical, prostate, and pelvic
plexuses with the lumbar and sacral nerves and their plexuses.

Vesiculitis may be a very serious condition, as it may result in abscess with per-
foration into the bladder within the limits of the peritoneal covering, or directly into
the peritoneal cavity by way of the recto-vesical cul-de-sac. Cases of both these acci-
dents have been reported. Pyaemia has also been known to follow a septic phlebitis
of the adjacent venous plexuses; pelvic cellulitis with diffuse suppuration has resulted

;

and various troublesome abscesses burrowing between the bladder and rectum, and
leaving fistulous tracts very slow to heal, have had their origin in suppurative vesicu-
litis. The chronic form may be associated with persistent vesical irritability, with some
pain on emission of semen, with sexual excitability accompanied by premature ejacu-
lation, and with persistent urethral discharge often mistaken for an ordinary gleet.

In chronic cases "massage" through the rectum has been advised and practised
with some benefit in comparatively rare cases. The contents of the vesicles can
sometimes be pressed through the ejaculatory ducts into the prostatic urethra and so
evacuated. A similar expression of the normal secretion of the vesicles by fecal

masses at stool is a fertile source of sexual hypochondriasis in young male neuras-
thenics, who, in consequence, imagine that they are afflicted with "spermatorrhoea."

THE SPERMATIC CORD.

In consequence of its migration from the abdominal cavity into the scrotal sac,

the testicle is followed by its duct, vessels, and nerves through the abdominal wall
into the scrotum. These structures, held together by connective tissue and invested
by certain coverings acquired in their descent, form a cylindrical mass, known as the
spermatic cord (funiculus spermaticus), that extends from the internal abdominal ring
obliquely along the inguinal canal, emerging at the external ring, and thence descends
vertically, beneath the integument, into the scrotum to end at the posterior border of

the testicle. Most constant within the inguinal canal, where its diameter is about
15 mm. (5/^ in.), the thickness and length of the spermatic cord \ary with the con-

traction of the cremasteric muscular fibres that
Fig. 1 670. control the position of the testicle.

; , Posterior veins The Constituents ofthe spcrmatic cord

Vas deferens ^^^ numerous and fall under four groups.

I. The vas dc/erens with its accompanying
deferential artery and plexuses of veins, lym-

\ phatics, and nerves. The vas, surrounded by
^

{o"m°Sexul^'"' ^'•^ artery and a venous plexus, occupies the

posterior part of the spermatic cord, and is

-Spermatic artery readily distinguished as a hard, round cord,

•^Tunica vaginalis from 2-3 mm. in diameter, by virtue of its

>remaTt^ri'"fascia unusually firm walls.

Section across left spermatic cord hardened in
2. The spermaiiC artery VcinS, lymphaticS,

formalin, showing position of vas deferens. and UCrveS belonging tO the tCStlclc proper.

In contrast to the artery, the veins are particu-

larly large and numerous and form the conspicuous pampinijform plexus which con-

tributes in no small measure to the bulk of the cord.

3. The coverings zvith their blood-vessels ajid yierves. The coverings proper of

the spermatic cord, contributed by the layers of the abdominal wall, correspond to

those of the testicle, with the exception of the serous coat, which is wanting after

closure of the processus vaginalis. From within outward they are : (a) the infundib-

jcliform fascia (tunica vaginalis communis), a distinct layer continued from the trans-

versalis fascia
;
(b) the cremastericfascia, consisting of the muscular fibres prolonged

from the internal oblique and transversalis, blended together by connective tissue.

The muscular fibres descend as loops along the spermatic cord, especially on the

posterior surface as far as the testicle, over the coverings of which they spread out in

festoons and net-works ; and (c) the intercolumnar fascia, a delicate sheet derived

from the aponeurosis of the external oblique at the margin of the external abdominal
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ring, is most distinct ahove, lu-coiniiii; thiiuiL-r as it dcstx-nds, until (ncr the testicle it

loses its identity as a distinct investment.

The coverings of the spermatic cord receive their l)li)od-su|jply fnjm chiefly the

cremasteric branch of the deep epigastric artery ; additional cremasteric twigs from
the spermatic artery are distributed to the upper part of the cc^rd, anastomosing with

those from the lirst-named source. The nerves include the genital branch of the

genito-crural and usually a twig along the front of the cord from the terminal branch

of the ilioinguinal.

4. The rudiintntary struc/iors, the remains of the processus vaginalis, the jiara-

didymis, and sometimes the vas aberrans. After closure of the communication between
the serous pouch and the peritoneal cavity, the processus vaginalis is represented by
a delicate fibrous band (iinamciituin vayinale) that maybe traced, under favorable con-

ditions, from the internal abdominal ring above through the spermatic cord ;is far as

the upper margin of the tunica vaginalis below. The jxiradidymis (page 1950) lies

within the lower end of the spermatic cord, immediately above the ei)ididymis, ur

behind its upper pcile, and in front of the venous {)lexus. Occasionally, when unusu-

ally tlexeloped, the vas aberrans (page 1950J may also extend into the Icjwer end of

the spermatic cord.

In addition to the foregoing coverings proper, the si)ermatic cord is enveloped

by the skin, the superficial and the deep layer of the superficial fascia. The deep
layer of the latter is important, being continuous above with the fascia on the abdomen
and below, after investing the testicle, with CoUes's fascia in the perineum.

PRACTICAL CONSIDERATIONS : THK SPERMATIC CORD.

The most frequent pathological condition associated with the cord (and not else-

where described) is varicocele, an enlargement—with dilatation and lengthening—of

the veins of the cord, occurring most frequently in young unmarried adults (fifteenth

to twenty-fifth year) and on the left side (90 per cent, of cases).

The veins composing the spermatic plexus can be ranged in three groups, the

most anterior of which has in its midst the spermatic artery, the middle the vas def-

erens, and the posterior is composed of those veins which pass upward from the tail

of the epididymis. The anterior group is the one first affected, or, if the dilatation

affects all the veins, is most extensively involved.

It is thought that varicocele often depends upon a congenital predisposition,

but many anatomical reasons have been given to account (a) for its occurrence, and

{b) for its greater frequency on the left side. (a) i. The relative length and the

vertical course of the veins. 2. The lax tissue surrounding them, so that (as with

the long saphenous vein) they derive little support and their blood-current receives

no aid from the presence or contraction of surrounding muscles. 3. Their large size

as compared with the corresponding artery, so that the vis a terffo must be reduced to

a minimum (Treves). 4. Their tortuosity, frequent anastomosis, and few and imjier-

fcct valves. 5. The pressure exerted upon thenr as they pass through the inguinal

canal, not altogether unlike that experienced by the hemorrhoidal veins in their passage

through the walls of the rectum, (b) i. The veins in the left cord are much larger

than those in the right. 2. The left testicle hangs lower than the right, so that the

column of blood in the left veins is longer. 3. The left spermatic vein empties into

the left renal vein at a right angle, whereas the right spermatic vein empties into the

vena cava at an acute angle. 4. The left spermatic vein running behind the sigmoid

flexure of the colon is constantly subjected to pressure from accumulation of fc'eces in

the bowel.

In the operation for varicocele by excision of the pampiniform plexus the sper-

matic artery is often included, but gangrene of the testicle does not follow because

of the escape of the deferential artery and of its free anastomosis with the spermatic

and scrotal vessels.

THE SCROTUM.
The scrotum, the more or less pendulous sac of integument that contains the

testicles and the associated structures and the lower part of the spermatic cords, is

attached to the under surface of the penis in front and to the perineum behind. Flat-
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tened in front above, where attached to the penis and receiving the spermatic cords,

its general form is pear-shaped and somewhat asymmetrical, since the left of the two

oval swellings produced by the enclosed testicles and separated by a shallow longi;

tudinal furrow is lower than the right owing to the position of the corresponding

sexual gland. The scrotum varies, however, in form and appearance, even in the

same individual, with the condition of the subcutaneous muscular tissue. When the

latter is contracted, as after the influence of cold, the scrotum is drawn up and com-

pact and its surface corrugated by numerous transversely cur\'ed folds ; when relaxed,

it becomes smooth, flaccid, and pendulous.

Indications of its formation from two distinct parts are seen externally in the

longitudinal raphe, which marks the line of fusion of the original halves and extends

longitudinally from the urethral surface of the penis over the scrotum onto the peri-

FlG. 1671.
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' Dissection of spermatic cord and scrotum.

neum. Owing to the greater dependence of the left half of the sac, the raphe does

not occupy a stricdy median position, but is deflected towards the left. Internally

evidence of the union of the scrotal halves is found in the sagittal partition {septum

scroti) that is continued inward from the raphe and effectually divides the scrotum

into a right and a left pouch. This septum, consisting of fibrous tissue rich in elastic

fibres and the prolongations of the dartos muscle, is attached above to the root of the

penis and the perineum, blending with the sheath of the bulbo-cavernosus muscle.

Since the labio-scrotal folds, which produce the scrotum or its homologue, the

labia majora, according to sex, are developed Tpage 2041) independendy of the cov-

erings of the spermatic cord and the testicle derived from the musculo-fascial walls of

the abdomen, the scrotum contributes additional envelopes for the enclosed structures.

These envelopes are the skiyi, which is here thin, delicate, and very elastic, unusually

dark, and beset with scattered crisp hairs and numerous sweat and sebaceous glands

;



rill-: scKorr.M. iyf)3

and {Uv/u/ti((i darlos, a laynof inoditiid subcutaneous tissue—the superficial fascia

—

distin^niishcd by the |)reseiKe of luunerous loii^Mtiuhnally disposed bundles (jf invol-

untary niuscle-filjres and nuich elastic tissue and i)y the entire absence of fat.

the muscular tissue {darlos muscle), where best developed, as in the anterior

antl lateral walls of the scrotum, is sufticieiit in quantity to be r(.-coj,MU/ed :ls a dis-

tinct layer, but so closely attached to the integument as to f(jrm practically a |>art of

it. At the raphe, while some fibres follow the skin and remain superficial, the majority

enter the se|)tum'. beinj; esi)ecially well developed in the lower part, and at the attached

upper border pass over into the dartos of the penis and the |)erineum. The numennis

bundles of elastic tissue within the tunica dartos in the ui)per and aiiterior part of the

scrotum become condensed into robust bands which ef^ciently aid in sui)portmj< the

scrotal sac, since they are continued laterally at the sides of the i)enis and over the

spermatic cords into the suijerficial fascia of the abdomen, and in the mid-line blend

with the suspensory li<jament of the penis. Those on the jK^sterior surface are

attached over the pubic and ischial rami.

Enumerated from without inw^ard, the layers interposed between the surface ol

the scrotum antl the serous cavitv surroundini,^ the testis are : (i) the skin, (2) the

modified supcrfinal fascia or tunica dartos, (3) the intercoliimnarfascia, (4) the cre-

masteric fascia, (5)" the infundibuliform fascia, and (6) the tunica vaginalis. Of

these the first two alone," stricdy considered, are contributed by the scrotum, the

remainin.^ layers bein^^ derived from the deeper structures of the abdominal wall and

associated with the descent of the testicle. The connection between the tunica dartos

and the underlying intercolumnar fascia is by no means firm, being effected by a loose

layer of areolar tissue, devoid of fat, that permits a ready separation, particularly in

front, between the external scrotal envelope and the co\'erings proper of the testis.

Beneath the posterior surface of the scrotum the connection is firmer (Disse). This

separation however, is arrested at the lower part of the scrotum, owing to the presence

of the scrotal lic^ament (Fig. 1723), a mass of fibrous tissue that anchors the lower

end of the tunica vaginalis and the testicle to the external en\-elopes.

With the exception of the serous coat, the tunica vaginalis, these coverings have

been considered in connection with the spermatic cord Cpage i960) ;
it remains, there-

fore, to describe more fully the serous coat to which incidental reference has been made

(pa^e 1 941) in its relations to the testis and the epididymis.

''The production of an isolated, closed serous sac within each half of the scrotum

results from partial obliteration of the serous pouch, the processus vaginalis, that

during foetal life extends from- the general peritoneal cavity into the scrotum in an-

ticipation of the descent of the sexual gland.
.

The tunica vaginalis (tunica vaginalis propria testis), in correspondence with

other serous membranes, consists of a parietal and a visceral portion, the latter pro-

viding an extensive but incomplete investment for the testis and the epididymis and

the fSrmer lining the serous cavitv into which these organs, thus covered, project.

With the exception of small spaces caused by the elevation of the epididymis, espe-

cially of the globus major, these two lavers are practically in contact and separated

by only a capillary cleft. Whatever space exists is filled by a clear straw-colored

serous fluid.
. ,

• a i

In addition to walling the caxitv, the parietal layer iinests the spermatic cord tor

about 12 mm. above the testicle and the blood-vessels behind, and then is continued

into the visceral layer along the line of reflection that passes over the back of the

testis to its lower pole on \he one side and along the posterior surface of the epi-

didymis on the other, thus leaving an inter\'ening uncovered strip as a passage-way

for the duct, vessels, and nerves.
, , . .u . .•

From the line of reflection the thin visceral layer completely invests the testis

and the epididvmis, adhering intimately with the tunica albuginea, and dipping

deeply between these organs to form the digital fossa (sinus epididymidis) Ihis

Docket (Fie 1 6 so), the entrance to which is narrowed by two transverse folds (liga-

menta epididimidis superior et inferior), may be so deep that the serous membrane at

its bottom is in contact with that reflected from the median side of the testicle. Nu-

merous bundles of involuntary muscle—the ;;/. cremaster intenius ol Henle—radiate

from the scrotal ligament at the lower part of the scrotum to spread out between the
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parietal layer of the tunica vaginalis and the infundibuliform fascia, extending upward

into the spermatic cord.

Vessels.—The arteries supplying the scrotum,—as distinguished from those des-

tined for the spermatic cord and the sexual gland and associated structures,—although

of small size, are derived from different sources. Those distributed to the front and

sides are the anterior scrotal branches from the deep external jjudics, supplemented

above by twigs from the superficial external pudics. The back of the scrotum and the

septum are supplied by the posterior scrotal arteries, superficial branches from the

internal pudics. Free communication exists not only between the vessels of the two

sides across the mid-line, but also between the anterior and posterior branches at the

sides. The scrotal arteries anastomose with twigs from the obturator and internal

circumflex, as well as with those from the cremasteric artery.

The veins, numerous and plexiform in arrangement, form trunks that follow the

general course of the chief arteries, becoming tributary to the external saphenous or

the femoral and the internal pudic veins. They anastomose freely with the adjoining

venous paths of the penis, perineum, and pubic region.

Ftc 1672.
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Section across formalin-hardened scrotum, showing lower end of spermatic cords and testes in section.

The lymphatics of the scrotum are very numerous and form a sujjcrior and an

inferior group of vessels, all of which lead to the median group of superficial inguinal

lymph-nodes. Frequent communications occur with those of the penis and perineum,

but only sparingly with the deep lymph-tracts within the spermatic cords.

The nerves supplying the scrotum are derived from both the lumbar and sacral

plexuses. Those from the former source are distributed to the front and sides of the

scrotum and include cutaneous twigs from the genital branch of the genito-crural

nerve, usually reinforced by twigs from the ilio-inguinal that end in the integument in

the vicinity of the root of the scrotum. Those from the sacral plexus supply the

posterior surface of the scrotum and are from the perineal or inferior pudendal

branches of the small sciatic nerves and the anterior or external superficial perineal-

bi-anches of the pudic nerves. Sympathetic fibres accompany the cutaneous nerves

for the dartos muscle.

PRACTICAL CONSIDERATIONS : THE SCROTUM.

The scrotum, from a practical stand-point, may be studied as if composed of

two layers, an external, made up of the skin and dartos, and an i7iternal, consisting

of the three coverings—fascial, muscular, and aponeurotic—derived from the abdomi-

nal wall, the infundibuliform, cremasteric, and intercolumnar.

As the testes are safer from injury in a loose pouch, in which they can readily

glide away from threatened trauma, the scrotum is redundant (more so on the left
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sick- oil account of tlu- greater lc-nj4lh of tlic k-fl spi-rniatic cord) and lax. Adxaiilaj^e

of iIk'sc fads is taken in certain operative i)rocccknH-s, as in niakinj,' the flaps in Rou.x's

operation for vesical e.xstropky, or excisinj.^ a portion of the scrotum (to secure Jinner

support for the vascular structures of the cord) in varicocele.

The redundancy, thinness, and elasticity of the skin anil the laxity of the fatless

areolar tissue coniu-clinj; the inli-rnal and external layers combine to favor : (a ) marked
discoloration and j^reat extravasation of blood in cases of hemorrhage from the vessels

between the two layers ; lu-nce in orchitis leeches are applied, not over the scr<jtum,

but in tin- line of the cord in the- j^roin
; (d) extreme distention, as in lar^e scrotal

luTui ,e, in hydrocele, in bulky tc-sticular tumors
;

(c) extensive o-dema in j^eneral

anasarca, as a result of peKic \enous thrombosis, or accompanyinj^ an infectious cellu-

litis or an extravasation of urine, u hi( h, when it proceeds from a solution of contin-

uity anti-rior to the trianj^ular li^aim-nt, is directe(l by Colles's fa.scia into this cellular

s[)ace Ixtweiii the two layers. The thiiuuss of the scrotal skin, increased when it

is distended, makes it, in spite of its vascularity, very suscei)tible to ^ani,Mene from,

pressure, as in " strai)pin>4" an inHamed testicle, (jr from underlyinj.^ cellulitis.

The loni.;itu(liiia! contractile tibres of the dartos draw the redundant skin into

transverse ruga- which, 1)\' rttaininu^ extraneous dirt and the secretions of the sweat-

glands and sebaceous follicles, become often the starting-pcnnt of eczema, of mucous

patches, or even (as in " chimney-sweep's cancer" ) of epithelioma. The contractil-

ity of the dartos is marked in young and robust persons, and is increased by cold, by

sexual excitement, and by light friction. It is lessened in old age, by debility, or by

continued warmth and moisture, the scrotum, in the jiresence of those conditions,

becoming smooth, elongated, and pendulous. It is useful in aiding the scrotimi to

regain its normal size after distention, as following the tapping of a hydrocele (jr the

remoN-al of a tumor. On the other hand, the dartos tends to invert the edges of a

scrotal wound (as the platysma does those of a wound of the neck J, and warm aj^pli-

cations may therefore be useful before a scrotal incision is sutured.

The muscular (cremasteric) element of the inner layer gives it contractility, and

the intimate connection between it, the deeper (infundibuliform) plane of fascia, and

the parietal layer of the tunica vaginalis enables it to elevate the testicle with its

coverings when it is excited to contraction. This may be done {cremasteric reflex)

by drawing the tinger-nail over the skin of the thigh a little below Poupart's liga-

ment, the sensory impression being conveyed from the skin through the crural branch,

and to the cremaster through the genital branch, of the genito-crural nerve.

The infundibuliform (internal spermatic) fascia, by its close relation to the pos-

tero-inferior portion of the testicle, on the one hand, and to the external scrotal layer,

on the other, assists the scrotal ligament (page 2042) in preventing the testicle from

being floated up when the space between the two layers of the tunica vaginalis is

filled with fiuid (hydrocele, h^ematocele), and holds it in the lower back part of the

scrotum.

In exploratory puncture, or in the tapping of hydrocele, the spot selected is

therefore on the anterior surface of the upper two-thirds of the scrotum, care being

taken to avoid the large superficial veins.

THE PENIS.

The penis, the organ of copulation of the male, consists of three cylinders of

erectile tissue—the paired corpora cavernosa and the single corpus spongiosum

—

united with one another and invested by coverings of fascia and skin. Since the

upper or proximal portion of the penis (pars perinealis) is buried beneath the integu-

ment and fascia of the perineum and the scrotum, only the free pendulous distal

portion of the organ is \-isible in the undissected subject.

When exjjosed throughcnit its entire extent, the penis presents a cylindrical shaft

or body (corpus penis), which begins above in a three-pronged root (radi.x penis)

attached to the pubic arch and the triangular ligament and terminates below in a

blunted conical end, the glans penis. The anterior or upper surface (dorsum penis)

is somewhat flattened and formed by the corpora cavernosa. The posterior, under,

or urethral surface (facies uretfiralis) corresponds to the corpus spongiosum, traversed
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Distal end
of cor|}us-

caveriiosum

by the urethra, and is marked by a median raphe, which is continuous with that of

the scrotum and, as the latter, indicates the Hne of fusion of the original components
of the spongy body.

The conical g/ans, which forms the distal end of the organ, is limited along its

oblique base by a prominent rounded border, the corona g/a?id7S, that runs downward
and forward from the dorsum towards the under surface and marks a groove (sulcus,

retrof^landularis ) that separates the glans from the body of the penis. The constricted

zone immediately behind the glans constitutes the neck (coUum penis). In conse-

quence of the oblicjuity of the corona, the
Fig. 167^. dorsal expansion of the glans measures

about twice the length of its under sur-

face.

The skin covering the pendulous
portion of the penis—very thin, delicate,

and elastic, and possessing only fine

hair (laimgo) except in the immediate
vicinity of the pubes— is loosely attached

over the body of the organ by subcu-
taneous tissue, devoid of fat, that permits
of ready mo\ement of the integument.

Along the under surface of the organ
bundles of involuntary muscle closely

adhere to the integument and constitute

a stratum, the hinica dartos pe7iis, that

resembles the similar layer of the scro-

tum. Just behind the corona the skin

forms a free duplicature, ^& prepuce or

foreskin
(
praeputium penis), that covers

the glans to a variable extent ( in children

and in some adults completely) and is

firmly attached by its inner layer to

the neck of the penis along a line about

3 mm. above the corona. From this

point the skin is prolonged over the

glans, to which it is intimately applied,

as far as the meatus, where the integu-

ment becomes continuous with the ure-

thral mucous membrane. The lines of

reflection of the prepuce on the two sides

converge and finally meet along the

under surface of the glans in a sharp

median fold, thefrenum ( frenulum prae-

putii), that extends as far as the pos-

terior border of the slit-like urethral

opening. On either side of this fold a

shallow recess (fossa frenuli) extends the

preputial sac. The skin lining the latter

and covering the glans is modified so
that it somewhat resembles a mucous membrane, as which it is often inaccurately

described. While entirely de\'oid of hairs, small sebaceous glands are sparingly
distributed over the glans, corona, and inner layer of the prepuce. These, formerly
supposed to be of large size and named the g/ands of 7)'son (glandulae j)raeputiales),

secrete unctuous material which, mixed with discarded ei)ithelial cells, may collect

in the groove behind the corona as a cheesy substance, the smegma.
The corpora cavernosa f corpora cavernosa penis) are two cylinders of erectile

tissue, when relaxed about 15 cm. (6 in.) in length, that form the chief bulk of the
body of the penis. Each is enclosed within a dense fibro-elastic envelope, or tunica
albuginea, which internally is continuous with the trabecuke between the blood-
spaces. Beginning above at the root of the penis as the diverging pointed and then

iTiferior layer -^

of triangular s——
I ligament

Attachment of bulb, cut

Dissection of penis, showing three component cylin-
ders of erectile tissue ; distal end of corpus spongiosum,
with glans, has been freed and turned aside ; attachment
of urethral bulb has been cut and bulb drawn aside.
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soimwhat cxiKindcd rruni attach.. 1 t.. tlic inner border of the pubic arch, the cavern-

ous bodi.s art- at lirst st-parat.d by an interval occupied by the bulb of the corpus

Fk;. 1674.
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;
./. super-
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spongiosum Farther forward, in the vicinity of the penile angle, the corpora caver-

nosa press against each other with their median surfaces, the opposed flattened cap-

sules blending to form a median partition ( sei»tum penis ). Lower the latter becomes

imperfect and replaced by a series of vertical bands, and hence is often designated the

pectin[form septum, the intervening

slit-like apertures permitting commu
nication between the blood-spaces of

the two cavernous bodies, as well as

the passage of anastomotic branches

of their arteries. In certain mammals,

especially the carnivora and some

marsupials, a bone (os penis) is de-

veloped within the fibrous septum.

On approaching the corona, the cor-

pora cavernosa again become discrete

and rapidly taper to blunt-pointed

ends that are separated externally by a

slight furrow and capped by the over-

Iving glans. The dorsal and under

surfaces common to the closely ap-

plied cavernous bodies are marked by

longitudinal grooves ; that along the

former surface lodges the dorsal ves-

sels of the penis, while the under fur-

row is filled by the spongy body.

The corpus spongiosum (cor-

pus cavernosum xnethrae ), the third and

much smaller, although longer (about

Fig. 1675.
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mucn smauei , aiLiu»ui;M j.Hii;.-! \cx^JyJ^^^. .

17 cm or 6ii in.), cvlinder of erectile tissue, occupies the groove along the under

stiHace of the cavernous bodies. The two ends of this cylinder are enlarged, the



1968 HI' MAN" ANATOMY

upper expanding into a pyriform mass of erectile tissue, the urethral bulb ( bulbus

urethrae), and the lower broadening into a conical cap of erectile tissue that ciners the

ends of the corpora cavernosa and contributes the bulk of the glans. With the

exception of the bulb, the major part of which lies behind the canal, the corpus spon-

giosum is traversed by the urethra, the cavernous tissue completely surrounding the

urinary tube. The bulb, attached by its upper surface to the inferior layer of the

triangular ligament and covered below by the bulbo-cavernosus muscle, presents a

slight median furrow (sulcus bulbi) that suggests a division into the so-called henii-

sphercs. Internally an imperfect median septum btilbi partially subdivides the erectile

tissue below and behind.

The glans penis consists almost entirely of erectile tissue (corpus cavernosum
glandis) directly continuous with that of the spong}' body. Its upper surface is

hollowed out to receive the pointed extremities of the corpora cavernosa, so that a

section across the upper part of the glans shows the erectile tissue of the cavernous
bodies surrounded by an overhanging crescent of the cavernous tissue of the glans

(Fig. 1674. C ). Along the frcnum the fibrous envelope of the glans is prolonged
inward towards the urethra as a fibro-elastic band (ligamcntura medianum glandis)

which, in conjunction with a similar band connecting the ends of the cavernous bodies

with the upper urethral wall, forms a median partition, the seption glandis, that in-

completely divides the erectile
Fig. 1676.

Erectile tissue of corpus
Tunica albuginea cavernosum broken up

/ by pectinilorm septum
Prepuce -.. ^^-<^^l;"ii:~-_ -L

Erectile tissue
of glans

Anterior
exfemityof ^.,
corpus cr.v- ftii

eniosuni
External

Navicular fossa

Erectile Urethra
tissue of corpus spongiosum

Mesial longitudinal section of end of penis.

tissue of the glans and sur-

rounds the terminal part of the

urethra.

The penile portion of the

urethra is described with the

other parts of the urinary tract

in the male Tpage 1923).

Beneath the skin and sub-

cutaneous tissue the cylinders

of erectile tissue, enclosed and
united by their albuginea, are

enveloped by the superficial

fascia (Fig. 1674, E^. The
latter, directly continuous with

that of the perineum (Colles

fascia) behind and of the ab-

domen (Scarpa's fascia) above, invests the penis as far as the neck, where it becomes

blended with the prepuce. This fibro-elastic sheath is often called \\\& faseia penis.

In addition to the attachment of the crura of the corpora cavernosa to the peri-

osteum of the pubic arch and of the bulb of the spongy body to the triangular liga-

ment, the penis is supported by fibrous bands that extend from the abdominal wall

and pubes to the dorsum penis. This triangular sheet, the suspensory ligament, in-

cludes a superficial and a deeper portion. The former (liganientum fundiforme penis)

begins at the linea alba, from 4-5 cm. (i>^-2 in.) above the symphysis, and consists

of elastic bundles prolonged from the deep layer of the superficial fascia downward to

the dorsum of the penis (Fig. 1671) at the so-called angle, where it divides into two

arms that embrace the penisand, after uniting on the urethral surface, are continued

into the septum scroti. The deeper portion ( ligamentum suspensorium penis) Contains

compact fibrous bands that pass from the symphysis to the corpora cavernosa, just in

ad\ance of their separation into the di\erging crura, to blend with the dense albuginea.

Structure.—Each of the component cylinders of erectile tissue is enclosed in a

robust sheath, the tunica albuginea, composed of dense white fibrous tissue, inter-

mingled with relativelv few elastic fibres and no muscle. The sheath surrounding the

corpora cavernosa, which in places attains a thickness of 2 mm. and is much stronger

than that enclosing the spong}- body, is imperfect along the opposed median surfaces

of the tAvo cvlinders, where it forms the pectiniform septum.

From the inner surface of the tunica albuginea septa and trabeculae are given off

which constitute the framework supporting the vessels and nerves and enclosing the

characteristic blood-spaces of the erectile tissue. Numerous bundles of involuntary
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Fig. 1677.

Deep dorsal vebi

Subcutaneous
tissue

Tunica atbuginea

Septum

muscle, circularly, lonj^itiidinally, and oblicjuely disposed, occupy the connective-tissue

trabecuhe and plates separatinj^ the venous lacuna-, around which they form imperfect

layers of contractile tissue. The trabecular nuiscle is most developed within the cav-

ernous and sponj^y bodies and least so within the ^lans.

The arteries conveyinj^ blood to the cylinders of erectile tissue are of two kinds,

—those nourishint^ the tissues themselves {rasa mitritia ) and those carryinj^ blood to

the venous lacinia-. The latter are connected with the arteries either directly by
minute channels or throutjh intervening capillaries. Within the trabecuhe of the

dee[)er parts of the erectile masses the deep arteries of the penis ^ive off short, tfjrtuous

branches (^artcritr helicitur), about 2 mm. in lenj^th, that project into the blocnl-spaces

with which they directly communicate by minute openings at their erfds. Notwith-

st^ndinij their e.xceptional development in man, the fact that the helicine arteries are

wantini^ in many mammals shows that they are not essential, although advantaj^eous,

for erection. The arteries of the erectile tissue are distinguished by the unusual thick-

ness of the circular muscle within their walls. In places the intima likewise exhibits

excessive thickness. Since the increase is not uniform but local, it leads to the pro-

duction of cushion-

like elevations that

encroach upon and
even temporarily oc-

clude the lumen of the

arteries.

The blood-spaces

or laciaics that occupy
the interstices between
the trabeculae are to

be regarded as venous
net-works which com-
municate with the ar-

teries, on the one
hand, and with the

radicles forming the

veins, on the other.

Their form and size

evidently depend
upon the degree of

distention, when con-

taining little blood the

spaces being often

mere slits or irregu-

larly stellate clefts,

while when filled they

become more cylin-

drical in form. In a general way three districts may be distinguished : (a^ a narrow
outer peripheral zone of almost capillary spaces, for the most part narrow and trian-

gular in outline ; T^) an inner peripheral zone of larger spaces of uncertain form and
from . 15-. 20 mm. in diameter ; and (r) a central zone of still more extensive spaces,

which in places attain a diameter of one or more millimetres and are enclosed by rela-

tively thin intervening lamellae and trabeculae. Since their expansion is usually

greater in one direction, the general form of the larger and deeper lacunae is often ap-

proximately cylindrical. Within the corpus spongiosum in the immediate vicinity of

the urethra the blood-spaces are somewhat concentrically disposed owing to the feeble

development of the radial lamellae TEberth). The spongA' body is further distin-

guished by the robustness of its trabeculae and the consequent reduction in the size of

the blood-spaces. Bevond the single layer of endothelial plates, the lacunae do not

possess a distinct wall other than the fibro-muscular tissue of the surrounding trabeculae.

The deep veins draining the cylinders of erectile tissue do not directly open into

the blood-spaces, but are formed by tributaries of various size that begin as apertures

in the walls of the lacunae,, of which they are in fact extensions. The tributaries of the

124

Corpus
cavernosum

Urethra

corpus
spongiosum

Transverse section of i>enis of child. X lo.
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more superficially situated venous trunks, as the dorsal vein, arise chiefly from the

venous net-works of the peripheral zone. The veins possess an unusually well-

developed muscular coat, and in places exhibit local cushion-like thickenings of their

intima similar to but less marked than those seen in the arteries.

Vessels.—The arteries of the penis constitute a superficial and a deep set, the

former supplying the integument and associated envelopes, while the latter convey
blood to the masses of erectile tissue. The superficial arteries include twigs from
the external pudic branches of the femorals to the lateral and under surface of the

penis, from the dorsal arteries to the anterior surface and the prepuce, and from the

superficial perineals by small vessels to the posterior part of the urethral surface.

The deep arteries—all branches from the internal pudics—supply the three cylinders

of erectile tissue, including the glans. The corpus spongiosum receives the arteries

of the bulb, their continuations (sometimes described as the urethral arteries) accom-
panying the urinary canal as far as the glans, where they anastomose with the terminal

branches of the dorsal arteries. The last-named vessels also send small twigs around
the corpora cavernosa to the spongy body. The corpora cavernosa are supplied

chiefly by the deep arteries of the penis, supplemented by twigs from the dorsal

arteries that pierce the albu-

FiG. 1678.

Intitr ptiipliLril spaces Outer perij heril spacesCtiitral blood spaces

N*

<
\ -,

^^'t^S^^
r

gmea. Entering the cavern-

ous bodies about where the

crura unite, the deep arteries

of the penis traverse the cyl-

inders somewhat eccentri-

cally, to the median side of

their axes. Communication
between the vessels of the

two bodies is established by
anastomotic twigs that pass

through the apertures in the

median septum, as well as

by the terminal loop. The
dorsal arteries, the longest

branches of the internal

pudics, pass along the dor-

sum between the fascia and
the albuginea, in company
with the dorsal nerves and
vein, and, in addition to the

twigs distributed to the cov-

erings, the cavernous bodies,

and the corpus spongiosum,
supply the erectile tissue of

the glans. The anastomoses

between the \arious \essels

supplying the penis are very free, not only between the corresponding and other

branches of the two sides, but also between those of the superficial and deep sets.

The vei7is of the penis, like the arteries, constitute a superficial and a deep

group which freely communicate and carry off the blood from the en\-elopes and from

the erectile tissue respectively. The superficial veins for the most part are tributary

to a subcutaneous trunk (v. dorsalis penis superficialis) that passes upward along the

dorsum beneath the skin to the pubes and terminates either by dividing into branches

that empty into the internal saphenous or the femoral veins on either side or by

joining the deep dorsal vein ; both modes of ending, however, may exist. A number

of vessels from the integument covering the posterior part of the urethral surface are

collected by the anterior scrotal veins.

The deep veins, which begin by tributaries from the erectile tissue that they

drain, to a large extent discharge their contents into the deep dorsal vein ( v. dorsalis

penis profunda ) that lies beneath the fascia and occupies the groove on the dorsum

as far as the suspensory ligament, between the superficial and deep parts of which it

/ V
Trabeculae Bundles of muscle

/

/

Dense fibrous tissue of

tunica albuginea

Transverse section through periphery- of corpus cavernosum. X 50.
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passes. Continuinvf iK'tweeii the subpubic ami iransvcrsf lij^^ameiits aiul jjicrciiij^ the

fascia, it j^ains the |K-lvis and ends, after divichn^'^ iiUo two trunks, in the jjpjstatic

plexus. lie^inninn above tlie corona by the union of two stems that collect branchc*s

from the j^lans and the prepuce, the deep dorsal vein, as it courses upward, receives

tributaries from all three cylinders (A erectile tissue. Those from the corpora caver-

nosa either pierce the albuj^inea as short branches that pass directly int<j the dorsjil

vein, or emerge from their under surface alon^ the urethral j^roove and wind around
the lx)dv of the penis to reach the collectinj^ trunk on the dorsum, the anterior of

these citruiujit'x veins takinj^ up tributaries from the under surface of the ^lans.

Within the posterior part of the cavernous bodies are formed the deep veins of the

penis, which emer^^e where the crura diverj.;e and, after establishinj^ communications
with the prostatic plexus, become important tributaries r>f the internal pudic veins

that accompany the correspondintj arteries. The corj»us sponj^iosum is drained by
anterior branches that convey the blood to the dorsal vein by joininj^ the circumflex

or (Jther veins from the corpora cavernosa, and by posterior stems ( vv. urcthralcs; that

pass upward and backward and empty jKirtly int(^ the prostatic plexus and partly into

the internal pudic veins, the veins from the urethral bulb havinj^ a similar destination.

Numerous anastomoses between the cutaneous veins and those from the erectile tissue

establish free comnnmication between the superficial and de(*p vessels.

The lymphatics are numerous and disposed as superficial and deep vessels. The
former are tributary chiefly to a superficial dorsal stem that accomjjanies the cor-

respondinij vein and bej^ins by the confluence of j^lexiform lymphatics within the

intei^ument of the prepuce and frenum. r3uring its course the dorsal trunk receives

lymphatics from the adjacent territory as well as others from the under surface that

gain the dorsum by following^ the circumflex veins around the body of the penis.

At the pubes the superficial dorsal lymph-trunk passes either to the right or left, or,

when double, as it occasionally is, to both or even opposite sides, and joins the

median group of superficial inguinal lymph-nodes. Direct communications w ith the

deep subinguinal nodes sometimes exist (Kiittner). The deeper lymphatics are

particularly numerous in the periphery of the glans, around the meatus communi-
cating with the urethral and preputial plexuses. Trunks are formed which occupy

the retroglandular sulcus and unite into a deep dorsal lymph-stem, sometimes double,

that accompanies the corresponding vein beneath the fascia and terminates, when
single, in the median inguinal nodes of the left side TMarchant).

The nerves of the penis include both spinal and sympathetic fibres, the former

from the ilio-inguinal and the pudic nerves, and the latter from the hypogastric

plexus. The integument around the root of the penis is supplied by the cutaneous

branches of the ilio-inguinal and" the inferior pudendal nerves, while that of the body
and the prepuce is provided with the cutaneous branches of the dorsal ner\-es. The
cylinders of cavernous tissue also receive twigs from the pudic nerves, the bulbar

branches of which pass to the bulbus urethrae and in addition supply the mucous
membrane of the urethra. Each corpus cavernosum receives a deep branch from the

dorsal nerve which is given oft as the latter lies between the layers of the triangular

ligament. The sympathetic fibres destined for the blood-vessels and muscle of the

erectile tissue are continued from the hypogastric ple.xus through the prostatic plexus

to the plexus cavernosus, where, joining the dorsal nerves of the penis, twigs ( nervi

cavernosi penis minores) are sent to the posterior part and the crura of the corpora

cavernosa, while others ( neni cavernosi penis majores ) are distributed to the lower

portions of the erectile masses, some fibres terminating within the spon,g\' body.

Close net-works of non-medullated fibres have been traced within the bundles of invol-

untary muscle of the blood-vessels and trabecuke of the erectile tissue. Certain

cerebro-spinal fibres fneni erigentes ) supposed to be especially concerned in erection

are conveyed, in company with the sympathetic fibres, along the paths of the cavernous

plexus.

In addition to a generous supply of the more usual nerve-terminations, the skin

of the glans and the prepuce is provided with special nerve-endings,—the tactile

bodies and the genital corpuscles of Krause Tpage 1017) lying within the papillae and

the Pacinian corpuscles within the subcutaneous stratum. The paths of the sensory

impressions lie within the dorsal nerves.



1972 HUMAN ANATOMY.

Variations.—Apart from the unimportant individual differences due to age, growth, and
sexual activity, the variations of the ])enis are for the most part referable to imperfect develop-
ment and are recognized as malformations rather than cis anatomical deviations. The explana-
tion of many of these conditions is supplied by the developmental history of the structures
involved (page 2044]

.

PRACTICAL CONSIDERATIONS : THE PENIS.

The size of the penis bears less constant relation to general physical develop-

ment than does any other organ of the body. The normal average size of the flaccid

penis of the adult is about three inches in circumference and from three and a half to

four inches in length, measured from the suspensory ligament. When erect, this

length increases to about six and a half inches and the circumference to three and a

half or more.

Absence of the penis may occur, but is rare unassociated with other anomalies.

Apparent absence (concealed penis) may be due to the subcutaneous situation of an

atrophic or undeveloped organ which may be palpated through the skin and revealed

by an incision.

Micropeyiis (infantile penis j is not uncommon, and varies in degree from a mere
failure to attain quite the average size (annoying chiefly to sexual neurasthenics j to a

retention throughout life of the dimensions and development normal in early childhood

or infancy. Occasionally in such cases, after puberty and following physiological

acti\ity of the organ, rapid growth takes place and conditions approximating normal-

ity may result.

Megalopenis.—As has already been observed, the size of the organ bears no

constant relation to the size or strength of the individual. In congenital imbeciles it

is often of unusual size, and in dwarfs and hunchbacks it is not uncommonly devel-

oped, not only out of proportion to the other parts of the organism, but beyond even

the average for individuals of normal growth. Hypertrophy of the penis is at times

an inconvenience, and may even be a source of danger, since an excessive develop-

ment predisposes to abrasions and fissures through which inoculation with venereal

diseases may occur.

Dozible peyiis has been recorded in a few instances, in at least two of which each

organ was functionally perfect.

The skiyi of the penis is thin and delicate fto maintain the sensitiveness of the

organ;, and is lax and elastic Tto permit of its changes in size;. On account of these

qualities abrasions are not unusual, and through them syphilitic infection frequently

takes place.

The loose, plentiful layer of subcutaneous connective tissue permits of enormous

oedematous swelling as a result of ordinary- staphylococcic or streptococcic f pyogenic

or er}-sipelatous) infection; its abundance in conjunction with the elasticity of the skin,

accoiants for the disappearance of the penis in cases of very large scrotal hernia, in

hydroceles of similar size, and in elephantiasis scroti.

Anterior to the corona the skin is modified and resembles a mucous mem-
brane, at the meatus becoming continuous with the mucosa of the urethra. The line

of demarcation between the ordinary and modified cutaneous surfaces is not, however,

so distinct as on the lips or the nostrils, the passage of one surface into the other more

closely resembling that which takes place at the margin of the anus. On the proxi-

mal face of the corona the subcutaneous tissue is still abundant. 0\er the glans it

practically disappears and the modified integument closely embraces the erectile tissue

of the expanded anterior extremity of the corpus spongiosum.

Chayicres anterior to the corona C except at the frenum ) are apt to exhibit the

variety of induration known as "laminated" or "parchment-like," corresponding to

a sclerosis limited to the papillary layer of the derma and to the vascular net-work of

the papilla. At the frenum. corona, or cervix, where the cellular tissue is abundant,

"nodular" induration—a sclerosis of the whole thickness of the derma, of thesubder-

moid areolar tissue, and of the associated vascular net-work, which is much larger

than the superficial or papillary supply—is apt to occur, and is. as the name indicates,

deeper, thicker, and harder. On the skin of the penis chancres are apt to be exten-

sive in area, but are limited in depth by the firm, resistant fascia penis.
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At l)irth the prtfyuce is normally adlurcnt t(j the ^I'l"^. il^^ HKJtlirate retracti<jn

barely exposiiii; llu- im atiis. Continued retraction everts the lips of the meatus and
then separates the epithelial adhesions between j^dans and prepuce, ultimately exposing
a conj^estetl surface and causinj^ punctate hemorrhages.

This separation should normally take place durinj^^ infancy or early childhood,

either spontaneously as a result (;f erections and of the growth (jf the or^an or because

of gradual mechanical retraction by nurse or mother. When it fails to d(j this, the

condition of /phimosis —inability to retract the i)repuce—follows, antl is due j>artly to the

persistent adhesions and partly to a frecjuently associated narrowing of the preputial

orihce.

Both these factors may be the result of disease, and acquired {phimosis may occur

at any time of life and follow any form of inflammation of the skin co\ering the glans

{f>a/anitis), of the iiuier surface and cellular tissue (jf the prcjnice { posthitis), or of

both (ba/ano-posthitis), the last named being the mf)St common. Following phimcjsis

there may be, (a) as a result of retention of secretion and of urine in the subpreputial

space, balanitic or herpetic ulceration, or the development of papillomata (venereal

warts) ; (^) as a result of obstruction to the flow of urine and the consecjuent strain-

ing, vesical irritability, dilatation of the bladder, ureters, and kidneys, hemrjrrhrjids,

and hernia (62 per cent, of cases of congenital phimosis) ( Kempe, (juoted by Jacob-

son)
;
(f) as a result of nerve irritation (the region having an unusually rich nerve-

supply), spastic palsies, reflex joint pains and muscular spasm (simulated coxalgiaj,

or even general convulsions.

These complications are most apt to occur in infants and very young children,

and their frequency has been exaggerated.

As a result of phimosis, even when the preputial orifice is ample, there may be
a contracted or '

' pin-point' ' meatus, which may give rise to the same train of symp-
toms and will require to be divided {meatotojuy ) by a linear incision directed towards
the frenum, and kept open during the process of healing.

Circumcision, whether done for phimosis or to meet other indications, requires

for its successful performance attention to the following anatomical points : (a) the

laxity of the skin, permitting it easily to be drawn so far in front of the glans that

when it is severed at that point so much may be removed that the remainder retracts

quite to the root of the organ, which is left denuded
; {b) the close attachment of the

inner or mucous layer of the prepuce to the corona, so that the length of the portion

of that layer that is allowed to remain will determine the distance of the operative

scar (at the muco-cutaneous junction) from the meatus ; if this stump is not exces-

sive, it will thus effectually prevent the mortifying but not infrequent accident of re-

formation of a phimosis after a circumcision
; (c) the loose, abundant cellular tissue

and rich vascular supply in the frenal region, which, together with the dependent
position of the part, may determine an excess of exudate that will result in an objec-

tionable fibrous mass in that region if full haemostasis is not secured or if any redun-
dant tissue is left there.

When a relatively small preputial orifice is drawn behind the corona it causes
marked constriction at that point, especially if it is not only small but also inelastic as

a result of chronic inflammation. If the constriction remains unrelieved, paraphimo-
sis results ; the glans becomes distinctly enlarged, increasing the constriction, purplish

in color, and glossy. It is often partially concealed by a thick collar of shiny, cedem-
atous skin, behind which there is a deep, excoriated sulcus, and back of this sulcus

there is usually a second oedematous band less marked than the one lying immediately
behind the coronary sulcus. The penis seems to have a distinct upward kink or bend
just behind the glans. This appearance is due to the deep notch caused by the

margin of the retroverted orifice of the prepuce and to the oedematous swelling

which is particularly marked about the position of the frenum. In some cases, where
the tense, inelastic edge of the orifice exerts a more than usual amount of constriction,

circulation is markedlv interfered with, and ulceration and even sloughing involving

both the foreskin and the head of the penis may take place. This complication would
undoubtedly be more frequent were it not for the rich blood-supply to the glans

and the anastomosis between its \essels and those of the corpora cavernosa. The
ulceration usually involves the foreskin only.
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When the swelling consequent upon paraphimosis is well developed there is en-

countered first a furrow, the coronary sulcus, which is normally found behind the

corona ; in these cases it appears deeper because it is intensihed by the cedematous
swelling. Covering this furrow, and even overlapping the glans somewhat, is the

portion of the prepuce which is normally in contact with the posterior face and border
of the corona. Behind this swollen fold is found a second deep, often ulcerated fur-

row indicating the position of the preputial muco-cutaneous margin; this is the actual

seat of constriction, and behind it is placed yet another ridge of swollen integument.
The /asr/a pcfii's (\yc\ore 1968) gives' the organ some of its most important physical

characteristics. The tensile strength of the penis, because of its tough fibrous invest-

ments, is sufficient to bear the entire weight of the body. That portion of this fibrous

investment which covers the blunt e.xtremities of the two cavernous bodies where they
are capped by the glans, delays, and sometimes pre\'ents, the backward extension of

inflammatory or infiltrating processes, particularly cancerous infiltration, which pri-

marily involve the glans. This fibrous sheath, being a continuation of the deep layer of

the superficial fascia, also limits the forward extension of urinary and purulent infiltra-

tions beneath this fascia, such infiltrations lea\-ing the glans unin\oh-ed. The free

blood-supply to the penis and its rich inner\-ation insure rapid healing in case of

wounds, and justify conservative treatment even although the organ has been nearly

severed or extensively crushed.

Co)itusion of the penis is often followed—owing to the laxity of the skin—by
such rapid and pronounced ecchymosis and oedema as to simulate gangrene.

When the vessels of the cavernous bodies are involved there is free subcutaneous
bleeding, giving rise to a circumscribed fluctuating tumor, most prominent during
erection. This tumor is somewhat slow in forming, and occasionally suppurates.

Under conservative treatment it usually disappears. When injury has not only occa-

sioned extensive extravasation of blood, but has lacerated the urethral canal, the

inflammatory phenomena observed after rupture of the urethra quickly de\-elop.

Moreover, there is immediately bleeding from the meatus, which should lead to

prompt diagnosis and appropriate treatment.

Hounds, if involving the erectile tissue, bleed freely, and, if transverse and ex-

tensive, may be followed by loss of erectile power in the region anterior to the wound.
Fractiwe, in a literal sense, is possible only when the organ has undergone calcifica-

tion or ossification {vide infra), but the term is applied to injuries that result when,
during vigorous erection, the penis is subjected to a sudden twist or bend. The
resulting condition is not unlike that caused by contusion, but the subcutaneous

eftusion is apt to be lacking. The chief lesion is usually in the corpora cavernosa, or

in one of them, and is apt, as a result of obliteration of erectile spaces, to leave a

flail-like organ, erection anterior to the break being impossible.

Chronic indiiratioyi f ossification, calcification, chronic inflammation j of the sheath

and erectile tissue, especially of the corpora cavernosa, is marked by the formation

of fibrous, calcareous, or bony thickenings or plates, which form usually in middle-

aged or elderly men of gouty diathesis. They cause but little pain, are easily recog-

nized by palpation, and are accompanied by bending of the penis to the affected side

during erection, which is incomplete in the region anterior to the induration. The
condition is unknown before forty or forty-five, and is probably analogous to the

thickening and toughening of the palmar fascia, which goes by the name of Dupuy-
tren's contraction, and which we recognize as partly due to gout and partly to some
constant irritation. Thus they may be met with in both the penis and the hands of

the same gouty person (Jacobson). It has been suggested (Metchnikoff) that in

their osseous form they represent reversions to the condition existing in many mam-
mals and even in the anthropoid apes, in whom an os penis is present.

Lxynphangitis may follow peripheral inflammation of any type, but is usually of

venereal origin.

The diagnosis between lymphangitis and phlebitis of the dorsal vein is based

upon the much smaller size of the lymphatic vessels as compared with the vein ; upon
the fact that the former vessels do not pass upward in the middle line, but are directed

into the groins ; and finally upon the ability to lift the indurated vessel up from

the deeper parts, this not being possible in the case of the vein, since it is placed in a
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furri)\v bclWLcn the two cuvcriKJiis bodies. l'lil(jl)itis occasions much more marked

oedema.
Hpitht'lioma of the penis is not uncommcHi. It usually fcjllows prolonged subpre-

putial irritation. It involves ultimately both the inguinal and the deep pelvic nodes.

Amputation of the entire penis may be retjuired for the relief of malignant dis-

ease. The following description (Treves^ should be studied in ccjnnection with the

anatomvof the jjenis and of the urethra. The patient is placed in the lithotomy posi-

tion, and the skin of the scrotum is incised along the wIkjIc length of the raphe. With
the finger and the handle of the scalpel the hakes of the scrotum are separated down
to the corpus spongiosum. A full-sized metal catheter is passed as far as the trian-

gular ligament, antl a knife is inserted transversely between the corpora cavernosa and

the corpus spongiosum. The catheter is withdrawn, the urethra is cut across, and
its deep end is detached from the penis back to the triangular ligament. An incision

is made around the root of the penis continuous with that in the median line. The
suspensory ligament is divided and the penis is separated, except at the attachment

to the crus. The knife is then laid aside, and with a stout periosteal elevator or rugine

each crus is detached from the pubic arch. The two arteries of the corjxjra cavernosa

and the two dorsal arteries require ligature. The urethra and corpus spongiosum are

split up for about half an inch, and the edges of the cut are stitched to the l^ack part

of the incision in the scrotum. The scrotal incision is closed by sutures, and if drain-

age is used, the tube is so placed in the deep part of the wound that its end can be

brouy-ht out in front and behind. No catheter is retained in the urethra.

THE PROSTATE GLAND.

Although developed as an appendage of the urinary tract, and not directly as

part of the se.xual apparatus, the prostate is functionally so closely related to the gen-

erative organs that it may appropriately be regarded as one of the accessory glands, the

others being the glands of Cowper.
The prostate is complex in both its make-up and relations, being partly glandu-

lar and partly muscular and traversed by the urethra and the ejaculatory ducts. In

general form it resembles an in\-erted

Spanish chestnut, having the base Fig. 1679.

applied to the under surface of the

bladder and the small end, or apex,

directed downward. Additional an-

terior, lateral, and posterior surfaces

are recognized. Grayish red in

color and of firm consistence, the

adult prostate varies considerably

within physiological limits in size

and weight. The former includes a

length, from apex to base, of from

2. 5-3. 5 cm. ( I to 1 1^ in. ) , a breadth

or transverse diameter of from 3.
5-

4.5 cm. (i^^-i^ in.), and a thick-

ness of from 2-2.5 cm. (3^-1 in.).

Its average w-eight is about 22 gm.

(^ oz. ). Marked increase in size

and weight is common in elderly

subjects.

The oblique iipper surface or

base ( basis prostatae, facies vesicalis) is applied to the under surface of the bladder,

with which it is inseparablv blended by muscular tissue surrounding the urethral ori-

fice, and is pierced by the urethra usually slightly in advance of the middle. The
base is outlined by free rounded borders, so that its limits are separated from the

vesical wall by a groove. T\\q posterior surface (facies posterior), directed backward
and towards the rectum, is defined laterally by prominent rounded borders that

extend from the base to the apex and enclose a flattened cordiform or triangular area

Slight groove produced
by symphysis

Inferior surface

Cut urethra

^ in apex of

\ prostate

^ \'as

^ deferens

Ureter

Seminal
vesicle

Sliijhlly distended bladder, hardened in situ, show-
ing prostate, seminal vesicles, and seminal ducts ; viewed
from below and behind.
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Prostatic urethra
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Portion of sagittal section showing prostate and related structures.

that often presents a shallow concavity. The junction of the upper and posterior

surfaces is marked by a transverse crescentic slit (incisura prostatac) into which sink

the ejaculatory ducts in their coUrse to the urethra. The imperfectly defined wedge-
shaped mass bounded by

Fig. 1 680. the urethra in front, the ejac-

ulatory ducts at the sides

and behind, constitutes the

so-called viiddle lobe (lobus

medius), the base of which
lies beneath the vesical tri-

gone. The prominent por-

tions of the prostate lying

external to the ejaculatory

ducts are known as the lat-

eral lobes, which, however,
superficially are not dis-

tinctly marked off. The
prominent convex lateral

surfaces, directed outward,
downward, and forward, and
behind limited by rounded
borders, in front pass insen-

sibly into the narrow con-

vex aiiterior sjir/ace (facies

anterior) that is approximately vertical and faces the symphysis.
The urethra traverses the prostate with a vertically placed curve, the concavity

looking foPA'ard, that above begins slightly in advance of the middle of the base, and
below ends on the anterior surface just in front and above the apex. The posterior

wall of the prostatic urethra is marked by a longitudinal median ridge, the tirethral

crest, on the most expanded and elevated part of which (colliculus seminalis) are situ-

ated the openings of \}aQ pros-

tatic utricle (utriculus prostati- Fig. 1681.

cus) and of the ejaculatory

ducts (page 1955). In the

grooves or recesses on either

side of the crest, open the mi-

nute orifices of the prostatic tu-

bules, some twenty in number,
that discharge the products of

the glandular tissue.

Owing to the continuity

of the muscular tissue with

the surrounding structures in

front, above, and below, the

outlines of the prostate in

places lack definition. Except
over its base, apex, and lower
anterior surface, the prostate

is enclosed by a fibrous envel-

ope or capstile, the extension

of the visceral layer of the pel-

vic fascia in conjunction with

the investment of the bladder

and the seminal vesicles. The
capsule is best developed on
the posterior surface, where it separates the prostate from the rectum and constitutes

a part of the recto-vesical fascia in its restricted sense.

Relations.—Lodged between the bladder and the pelvic floor, the prostate is

in relation with a number of important structures. Above, its base is intimately

Folds of
mucous nitinbr uie

Lumen
urelh

'^j^^^^-l'rethral mucous
^A^^^^Cs. membrane

utricle

Ejaculatory ducis

Section across prostatic urethra above entrance of ejacula-
tory ducts, showing crescentic form of urethral lumen pro-
duced by encroachment of urethral crest. X lo.
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Terminal duct opening into alveoli

Involuntary' muscle,

Interlobular
connective
tissue

attached to the lower surface of the bhidder, lyin^ beneath the vesical trigone.

Below, its apex rests upon the superior layer of the triangular ligament, surrounded
by fibres of the compressor urethrae muscle that constitute the external vesical

sphincter (page 1925). In front, the rounded anterior surface is directed towards
the pubic symphysis, from which it is separated by an intervening wedge-shaped
space occupietl by loose areolar tissue containing part of the prostatic plexus <jf veins

and fat. The pubo-prostatic ligaments ( the continuations of the arcus tendineus of

the two sides) stretch between the symphysis and the prostate and contain muscular
tissue jirolonged from the latter and the bladder. At the sides, the jjrostate is embraced
by the levator ani muscles, the prostatic venous plexuses, embedded within the

reflections of the pelvic fascia that here constitute the capsule of the gland, inter-

vening. Behind, the prostate is in relation with the ampulla; of the vasa deferentia

and the seminal vesicles above and with the lower part of the rectum below, separated

from the latter by the dense capsule and the overlying layer of areolar tissue. The
position of the prostate is not constant, since it is affected by movements of the vesi-

cal wall, with which the prostate is intimately united, incident to marked distention

and contraction of

the bladder. On the F'°- ^^^2.

other hand, the at-

tachments of the

prostate to the trian-

gular ligament and
pelvic fascia indi-

rectly confer upon
the lower segment of

the bladder its most
efficient means of

fixation. The pros-

tate is further influ-

enced by changes in

the anterior wall of

the rectum, under-

going compression

and displacement

forward when the

bowel is distended.

Structure.—
The prostate is a

gland of the tubo-

alveolar type and is

made up of three

chief components,—the connective-tissue framework, involuntarv- muscle, and the glan-

dular tissue. Of these the latter constitutes usually a little more than one-half of the
entire organ, and the connective tissue and muscle each somewhat less than one-quarter.

The connective-tissue yVawd'zt'cr,^ consists of an external investing fibro-elastic en-
velope, the capside proper, and a median septum, which encloses and blends with the
walls of the urethra. Between these denser lamellae numerous partitions radiate and
subdivide the organ into from thirty to forty pyramidal lobules occupied bv the glandu-
lar tissue. The itivohoitary muscle, embedded within the capsule and ramifications
of the connective-tissue framework, surrounds the gland-substance as a superficial

layer from which a median septum, about 2 mm. in width, extends ventro-dorsally,

enclosing the urethra in an annular thickening. In consequence, the interior of the
prostate is occupied by a dense fibro-muscular nucleus, in which the glandular tissue

is represented by only the narrow prostatic ducts passing towards the urethra. The
muscle is not limited, however, to the foregoing positions, but extends also between
the ultimate divisions of the gland-tissue, the interalveolar septa in places consisting

largely of the variouslv disposed muscle-bundles.

The glayidular tissue consists of twenty or more distinct tube-systems, each
drained by an independent duct that opens into the urethra in the groove on either side

Alveoli

Blood-vessel

Portion of cross-section of prostate gland. X 75.
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Fig. 1683.
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of the colliculus. Beo;innino^ at their narrow orifices, these excretory tubules (ductuli

prostatici ) pass outward into the lobules, and after a course of about i cm. divide into

tubules that repeatedly branch and expand into the terminal alveoli. Throujj;h()ut the

greater part of their course the wavy ducts are beset with saccular and tubular diver-

ticula, simple or compound, that give the canal an irregular lumen and constitute what
have been termed the d//d alveoli as distinguished from the terminal alveoli. The
latter form a series of irregularly branched tubular and saccular spaces lined with a

single or imperfect double layer of columnar epithelial cells,—the secreting elements of

the gland. In places the alveoli intercommunicate and form net-works of spaces of

variable lumen. The epithelium in the ducts and their diverticula corresponds with

that lining the more deeply situated alveoli, the change into the transitional A-ariety

of the prostatic urethra not taking place until very near the termination of the ducts.

Peculiar concretions (
'

' amyloid bodies' ' or " prostatic calculi' ' ) are almost con-

stantly present within some of the tubules of the adult organ, especially in advanced
life. These bodies (Fig. 1683), round or o\-al in outline and very variable in size

(from .2-1 mm. and more in diameter), usually exhibit a faint concentric striation

and a light brownish color.

Their nature is uncertain,

but they probably consist of

a colloid substance giving

protein reactions.

The secretioji of the

prostate gland (succus

prosiaticns) is milky in ap-

pearance, thin in consist-

ence, slightly alkaline in

reaction, and possesses a

characteristic odor ( Fiir-

bringer ). It is discharged

into the urethra and min-

gled with the fluid enter-

ing by the seminal ducts

during ejaculation, and
probably serv'es an impor-

tant purpose in facilitating

and perhaps stimulating

the motility of the sper-

matozoa. The "sperm
crystals" formed in semen

after standing, and attributed to the products of the prostate, are not found in the

secretion of the living subject (although frequently present in the gland after death)

until after the addition of ammonium sulphate (Fiirbringer).

Vessels.—The arteries supplying the prostate are small branches from the

inferior vesical and middle hemorrhoidal. They enter the periphery of the gland at

various points, particularly in company with the ejaculatory ducts, and break up into

capillary net-works that surround the alveoli. The veijis are exceedingly numer-

ous, forming close mesh-works within the glandular tissue and around the ducts.

Thev leave the organ on either side and unite into a plexus within the capsule, which,

receiving the deep dorsal veins of the penis and communicating with trunks from the

bladder, seminal vesicles, and rectum, is continued as the prostatico-vesical plexus,

tributary to the internal iliac veins. The lymphatics are numerous and form a net-

work on the lower and posterior surface of the organ from which on either side pass

t\vo trunks, a superior and a lateral. The upper and smaller trunks are afferent to

the obturator lymph-nodes of the pelvic wall, and the lateral and larger terminate in

the internal iliac nodes (Sappey).
The nerves of the prostate are chiefly sympathetic fibres derived from the

hypogastric plexus, numerous minute ganglia being included along their course.

Peripherallv situated Pacinian corpuscles are said to be connected with the sensory

fibres (Griffiths).

w.
7

t/.

Fpithelium
^lining alveoli

.^^^S^^^Interalveolar
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Blood \L'.sel

Portion of section of prostate gland, showing details of alveoli. X 270.
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Development.—At ahout tin- third iiKJiUh of f(L'tal life the wall (jf the primitive

urethra uiuirr^oes thickening, leatlini^ to tlie prothiction of an annular mass of meso-

hlastic tissue that surrt)untls the lower ends of the Wolftian and Miillerian ducts

(later the ejaculatory ducts and the prostatic utricle respecti\elyj and subse([uently

becomes differentiated largely into unstri[)ed muscle. Into this penetrate solid epi-

thelial outgrowths, from the lining ctf the urethra, which expand into branched cylinders

that give rise to the prostatic glandular tissue. These outgrowths are arranged in

three groups (Pallin), a ventral, an upper and a lower dorsal. The ventral gnjup

gives rise to the glandular tissue in front of the urethra, which at first is relati\ely

abundant, but soon suffers reduction, and in the adult organ is (jften almost wanting.

The dorsal gr()U])S produce the important glantls of the median and lateral lobes.

For a time the latter are arranged as two separate lobes, but afterward become

consolidated by the cajisule and broken up by the invasion of the tibro-muscular

septa.

At birth the jjrostate measures about 12 nun. in its transverse dimension and

remains stuall until puberty, when it begins to rapidly enlarge, acquiring its full pro-

portions with the establishment of sexual activity. With the approach of old age,

the prostate usually undergoes increase in size,—an augmentation often resulting in

pathological conditions.

Variations.—Apart from abnormalities in size, the prostate is subject to few variations.

Amon,s: the latter have been persistence of the original independence of the lateral lobes, ab-

sence of the middle and the presence of a fourth lobe. X'ariations in tlie relations and mode
of ending of the ejaculatory ducts ( fusion into a single canal or termination in the prostatic utricle

or by a special canal belovv the crest) or in the prostatic utricle (absence, enlarged size, or un-

usual opening) are properly referred to deviations in the development of the generative tract.

PRACTICAL CONSIDERATIONS : THE PROSTATE GLAND.

The prostate gland is a portion of the male generative system. The prostatic

utricle, or sinus pocularis, is the homologue of the sinus genitalis in the female,—the

uterine and vaginal cavities,—since it represents the persistent part of the fused Miil-

lerian ducts (page 2039). Alhough the prostate and the uterus cannot be regarded

as homologous organs, they are similar in structure, and would be strikingly alike

if the tubular glands found in the inner walls of the uterus were prolonged into its

muscular substance.

During infancy and childhood the prostate is still immature ; at puberty it enlarges

coincidently with the enlargement of the testicles. In eunuchs and after castration in

man and other animals it is atrophied. The seminal vesicles are in close relation to

it and the ejaculatory ducts penetrate it (page 1955). Its size and perfection of struc-

ture in animals rise and fall with the breeding season (Hunter, Owen, Grififiths).

These facts sufficiently demonstrate the essential relation of the prostate to the gen-
erative system. It, however, affords passage to the prostatic urethra, its unstriped
muscle-fibres are continuous with the vesical muscle at the trigonum and with the

circular fibres of the bladder, and both the anatomical and subjective effects of the

more common pathological changes in the prostate are observed in relation to the
urinary system, with which, therefore, it is most intimately associated.

Injuries of the prostate are rare on account of its protected position, and usually

involve also the rectum or the bladder. Hemorrhage from the prostato-A'esical

plexus may be dangerous in amount ; and if a wound extend upward into the neck
of the bladder, that organ may become distended with blood and form a tense, globu-
lar hypogastric tumor. Infiltration of urine following a prostatic wound may, in

accordance with the situation of the latter, reach the hypogastrium from the pre-

vesical space, the ischio-rectal region or the perineum from coincident division of

the fascia of Colles, or the recto-vesical space and the pelvis from similar division of

the recto-vesical fascia.

Disease of the prostate, if infectious, is usuallv gonorrhoeal in origin. It is often

due to the use of unclean urethral or vesical instruments. It tends to suppuration
on account of the very imperfect drainage of the products of inflarnmation from the

numerous follicles.
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Prostatitis is attended by {a) much swellint^, owing- to the vascularity and
spongy structure of the gland. As the forward enlargement of the prostate is pre-

vented by the resistance of the dense pubo-prostatic ligaments, the subpubic liga-

ment, and the firm superior layer of the triangular ligament, the swelling is greatest

in the posterior two-thirds of the gland. Its downward extension is evidenced by
{b) a sense of weight and uneasiness in the perineum and {c) rectal irritation and
tenesmus. Its upward and backward spread is shown by {d) interference with mic-

turition, due to compression of the prostatic urethra and elevation of the vesical out-

let. The symptoms of (£') painful and fretjuent micturition and (/") vesical tenesmus

are due in part to the mechanical obstruction, but chiefly to the extension of the

inflammation to the trigonal region and to the obstruction by pressure of the pros-

tatic venous plexus into which the vesical plexus empties, causing intense conges-

tion of the vesical mucosa. The unyielding character of the prostatic sheath produces

(^) the heavy, throbbing pain felt in the infrapubic, perineal, and rectal regions, and
results in such tension that (/^) referred j)ains are very common, and, on account of

the derivation of the nerve-supply of the prostate from the lower three dorsal and
upper three sacral segments, are apt to be widely distributed, as, e.g., pain over the

tip of the last rib (tenth dorsal nerve), over the posterior iliac spine (eleventh dorsal

nerve), or even in the soles of the feet (third sacral nerve) (Treves); reflex irrita-

tion of the inferior hemorrhoidal nerve may cause intense pruritus ani,—sometimes

a very annoying symptom.
Prostatic abscess usually takes the direction of least resistance and opens into

the urethra. Its progress towards the pelvis is resisted by the dense investment

contributed by the pelvic fascia; towards the perineum, by the superior layer of the

triangular ligament. It sometimes points tow^ards the rectum, from which it is sepa-

rated by a thinner and less resistant layer of the pelvic fascia, and may then open

directly into the rectum, or be guided by it to the perineum.

Hypertrophy of the prostate to some degree occurs in about one-third of all

males who have passed middle life, and in about one-tenth of all males over fifty-five

the enlargement becomes of pathological importance. Its cause is unknown.

Various theories having a more or less direct bearing upon its anatomical and physio-

logical characteristics have been advanced to explain its occurrence, but none has

been demonstrated. It has been attributed to (a) the general arterio-sclerosis of old

age (Guyon); {b) a primary change in the bladder necessitating a compensatory

hypertrophy of the prostate (Harrison); (r) a growth analogous to uterine fibro-

myoma (Thompson); {d) the persistence, in an adjunct sexual organ, of physiological

activity intended for the control and determination of the masculine characteristics

after the need for such activity had disappeared (White); (.r) an attempt to com-

pensate quantitatively for a qualitative deterioration in the prostatic secretion, whose

function (Fiirbringer) is to facilitate the mobility and vitality of the spermatozoa

(Rovsing); and, recently, (/) infection (most often by the gonococcus), aggravating

a senile degenerative process (^Crandon).

The enlargement may affect chiefly any of the separate components of the pros-

tate, and may thus be adenomatous, myomatous, or fibrous in its character, although

usually the glandular element predominates. It may involve particularly the lateral

lobes, or may affect almost exclusively the so-called median portion placed at the

lower posterior part of the gland, between the ejaculatory ducts. This portion is

directly beneath the vesical neck.

The degree of hypertrophy is extremely variable, the prostate being increased

from its normal weight of between four and six drachms to a weight of many ounces,

and, of course, correspondingly increased in size.

It is not possible here to do more than call attention to these varieties of hyper-

trophy, but its usual and general effects may be considered with reference to their

anatomical causation.

I. The direction of greatest resistance to enlargement is forward i^vide supra)

and next downward (towards the rectum). Hence the growth usually takes place

in an upward and backward direction, although the resistance offered by the recto-

vesical layer of fascia does not prevent marked extension in that direction in many
cases. As a direct result of this enlargement there follow : (a) compression, flatten-
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ing, and clon^iition of the prostatic urethra, or lateral deviation of that canal (if one
lobe greatly exceeds the other in size); (d) elevation of the vesical neck and (jutlet,

which are carried up by reason of their intimate connection with the prostate,

especially with its median lobe, the Ixise of the bladder remaining relatively un-

affected ;
{(-) the formation in this manner of a pouch or pocket ( post-prostatic jjouch)

in the liladder at a lower level than the vesical outlet.

rile iiiiiirtct results of these conditions are the chanjrrs in ///c d/addfr occa.s\oned

by (a) the mechanical obstruction which the enlarged pnjsiate (jffers to the ready

and complete evacuation of its contints, (fi) the circulatory disturbance incident to

pressure on the prostatic veins into which the blootl from the vesical veins passes,

and ( r ) septic infection.

As a result of the narrowing or deflection of the urethra, the elevation of the

vesical outlet, and the formation of the post-jirostatic pouch, the bladder is not

entirely emptied at each act of micturition, a certain auKJunt of residua/ jiriyie remain-

ing behind. This may gradually increase as the ol>struction becc^mes more marked,
ultimateU- causing dilatation of the bladder, with atony conseciuent on j)artial de-

generation of its muscular walls, or, in consequence of the more vigf^rous bladder

contraction required to empty the bladder, the trabecuke may become entjrmously

hypertrophied, the inner layers forming pronounced ridges. These by their con-

traction e.\ert a powerful pressure upon the vesical contents, which, escaping very

slowly, transmit the pressure in all directions and occasion bulgings or sacculations

in such weak parts of the bladder-walls as are not supported by muscular bands or

by strong investing fasciae. The hypertrophy and sacculatioti are further encouraged
by the vesical irritability incident to venous congestion at the neck of the bladder,

which, as the prostatic veins become more obstructed, keeps up a condition of passive

hypericmia and erethism more potent than residual urine alone to occasion the fre-

quently recurring desire to urinate and the muscular spasm of the sphincter at the

beginning of the act, which calls for such strong and repeated efforts on the part of

the detrusor muscles.

Septic infection of a healthy mucous membrane by the pyogenic microbes caus-

ing acute or chronic cystitis is not possible, even although such bacteria are present

in the urine; when, however, the vesical mucous membrane is congested in conse-

quence of obstruction to venous return, and of distention of the viscus and frequently

recurring contractions of the detrusor muscles, it offers but slight resistance to the

microbic invasion. The pyogenic microbes are generally carried to the bladder by
dirty instruments, or, if these are rendered sterile, through failure to cleanse the

anterior urethra before the instrument is introduced into the bladder. Often cystitis

develops independently of the use of instruments, probably as a result of infection

conveyed by way of the urethral mucous membrane.
2. The subjective symptoms brought about by these conditions may be briefly

summarized and will be readily understood by reference to the foregoing and to the

article on the bladder, {a) Frequent urination, due partly to the inability completely

to empty the bladder, but chiefly to the venous congestion about the trigonum. (b)

Difficulty in starting urination, due to muscular spasm of the external \'esical sphinc-

ter, which, excited by reflexes from the hyperaesthetic prostatic urethra and neck of

the bladder, is not fully under the control of the will. A temporary reflex inhibition

of the detrusor muscles may also delay the act of urination, (r) Feeble urination,

due to the weakness, atony, or paresis of the overstretched detrusors, (flf) Inter-

rupted urination, due usually to spasmodic contraction of the external vesical sphinc-

ter and compressor urethr^e muscles, reflexly excited by urethro-cystitis ; occasionally

the result of intermittent contraction of the detrusors, often ( as in many cases of

cardiac palpitation) a sign of beginning muscular atony. The physiology of micturi-

tion requires continuous contraction of the detrusor muscles and relaxation of the

sphincter yi^r a brief interval only. When there is suiificient obstruction to triple or

quadruple the time normally required fully to empty the bladder, the detrusor mus-

cles, exhausted by their effort, may relax, whereupon the sphincter muscles, relieved

of the vis a tergo, promptly contract. After some seconds or minutes the detrusors

recover sufficiently to make further efforts at evacuation. (<?) Incontinence of uritie,

which may always be taken as a symptom of retention with overflow, the intravesical
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tension of the overfull bladder being sufficient to overcome the resistance offered by
the tonic contraction of the sphincter muscle plus that due to the ])r(jstatic enlarge-

ment. {/ ) Complete }-etention of urine, due either to an aggravation of the chronic
congestion of the urethro-vesical mucosa or to the completion of an atrophic process
which has tinally destroyed all power of contraction in the bladder. {g) Referred
pains, similar to those noted as occurring in acute prostatic swelling (^vide supra),

{h) Constitutional disturbance, due to septicaemia or uraemia, or both.

Operations.

—

Prostatotomy.—Incision or puncture of the prostate for the evac-

uation of an abscess may be made through the rectum or by a median perineal

incision. The same name is aj^plied to an operation which consists in opening the

urethra at the ape.x of the prostate by a median perineal incision, and dividing the

obstructing portion of the gland by means of a probe-pointed bistoury, cutting from
within outward. The channel may be further enlarged by divulsion with the finger.

The anatomy and relations of the parts involved have already been described (page

Of the various operative procedures to which the i)rostate is subjected, prostatec-

tomy is, however, by far the most important. Under this name operations have been
described which consist of the removal of the enlarged median lobe, or of portions of

one or both lateral lobes, or of the whole prostate, by either perineal or suprapubic

routes.

In suprapubic prostatectomy the prostate is approached by means of a supra-

pubic cystotomy (page 1921). The mucous membrane over the most prominent
portion of the intravesical protuberance is scratched through and, as a rule, the

growths or the prostate remo\'ed by enucleation with the finger.

The possibility of total removal of the prostate, and especially of such remo\al

without coincident injury or removal of the prostatic urethra and ejaculatory ducts,

has been vigorously discussed. It has been complicated by confusion as to the struc-

tures described as the '

' capsule' ' and as the '

' sheath.

The views of Freyer appear at present to explain most satisfactorily the actual

anatomical conditions found at operation, and are thus summarized by him : The
prostate is in reality composed of twin organs, which in some of the lower animals

remain distinct and separate throughout life, as they e.xist in the human male during

the first four months of foetal existence. After that period, in the human fcetus, they

approach each other, and their inner aspects become agglutinated, except along the

'course of the urethra, which they envelop in their embrace. These two glandular

organs, which constitute the lateral lobes of the prostate, although welded together,

as it were, to form one mass, remain, so far as their secreting substance and functions

are concerned, practically as distinct as the testes, their respective gland ducts open-

ing into the urethra in the depression on either side of the urethral crest. Each of

these two glandular bodies, or prostates, is enveloped by a thin, strong, fibrous

capsule ; and it is these capsules—less those portions of them that dip inward, cover-

ing the opposing aspects of the glandular bodies or lobes, and thus disappear from

view, being embedded in the substance of the prostatic mass—that constitute the

true capsule of the prostate regarded as a whole. This capsule extends over the entire

organ except along the upper and lower commissures, or bridges of tissue, that unite

the lateral lobes above and below the urethra, thus filling in the gaps between them.

This true capsule is intimately connected with the prostatic mass and incapable of

being removed from it save by dissection.

The urethra, accompanied by its surrounding structures,—viz., its longitudinal

and circular coats of muscles continued forward from the bladder, its vessels and

nerves,—passes forward and upward between the inner aspects of the two glands or

lobes and is embraced by them. The ejaculatory ducts enter the prostatic mass close

together, in an interlobular depression at the lower part of its posterior aspect, each

coursing along the inner surface of the corresponding lobe. They do not penetrate

the capsules of the lobes, but pass forward in the interlobular tissue, to open into the

urethra.

The prostate, thus constituted and enveloped by its true capsule, is further

encased in a second capsule or sheath, formed by the visceral division of the pelvic

fascia, numerous connecting bands passing, however, between the two (Thompson).
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Between these two capsules, or rather mainly embedded in the outer one, lies the
prostatic plexus of veins, most marketl in front and on the sides of the prostate. The
lary:er arteries also lie between the true capsule and the sheath, numerous small
branches passinjt^ fa>m them through the true capsule for the supply of the jirostatic

substance.

Freyer illustrates his view by imai;inin^ the edible portion of an oran]L,fecomj)Osed

of two sej^nients only, instead of several, with the septum between them placed
vertically, and says that the thin. stronJ,^ fibrous tissue which covers the segments of

the orange, and which is intimately connected with the pulp, would then represent
the true capsule of the prostate, the two segments or halves of the orange being rep-
resented by the two lobes of the prostate. Further, the rind of the orange would
represent the outer capsule or prostatic sheath, contributed by the pelvic fascia. In

the method of suprapubic prostatectomy now known by his name, it is the true cap-
sule as above descril)ed that is removed, the sheath being left behind, thus pre-
venting infiltration of urine into the cellular tissues of the pelvis.

In most cases of hypertrophy of the prostate the overgrowth is adenomatous in

character, numerous encaj)suled adenomatous tumors being found embedded within
the substance of the lobes and frequently protruding on their surfaces. They some-
times assume the form of polypoid outgrowths, which, however, are invariably en-
closed within the true capsule, which is pushed before them.

As the lobes enlarge they bulge out and have a tendency, each enclosed within

its own capsule, to become more defined and isolated, thus recalling their separate
existence in early foetal life. They become more loosely attached along their com-
missures (particularly the upper one), which in the normal prostate unite them
above and below the urethra. And in the course of this change the urethra, with
its accompanying structures, is loosened from its close attachment to the inner sur-

faces of the lobes, thus facilitating its being detached and left behind uninjured in

the removal of the prostate.

In the earlier stages of the adenomatous overgrowth the enlargement is proba-
bly entirely extravesical. Its expansion in this position is. however, limited by the
pubic arch above, the triangular ligament in front, and the sacrum below. As the
enlargement progresses, it advances in the direction of least resistance,—namelv, into

the bladder. The sheath, which at the posterior aspect of the prostate is least de-
fined, becomes gradually thinner as the enlargement in this direction progresses, till

eventually the prostate has burst through it, and is then merely covered bv the mucous
membrane of the bladder (Freyer).

It has been asserted that what has here been called " capsule" is in the normal
prostate really only a thin outer non-glandular portion—cortex—containing both
muscular and fibrous tissue (Shattock), and that the envelope formed from the pros-

tate by the expansion of adenomata represents more than the " cortex" and contains
glandular tissue derived from the stretched and compressed outer portion of the
prostate (Wallace).

However this question may ultimately be settled, the anatomical views set forth

above explain the separability of the mass of the prostate from {a') the prostatic

plexus of veins (avoiding hemorrhage), (<5) the under surface of the recto-vesical

fascia (avoiding urinary infiltration), and (r) the prostatic urethra and ejaculatory

ducts (minimizing interference with micturition and with potency), which separa-
bility has been shown to be at least occasionally possible during operation.

Perineal prostatectomy is done, with the patient in the lithotomy position, by
means of a semilunar incision in front of the anus carried down through the successive

structures of the urethral perineum until the sheath of the prostate is reached. After
division of the sheath on either side in a direction parallel with the medial fibres of

the levator ani, the prostate in its capsule—or portions of it—may be enucleated with

the finger. The gland may be made more accessible by downward pressure through
the space of Retzius (by means of a suprapubic incision) or through the bladder
itself (after a preliminary suprapubic cystotomy). It may be reached by a lateral

incision half encircling the anus. It should be remembered that it is separated from
the ischio-rectal fossa only by the levator ani muscle, with the visceral layer of the

pelvic fascia on its upper and the anal fascia on its lower surface.
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THE GLANDS OF COWPER.

Cowper's glands (glandulae bulbourethrales) are two small ovoid bodies situated

along the under surface of the membranous portion of the urethra (Eig. 1632), one
on either side of and close to the mid-line. In general form and size (from 5-8 mm.
in diameter) they resemble a pea, although their contour is irregular and somewhat
knobbed. Their color is reddish yellow and their consistence firm. They lie within

the deep perineal interspace between the two layers of the triangular ligament em-
bedded within the fibres of the compressor urethrae muscle.

The ducts of the glands—about 1.5 mm. in diameter and from 3-4 cm. in

length—run forward and medially, at first between the bulbus spongiosum and the

membranous urethra, then within the bulb itself, and, finally, for about 2 cm. be-

neath the urethral mucous membrane to open by small slit-like orifices on the lower

wall of the bulbus urethrae near the mid-line. The position of these inconspicuous

openings is sometimes masked by a fold of mucous membrane or a slight de-

pression. Quite frequently the two ducts unite and open by a common orifice.

Structure.—These glands are mucous tubo-alveolar in type, their terminal

divisions ending, after more or less branching, in irregularly sacculated compart-

ments. In places the latter communicate by means of a reticulum of connecting

canals (Braus). The alveoli are lined with low columnar or pyriform epithelial

cells, among which mucus-secreting cells are plentiful. The cuboidal epithelium

that clothes the smaller ducts and the dilatations connected with them gives place to

clear columnar cells within the larger excretory canals. The divisions of the gland

are united by interlobular connective tissue and invested in a general fibrous en-

velope in which a considerable quantity of unstriped muscle occurs. The secretio7i

of Cowper's glands, clear and viscid and of alkaline reaction, is probably of service

in maintaining favorable conditions for the spermatozoa by neutralizing acidity of

the urethral canal due to passage of urine (Eberth). In addition to their recognized

homology with the glands of Bartholin in the female, the observed histological

changes incident to sexual excitation warrant the grouping of these glands as acces-

sory sexual organs.

Vessels.—The arteries supplying Cowper's glands are twigs given off from

the arteries of the bulb as they course between the two layers of the triangular liga-

ment. The veins are tributary to those returning the blood from the bulbus spongi-

osum which empty into the internal pudic. The lymphatics are afferents to the

internal iliac lymph-nodes.
The nerves are derived from the pudic.

Development.—The bulbo-urethral glands appear about the end of the third

month of foetal life as solid outgrowths from the entoblastic lining of the uro-

genital sinus. With the elongation of the latter incident to the formation of the

male urethra and the penis (page 2044), the glands assume a lower position and

their ducts are correspondingly lengthened. During the first ten or twelve years the

glands undergo only small increase in volume, but between the sixteenth and

eighteenth years they attain their full size. In aged subjects they atrophy and are

frequently so small that their recognition is difficult.

Variations.—In addition to abnormalities in size, the two glands may be fused into a single

mass, or one or both may be wanting. Sometimes their absence is only apparent, since the

organs may be representee! by rudimentary glands embedded entirely within the substance of

the corpus spongiosum.
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THE FEMALE REPRODUCTIVE ORGANS.

The reproductive orj^aiis of the feinale eomprise two ^nnips—the internal, situ-

ated for the most part within the pelvis and above the pelvic Hoor, and the external,

embraced by the subpubic arch and below the trianj^ular ligament and supported by
attachments to the surrounding^ bones, fascia, and integument. The internal organs

are the sexual inlands, the ovaries, which produce the ova, the oviducts or Fallopian

tubes, the canals conveyintj the sexual cells, the uterus, and the vairina, the jxissage

which, bei^inninj^ within the i)elvis, embraces the lower end of the uterus above,

pierces the pelvic floor, and ends below within the external genital cleft. The Fallo-

pian tubes, uterus, and va_L,nna re|)resent the excretory canals of the sexiKil j^landa

which in the embryo, as the Miillerian ducts, f(jr a time are separate. After fusion

of their lower segments has taken place, the unpaired tube thus formed becomes the

vaijina and the uterus, the latter being si:)ecialized for the reception and retention of

the fertilized ovum during gestation.

The external organs, often termed collectively the vulva f ptidondiini mulicl)re),

include the clitoris, the labia, and the enclosed vestibule and vaginal orifice and the

glands of Bartholin. In a general way these parts represent structures homologous
with the penis and scrotum, but in a less advanced and specialized stage of develop-

ment.

THE OVARIES.

The ovary (ovarium), one on either side of the body, is the sexual gland proper,

within and from which are developed and liberated the mature maternal sexual cells,

the ova. It is a solid body, resembling in form a large almond, and in the adult

lies against or near to the lateral pelvic wall invested by peritoneum continued from
the posterior surface of the broad ligament of the uterus. Even when mature, the

organ presents considerable individual variations in size, its average dimensions being

36 mm. ( I y^ in. ) in length, 1 8 mm. ( ^ in. ) in breadth, and 1 2 mm. (^ in. ) in thick-

ness. Variations in size include a length of from 2.5-5 cm. (1-2 in.), a width of

from 1.5-3 cm. (5^-if^ in.), and a thickness of from .6-1.5 cm. (}(-% in.),

according to German authorities. The right ovary is frequently somewhat larger

than the left. The adult organ weighs about 7 grm. (^ oz. ). After the cessation

of menstruation, about the forty-fifth year, the ovary decreases in size and weight, in

old women being reduced to one-half or less of its normal proportions.

The ovary presents two surfaces

—

a. median (fades medialis), directed inward,

and a lateral (fades lateralis), looking outward and in more or less close relation

with the pelvic wall ; two margins connecting the surfaces—an anterior (margo meso-

varicus), which is thin, straight, and attached to the posterior surface of the broad
ligament by a short peritoneal fold or mesovarium, and a posterior (margo libra),

which is thicker, rounded, convex, and unattached ; and two poles—an upper (ex-

tremitas tubaria), rounded, embraced by the oviduct and attached to the suspensory
ligament of the ovary and usually to the fimbriated extremity of the Fallopian tube,

and a lozver (extremitas uterina"), pointed and attached to the uterus by a fibro-

muscular band, the utero-ovarian ligament. The portion of the attached anterior

border through which the vessels and nerves enter and emerge is known as the

hilicm (hilus ovarii). The surfaces of the mature ovary are not even, as in early

life, but modelled by rounded elevations of uncertain number and size and by irregu-

lar pits and scars. The elevations are produced by the underlying Graafian follicles

in different stages of growth, while the irregular scar-like areas indicate the position

of corpora lutea of varying age and development. Just behind the attachment of

the mesovarium and parallel to the hilum, the surfaces of the fresh ovary are crossed

by a narrow stripe of lighter color, straight or curved and often slightly raised. This

band, the ivhite line of Farre, marks the transition of the usual peritoneal endothe-

lium into the cylindrical germinal epithelium that covers the exterior of the organ
and appears dull and lacking in the lustre characteristic of serous surfaces.
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Position and Fixation.—Although subject to de\iations due to the influence

of other organs, especially the pull of the uterus, and of pregnancy, the long axis of

the normally placed ovary, in the erect posture, is approximately vertical (Fig. 1684),

The margin attached to the broad ligament of the uterus is directed forward and
slightly outward and the free convex border backward and inward. The outer sur-

face usually lies in contact with the peritoneum covering the lateral pelvic wall within

a more or less well-marked depression, the ovariayi fossa (fossa ovarica). This recess,

triangular in its general outline and variable in depth, is included within the angle

formed by the diverging peritoneal folds covering the external and internal iliac vessels.

In favorable subjects, in which the amount of subperitoneal fat is small and the em-
bedded structures, therefore, not masked, the ureter and the uterine artery will be

seen forming the immediate boundary of the ovarian fossa behind, while above and
in front extends the remains of the obliterated hypogastric artery. Below, where its

Fig. 1684.

Internal iliac arten,-

Fimbriated end of Fallopian
tube, pulled forward

Suspensory
ligament of ovar>-

External iliac

vessels

Round ligament

Deep epigastric
artery

Mesosalpinx

Obliterated
hypogastric artery

Fallopian tube

Peritoneum, cut edge

— L'reter

Bladder

Symphysis pubis

l^-j,-- Right ovary,
median surface

Ligament of ovary

Recto-uterine pouch

Uterus, pulled to the left

Right lateral wall of pelvis, showing ovary in position ;
Fallopian

tube has been pulled forward and uterus to the left.

boundary is indistinct and uncertain, it fades into the pelvic floor, often without

demarcation. The floor of the fossa is obliquely crossed by the obturator vessels

and nerve. Within this depression the ovary lies, hidden to a considerable extent

beneath the oviduct, which arches over the upper pole and largely covers the median

surface with its expanded fimbriated end. The upper or tubal pole reaches almost

to the level of the external iliac vein and the pelvic brim, and is overhung by the

inner edge of the psoas muscle. The lower pole rests upon the upper (posterior) sur-

face of the broad ligament and nearly touches the pelvic floor—about 2 cm. above

and in front of the upper border of the pyriformis muscle and the trunk of the greater

sciatic nerve (Rieflel).

The \-ertical position of the ovary is maintained by the suspensory ligament

(ligamentum suspensorium). also called infundibido-pelvic ligament, which is a trian-

gular band of fibro-muscular tissue, attached to the upper tubal pole of the ovary and

invested by a peritoneal fold continued from the upper and outer corner of the broad
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Siirface-5SW!W':';ri!?.^
epithelium ~i. _-

litjament. It passes outward across the external iliac vessels in front of the sacro-iliac

articulation and is lost in the fascia covering; the psoas muscle. Embedded within

the enclosed fibro-nuisciilar tissue lie the ovarian vessels and nerves, which thus ^^'lin

the broad ligament in their passaj^^e to the ovary.

The anterior margin of the ovary is attached to the posterior surface (jf the

broad liy^ament by a short but broad band—the tNesoi'anum—c<n'ered on both sides

by peritoneum, that conveys the ovarian vessels proper and the nerves to the hilum

through which they enter and emerge from the organ. The somewhat pointed hjwcr

end of the ovary is connected with the posterior bf)rder of the uterus, between the

ovitluct and the round ligament, by a cord-like band, the tdcro-ovarian lifranient or

!ii^ijnu-)il of the (^^v^;l' ( liuaiiiciituin ovarii iiropriiuii ;. This band, from 3-4 mm.
thick, lies witliin the posterior layer of the broad ligament beneath the peritoneum,

through which it is seen as a distinct cord.

Since the uterus and its broad ligament are subject to continual changes of posi-

tion, the attachment of the ovary to these structures often pnjduces deviations from

its typical location. These in-

fluences affect particularly the ^'^- '^^5-
,„--

lower pole, the upper enjoying

greater fixation from the support

afforded by the suspensory liga-

ment. Asymmetry in the po-

sition of the two ovaries is usual,

as the fundus of the uterus seldom
lies strictly in the mid-line, and
hence the lower pole of the ox-ary

of the opposite side is dragged
medially. The long axis of the

ovary, under such conditions, is

oblique on the side opposite to

that towards which the uterus is

deflected. Conversely, relaxa-

tion of the ligaments occurs on
the side towards which the uterus

tends and thus favors the reten-

tion of the vertical position of the

ovary. Notwithstanding the lati-

tude of movement possible, the

position of the normal ovary is gran

fairly constant, the close relation

of the oviduct to the median
surface, aided by the pressure

exerted by other organs within

the peh'is, materially assisting

in retaining the ovary within its

fossa. The stretching and subsequent relaxation of the suspensory ligament incident

to pregnancy are predisposing causes of displacement of the ovary due to insufificient

fi.xation.

Structure.—The ovary consists of two principal parts, the cortex Czona
parenchymatosa)—a narrow superficial zone, from 2-3 mm. thick, that forms the
entire jieriphery of the organ beyond the white line ; and the medulla (zona vascu-

losa,) that embraces the deeper and more central remaining portion of the gland.
The cortex alone contains the characteristic Graafian follicles and the ova, while the
medulla is distinguished by the number and size of the blood-vessels, especially

the veins.

The cortex, as seen in vertical sections of the functionally active organ, con-
sists chiefiy of the compact ovarian stroma that is composed of peculiar spindle-

shaped connective tissue-cells, from .015-030 mm. in length and about one-fifth as

much in width, and fibrillar intercellular substance. The stroma-celh, which some-
what resemble the elements of involuntary muscle in appearance, are arranged in

Section of cortex of ovary of young woman, showing primary
and growing follicles within ovarian stroma. X 190.
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bundles that extend in all directions (chic-ny, liowevcr, obliquely vertical to the

surface) and are seen cut in different planes. Immediately beneath the germinal

epithelium covering the surface, the stroma-elements are disposed with greater reg-

ularity and form a compact superficial stratum, the tunica albtcginea. Embedded
within the stroma lie the most characteristic components of the cortex, the egg-sacs

or Graafian follicles. These are seen in different stages of development, but for the

most part are small, inconspicuous, and immature, in the human o\ary being much
fewer and less prominent than in many other mammals. Corresponding with their

stages of development the egg-sacs may be divided '\\\X.o primary, grou'lng, and ma-
turing follicles. In general, the youngest lie nearest the surface, the more ad\anced

deeper and towards the
Fig. 1686. medulla, while those ap-

jjroaching maturity ap-

pear as huge vesicles

that occupy not only
the entire thickness of

the cortex, but often

produce marked eleva-

tion of the free surface.

The medulla, the

vascular zone of the

ovary, consists of loosely

disposed bundles of

fibro-elastic tissue sup-

porting the blood-ves-

sels, lymphatics, and
nerves. In the mature
organ, with the excep-

tion of the encroaching
pening Graafian folli-

cles, egg-sacs are not

found within the me-
dulla. The larger ves-

sels are accompanied by
bundles of involuntary

muscle prolonged from

the utero-ovarian ligament through the mesovarium and the hilum into the medulla.

The veins are particularly large and appear in sections as huge blood-spaces of irregu-

lar oudine in consequence of their tortuosity and plexiform arrangement.

Follicles and Ova.—The \xmn?A\\x^ primaryfollicles (folliculi oophori primarii) are micro-

scopic in size (from .04-06 mm. in diameter) and vary greatly in number, the estimate for the

two ovaries of young adults being placed at approximately 35.000 (Bonnet). Each follicle

consists of the centrally situated young egg (ovulum) surroimded by a single layer of flat-

tened epithelium or matitle cells (Fig. 1685). Immediately outside the latter lies the stroma,

in the interstices of which the young egg-sacs are lodged. The primary ova are approxmiately

spherical and measure from .035-.045 mm. in diameter in ordinary sections, but a third more in

the fresh unshrunken condition (Nagel). They possess a finely granular cytoplasm, a centrally

placed spherical nucleus, about .016 mm. in diameter, and a nucleolus. The primary ova may

remain for years, sometimes from early infancy to advanced age, practically unchanged, until

they undergo either atrophy, as do most of them, or further growth leading, under favorable

conditions, to the development of the mature sexual cell. Of the thousands of primary eggs

contained in the ovaries just before puberty, only comparatively few attain perfection. Sooner

or later, but at some uncertain time, the primary follicles enclosing ova destined for complete

development enter upon a period of active growth, the earliest indication of which is the con-

version of the flat mantle cells of the egg-sac into a single layer of cuboid epithelium.

In addition to increasing size, \\\& growing follicles are distinguished by rapid prolifera-

tion of the cuboid epithelium, which results in the production of a stratified follicular epithe-

lium that surrounds the ovum. Outside these polygonal elements the stroma becomes con-

densed into a connective-tissue envelope or theca (theca folliculi). Increasing in thickness, the

latter is subsequently differentiated into two layers, an outer (tunica externa), consisting of con-

^.^
«!-.

Section of medulla of ovan.-, showing numerous blood-

vessels and fibro-muscular stroma. X 75'
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centricallv disposed connective-tissue fibres, and an iumr (tunica interna), composed of round

^nd spimile cells and provided with numerous capillaries. Atler the tolli< ular ep.lhei.um has

iKcn f..rn>ed the ovum itself be^,Mns to Rrow, the e.xpansion proceeding; umtorn.ly and atTectmg

.11 P irls of the cell, including nucleus and nucleolus. It attains its maxunum diameter com-

;> ir Uivelv earlv and lon^; before the follicle has reached full growth. 'Ihrou^h the apncy of

the" follicular e,.ithelium, the eK'« becomes invested with a protectmti envelope the zona

tellucida after which little or no further incre;use in the size of the ovum takes place
(
Napl)-

At 'first solid the growing follicle is converted into a vesicle containing fluid by the

vacuolation and breaking down of cells within the middle layers of the follicular epithelium the

resuUing clefts fusing into a common space. The intra-ep.thehal cavity so formed con a.ns

accumulating fluid, the liquorfolliculU that is supplied by the continued pr..l.teralu.n, vacuolation.

and destruction of the follicle cells and by the transudation from the surrounding blood-vessels.

This fluid increases in amount to such an extent that it soon occupies the greater part of the

expanding egg-sac, now entering upon its t^nal stage of growth.
, ., .

The vuituriuir follicles (folliculi oophori vesiculosi) occupy the deeper parts of the cortex

and reach to the medulla. With their expansion and conseciueiit requirement of space, the

vesicles seeminglv rise, appropriating more and more of the cortex, until the entire thickness of

the imer and sometimes a part of the medulla in addition, is occupied by the ripe follicle,

which jusi before its f^nal rupture attains a diameter of from 1-2 cm. or more, and appears on the

Surface epillielium ip^*^"

Primar>' follicles

Theca of follicle^

Stratum '»
^

-
t , 1

,

'j'l.t'. ;".

eranulosum ;. -Oi ,^il-'r"'"

Discus vA%S 'K'.-.l
''

proligerus

Zona pellucida

\^'
::\'.i\

M,*moSm-H^^>U^'^^;^^^ A^

Ovum ---- -
':^---»-"^^—*^

Cavity filled by liquor folliculi

Section of ovary, showing partially developed Graafian follicle. V loo.

free surface of the ovary as a tense rounded elevation. After liberation of the ovum, the folli-

cle is converted into the conspicuous corpus Ititeum (page 1990).

Seen in section, the wall of the ripe follicle, now known as the Graafian follicle, consists

of a well-developed capsule or theca (from .14-. 20 mm. in thickness), of which the outer layer

is a lamellated fibrous membrane, and the inner tunic is composed of looser connective tissue

containing numerous peculiar large cells which, as maturity approaches, exhibit granulanty and

a faint yellowish color. Next the inner layer of the capsule lies a delicate mcmbrana propria,

against' the inner surface of which is applied the stratum granulosum, composed of the outer

lavers of the follicular epithelium that bound externally the fluid-space of the vesicle. At one

point always opposite the place where the follicle ruptures (stigma), the stratum granulosum is

prolonged into a pedunculated spherical mass of epithelial cells that projects into the cavity-

occupied bv the liquor folliculi. This mass (cumulus oophorus) contains the egg and on section

appears as' a ring {discus proligerus) that encircles the zona pellucida and the enclosed ovum

and consists of two or three lavers of epithelial cells. Those next the zona are elongated, with

their ends directed towards the ovum pointed and prolonged into delicate processes that are

attached to or penetrate within the zona pellucida. The latter, from .007-.011 mm. in thickness,

is the product of the surrounding follicular cells and does not form a part of the o\-um proper.

The radial striations which the envelope sometimes exhibits (hence the name. -c«a
''^f^^^'^'

under which it is often described) are probably due to the processes of the epithelial ce Is and

not to the existence of minute canals {micropyles) seen in the eggs of many lower animals.
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The human ovum when about to be liberated from the Graafian follicle pos-

sesses a diameter of from .16-. 20 mm. Its cytoplasm, or vitelliis, exhibits differ-

entiation into a peripheral protoplasmic and a central deutoplasmic zone. According

to Nagel, within the former are to be distinguished a narrow slight superficial
" ' marginal layer, apparently

Fig. 1688. homogeneous and free from
yolk-particles, and a finely

granular zone containing mi-

nute and scattered deutoplas-

mic granules. The dark or

central deutoplasmic zone is

conspicuous on account of

the irregular refraction of the

enclosed yolk-particles that

represent the important nutri-

"^^^"^
«^<; ,, ' i» tive materials for the embryo

'^ ^ contained in the eggs of birds

and re{)tiles, but which in the

mammalian ovum, especially

in that of man, have been for

the most part lost during the

evolution of the higher types.

Beyond a slight condensation

of the surface, the presence

of a distinct cell-wall, or vi-

tellhie viembrayie, in the mam-
malian ovum is doubtful. In

the fresh condition the egg-

cytoplasm is usually closely

applied to the zona pellucida

(Ebner), the narrow inter-

vening cleft that is sometimes seen being the perivitelline space. Embedded within the

deutoplasmic zone, and always eccentrically placed, lies the spherical germmal vesicle,

as the egg-nucleus is termed'. The vesicle measures from .030-. 045 mm. in diameter,

is bounded by a sharply defined double-contoured nuclear membrane, and contains

t\\egermi7ial'spot or nucleolus (from .004-. 008 mm.) and the nuclear reticulum.

Corpus Luteum.—The causes leading to the final rupture of the Graafian

follicle are still uncertainly known, although in the light of later researches the older

view, attributing the bursting of the ripe vesicle to mechan-

ical overdistention induced by accumulation of the liquor

folliculi, is inadequate. According to Nagel, when the

follicle approaches maturity the inner layer of the theca

becomes the seat of great activity. The blood-vessels in-

crease in size and number and the cells undergo not only

rapid proliferation, but extraordinary growth, the enlarged

elements becoming filled with a peculiar yellowish sub-

stance and transformed into lutein cells.

In consequence of this activity, the formerly smooth

theca becomes thickened and wavy and projects into the

cavity of the follicle as vascular papillae and ridges. The
encroachment thus effected gradually forces the contents

of the vesicle towards the surface and that part of the dis-

tended follicular wall possessing least vitality and resist-

ance, until, finally, rupture takes place. Coincidently with

the proliferation of the lutein cells, the follicular epithelium

undergoes fatty change which results in the breaking down of the cumulus and the

setting free of the ovum, encircled with the cells of the discus proligerus, into the

cavity of the egg-sac. When rupture of the follicle occurs, the expulsion of the

tgg and the epithelial cells immediately surrounding it is followed by hemorrhage

Almost mature human ovum taken from fresh ovary. Ovum, with

germinal vesicle and spot, is encircled by clear zona pellucida, which is

surrounded by cells of the follicular epithelium, y 300. ( IValdeyey.)

Fig. 1689.

Ligament
ol ovary

Ovary has been laid open by
longitudinal incision, exposing
follicles arid corpus luteum.



THE OVARIES. 1991

Central
connective tissue

into the cavity of the former eKJ^-sac, which new becomes converted into a corpus

^"^''The latter Ioul^ known as the corpus lutcum vcrum when associated with preg-

nancy crows 'to huK^e dimensions and forms a conspicuous oval mass that may

apprLh 3 cm. in length and occupy a considerable part of the entire corte.x

When impregnation does not take place, the yellow body (now called the corpus

Itdaon TplrLn) is smaller, seldom exceeding 1.5-2 cm. in diameter. The classic

dft cti^^^^^^^ "true- and "false," apart from difference of size, has no anatomical

ba^ s nee' oth forms possess identical structure. The assumption that the presence

da large corpus luteum is positive proof of the existence of pregnancy must be

accepted with caution, since yellow bodies of unusual size are sometimes observed in

''''''' Shortl7ffte'r' the rupture of the follicle and the replacement of its contents by

blood tlopemng in thi wall of the egg-sac is closed. The rapid proliferation and

growth of the lutein cells pro-
^

duces an irregularly plicated _ ..
• 9

•

wall of increasing thickness

that encloses the remains of the

degenerating follicular epithe-

lium (granulosa) and invades

the hemorrhagic mass. The

latter is gradually absorbed

until, finally, the encroaching

projections of lutein cells and

connective tissue meet and the

cavity of the follicle obliter-

ated, its former position being

subsequently indicated by
_

a

central core of connective tis-

sue. The cells of the stratum

granulosum, the original epi-

thelial lining of the egg-sac,

entirely disappear and take no

direct part in the formation

of the corpus luteum, their

function during the develop-

ment of the Graafian follicle

having been to contribute the

liquor folliculi (Schottlaender).

Along with the proliferating

masses of lutein cells, strands

of connective tissue are car-

ried inward from the theca,

whereby, after a time, the yel

Vascular
septa

-vessels

Section of human corpus luteum. X 70-

irboly rcomeXoLTn^up-by numerous radially disposed vascular sep^an^^^^^^^^

prolongations. With the production of a solid corpus luteum -"^ the absorptio^ o^

the blood (evidences of which latter for a long time remain as hematoidin crystals;

he active rS/e of the lutein cells is finished. These elements "?-^X en rdv dis-

tive vellow pigment (/utein), undergo fatty metamorphosis, and fi"^l/>

^f^^^^^/^>
^'^"^

appear. W^ith the subsequent shrinking and decrease in the Vt^^^"l^'?^>
^^^.^^/X

fuTeum, the connective tbsue, which now constitutes the
^r^f^f^^^'l^^ns^^^^^

sum) indergoes hvaline change, becoming clear and non-i^bnllar. ^^ ^^''^^^^'^^l^'Z

thTaging corpus luteum loses its former appearance and is transformed ^"to an .rreg

ular body U-ht in color and sinuous in outline, sometimes known as thej-^^P^^

./^L«. (F^ 1691)' This gradually suffers absorption, but remains ^or a cons^de^;

^bl t me, especiallv when associated with pregnancy, as -/-fP^X^d sfppearrg
gated arek within the cortex, the last traces of its scar-hke

^^^f"5
fi^f^f/JP^^^^^^^^

in the ovarian stroma. The greatly increased 7^<^"l^'-^^>\^7^^
'\^^X vel owVo^^

Graafian follicle and later around the corpus luteum, subsides as the >eUow Doay
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undergoes regression, until all the new vessels concerned in its nutrition have disap-

peared and the circulation of that particular part of the ovary is permanently reduced.

The function usually ascribed to the corpus luteum is that of filling the empty follicles and
thus restoring the equilibrium of circulation and tension. Clark ' regards the corpus luteum as
a preserver of the circulation, since, when performing its functions most perfectly (during the
earlier years of menstrual lifej, it effects the elimination of the effete follicle and the superfluous
blood-vessels without leaving dense and disturbing scars. It is probable, however, that the cor-
pus luteum plays a more important role and that it functions as an organ of internal secretion,
producing substances influencing the formation of the uterine deciduje and the proper fixation
of the fertilized ovum.. Moreover, it may be related to lactation.

The origin of the lutein cells has long been a subject of discussion, and even at present
two opposed views share the support of eminent anatomists. According to the older theory,
advanced by Baer, these cells are modified connective-tissue elements, derived from the pro-

FiG. 1691.
Blood-vessels

Mesosalpinx

Corpus luttum
Meso\arium

Corpora lutea

Cortex
Graafian \
follicles

^

Medulli

.Remains of corf ora lutea

Sections of Fallopian tube

Cross-section through ovary, oviduct, and part ot broad ligament. X 6.

liferation of the cells of the inner layer of the theca folliculi. The other view, formulated by
Bischofi, regards the lutein cells as modified follicular epithelium. In the foregoing sketch of
the corpus luteum, the lutein cells are ascribed to the theca. a conclusion based upon the con-
vincing observations of Nagel, Rabl, and Clark, and confirmed by the writer's own studies.
Sobotta, on the other hand, is most positive in his support of the follicular origin of the lutein
cells, based upon an exhaustive investigation on the ovaries of the mouse and rabbit. The
difficulty of obtaining human corpora lutea in the earliest stages places the conclusions as to man
not beyond challenge.

Vessels.—The arteries supplying the ovary are four or five branches that arise

from the anastomosis of the ovarian arten,' with the ovarian branch of the uterine.

The trunks iaa. ovariccE proprice') given off from this anastomotic arch pass to the

ovarv' between the layers of the mesovarium and, entering through the hilum as

closely grouped tortuous vessels, reach the medulla. According to Clark,' whose
description is here followed T Fig. 1692), immediately after gaining the medulla each
stem divides into two branches, the viedullarv ox parallel arteries, that proceed in a

direct course towards the opposite free margin of the organ, lying just beneath the

cortex, to which they distribute cortical branches at regular intervals. In their course
to the periphery- the cortical branches, losing the characteristic corkscrew-like twist-

ings of the parent stems, supply hundreds of follicular twigs to the egg-sacs, each
of the latter being provided with a rich vascular net-work anastomosing with two or

more follicular branches—an arrangement of great importance in assuring an adequate
blood-supply for the growth of the follicle (Clark). At the periphery, the cortical

arterioles pass into the veins through an intervening capillary net-work.

* Archiv f. Anat. u. Physiolog., Anat. Abth., 189S.
' Welch Anniversary Contributions, 1900.
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Fig. 1692.

The veins follow the j^cnenil arninj^ciiKMit of the arteries within the cortex and
medulla ; the jxiirs of paralK-l veins, howe\er, do not unite into sinj^lc stems, but

emerge from the hilum as independent tortuous trunks. Within the mes<jvarium they

are interwoven with the bundles of involuntary muscle, and when distended present

a conspicuous venous complex {biilbiis ovarii). The veins proceedinj.^ from the

ovary (vv. ovaricic propriw) become tributary t(j both the uterine and the <jvarian

(pampiniform) ple.\us.

The lymphatics bei,^in in the corte.K as net-works within the thec:e surrounding

the Graafian follicles and as lymphatic clefts within the ovarian stroma. From these

radicles the larj^er and irregular channels enter the medulla, where they form con-

verj^ing stems that follow the blood-vessels and leave the hilum of the o\ary usu-

ally as nine larger trunks (Polano) that pass upward along the free border of the

suspensory ligament and empty into the lumbar lymph-nodes surrounding the aorta.

Occasionally, but by no means constantly, the

ovarian lymphatics communicate with those

from the fundus of the uterus and the oviduct.

The nerves supplying the ovary are de-

rived from the svmpathetic plexus surrounding

the ovarian artery (plexus arteri^e ovaricae),

which, in turn, is formed by contributions from

the renal and aortic plexuses and corresponds

to the spermatic plexus in the male. The
small nerve-trunks, composed for the most
part of non-meduUated fibres, accompany the

arteries through the hilum into the ovary,

where they are distributed chiefly to the walls

of the blood-vessels, around the larger of which
terminal plexuses are formed. From the fairly

close plexus within the cortex, additional mi-

nute twigs pass to the periphery, to end in

close relation with the surface (germinal) epi-

thelium, and others to the follicles. The ulti-

mate relation between the latter and the sur-

rounding net-works is uncertain, but it is probable that the nerve-fibrillae end in the

walls of the follicular blood-vessels and do not penetrate bevond the inner tunic of

the theca, the terminations within the follicular epithelium described by some ob-

servers needing confirmation. ' Sensory fibres are probably contained within the

cortical branches. The claimed existence of minute, true, sympathetic ganglia within

the medulla, has not been established.

Development.—The primary development proceeds from the indifferent

germinal ridge which is early formed on the median surface of the Wolffian body
(page 2038). Whether, as usually accepted, the ova in common with the follicular

epithelium are directly derived from the modified mesothelium (^germinal epithelium)

covering the sexual ridge, or are the descendants of germ-cells early set apart from

the somatic cells for the special role of reproduction, remains to be decided, al-

though evidence in support of this latter hypothesis—the continuity of the germ-
cells—is accumulating from observations on the lower animals, in which the origin of

the primordial sex-cells is less obscured.

In human embryos of 12 mm. in length, among the cells of the germinal ridge,

certain elements are already distinguished by their exceptional size and large, clear

nuclei. These are the primary sexual cells, X.\\& primordial ova (Fig. 17 17), usually

regarded as originating from the transformation of the germinal epithelium. At
first the latter and the subjacent stroma of the Wolffian bodv are well differentiated

from each other. This demarcation is soon lost in consequence of the active inter-

growth which takes place between the proliferating germinal epithelium and the in-

growing vascular connective tissue of the W'olfifian body—the two chief factors in

the histogenesis of the ovary.

As the mass of epithelial elements increases, it becomes broken up by the con-

nective-tissue strands into large tracts, composed of the primary ova surrounded by

Arteria propria

Ovarian arterv
Ovarian
veins

Diagram illustrating arrangement of blood-
vessels of ovarv. {Clark.)



1994 HUMAN ANATOMY.

multitudes of the smaller and less specialized cells of the germinal epithelium. The
larger tracts are subdivided into smaller spherical cell-aggregations (the egg-balls

of Waldeyer j by the continued intergrowth and mutual invasion of the tissues, and
the "egg-balls," in turn, are broken up by the same process until the final division

results in the isolation of the ultimate grou])s, the primary follicles, that include the

primary ova surrounded by a single layer of flattened germinal epithelium. In

places the larger compartments are cylindrical and attached to the germinal epithe-

lium, appearing as solid outgrowths connected with the surface ; to them Pfliiger

gave the name "egg-tubes" and attributed an aggressive invasion. Since the con-

nective tissue of the Wolfifian stroma first invades the deeper stratum of the germinal
epithelium, this region, the fu-

FlG. 1693.

Germinal epithelium

Prmiordial ovum

ture medulla of the ovary, is

subdivided into the ultimate

groups of cells, the primary fol-

licles, earlier than the more su-

perficial and younger layers,

this genetic relation being seen

in the fully developed o\'ary, in

which the youngest and least

mature follicles always occupy
the peripheral zone. The most
superficial stratum of the ger-

minal ridge remains as the ger-

minal epithelium that covers

the exterior of the ovary and
replaces the usual peritoneal

mesothelium plates.

The details of the trans-

formation of the primary folli-

cles, consisting of the ovum and
the investing single layer of

mantel-cells, into the ripening

Graafian follicles have been de-

scribed (page 1988). Of the

thousands of primary follicles

within the young ovary (over-

estimated by Waldeyer at

100,000 in the two ovaries of

the new-born child) very few reach maturity, and by advanced life nearly all have

disappeared. This reduction begins during intrauterine life and first affects the fol-

licles situated within the deeper parts of the ovary destined to become the medulla,

from which the ova are later entirely absent. The remains of these early follicles

probably account for certain of the minute epithelial bodies occasionally seen in the

medulla of young adults.

Section of developing ovary from human embrj-o,
showing intererowth between germinal epithelium and
stroma tissue derived from Wolffian body. X 560.

Numbers of follicles within the corte.x also are continually undergoing destruction. This

affects especially the primary follicles while they lie naked within the stroma, and are unpro-

vided with a theca, the ovum undergoing hyaline degeneration and, along with the mantel-

cells, finally entirely disappearing within tlie ovarian stroma. Beginning in the young ovary

long before puberty, as well as throughout the period of sexual maturity, certain egg-sacs are

continually transformed, more or less fully, into Graafian follicles that develop to a certain

stage and are then arrested, after which they enter upon regression, degenerate, and finally may
completely disappear. This process, known as atresia of the follicles, is probably closely

related to alterations in their blood-supply (Clark).

With possibly few exceptions, the formation of new follicles ceases during the first few

years after birth, the supply developed early in life being in such lavish excess of all possible

needs that ample provision is made against dearth of reproductive cells. Infrequently

follicles are encountered in which two or more ova are present. This condition results from

the inclusion of more than a single primary egg when the follicle was formed, and not from

division of an ovum already enclosed, since after the mantel-cells surround the ovum it is
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doubtful wlic'tlier the latter ever uuclcr;;^ clivisiou. lu certain cases it is also possible that the
delif.ite partition separating; two closely applied follicles may disappear, the ova thence
occupying tiie common sac: ^l^l)ner.

)

The ihani^is in form and posifion which tlie ovary underi^oes during life are
conspicuous. In the new-horn child the orj^an is relatively long f from 12-18 mm.)
and narrow (from 4-5 mm. ), triangular on cross section, and lies entirely above the
brim of the pelvis, with its long axis transversely [jlaced and its inner pole close to

the fundus uteri. During the first twcj years, cjwing to the increasing capacity of the
pelvis and interabdominal pressure and its attachments to the uterus, it gradually
sinks into the pelvic cavity, dming this descent the direction of its long axis beccjming
more vertical. At birth the surface of the ovary is marked with furnnvs and folds,

inec}ualities that disappear as the organ expands in consequence of the rapid increase

in its stroma-tissue during the first year or two. Later the growtli of the yc^ung

ovary is gradual and slow, until the advent of sexual maturitv, from the twelfth to

the tifteenih year, when the c:)rgan imdcrgoes sudden increase and accjuires its definite

form and size. Further enlargement, however, usually takes place in wcjmen who
bear children, until towards the fortieth year. The repeated development and rupture

of the Graafian follicles and the formation of the corpora lutea produce irregularity

of the surface, which becomes knobbed and scarred and contrasts strongly with the

sinooth organ of childhood. After the cessation of menstruation, about the forty-

fifth year, gradual decrease (involution) of the o\ary follows, until the organ may be
reduced to a dense fibrous body of less than half iA the original size.

Variations.—Abnormalities in the sexual jjlands of the female are, for the most part,

referrible to developmental deviations. Incompleteness or modification of its descent affect

the i>osition of the origan, so tiiat it may retain its original suprapelvic position and lie above or
upon the psoas magnus muscle ; or it may follow the pull of the round ligament (the homologue
of the genito-inguinal ligament of the male, page 2006) and pass jiartly or entirely through the
inguinal canal into the labium majus. Variations of position in the adult are commonly a.sso-

ciated with diseased conditions of the peritoneum and adjacent organs and are therefore patho-
logical. The adult ovary may present marked deviations from its typical form, sometimes
being unusually long, spheroidal, flattened, triangular, crescentic, or irregular.

Supeymancrary ovaries, varying in size from a hempseed to a small hazelnut, are not in-

frequent, occurring in from over 2 (Beigel) to 4 (Rieffel) per cent. Their usual situation is

along the white line marking the transition of the peritoneum into the germinal epithelium.
Isolation of a portion of the ovarian anlage, often probably by a peritoneal band (Nagel), is

responsible for these bodies, which consist of normal follicle-bearing ovarian tissue.

PRACTICAL CQNSIDERATIONS : THE OVARY.

Since the ovaries project below the Fallopian tubes from the posterior surface of

the broad ligaments, in seeking for them in abdominal operations the hand should be
passed outward from the posterior surface of the uterus along the broad ligament, on
each side.

In its usual position the long axis of the ovary is approximately vertical, its

external surface lying against the pelvic wall closelo the obturator vessels and nerve.

The ureter and uterine artery lie behind and below it.

Prolapse of the ovary occurs most frequendy as the result of subinxolution after

labor. If involution is in any way arrested or rendered incomplete, the conditions
favorable for prolapse of the ovary will be present, —increased weight of the ovary
and relaxation and lengthening of its attachments.

The left ovary is more frequently prolapsed than the right, because it normally
becomes inore enlarged during pregnancy, and therefore suffers more from subinvolu-
tion, and because the arrangement of the veins on the left side is such that venous
congestion is very liable to occur (Penrose). An analogous anatomical condition
exists to th3t which, in the male, favors left-sided varicocele, the left ovarian vein

'

emptying into the renal vein at a right angle, while the right ovarian vein empties
into the vena cava at an acute angle (page 196 1).

In complete prolapse the organ lies in Douglas's pouch between the rectum and
the posterior vaginal wall. There is apt to be pain on walking, because the ovary is

then compressed between the cervix and the sacrum, and on coitus or defecation.



1996 HUMAN ANATOMY.

because ot direct trauma. The pain is otten nauseating and may be felt in the breast

on the same side.

in spite of its small size the ovary gives origin to a great variety of tumors and

cysts which may grow to enormous proi)ortions, filling and distending the abdomen.

As they grow they at first crowd the uterus and other i)elvic structures towards the

opposite side ; later they ascend into the abdomen, drawing the attached structures

upward with them in their pedicles. The pedicle is the base of attachment, and

consists of the same anatomical structures as those by which the ovary is normally

attached. The relations of the structures making up the pedicle to one another will

vary greatly according to the manner in which the tumor grows. This relationship

should be studied carefully to establish a correct diagnosis as to the origin of the

tumor. The anatomical structures involved in the pedicle are the mesovarium,

mesosalpinx, Fallopian tube, and broad ligament.

THE FALLOPIAN TUBES.

The Fallopian tube (tuba uterinae) or oviduct is in principle the excretory canal

of the sexual gland, the ovary, since it conveys the ova liberated from the Graafian

follicles to the uterus, into which it opens. The relation between the ovary and its

duct, how^ever, is exceptional in that these organs are not continuous, but only in ap-

position, the ova liberated from the ovary finding their way into the expanded end of

Fig. 1604.
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the oviduct. This canal, one on each side of the body, lies within the free margin of

the upper division of the broad ligament, known as the mesosalpinx, and extends

from the uterus medially to the ovary laterally, in relation to the inner surface of

which it ends after numerous windings.
. .

The entire length of the tube is about 11. 5 cm. (4^ in.), although variations

from 6-20 cm. (2-^-77-^ in.) have been observed. Emerging from the lateral angle

of the fundus uteri, in the immediate vicinity and just above the uterine attachments

of the utero-ovarian and round ligaments, the first part of the tube is narrow and



THE FALLOPIAN TUHFS. 1997

comparatively straight and constitutes the ist/nnns (isthmus ttibae iitcrinac), about 3.5
cm. (i;^8 in. ) ill leii,L;;th and from 3-4 mm. in dianK-l(-r. Tliroui^diout the succeeding
8 cm. (3 '4 in.) of the tube, known as the ampulla (aiii()ulla tuhac utcrinacj, the
diameter gradually increases (from 6-H mm. ) until the canal suddenly e.xpancls into

the terminal trumpet-shaped infundibulum. The margins of the latter are ])rolonged

and slit up into long, irregular processes, xhitfimhrice, from 10-15 mm. in length, the

resulting fimbriated extremity of the tube resembling, when examined in fluid, an ex-

panded sea-anemone ( Nagel). One of the timbria- ( limbria ovarica ) is usually Imiger
than the others, attached to the free border of the mesosalpinx and stretches t(;wards

the ovary, the tubal pole of which it often, but by no means always, reaches. The
lumen of the oviduct varies greatly at different points. Beginning at the lateral angle
of the uterine cavity as a minute, inconspicuous opening (ostium uterinum tubae),

commonly obscured by mucus and about i mm. in diameter, the canal traverses the
uterine wall (pars uterina) and gains in size and longitudinal folds, so that on cross-

section the isthmus presents a stellate lumen. Within the ampulla the plications of

the mucous membrane become progressively more marked, ai)pearing in transverse

sections as a complex figure of primary and secf)ndary folds (Fig. 1695) that greatly

encroach upon the calibre of the tube. The folds are continued into the infundibulum

and onto the inner side of the fimbriae. The outer or ovarian end of the o\iduct

opens directly into the peritoneal cavity by a small aperture (ostium abdominale

tubae), 2 mm. or less in diameter, that lies at the bottom of the infundibulum and is

produced by local contraction of the muscular tissue of the wall of the tube, a special

sphincter, however, not being demonstrable. The mucous lining of the oviduct is

continued from the infundibulum onto the fimbria?, the line of transition into the peri-

toneum following the bases and outer sides of the fringes. The exceptional relation

of the tubal lining to the serous membrane, this being the only place in the body
where a mucous tract opening onto the exterior communicates with a closed serous

sac, is referrible to the similar original relation of the embryonal Miillerian duct from
which the Fallopian tube is directly derived (page 2038).

Course and Relations.—Since each Fallopian tube occupies the free border of

the broad ligament, changes in the position of the uterus affect the course of the

oviduct. From the upper angle of the uterus the tube may, therefore, first pass out-

ward towards the ovary in a strictly transverse direction, or describe a gentle forward

or backward curve, depending upon the position of the fundus uteri, this part of the

tube, however, never being tortuous. On gaining the uterine or lower pole of the

ovary, it there bends upward and winds obliquely, from below upward and backward,
across the median surface of the ovary, close to the anterior border and tubal pole, to

the convex posterior margin, where the tube bends sharply downward, its fimbriated

end being in relation with the lower and back part of the median surface. When in

its usual position, the ovary is, thus, partly covered not only by the tortuous oviduct

itself, but also necessarily by the mesosalpinx in which the tube lies, so that when
viewed from above the ovary is often entirely hidden by the Fallopian tube and the

attached portion of the broad ligament. In consequence of this arrangement, the

ovary is partly surrounded by a hood of serous membrane and lies within a pocket,

known as the bursa ovarii, which may facilitate the entrance of the liberated ova into

the Fallopian tube. In its course from the uterus to the ovary the oviduct lies in

front of and generally parallel with the utero-ovarian ligament and is overlaid by the

coils of the small intestine. As the tube ascends and arches over the ovary, the

intestinal coils cover its medial surface, the sigmoid colon also occasionally being in

relation on the left side. In formalin-hardened subjects, with otherwise normal pel-

vic contents, we have so often found the termination of the Fallopian tube lying away
from the ovary, that Merkel's suggestion, that the assumed constant close relation

between the fimbriated extremity and the ovary may sometimes, at least temporarily,

be wanting during life, seems well founded.
Structure.—The wall proper of the Fallopian tube, consisting of the mucous

and muscular coats, lies embedded within the loose connective tissue of the broad
ligament {tunica adventitia) surrounded by the peritoneum, which completely inv^ests

the tube with the exception of the narrow interval through which the tubal vessels

and nerves pass. The wall is thickest and firmest in the isthmus, less so in the
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Mucosa

Epithelium-

ampulla, and thinnest and most relaxed in the infundibulum and fimbriae. The
mucous membrane is thrown into longitudinal folds, which increase from 5-15 low
ridges in the commencement of the isthmus to double the number in the ampulla,
where they attain a much greater height as well as complexity of arrangement, the
main folds being supplemented by secondary and tertiary ones, so that in transverse

section the lumen appears almost occluded by branching \illus-like projections. The
surface of the mucosa is covered with a single layer of columnar epithelium (from
.015—.020 nmi. in height) provided with cilia that produce a current directed from
the infundibulum towards the uterus, and thus, while facilitating the progress of the

ova along the tube, retard the ascent of the spermatozoa. The elaborate plications

and recesses within the outer part of the ampulla favor the temporary retention of the

sexual cells and thereby promote the chance of their meeting, fertilization usually

taking place within this part of the tube. The vascular connective-tissue stroma of

the folds, which in the
Fig. i6:;5. chief plications may

reach a thickness of .2

mm. , within the acces-

sory folds is reduced
to a narrow interepi-

thelial layer in places

measuring less than the

height of the covering

cells. The tunica pro-

pria of the mucosa is

directly continuous
with the intermuscular

connecti\e tissue, and,

with the exception of a
few bundles prolonged
into the deepest part

of the mucous mem-
brane, does not contain

muscular tissue.

The miisculaj- coat,

most robust towards
the uterus and thinnest

at the infundibulum

(therefore the reverse

of the arrangement of

the mucosa), includes

an inner circular and an outer longitudinal layer of involuntary muscle. At the

isthmus, where the firmness of the tubal wall depends chiefly upon the muscular coat,

the circular layer is the thicker (from .5-1 mm.) and the longitudinal one repre-

sented by an incomplete stratum of muscle-bundles. Towards the infundibulum, on

the contrary, the longitudinal layer is better developed, the circular-muscle being

reduced to .2 mm. or less in thickness. The surrounding fibrous tissue, sometimes

regarded as a distinct coat of the tube {tunica adventitia), and the outer serous in-

vestment are only the usual connective tissue and peritoneal constituents of the broad

ligament, and, therefore, call for no further description in connection with the oviduct.

As evidenced in pathological conditions, and especially in tubal pregnancy, the wall

of the oviduct is capable of distention to a remarkable degree.

Vessels.—The afieries supplying the oviduct are derived from the tubal

branches of the uterine and ovarian vessels. The branch from the uterine artery

(raf?ms tiibariiis a. nteriyicr') passes in front of the utero-ovarian ligament to the

median end of the oviduct, along the under side of which it courses outward until it

meets the tubal branch from the ovarian artery. The latter iramjis tubarius a.

ovaricce) passes within the mesosalpinx, in front of the ovarian fimbria, towards the

outer part of the ampulla, distributing branches to the fimbriated extremity, and

mesially joins the tubal branch from the uterine. From the anastomotic branch so

Longitudinal
muscle

x^^:; ~ .ri««^---.<

Cross-section of oviduct near outer end of ampulla. X 35
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formed minicroiis twi^s arc j^ivcn ofi io the wall of tlie Fallopian tube and to the

mesosalpinx. Those distributed to the oviduct j^ain the canal alonjj^ its nonperitcjneal

tract between the peritoneal rellection and, piercinj; the wall, break up into cajjillary

net-works within the muscular and mucous coats. The Z'i'/ns, which begin within the

walls of the tube, especially between the muscular layers, and as a subserous net-work,

follow the arteries and become tributary to both the uterine and ovarian trunks.

The /y>f//>/i(i//(\s\ afti-r emerj^ing from the wall of the tube, form three or four

stems that accompany the blood-vessels and pass in fn^nt cjf the attached border of

the ovary. For the most part they follow the ovarian lymphatics through the sus-

pensory ligament to become finally tributary to the lumbar lymjjh-notles surrounding

the aorta. It is probable that some of the lymphatics of the tube communicate with

those of the fundus uteri (I'oirier, Bruhns).

The nerves supplying the F'allopian tube, numerous and chieOy sympathetic

fibres, follow the arteries and, therefore, reach the oviduct from both the oxarian and
the uterine ple.xus. Within the subserous tissue they U)rm a peritubal plexus from

which twigs penetrate the wall of the canal and are distributed principally to the

muscular tissue, some filaments taking part in tlie jjroduction of a subepithelial plexus

within the mucous membrane (Jaccjues).

Development and Changes.—The early development of the oviducts is

directlv associatei,! with that of the embryonal Miillerian ducts (page 2038;, the

unfused portions of which the tubes represent. The margin of the abdominal open-

ing (the persistent original evagination from the primary body-cavity or coelom) is

at first cushion-like, but soon exhibits indentations which, by the fifth fcetal month,

develop into distinct fimbriae. At birth, while smaller, the latter possess their charac-

teristic appearance and are lined by ciliated columnar epithelium that covers the

plications of the tube. The upper (outer) segment of the oviduct j^articipates in the

migration incident to the descent of the ovary, lying for a time within the abdomen
above the pelvic brim. In contrast to the ovary, the tube early accjuires its definite

form, in the new-born child presenting its chief characteristics, although it is more
twisted than later and the fimbriae are still small ; the plication of the mucosa, how-

ever, is almost fully developed. During childhood, beginning at the uterine end, the

tube becomes less tortuous and the fimbriated extremity assumes its definite propor-

tions. In advanced age, the oviduct suffers atrophy, losing its former tortuosity, the

infundibulum becoming flaccid and the fimbriae shrivelled. Owing to the atrophy of

the muscle its wall becomes thinner ; the ciliated columnar epithelium is replaced by
cubo\dal cells, the lumen narrows and in places may disappear in consequence of

the adhesion of the mucous folds.

Variations —Apart from anomalous situation depending upon malposition of the uterus and

ovary, in which the tube of necessity shares, the variations of the oviduct usually depend upon
developmental faults traceable to imperfect or aberrant formation of the Miillerian ducts.

Retention of the fretal tortuosity, stunted development or entire absence may afTect one or both

tubes. Complete doubling of the oviducts may occur in association with supernumerary o\aries.

Occasionally partial duphcation of the tube is observed, consisting of a short canal ending in a

diminutive fimbriated extremity in the vicinity of the infundibulum. Such accessory tubes are

to be referred probably to a repetition of the invagination that normally produces the infundi-

bulum (Nagel). Quite frequently the oviduct is beset with from one to three fringed accessory

openings that may lie close to the fimbriated end, or at a distance from the latter along the tube.

The explanation of these apertures is uncertain, although it seems most probable that they result

from aberrant development of the Miillerian duct, rather than as secondary perforations of the

tube and prolapse of its mucosa, as held by Nagel and others.

PRACTICAL CONSIDERATIONS : THE FALLOPIAN TUBES.

The function of the Fallopian tube is to transmit the ovum from the o\'ary to

the uterus, the ciliated epithelium of the tube favoring movement in that direction.

An impregnated ovum may adhere to th;; wall of the tube, giving rise to an ectopic

gestation (tubal pregnancy). Such pregnancy may occur in the ampulla,—the most

usual place,—in the infundibulum (tubo-ovarian pregnancy), or in the intra-mural

portion of the tube,

—

i.e., that part traversing the wall of the uterus.



2000 HUMAN ANATOMY.

The chief causes of tubal pregnancy are pathological or abnormal conditions of

the tube. The more important of these are: (a) congenital, such as exaggerated con-

volutions, diverticula, and atresias
;
{b) sagging and attachments by adhesions dis-

torting the tube
;

(c) pressure from surrounding structures
;
{d ) thickening of the

tubal walls, interfering with peristalsis ; and (e) destruction of the cilia or narrowing
of the tube following salpingitis. Complete occlusion of the tubes of both sides

would result in sterility.

The great danger of ectopic gestation is that of hemorrhage following rupture

of the tube by the growing fcetus. This will occur some time prior to the fourth

month, and may be iyitraperitoneal,— i.e., directly into the peritoneal cavity; or

extraperitoneal,—i.e., downward, cleaving the layers of the broad ligament, and
finally rupturing the tube within the layers of the ligament ; or, in case the pregnancy
is "interstitial," the rupture may be intrauterine. The intraperitoneal rupture

usually takes place before the seventh week ; the extraperitoneal usually from the

seventh to the twelfth week. If the fcetus should survive the primary rupture in the

extraperitoneal variety, secondary rupture into the general peritoneal cavity may
occur later, and the ovum may go on to full term within the abdominal cavity.

The Fallopian tube offers a passageway in the opposite direction for the entrance

of infections, especially gonorrhceal, from the vagina and uterus into the peritoneal

cavity. When inflammation involves the tube, it is followed soon by a closure of

the fimbriated extremity, the fimbriie adhering to each other, to the ovary, or to

some adjacent peritoneal surface. Later the uterine end of the tube also closes, and
the pus which results from the infection now accumulates within the tube { pyo-

salpinx) and may greatly distend it. If the infection is gonorrhceal, such a pus-tube

without rupture is frequently unaccompanied by acute symptoms. Slight ruptures

with leakage into the peritoneal cavity followed by sharp attacks of localized pelvic

peritonitis often occur. A large rupture may give rise to a diffuse. septic peritonitis,

although the danger of this result in a case of chronic pyosalpinx, even if of enormous
size, is far less than after acute gangrene of the appendix with escape of a relatively

minute portion of its contents. In the former case a certain degree of immunity has

probably been established during the slow formation of the pyosalpinx (Binnie) ; and
moreover, in many such cases (6i per cent., Penrose) the contained pus has become
sterile.

When the inflammation is of a mild grade the accumulation may be of a serous

character {hydrosalpinx), and may become so large as to reach half-way to the

umbilicus. If hemorrhage occurs into the tube it is called an hcetnatosalpinx.

The proximity of the right F'allopian tube to the appendix should be recalled, as

salpingitis on that side has not infrequently been mistaken for appendicitis, and vice

versa. The right ovary is often connected with the meso-appendix by a fold of peri-

toneum,—the appendiculo-ovarian ligament ; and it is stated that the fact that this

fold often contains a small artery which gives an additional blood-supply to the ap-

pendix helps to account for the relative infrequency of appendicitis in females.

RUDIMENTARY ORGANS REPRESENTING FCETAL REMAINS.

The development of the reproductive organs (page 2042) emphasizes the fact

that whereas, in the male, the Wolffian body and its duct play a very important role

in the production of the excretory canals for the sexual gland, the MuUerian duct

remains rudimentary ; in the female, the converse is true, the Miillerian ducts forming

the excretory canals—the tubes, the uterus, and the vagina—while the Wolffian

structures are secondary in importance and give rise to only rudimentary and func-

tionless organs, situated chiefly in the vicinity of the ovary and Fallopian tube between

the layers of the broad ligament. These foetal remains include the epoophoron,

Gartner s duct, \\\& paroophoron, and the vesicular appenda{res, which may be appro-

priately described in this place.

The Epoophoron.—This rudimentary organ, parovarium or organ of
Rosenyniiller, lies between the layers of the broad ligament (mesosalpinx ) in front

of the ovarian vessels, in the area bounded by the ampulla of the o\'iduct, the

ovarian fimbria and the tubal pole of the ovary. It is quite flat, triangular, or
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trapezoidal in outline, and measures from 2-2.5 '-"i- •" length and about 1.75 cm.

in width. It consists of from 8-20 narrow wavy canals, which, beginning with

closed anil slii^htlv expanded ends, diverge from the vicinity of the hilum of the

ovary and join, almost at rij^ht aiij^les, a common chief duct that lies close and parallel

to the o\itluct and bt-ars to the smaller tubules the relation of the back of a comb to

its teeth. The transverse tubules ( ductuli transversij, the remains of the se.xual

tubules of the Wolrtian body, may extend as far as the hilum, or, as in the young

child, even penetrate into the medulla of the ovary and be continuous with the rudi-

mentary medullary tubes therein found, since the latter, as well as the transverse

tubules themselves, are vestiges of the same embryonic structures. The common
longitudinal canal ( ductus cpoophori longitudinalis), closed at both ends, is a persistent

portiiMi of the Woltiian duct, h'rom its emi>ryological relations it is evident that the

epooi)horon is homologous with the ei)ididymis (the transverse tubules corresponding

to the ductuli efferentes and the coni vasculosi, and the longitudinal duct to the

canal of the epididymis), since both are direct derivations from the Wolttian tubules

and duct. In the erect posture, when in its normal position within the mesosalpinx,

the longitudinal duct is approximately vertical and lies parallel with the F"allopian

Fig. 1696.

Epoophoron Oviduct

Ostium ^1 I r
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Broad ligaments, viewed from behind, have iieen stretched out and pinned, the posterior

wall of uterus and vagina removed and right oviduct laid open. Ovaries do not occupy their

normal position, their long axes here being horizontal instead of approximately vertical.

tube, while the transverse tubules are horizontally disposed. The chief duct may be

interrupted and connected with the secondary tubules in groups, or, on the other

hand, it may be prolonged as Gartner's duct (page 2043) far beyond its usual length.

In the child, the transverse tubules, from .3-4 mm. in diameter, usually possess a

lumen throughout their entire length, but later in life the minute canals may undergo

partial or complete occlusion and may be the seat" of cystic dilatations. The walls of

the tubules and duct consist of a fibrous coat, which sometimes contains bundles

of involuntary muscle, lined by a single layer of epithelial cells that vary in form from

low cuboid to columnar, and in places, or occasionally in the adult and frequently in

the child, bear cilia. The epoophoron is most satisfactorily demonstrated by holding

the stretched mesosalpinx against the light ; it is more conspicuous in the broad liga-

ment of the young child on account of its development and the greater transparency

of the overlying tissues. In common with the sexual organs, the epoophoron increases

during the years leading to sexual maturity and atrophies in advanced age. During

pregnancy it is said to be unusually vascular (Merkel).
Gartner's duct results from the more or less extensive persistence of portions

of the Wolfiian duct that usually disappear by the end of foetal life, and is, therefore,

a continuation, direct or interrupted, of the longitudinal canal of the epoophoron.

Although by no means constant and often represented by only a short atrophic

126
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segment, the duct is present in about twenty per cent. (Merkelj of adult subjects, in

children being relatively better developed. When complete, as it exceptionally is,

the duct continues from the epoophoron along the Fallopian tube to the fundus of

the uterus, then descends within the lateral border of the uterus, between the vessels,

and sooner or later (usually in the lower part of the bodyj enters the uterine muscle.
As it traverses the cervix, the duct becomes more and more medially placed until, in

the supravaginal segment, it approaches the mucosa. The duct then assumes a more
lateral course, and in the vagina descends within the muscular coat, at first along the
side and lower more on the anterior wall, to end blindly in the vicinity of the hymen
(R. Meyer;. Such complete persistence is, however, very unusual, Gartner's duct
being most frequently represented in the lower part of the body and the upper part
of the cervix, less often in the cervical segment alone (Maudach). The canal is lined

by a single layer of columnar epithelium and beset with lateral diverticula, uncertain
in number and form, which in the lower part of the duct are often short-branched
tubules that resemble glands. Accumulations of secretion within the tubules or the
duct may lead to the production of cysts.

The Paroophoron.—Under this name Waldeyer described an inconspicuous
rudimentary organ, distinct at birth, but usually disappearing, and only exceptionally
retained after the second year, that lies between the layers of the mesosalpinx medially
to the epoophoron and, therefore, nearer the uterus. It consists of a small, flat,

irregularly round group of blind canals, which represent the remains of Wolffian
tubules. The accuracy of Waldeyer' s assumption that this organ is homologous with

the paradidymis (page 1950) has been challenged by later investigators (Aschoff,

R. Meyer), who have discovered similar groups of rudimentary tubules within the

lateral part of the mesosalpinx near the division of the ovarian arter}', in a position

corresponding to that of the paradidymis. It is to this group, therefore, that the

term, paroophoron, may be applied with greater propriety, although there can be
little doubt that both sets of tubules are deviations from those of the Wolffian body.

The tubules are blind, lined with columnar epithelium, and in places resemble the

tortuous canals of the Wolffian body. Apart from their interesting morphological

relations, thev mav become of importance as the seat of cysts.

Vesicular Appendages.—Under this heading are included the little vesicles or

hydatids (appendices vesiculosi j attached to the broad ligament by longer or shorter

pedicles. These structures present tAvo general groups, the first including the con-

spicuous long-stalked hydatids of Morgagni, and the second the smaller \esicles, vary-

ing in form and size, connected by short stems. The hydatid of Morgagni, present

on one or both sides in fifty per cent, or over of all female subjects, is a spherical or

pyriform thin-walled sac, that contains a clear fluid, and usually measures from 4-8
mm. in diameter, but sometimes much more, and is attached by a slender stalk

rfrom 1.5-4 cm. in length) to the anterior surface of the broad ligament. Traced
towards the latter, the stalk crosses the ovarian or other fimbriae without being

attached and sinks into the mesosalpinx about i cm. from its free border, from which
point it may be followed through the broad ligament to the upper end of the main or

longitudinal duct of the epoophoron, as the continuation of which it may be identified

(Watson). In structure the hydatid consists of a fibrous coat, lined by a layer of

columnar epithelium and covered externally with a delicate prolongation of the peri-

toneum. The smaller vesicles, present in about twenty per cent. (Rossa), often num-
ber two or three on each side, and are attached to the anterior surface of the mesosal-

pinx, usually over the epoophoron. They are found at birth and even in the fcetus,

as well as later in life, in advanced age undergoing atrophy The origin and mor-

phological significance of the vesicular appendages have occasioned much discussion,

but it may be accepted as established that the chief hydatid of Morgagni is derived

from the upper end of the W'olffian (pronephric) duct, and is, therefore, the equivalent

of the stalked appendage of the epididymis (page 1949). The smaller vesicles prob-

ably owe their origin to the distention and elongation of the transverse canals of the

epoophoron (Rossa), and, hence, are derivatives of the Wolffian tubules.
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Fig. 1697.
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Tlu' uterus, or womb, is a hollow muscular organ, receivinj^ the Fallopian tubes

above and opcnintj into tht- upper part of the vagina below, in which the fertilizetl

ovum is retained and undergoes develoi)nient, and from which the resulting f<jL-tus

is expelled at the completion of j)regnancv. Its lower segment is embedded within

the pelvic floor between the bladder and the rectum, while its upper and larger end

is free and movable and rests upon the superior surface of the bladder (Fig. 1700).

Before undergoing the profound changes incident to pregnancy, the uterus, pear-

shaped in its general form, measures about 7 cm. (2^ in.) in length, of which the

lower 2.5 cm. ( i in. ) constitutes the cylindrical neck or ceri'ix Cceni.v uteri), and the

remainder the body (corpus uteri). Its greatest breadth is about 4 cm. (i^ in.) and

its thickness al)out 2.5 cm. (i in.). In women who have borne children, the uterus

seldom (juite returns to its virgin size, but shcnvs a permanent increase of about i cm.

in its various dimensions, except in the cervix, which is relatively shorter than before.

The convex upper extremity of the organ, above

the level of the entrance of the F"allopian tubes,

is known as \\\efundus (fundus uteri), which in

front and behind passes into the anterior and
posterior surfaces and at the sides into the lat-

eral borders (raargo latcrales). Of the two sur-

faces, the anterior (facies vesicalis) is the more
flattened and less convex and only partially cov-

ered with peritoneum, while the more rounded
and projecting posterior surface (facies intesti-

nalis) is almost completely invested with perito-

neum. The lower end of the cylindrical cervix,

flattened somewhat from before backward and
slightly tapering downward, is divided by the

attachment of the surrounding vaginal wall,

which it seemingly pierces, into a free lower seg-

ment (portio vaginalis), that projects into the

vault of the vagina, and an upper one above the

ring of attachment (portio supravaginalis). Be-

low, the vaginal segment of the cervix termi-

nates in thick, rounded, and prominent lips that

bound a sunken opening, the external os (ori-

ficium CYternuni uteri ) that marks the lower limit

of the cervical canal and is directed towards the

posterior vaginal wall. Owing to the horizontal position of the cervix, the thicker

anterior lip (labium anterius cenicis) is shorter and somewhat lower than the over-

hanging />^.y/'^;7V7r //)!) (labium posterius cenicis).

The weight of the virgin uterus varies between forty and fifty grammes (I'i-
i3/^ oz. ), that of the organ after pregnancy being about twenty grammes (.7 oz.

)

more.
The cavity of the uterus is small in comparison with the size of the organ and

the thickness of its walls, and differs in form according to the plane of section. In

sagittal section, it is little more than a narrow cleft separating the opposed anterior

and posterior walls, and measures about 6 cm. (2 5^ in.), of which 2.5 cm. (i in.)

belongs to the cer\qx. In frontal section, the cavity of the body is triangular in out-

line (Fig. 1698), the apex being below, where the upper end of the cavity of the cer-

vix passes into that of the body, and the base above, between the tubal orifices which
mark the lateral angles. The sides of the triangle are not straight but convex, owing
to the inward curve of the thick projecting uterine walls. The greatest transverse

width of the cavity of the body, just below the tubal openings, is about 2.5 cm.

The canal of the cervix (canalis cenicis uteri ), as the lower segment of the uterine

cavity is called, is fusiform in longitudinal sections, being widest midway between the

external os below and the somewhat smaller and more circular internal os (orificium

internum uteri) above, where the contracted lumen of the virgin uterus expands into

External

Vagi

Uterus laid open by sagittal section, showing
cavity and relations of labia to vagina.
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the cavity of the body. In cross-section the canal appears as a markedly compressed
o\al. The position of the internal os corresponds with the slij^ht external constriction

(isthmus uteri) that uncertainly marks the neck from the body of the uterus. In

contrast to the smooth mucous surface of the body, that of the anterior and {posterior

walls of the cervical canal is marked by conspicuous rid^^es
( plicae paluuitaej—the

arbor vilce uterince of the older writers—consisting of a chief median longitudinal fold

from which numerous secondary rugcC diverge upward and outward on each wall.

Attachments and Peritoneal Relations.—In addition to the Fallopian tubes

that eml)ryologically are direct continuations of the component Miillerian ducts by

the fusion of which the uterus is formed, the uterus is connected with the ovaries,

the abdominal wall, the lateral and posterior walls and the floor of the pelvis, the

vagina, the bladder, and the rectum by hbro-elastic tissue, muscular bands, and peri-

toneal folds. Most of these attach-

FiG. i6y8. ments, or so-called ligaments, however,

have little influence in supporting the

uterus, but, owing to the intimate con-

nection of the cervix with the vagina,

and thus with the pelvic floor, and with

the sacrum by fibro-muscular bands,

the lower segment enjoys a relatively

fixed position ; the body, on the con-

trary, being freely movable.

The Broad Ligavicnt.—With the

exception of a narrow strip along the

sides between the layers of the bread

ligaments, the body of the uterus is

completely invested by peritoneum.

The cervix, on the contrary, possesses

a serous covering only behind and at

the sides above the attachment of the

vagina. From each lateral border of

the uterus this serous investment is

reflected to the pehic wall and floor

as a conspicuous transverse duplicature

of peritoneum, the broad ligament (lig-

amentum latum), that passes across the pelvis and encloses between its layers the round

and ovarian ligaments, the Fallopian tube, the epoophoron and the paroophoron,

together with the associated vessels and nerves. Although enclosed by a peritoneal

duplicature continued from its posterior surface, the ovary is attached to, rather than

lies within, the broad ligament. When detached from the pelvic wall and floor and

spread out (Fig. 1699), the broad ligament is wing-like in form and has four borders,

of which the median or uterine is vertical, the upper or tubal is horizontal, longest,

and free, the lateral short and approximately vertical to correspond with the plane

of the pelvic wall, and the lower sloping downward and inward in agreement with the

direction of the pelvic floor. Within the body, the plane of the median portion of

the fold depends upon the position of the uterus, in the erect posture usually extend-

ing more or less horizontally, so that the posterior surface presents upward and

backward, and the anterior downward and forward ; when the uterus assumes an

upright position, the fold likewise becomes erect. On nearing its lateral attachment,

the upper border of the broad ligament becomes not only more vertical, but also parallel

with the pelvic wall in consecjuence of the support afforded by the siisjiensory liga-

ment of the ovary. From their attachment to the pelvic walls and floor the two

serous layers of the broad ligament pass in opposite directions and are continuous

with the general peritoneal lining of the pelvis. Along the pelvic floor their

divergence leaves a non-peritoneal interval through which the vessels and nerves

and the ureter gain the side of the uterus.

The free border of the broad ligament is occupied by the Fallopian tube, the

course of which it follows as far as the outer end of the infundibulum, and thence

passes to the pelvic wall to become continuous with the suspensory ligament of the

External os

Vagina

Uterus laid open by frontal section, showing
form of cavity of body and cervix.
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ovary. As the tube crosses the medial surface of the latter org^an the broad Vi^n-

ment is drawn over it, so that the (jvary lies j)artly within a peritoneal pocket, the
bursa ovarii. The anterior border of the ovary is attached to the postericjr surface
of the l)roatl lii^anient by a short fold, the mcsovariion, that encloses the hilum and
is continued into the niodilied serous iiuestnient that covers the sexual j,dand. The
utero-ovarian lii,^anient and the attached border of the ovary unecpially divide the
broad liijanient into an upper narrow triangular portion, the mesosalpinx, that
encloses the tube, and a lower broad part, the mcsomctrium, that passes medially to

the siiles of the uterus and becomes continuous with the perimetrium, as the serous
investment of that organ is termed. Within the mesosalpinx the connective tissue

filling the interval between the two serous layers of the broad ligament is very scanty,

but within the mesometrium this tissue increases to a considerable stratum and con-
tains numerous strands ol smooth muscle i)rolonged from the uterus. Surrounding
the uterus, it is known as the parametrium, and along the attached borders of the
ligameiit laterally, and below, becomes continuous with tlie general subserous layer

of the pelvis.

The Round Ligament.—In addition to the Fallopian tube and the ligament of

the ovary, already described (page 1987), a third band, the round ligament (liga-

FlG. 1 699.

Abdominal opening
of Fallopian tube

Fallopian tube, ampulla Lij(3nient of ovary
P-poophoron I Mesosalpinx ) Fallopian tube

Hydatid of Morijagni
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/
Vagina

Uterus and appendages seen from behind ; broad ligament and
oviduct have been stretched out to show mesosalpinx.

mentum teres), passes on each side from the upper lateral angle of the uterus. This

structure, a flattened cord from 12-14 cm. (4-^<l-5/4 in.) long and about .5 cm.

thick, springs from the side of the uterus, in front and below the entrance of the

oviduct, and extends (Fig. 1684) between the layers of the broad ligament horizon-

tally outward to the lateral pelvic wall, which it reaches near the floor. Thence it

continues its course beneath the peritoneum forward and slightly upward, crosses the

obliterated hypogastric artery, the pelvic brim, and the external iliac vessels, and,

hooking around the outer side of the deep epigastric artery, gains the internal ab-

dominal ring. Passing through the latter and traversing the entire length of the

inguinal canal, the round ligament emerges from the external abdominal ring and
ends by breaking up into a number of diverging fibrous bands that become mostly

lost in the subcutaneous tissue of the labium majus, while a few find attachment to

the pubic spine. In its median third the round ligament contains robust bundles of

involuntary' muscle prolonged from the superficial lavers of the uterus, but beyond
the muscular tissue disappears, and in its lower part the band consists entirely of fibro-

elastic tissue. During its passage through the inguinal canal, the ligamentum teres

is accompanied, along its upper border, by small, short bundles of striped muscle
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derived from the internal oblique and transversalis, which represent a feebly developed

cremaster muscle. After j2:aininj? the pelvic wall, the round ligament pursues a course

very similar to that of the vas deferens ;
morphologically, it corresponds to the

genito-inguinal ligament (page 2040). In the foetus the round ligament is j)receded

by a small peritoneal di\'erticulum representing the larger processus vaginalis peri-

tonei in the male ; usually this disappears, but may persist as a distinct serous pouch,

the canal of Nuck, that accompanies the round ligament for a short distance within

the inguinal canal. In exceptional cases it may extend throughout the entire length

of the canal into the labium majus.

The peritoneal relations of the two surfaces of the uterus (Fig. 1700) are dif-

ferent, the anterior surface being covered with serous membrane only as far as the

Fig. 1700.
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junction of the body and cervix, from which line the peritoneum passes on to the

bladder as the utero-vesical fold ?i.r\d lines the shallow tdero-vesical pouch ( excavatio

vesicouterina). Below the reflection of the peritoneum and as far as its attachment to

the vagina, the anterior surface of the cervix is connected by areolar tissue with the

adjacent posterior wall of the bladder. As far as the attachment of the vaginal wall,

the posterior surface of the uterus is covered with peritoneum, which then continues

downward for about 2.5 cm. over the upper part of the back wall of the vagina before

being reflected onto the rectum as the vagino-rcctal fold. The latter forms the bot-

tom of the deep s&xo\\% pouch ofDon s^las (excavatio rectouterina) that lies between the

uterus in front and the rectum behind. The lateral bovmdaries of the opening into

this pouch are formed by the two crescentic jitefo- rectalfolds (plicae rectouterina) that

curve from the hind surface of the ceivix backward to the posterior pelvic wall at the
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sides of tlie rectum. Between the layers of tliese folds robust bundles of fibrous and
smooth muscular tissue e.xtend from the uterus to be inserted partly in the rectum,

there constituting the utero-rcdal muscle, and partly into the front of the sacrum as

the utero-sacral lif^amrnt. The latter structure contributes efficient aid in supj)orting

the cervical segment of the uterus, which is thus enabled to maintain its position

independeiitlv, to a certain des^ree, of that of the body.

Position and Relations.— The attachment of the cervix to the vaginal walls and
utero-sacral lii;ameiits s^ive to the lower uterine seL,niient a more definite position than

that enjoyed by the body, which, being little restrained by its lateral attachments, is

especially alfecteil by the condition of the bladder and rectum. When these organs

are but slightly distended, the uterus normally, in the erect posture, lies tilted for-

ward (anteverted), with the body resting upon the upper vesical surface. Since,

under these conditions, the cervi.x is comparatively ti.xcd and directed backward and
the body more or less bent forward (antiHe.xed), the uterine axis exhibits a marked
flexure at the beginning of the cervical segment. This angle varies continually with

the position of the fundus, which, receiving little support from its peritoneal and
other attachments, is inrtuenced by the changing condition of the bladder. When
the latter is contracted and the uterus strongly antetlexed, the angle is more pro-

nounced than when the upper vesical wall, and consequently the fundus, lies higher.

With increasing distention of the bladder the angle gradually disappears and the

uterine axis becomes straight ; in excessive vesical expansion, associated with an
empty rectum, the entire uterus may be tilted backward (retroverted), its axis then

corresponding with that of the vagina. When both bladder and rectum are dis-

tended, the entire uterus may be pushed up above the level of the symphysis.

Usually the fundus does not lie strictly in the mid-line but to one side, probably

more frequently to the left (Waldeyer, Merkel). This deflection may also affect

the axis of the ovary of the opposite side, which, in consequence of the pull thus

exerted, then lies more obliquely than on the side on which the utero-ovarian liga-

ment is rela.xed. The anterior surface of the uterus following the changes of the

upper vesical wall upon which it lies, the utero-vesical fossa very seldom contains in-

testinal coils, which, on the contrary, frequently occupy the pouch of Douglas.

The posterior (upper) surface of the uterus is overlaid by coils of the small intestine,

and may also be in contact with the pelvic and sigmoid colon. Anteriorly, below

the reflection of the utero-vesical fold, the lower segment of the uterus is connected

with the posterior bladder-wall by loose connective tissue
;
posteriorly, it is sepa-

rated from the rectum by the intervening peritoneal pouch of Douglas ; laterally, it is

crossed by the ureters, which, opposite the middle of the cervi.x, lie about 2 cm. from

the uterine wall. In the erect position, the level of the external os corresponds ap-

proximately with that of the upper margin of the symphysis, and in the antero-

posterior a.xis lies slightly behind a frontal plane passing through the ischial spines

(Waldeyer).
Structure.—The uterine walls, thickest in the fundus and posterior wall of the

body, where they measure from 1-1.5 cm., and somewhat thinner (from 8-g mm.)
at the entrance of the tubes and in the cervix, comprise three coats, the mucous,
muscular, and serous. The mucous coat, or endometrium, of a light reddish color,

soft, and friable, and from .5—1 mm. thick, consists of a connective-tissue stroma,

loose in texture but rich in cells and resembling the tunica propria of the intestinal

mucous, and the surface epithelium. The latter is a single layer of columnar cells,

about .028 mm. high, that in their typical condition possess cilia by which a down-
ward current is established towards the external os. It is probable, however, that

the cilia are neither always present, nor uniformly distributed, since they are lost

during the disturbances incident to menstruation, and are often present only in

patches (Gage). The uterine glands are simple tubular, or slightly bifurcated,

wavy invaginations of the mucosa, usually lined with a single layer of ciliated col-

umnar cells resembling those covering the interior of the uterus. They are dis-

tributed at fairly regular intervals and extend the entire thickness of the mucosa,

their tortuous, blind extremities in many cases being lodged between the adjacent

muscular bundles, since a distinct submucosa is wanting. In the vicinity of the orifices

of the Fallopian tubes, the uterine mucosa becomes thinner, the epithelium lower,
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and in others long and spindle form. Ouriiig pregnancy their usual length (from
.040-. 060 nun. ) may increase tenfold.

The serous coat, or perimetrium, continuous laterally with the peritoneal invest-

ment of the broad ligament, is so closely atlherent to the uterine muscle over the

fimdus and adjacent j)arts of the anterior and posterior surfaces that it is removed
with difiicultN'. Lower, the ])resence of the inter\ening loose connective tissue ( para-
metrium ) renders the attachment less intimate.

Vessels.—The arteries supplying the uterus are the two uterine, each a branch
of the internal iliac that accompanies the ureter along the peKic wall, behind and
below the ovarian fossa, to the attached border of the broad ligament beneath which
it passes in its course to the uterus. On gaining a point about 2 cm. from the

cervix and on a level with the internal os (Merkel), the uterine artery bends medially

and crosses the ureter oblicjuely and in front. It then traverses dense connective

tissue, and on apj^roaching the lateral wall of the cervix bends sharply upward to

course between the layers of the broad ligament along the lateral borders of the

uterus, as far as the lateral angle. Immediately below the ovarian ligament the

Fig. 1702.

Anterior surface

^'^- c f
^^log"-

LoDKitutl'iial muscle

, Blood \essels

Attachment /^ ^?. \y^ <;-^

.
of broad A^; f/)) fG (^

igament en-(-/' U // < < ^jI ^
losing para- \-^ ^^^ Ji^ '' yjv I

j, ,
ig pa

metrium

Mucosa (endometnuni)

.$L^ "ii\

ar muscie

-Pentoneum (perimetrium)

Longitudnial muscle

Posterior surface

Transverse section of uterus through body. X 2.

uterinfe artery divides into its terminal branches distributed to the fundus, Fallo-

pian tube, and ovary. In addition to a small branch to the ureter, just before

bending upward it gives off the vaginal artery that passes downward and assists

in supplying the cervix and the vagina. As it ascends along the sides of the

uterus, from 5-10 mm. removed and surrounded by a dense plexus of veins, the

very tortuous uterine artery sends numerous but variable branches to the cer\ix and

body, as well as to the broad ligament, those distributed to the posterior surface

being somewhat larger than those to the anterior (Robinson). The terminal branch

passing to the fundus (ramus fundi) is especiallv strong and freely anastomoses with

the corresponding vessel from the opposite artery, thus insuring exceptional vascu-

larity to that part of the uterus in which the placenta is usually attached (Charpy).

Twigs also accompany the ovarian and round ligaments. After the establishment of

the junction between the ovarian arterv and its ovarian branch, the uterine artery

plays an important part in maintaining the nutrition of the ovary. On gaining the

muscular coat the larger branches divide into vessels that penetrate the outer layer

of the myometrium and within the inner muscular layer break up into numerous

minute twigs that confer upon this stratum its highly vascular character. \\ ithin
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the mucosa the capillaries surround the glands and form a superficial net-work beneath
the epithelium.

The veins, already of considerable size within the inner muscular layer, emerge
from the myometrium and form a dense plexus of thin-walled vessels that surround
the uterine artery at the sides of the uterus between the layers of the broad ligament.

The veins are arranged as an upper, middle, and lower group. The first of these

includes the veins from the fundus and upper part of the body, which become tribu-

tary to trunks that' join the ovarian veins and leave the pelvis by way of the sus-

pensory ligament. The middle group comprises the venous radicles from the lower
half of the body and upper part of the cervix that unite into one or two main stems
that accompany the uterine arter)-. The lower group is formed by the veins from
the most dependent part of the uterus, the anterior vaginal wall, and the posterior

surface of the bladder. These unite into robust ascending stems that become tribu-

tary to the trunks following the uterine artery. The middle and lower groups freely

anastomose with the vesical plexus and also communicate with the hemorrhoidal
plexus.

The lymphatics, within the mucosa not demonstrable as definite vessels but only
as uncertain clefts, constitute an intermuscular net-work of which the larger trunks
follow the blood-vessels and establish communication between the cervical lymphatics
and those of the body. On emerging from the myometrium a superficial (subserous)

plexus is formed, especially over the posterior surface in the vicinity of the lateral

angles ; large trunks also accompany the blood-vessels along the sides of the uterus.

The lymphatics from the cervix, usually two or three stems, pass to the lymph-nodes
occupying the angle between the external and internal iliac arteries. According to

Bruhns,^ those from the remaining parts of the uterus follow different paths : one
set, from the body, goes likewise to the iliac nodes ; another, from the fundus,

courses towards the ovary, and in company with the trunks from the latter organ
follows the ovarian artery to terminate in the lumbar nodes. A third set, also from
the fundus, eventually gains the lumbar glands after joining the lymphatics of the

Fallopian tube, while a fourth group di\erges from the fundus along the round liga-

ment to become af?erents of the inguinal lymph-nodes. In addition to free anasto-

mosis among themselves, the uterine lymphatics communicate with those of the

vagina, rectum, ovaries. Fallopian tubes, and broad ligament.

The nerves of the uterus, being chiefly destined for the involuntary muscle,

are numerous and of large size to correspond with the highly developed myome-
trium. They are derived not only from the sympathetic system from the utero-

vaginal subdivision of the pelvic plexus (the continuation from the hypogastric), but

also directly from the second, third, and fourth sacral spinal nerves. According to

the classic description of Frankenhauser, the utero-vaginal plexus divides into two
parts, the smaller of which is distributed to the posterior and lateral parts of the

uterus, while the larger includes a chain of minute ganglia along the cervix and
vaginal vault. One of these, the cervical ganglion, is especially large, and lies behind
the upper part of the vagina, receiving, in addition to the sympathetic, spinal fibres

from the sacral nerves and giving of? twigs to the uterus. These latter pass to the

uterine walls between the layers of the broad ligament, particularly at the sides in

company with the blood-vessels, and penetrate the myometrium, to the fibre-cells of

which the nerve-filaments are chiefly distributed ; others pass into the mucosa to end
beneath the epithelium.

Development and Changes.—In consequence of the medial rotation of the

ventral border of the Wolffian body, the relations of the Miillerian to the Wolfitian

duct change. Instead of lying laterally to the Wolfifian duct, as it does above, the

Miillerian duct gains the inner side of that tube as they pass into the urogenital fold

(page 2038; which prolongs the lower end of the Wolfifian body into a median
strand known as the genital cord. Within the latter, formed by the fusion of the

plicae urogenitales, the two Miillerian ducts lie ne.xt the mid-line, side by side and in

contact with the W'olfifian duct on either hand. Beginning about the eighth week,
the opposed surfaces become united, the intervening septum disappears and the two
Miillerian ducts are converted into a single tube from which the uterus is derived.

' Archiv f. Anat. u. Phys., 1898.
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I''or a tinu- this tube inds l)lin(lly and is contimu-(l ti> the uroj^enital sinus, with uhicli

it unites, as a soHil cyhnclcr ot hir^er cells ; this lunienless segment oi the fused
MiilUriaii ducts represents the anlaj^e of the vaj^ina. The extent t«j which the
Miilkrian ducts untiiT^o fusion is early indicated by a sharp inward bend of these
tubes just below the lower and medial ends of the Wolffian bodies, the flexure on
each side correspondinj^^ to the attachment of fibres that [)ass to the anterior abdom-
inal wall and later from the rountl ligament. The jxjriions of the Miillerian ducts
above this point remain separate and imunited and become the oviducts, those below
undcrjTo fusion and produce the uterus and vay^ina.

After the vaginal portion of the uniteti Miillerian ducts ac(|uires a lumen (by
the end of the fourth month), the uterine and vaj^^inal seji^ments of the tube are dif-

ferentiated by the tall cyliiulrical and the larj^er cuboidal epithelial cells that line

the two ]H)rtions respectively. The transition zone, which becomes j^roj^^ressively

more marked, ccjrresponds to the positit>n where later the cylindjical uterine epithe-

lium chan_i»^es into the s(|uamous \ai^inal cells at the inner margin of the external os.

Soon the distinction between the uterine and vaginal portions of the genital canal is

additionally emphasized by the forward curve of the former and the straighten

downward course of the latter. The more definite division of the uterus from the
vagina is effected by the aj:)pearance of crescentic thickenings of the anterior and
posterior walls of the canal which mark the beginnings of the corresponding lips of

the cervix. Distinction between the body and cervix is early suggested by the
uterine epitheliimi, the cells lining the lower porti(jn being taller, more cylindrical

and numerous than those of the body. The connective and muscular tissue of the

uterine wall are differentiated from the condensed mesoderm that surrounds the

epithelial tube. Distinct muscle is not distinguishable before the fifth month, about
which time the cervical glands also make their appearance (Nagel), thus anticipa-

ting by some weeks the de\elopment of the glands in the corpus uteri.

At birth the uterus measures about 3 cm. in length, of which the cervix con-
tributes more than half, and is thicker and denser than the thin-walled and flaccid

body. The characteristic arched form of the fundus is lacking and the lateral

angles are prolonged into the tubes, often recalling a bicornate condition. The
portio vaginalis is inconspicuous and projects to only a slight degree, although the

plicae palmatee are well developed and not limited, as they later are, to the cervical

canal, but extend throughout the uterine cavity. Since at this time the internal os is

still immature, the division of the uterine cavity into an upper and a lower segment
is only suggested. The general position of the uterus is higher than later, it,

together with the bladder, lying abo\e the level of the pelvic brim, with the fundus
opposite about the fifth lumbar vertebra (Merkel). With the increasing capacity of

the pelvis, the uterus sinks, so that by the end of the sixth year the external os is

little higher than in the adult (Symington). Apart from the gradual development
of the glands and the disappearance of the folds of the mucosa within the body,
during childhood the uterus grows slowly until near puberty, when the body
thickens, lengthens, and acquires the arched contours of its mature form. In its

relatively long cervix and slightly prominent fundus, the uterus of the virgin retains

the characteristics of early childhood. The repeated changes incident to the men-
strual cycle, produce gradual thickening of the uterine walls and enlargement of the

lumen, so that, e\en independently of pregnancy, the uterus increases somewhat in

size and weight during the years of sexual activity.

After the cessation of menstruation, between the forty-fifth and fiftieth years,

the uterus suffers gradual atrophy (involution). This first affects the cervix, which
becomes smaller and more slender, the entire organ in consequence assuming a

more pronounced pyriform outline. The general reduction in the size and prom-
inence of the vaginal portion is accompanied by atrophy of the plicae palmatae of the

cervical canal. The walls of the body are also involved and become thinner and
less resistant with atrophy of the muscular tissue and decreased vascularity, and
hence paler color, of the mucosa. For a time the uterine cavitv is enlarged, but,

later, sharing in the general atrophy and not inconsiderable diminution in size of the

organ, the lumen likewise undergoes reduction and, in some cases, suffers obliteration

in the vicinity of the internal os.
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Changes during Menstruation and Pregnancy.—Althouj^h liberation of a mature ovum
may occur at any time, such independence is exceptional, and in the vast majority of cases
ovulation and menstruation are synchronous processes, the uterine changes occurring regularly,

every twenty-eight days, only when the ovaries are functionally acti\e. In anticipation of the

possible reception of a fertilized ovum, the uterine mucous membrane becomes swollen, exces-

sively vascular and hypertrophied, with conspicuous enlargement of the subepithelial blood-
vessels and the glands. The resulting thickened and modified mucosa, now from 3-6 mm.
in thickness, offers a soft velvety surface favorable for the implantation of the embryo-sac.
bhould this purpose be realized, the hypertrophy proceeds, and the lining of the uterus is con-
verted into the deciduai and takes an important part in the formation of the placenta and at-

tached membranes (page 44). If, on the contrary, fertilization does not occur, the proliferative

processes are arrested and the hypertrophied mucosa (now called the decidua incnstrtialis)

enters upon regression. Incidental to the latter are subepithelial extravasation and rupture and
partial destruction of the epithelium, followed by the characteristic discharge of blood. While
usually the destruction of the mucosa is limited to the epithelium, it is probable that at times
the superficial layer of the subjacent tissue is involved.

During pregnancy the most conspicuous changes are occasioned by the growth necessary

to accommodate the rapidly augmenting volume of the uterine contents, by the pro\ision of an
adequate source of nutrition and protection for the fcetus, and by the development of an efficient

contractile apparatus for the expulsion of the same. From an organ ordinarily weighing about

45 grams (i^ oz. ), measuring 7 cm. in length and possessing a capacity of from 3-5 cc, by the

close of pregnancy the uterus has expanded into a rounded or oval sac about 36 cm. ( 14 in. ) in

its greatest length, from 900-1000 grm. (about 2 lbs.) in weight and with a capacity of 5000 cc.

(169 fl. oz. ) or more. This enormous increase depends e.specially upon the hypertrophy of the

muscular coat of the organ, which during the first half of pregnancy becomes greatly thickened,

but later thinner and membranous owing to stretching. The increase in this coat results from
both the growth of the previously existing muscle-cells and, during the first half of pregnancy,

the development of new mu.scle elements. The individual cells may increase tenfold in length

and measure between .4-. 5 mm. Although the cervix actually almost doubles in size, its growth

is overshadowed by that of the body, since it remains relatively passive. During the first five

months, the mucotis membrane of the body of the uterus also becomes greatly hypertrophied,

in places attaining a thickness from 7-10 mm. The glands and blood-vessels, particularly the

arteries, enlarge and, within the specialized area, are concerned in the formation of the placenta

(page 48). The cervical mucosa takes no direct part in the formation of the decidua:-, although

it thickens and is the seat of enlarged glands that secrete the plug of mucus that for a time

occludes the mouth of the uterus.

After the termination of pregnancy, the uterus enters upon a period of involution and
repair, the excessive muscular tissue undergoing degeneration and absorption and the lacerated

mucosa regeneration, the latter process being completed in from five to six weeks (Minot). In

sympathy with the growth of the myometrium, the round ligaments enlarge and also show marked
augmentation of their muscular tissue. The peritoneal relations are disturbed by the excessive

bulk of the uterus, so that at the sides the layers of the broad ligament become separated.

Variations.—The chief anomalous conditions of the uterus depend upon defective devel-

opment or imperfect fusion of the Miillerian ducts by the union of which the normal organ is

formed. Arrested development of the lower part of these fcetal canals accounts for entire ab-

sence of the uterus and vagina. Depending upon the extent to which failure of fusion occurs,

all degrees of doubling are produced. In the most pronounced cases, in which the Mullerian

ducts remain separate throughout their entire length, two completely distinct uteri and vaginae

mav result, each pair being capable of performing the functions of the norma! organs. On the

other hand, slight indentation of the fundus may be the only evidence of imperfect union. Be-

tween these extremes all gradations occur ; the body may be completely cleft (tdertis bicornis),

with or without divided cervix ; or the duplicity may be partial and limited to branching of the

fundus ; or the faulty fusion may be manifested by only a partition, more or less complete, that

divides the uterine cavity into two compartments [uterus septus), although the external form of

the organ is almost or quite normal. When, in conjunction with any of the foregoing variations,

one of the component Mullerian ducts fails to keep pace in ils growth, all degrees of asymmet-
rical development mav result, from complete suppression of one of the tubes in a bicornate uterus

to merely unilateral diminution of the fundus. .Subsequent arrest of what to a certain stage was
a normal development may re.sult in permanent retention of the fcttal or infantile type of uterus.

PRACTICAL CONSIDERATIONS : UTERUS AND ITS ATTACHMENTS.

In the female the pelvis is subdivided into two compartments by a fold of peri-

toneum reflected from the floor and sides of the cavity. This fold passes from one

side to the other and includes between its layers in the median line the uterus. On
each side of the uterus it is known as the broad ligament, and encloses the uterine
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ai)i)LMul;i!^X'S, ihrir hloiul-vi'sscls, toiLii-tInT with their iicrvi-s and their enveloping

connectixe lissuc. 'I'liis transverse fold of ])eritoiu-uin is analoj^ous to the mesentery

of the small iiUesline, servinj; the same purpose for the uterus and its a|)peiula^^es

—

/.(-., lo hold them in jxtsilion and to transmit their blood-vessels and nerves.

The posttrior toiiipaiiincnt of the peKis, the rcclo-ntcrinc, is the larj^er and

deeper of tlu' two. TIu- lower [xirtion of it, included between the two recto-uterine

folds of the piritoncuiii, is the pouch of Dout^las, or recto-vat,nnal jjouch, because it

lies between the rectum and the upper fourth of the vagina, from which it is separated

only l\v subperitoneal connective tissue. The rectum, bulging forward the posterior

wall, and the ovaries, hanging from the anterior wall, tend to fill this compartment,

the remaining space being occupied by small intestine and a portion of the sigmoid

fle.\ure.

Abnormallv it may be encroached upon by a retropi^sed uterus, which tends to

drag downward and backward its appendages, the tubes and ovaries, towards

Douglas's pouch, where they may be paljiated by the finger through the vagina.

Because of the greater depth of the posterior compartment and because of the fact

that abscess and other pelvic operative conditions are usually situated in it, it must

almost always be drained, if drainage is necessary after operation in this region.

The anterior or vesico-iderine compartment of the pelvis extends below only

to the isthmus of the uterus. The remaining supravaginal portion of the cervix

is in close relation to the bladder, but the loose intervening layer of subperitoneal

tissue permits a ready separation of the two in the operation for the removal of

the uterus (hysterectomy). Since the body of the uterus inclines forward, nor-

mally, touching the bladder, the space in this compartment is slight. It excep-

tionally contains a few coils of small intestine, and may lodge also a part of the

sigmoid flexure.

A tumor or pregnant icterus filling the peK'is may press upon the iliac veins,

producing oedema and varicose veins of the lower extremities, of the vulva, and of

the rectum (hemorrhoids) ; upon the lumbar and sacral nerves, causing cramps,

neuralgia, or paralysis ; upon the bladder, with resulting vesical irritability and pain
;

upon the rectum, inducing constipation and hemorrhoids ; upon the ureters, gi\ing

rise to hydronephrosis ; or upon the renal veins and kidney, producing albuminuria

and possibly uraemia.

The uterus is held in position between the bladder and the rectum by its liga-

ments, and is kept from dropping to a lower level (prolapse) mainly by the support

received from atmospheric pressure acting through the floor of the pelvis. The broad

or lateral ligaments attach it and its appendages—the Fallopian tubes and ovaries

—to the sides of the pelvis. The round ligaments act chiefly in tending to prevent

retro-displacements. The musculo-fibrous utero-sacral ligaments and the anterior and

posterior reflections of peritoneum materially steady the cervix, which is also fixed by

its attachments to the bladder and vagina. Moreover, the intra-abdominal pressure

applied through the intestinal convolutions that are normally in contact with its

posterior surface aids in holding it in position. The body of the uterus is more

freely movable than the cervix, and in spite of its supports the uterus, as a whole, is

one of the most mobile of the viscera. The cervix, for example, may easily be made,

through traction by means of a tenaculum, to present at the orifice of the vagina, in

such operations as amputation of the cervix, repair of lacerations, or dilatation and

curettement. On account of its mobility, its intrapelvic situation, and the elastic

support received from the bladder, and indirectly from the levator ani muscles, the

uterus is very rarely injured by blows on the abdomen. If upon examination it is

found to be fixed, or not easily movable, some abnormal cause should be sought for,

such as pelvic inflammations or tumors.

The essential conditions in the production of a prolapsed uterus obtain when the

uterus is the seat of subinvolution from any cause, especially a puerperal infection,

and the pelvic floor is relaxed or torn. The stretching of the pelvic ligaments has

then not been fully overcome by later contraction, and the atmospheric support

(dependent upon a tightly closecl vaginal outlet) is lacking because of the weak-

ened perineal floor. As the uterus reaches a lower level its ligaments become truly
'

' suspensory' ' and resist its further downward progress as soon as their uterine attach-
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ments are below their pelvic attachments. Normally their insertions and origins lie

approximately in the same horizontal plane when the woman is erect (Penrose).

The integrity of the levator ani muscle, ensuring a well-closed vaginal outlet, is

the most important factor in supporting the uterus within the pelvis. It keeps the

outlet forward under the pubic arch out of the line of abdominal pressure, gives it the

form of a narrow slit, preventing the protrusion of the pelvic viscera, and directs the

axis of the vaginal canal forward instead of directly downward, so that the intra-

abdominal pressure strikes the pelvic floor at a right angle ; and by aiding in main-

taining the vagina in its normal condition of a closed slit with its walls in contact, it

prevents disturbance of the forces which hold the uterus in place. If a laceration of

the perineum converts the vagina into an open air-containing tube, the equilibrium of

these forces is destroyed and prolapse often follows. In severe cases of prolapse the

ureters are so stretched that, at their vesical ends, their lumen is narrowed and
ureteral dilatation or hydronephrosis may result.

Anterior and posteriorflexions of the uterus occur at the isthmus, which is the

weakest point and is the junction of the larger and more movable portion—the body
—with the smaller and more fixed portion—the cervix.

On account of the normal anteflexioyi of the uterus, it is not always easy to

decide in a gix^en case whether the degree of anteflexion is normal or abnormal.

When it is abnormal the most important symptom is dysmenorrha^a, from obstruc-

tion of the canal by the flexion ; if irritability of the bladder occurs, it is probably

reflex in its origin.

Anything which weakens the support of the uterus, or increases its weight,

tends not only to cause prolapse, but also to the production of retroftexio7i or retro-

version of the 7(terus, the first degree of prolapse being associated with some retro-

displacement. The uterus then loses its normal anteversion, and the intra-abdominal

pressure is brought to bear on its anterior surface, especially if the patient is either

confined too long in the supine position after labor, with the abdomen too tightly

bandaged, or if she leaves her bed too soon or undertakes any physical work.

The uterus is larger and heavier than normal, as a result of imperfect involution
;

the uterine ligaments are lax ; the vagina and the vaginal orifice are relaxed, and

the support of the pelvic floor is consequently deficient ; the abdominal walls are

flabby and the retentive power of the abdomen is diminished. These are also the

causes that favor prolapse of the uterus ; in fact, a slight degree of uterine prolapse

usually accompanies such cases of retrodisplacement. A certain amount of retro-

version must always exist before the uterus can pass along the vagina. It must turn

backward, so that its axis becomes parallel to the axis of the vagina (Penrose).

In the purely retrovertcd positions the uterus revolves on the isthmus as on a

pivot, so that as the fundus goes in one direction the cervix passes in the other.

Therefore, as the cervix is turned forward against the base of the bladder, the fundus

presses backward on the rectum, often producing reflex symptoms.

The uterus may be found inclined to one side—more usually the fundus to the

left, and the cervix, on account of the presence of the sigmoid and rectum on the left

side, to the right. Unless extreme, such inclination is not to be regarded as patho-

logical.

Between the layers of the broad ligaments is a quantity of loose adipose cellu-

lar tissue, the parametrium, separating the contained structures—those of the most

importance being the tubes and ovaries with their vessels and nerves—from one

another and from the serous membrane. This cellular connective tissue is continuous

with the surrounding subperitoneal areolar tissue of the pelvis, and is especially

abundant near the base of the broad ligaments.

In pelvic cellulitis there is infection of this loose cellular tissue, usually through

the lymphatics and often puerperal in origin. It may follow other septic intrapelvic

conditions, especially salpingitis, but a simple cellulitis unaccompanied by tubal

inflammation is in the vast majority of cases due to infection through the uterus from

a septic endometritis. Because of the laxity of the tissue it may spread rapidly and

extensively in virulent cases. It may extend backward along the utero-sacral liga-

ments, then upward along the retroperitoneal tissue, as far as the kidneys. It may
pass forward and upward to the groin, where, should an abscess form, it may be
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opened. It may also burrow into the vaj^jiiia or rectum. Sui)jHiratioii takes place,

however, in only a small percentaj^c of cases.

The condition is usually recoj^ni/.ed by the rapid swellinj.j and induration at the

sides of or behind the uterus, and in closer relation to it than is the swelling of a pyo-

salpin.x or of an ovarian abscess. I'elvic collections of pus (jf this nature may be

evacuatetl throuj^h the vagina by an incision made close to the cervix,—to avoid the

ureters and the uterine arteries ; but it should be remembered that this procedure

does not remove the focus of primary infection, such as a diseased Fallopian tube.

Blood collections ( hiematoceles) or tuviors ( intralijj^amentous) may also occur

between the layers of the broad ligaments.

The narrow lower border of each ligam Mit lies on the floor of the pelvis, but is

separated from it by a thick layer of subperitoneal tissue, in which the uterine artery

with its veins passes nearly transversely inward from the internal iliac artery at the

side of the pelvis to the cervix at about the level of the vault of the vagina.

The ureter, on its way from behind forward to the bladder, passes through this

loose cellular tissue just below the base of the broad ligament. It lies close under

the uterine artery from one-half to one inch from the side of the cervix. It is within

this short distance that the uterine vessels are tied, either from within the abdomen
or from the vagina, according to the method of operation, in the removal of the

uterus (hysterectomy). The inclusion of the ureter within the ligature is one of the

greatest dangers in this operation. This accident is more likely to occur if the

artery is crowded closer to the ureter of one side, by a tumor or other mass, in the

opposite side of the pelvis. The ureter is also in danger, as it lies along the side and

floor of the posterior compartment of the pelvis. It may there be injured in the

removal of adherent masses, such as inflamed tubes and ovaries, or of retroperitoneal

tumors or cysts. Calculi in the vesical ends of the ureters may be removed through

the vaginal w*all (page 2020).

The free upper border of the broad ligament between the fimbriated extremity

of the tube and ovary and the side of the pelvis—the suspensory ligament of the

ovary or the infundibulo-pelvic ligament—is of practical importance because, in

addition to supporting the ovary, it contains the ovarian vessels where they are usu-

ally tied in the operations for the removal of the uterus or its appendages. Kelly

calls attention to a space immediately below the vessels in this region, where the two
layers of the peritoneum, forming the broad ligament, come close together. By pass-

ing a ligature through this membranous interval and tying over the top of the broad

ligament, all the ovarian veins, and 'the artery are included. If the uterine vessels

also are tied by a separate ligature, at the cornu of the uterus, there should be no

danger of hemorrhage in a salpingo-oophorectomy ; or, if the uterine vessels are

secured at the sides of the cervix, in the floor of the pelvis, and the ovarian \essels

are ligated, as above, on both sides of the pelvis, the hemorrhage will be controlled

for a hysterectomy.

The round ligaments, passing outward and forward from the sides of the

uterus through the internal ring and inguinal canals to the labia majora, tend by their

direction to maintain the uterus in its normal anteflexed position. When retrodis-

placements of the uterus do occur these ligaments become stretched and lengthened.

They have frequently been shortened bv operation to correct such displacements.

This may be done by the extra-abdominal method in the inguinal canal (Alexander's

operation), or within the abdomen (Palmer Dudley operation), the latter method per-

mitting a more accurate estimate of the special peculiarities or difficulties of a given

case.

Occasionally in the adult—always in the foetus and in 20 per cent, of cases in

children (Zuckerkandl, quoted by Woolsey)—a patulous process of peritoneum, the

canal of Nuck, accompanies the round ligament, lying above and in front of it for

a variable distance through the inguinal canal. It is analogous to the vaginal process

of peritoneum which descends with the testicle, and, like it, predisposes to congenital

inguinal hernia (page 1767) and to hydrocele (page 1953). Should its lumen become
constricted at some point, the portion beyond the obstruction may secrete fluid and
give rise to the so-called "cyst of the canal of Nuck," which is analogous to an

encysted hydrocele of the cord in the male (page 1953).
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Fig. 1703.

THE VAGINA.

The vagina is a flattened muscular tube, lined with mucous membrane and about

7.5 cm. (3 in.) long, that extends from the genital cleft enclosed by the labia minora

below to the uterus above, to the lower segment of which it is attached a short dis-

tance above the external os. PVom this relation and the direction, downward and

backward, of the portio vaginalis, the vagina is seemingly pierced obliquely by the

uterus, whose external os looks towards the posterior vaginal wall. In the erect

posture the long axis of the vagina is approximately straight, directed from below

upward and backward, and corresponds in general with the lower j)art of the pelvic

axis. With the horizontal plane it forms an angle of about 70°, and with the axis

of the cervix one that is usually somewhat more than a right angle.

The arched upper blind end of the vagina, known as the vault (fornix vaginae),

is largely occupied by the obliquely placed portio vaginalis and thereby reduced to

an annular groove that surrounds the neck of the uterus. This groove is deepest

behind, where it constitutes the posterior fornix, a

narrow pouch from i . 5-2 cm. in length lying between

the cervix and the adjacent vaginal wall. The recess

in front of the cervix, the anteriorfornix , is shallow

and only slightly marked. In consequence, the length

of the posterior wall of the vagina, measured from the

summit of the posterior fornix to the vaginal orifice, is

from 8.5-9 cm. (3^-3^^ in.), that of the anterior

wall being about 7 cm. (^^y^ in.), or from 1.5-2 cm.

shorter.

The opening at the lower end of the vagina (ori'

ficium vaginae) is contracted, and in the virgin is still

further narrowed by a duplicature of mucous mem-
brane, the hymeyi, of variable form but usually cre-

scentic in outline, that stretches from the posterior

wall forward and occludes more or less the vaginal

entrance. After rupture the hymen is for a time

represented by a series of irregular or fimbriated pro-

jections that become the cariincidce hymenales. These
surround the opening of the vagina and undergo re-

duction and parti'al effacement after childbirth. The
anterior and posterior walls of the main and widest

part of the canal (corpus vaginae) are modelled by
median elevations (columnae rugarum), from which

numerous oblique folds diverge laterally. These
markings, most pronounced in the lower half of the

vagina, are particularly conspicuous on the front wall.

Here the anterior column is beset with close V-like

ridges and ends below in a crest-like elevation—the

carina nrcthralis—that lies behind the urethral orifice.

Relations.—With the exception of the triangular area, from 1.5-2 cm. long,

over the uppermost part of the posterior wall, where the bottom of the recto-uterine

pouch reaches the canal, the vagina is devoid of peritoneum, being attached to the

surrounding organs by areolar tissue. In front its upper fourth is in relation with a

small part of the fundus and the trigone of the bladder, being attached to the vesical

wall by loose connective tissue. Embedded within the latter and surrounded by veins,

course the converging ureters, which reach the anterior vaginal wall at about the

level of the lower end of the cervix. Below the bladder, the anterior wall of the

vagina and the urethra are intimately connected by the intervening dense fibrous

tissue (septum urethrovaginalis), with which the vaginal wall blends without sharp

demarcation. In consequence of the forward curve of the urethra this partition

broadens below.

Behind, the chief relation is with the rectum, which is separated from the upper-

most part of the vagina, for a short distance (from 1.5-2 cm.), by the pouch oi

Vagina ot \irKii', posterior wall

has iiecii removcil exposing rugous
condition of anterior wall.
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Doiij^las. Below the latter, as far as the levator aiii muscles, the vagina and bowel

are connected by the dense recto-vaginal septum, strengthened by the i^itervening

prolongation of the pelvic fascia. I'urther tlown, where the rectum bends backward,

the partition broadens into a wedge-shaped mass, the perineal bod}\ which on

sagittal section appears as a triangle with the base below in the perineum (Fig. 1700).

At the sides the vagina is embracetl by, although unattached to, the median (pubo-

recial) portion of the levator ani muscles, which, in conjunction with the pelvic fascia,

atTord efilicient support. Below the peKic floor, the vagina giiins additional ti.xation

in passing through the triangular ligament with which it is mtimately attached. In

relation witii the lower end of the vagina lie the Inilbus vestibuli and Bartholin's

glanils. The triangular inter\al, on each side, between the levator ani and the pelvic

fascia and the lateral surface of llie \agina, is occupied by the veins of the vesico-

FiG. 1 704.

Pubovesical liRament^

Pelvic fascia covering
levator atii

Obturator meiiibraue,

Visceral exten-

sion of pelvic,

fascia

Obturator fascia-
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internus
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Pubic bone, cut

Prevesical space,
cleaned out

'ortion of wall
of bladder

Urethra

Vagina

V'esi CO-vaginal
venous plexus

Recto-vaginal
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- Rectum

Ischio-rectal fossa

Anterior portion of horizontal section through pelvis, of lemale, passing just below bladder

;

visceral reflections of pelvic fascia are seen extending to blacider, vagina, and rectum.

vaginal plexus that above surrounds the ureter and the vaginal branches of the

uterine artery.

Structure.—The vaginal walls, from 2-3 mm. thick, include a mucous and a

muscular coat, supplemented externally by an indefinite fibrous tunic. The mucous
coat consists of a tunica propria, exceptionally rich in elastic fibres and veins, the

inner surface of which is beset with numerous conical papillae that encroach upon the

overlying epithelium, but do not model the free surface. The epithelium, from
o. 15-0. 20 mm. thick, is stratified squamous in type and possesses a superficial stratum
of plate-like cells (.020-. 030 mm^ in diameter) that resemble the epidermal ele-

ments of the skin and are constantly undergoing maceration and abrasion. Although
normally moistened by a thin mucous secretion of acid reaction, the vagina is devoid
of true glands and probably derives its lubricating fluid for the most part from the

uterine glands, the alkaline secretion becoming modified. Small nodules of lymphoid
tissue are scattered within the mucosa, especially in the upper part of the canal.

The duplicature of the mucous membrane forming the hvmen corresponds in structure

with that lining other parts of the canal. The muscular coat, which directly sup-

ports the mucosa without the intervention of a submucous tunic, consists of bundles
of involuntary muscle that are arranged, although not with precision, as an inner

circular and an outer longitudinal layer. The latter is best developed over the

127
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Fig. 1705-

Surface 4:.

anterior vaginal wall, from which bundles of muscular tissue are continued into the
urethro-vaginal septum ; behind, bundles pass into the recto-vaginal partition. Above,
the vaginal muscle is directly continuous with that of the uterus and below penetrates
the perineal body. Within, the conspicuous columnie rugarum, the muscular coat
as well as the mucous, is thickened, the elevations acquiring the character of erectile

tissue owing to the great num-
ber of veins intermingled with
the irregularly disposed mus-
cle bundles. After piercing

the superior layer of the tri-

angular ligament and in the
vicinity of the orifice, the vagi-

nal walls receive strands of

striated fibres derived from
the middle part of the com-
pressor urethrae (m. urethro-

vaginalis) and the bulbo-cav-
ernosus muscles.

Vessels.—The arteries

supplying the vagina, all de-

rived from the internal iliac,

reach the organ by various

routes. The upper part of

the vagina is supplied by twigs

continued from the cervical

branch of the uterine arteries,

that descend along the sides

of the canal and communicate
with the branches from the

middle hemorrhoidal and vagi-

nal (vesico- vaginal), that are

distributed to the middle and
Those from the vaginal, of the two sides,

agincs) fre-

Additional

epithelium
^f^\;{ \'^\f'i^:\

-'• «'

-tr>.'

Blood-
vesbe

ircular ^ity-'i^u-'-M ' „.'„,• ,^
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Section of wall of vagina. X 80.

lower portions of the vagina respectively.

form encircling anastomoses from which an unpaired vessel (a. azygos
quently is given off on the posterior, and sometimes anterior, wall,

branches pass to the lower part of the vagina from the arteries to the bulbus \'estibuli

from the internal pudics. Free anastomosis exists between the vessels derived from
these various sources. The veins, numerous and large, after emerging from the mus-
cular tunic unite on each side to form the rich vaginal plexus that extends along the

sides of the genital canal and communicates with the vesical and uterine plexuses.

It receives tributaries from the external generative organs and is drained by a trunk,

the vaginal vein, that passes from its upper part to the internal iliac vein.

The lymphatics within the mucous membrane form a close net-work that commu-
nicates with the lymph-vessels of the muscular coat. The collecting trunks pass

from the upper and middle thirds of the vagina, in company with those from the

cervix uteri, chiefly to the lymph-nodes along the internal iliac artery. Additional

stems from the posterior vaginal wall encircle the bowel and terminate either in the

rectal or the lumbar nodes (Bruhns). The lymphatics from the vicinity of the vagi-

nal orifice pass chiefly to the upper median group.of inguinal nodes ; some, however,
join the lymph-paths from the upper segments.

The nerves are derived from the hypogastric sympathetic plexus, through the

pelvic, and from the second, third, and fourth sacral nerves. The immediate source
of the sympathetic fibres is the cervical ganglion, at the side of the neck of the uterus,

from which, in association with the sacral branches, twigs pass to form, on each side,

the vaginal plexus that embraces the vagina and provides filaments chiefly for the

involuntary muscle of its walls and blood-vessels. The sensory fibres supplying the

mucous membrane of the upper part of the vagina are meagre, since, under normal
conditions, this part of the canal possesses sensibility in only very moderate degree.

Towards the orifice, the vagina receives fibres from the pudic nerves which endow
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the mucous niemlirane of the lower third with greater sensil:>iHty and send motor fila-

ments to the striated muscle surrounding the entrance. Sensory nerve-endings of

different kinds ha\'e been described within the mucosa.

Development.—The vagina is formed by the downward extension and fusion

of the MiilU-rian ducts. After union of the latter with the [posterior wall (jf the uro-

genital sinus and the appearance of a lumen, which at fust is wanting, the genital

canal opens into the sinus by an aperture, later the oriticium vagina-, that lies between

and closely united with the Wolffian ducts. The latter sub.sequently atrophy and

disajipear, but may, in exceptional cases, persist to a greater or less extent as Oart-

ni'r's ducts. The entrance of the immature vagina is early guarded by an annular

fold that becomes the hymen and owes its diflferentiation to a pouching of the vaginal

wall behind a zone of thickened epithelium (Nagel). For a time, usually until about

the sex-enth month of fcetal life, the orifice of the vagina is occluded by ei)ithelium.

The proliferation and thickening of the vaginal lining, which begin below, gradually

extentl upward and result in the production of conspicuous rugie, whicli, during the

last months of pregnancy, cover not only the entire surface of the vagina, but also

that of the cervix, which even at birth is slightly corrugated. In consequence of the

increasing irregularity and thickening of the mucosa, the vaginal walls, which for a

time are adherent, become separated and the lumen of the canal is definitely estab-

lished, remains of the desquamated epithelium bei-ig often visible in the new-born

child. Distinct muscular tissue within the vaginal wall is not distinguishal)le before

the fifth month.
At birth, the vagina is relatively long (Fig. i^>23) and its wall is comparatively

thick, with conspicuous rugie extending as far as the vault. During the early years

of childhood the vagina remains small and vertical, but after the tenth year grows
rapidly, the increased width causing reduction in the rugae, which from now on are

feebly marked in the upper part of the canal. After undergoing the stretching inci-

dent to labor, the ruga and columns are much less conspicuous, and after repeated

distention may suffer almost complete effacement. The vagina shares in the general

involution of the sexual organs, and in advanced years loses much of its former elas-

ticity and undergoes atrophy.

Variations.—The most important variations depend upon defective development and im-
perfect fusion of the component Miillerian ducts, and are, therefore, often associated with
anomalies of the uterus. When these tubes fail to reach the urogenital sinus, the vagina ends
blindly above the vestibule ; or when their lower segments are stunted, the vagina (and often

uterus) may be entirely wanting. Duplication, more or less complete, follows persistence of

separate or imperfectly fused Miillerian ducts. The doubling may not extend throughout the

length of the vagina, but may be represented by an imperfect and partial septum, isolated bands,
or a twin hymen. Unequal development of the Miillerian ducts accounts for the marked asym-
metry occasionally observed, notably in double vaginae, where one canal may be ver\' rudi-

mentary or end blindly. The hymen presents great variety in the details of its opening, which
may be crescentic, circular, stellate, linear, double, or multiple {hymen cribriformis) . It may
be a mere pin-hole or entirely wanting (imperforate), in which case retention of menstrual dis-

charges occurs.

PRACTICAL CONSIDERATIONS : THE VAGINA.

Congenital malformations of the vagina, such as absence of the vagina, rudi-

mentary vagina, or vaginal septa, are usually associated with corresponding errors

in development of the uterus. While other malformations due to faulty union of the

Miillerian ducts occur, the more common is a uterus bicornis, or a double uterus and
vagina. They are not incompatible with pregnancy, labor and the puerperium often

passing without unusual incident ; indeed, this condition is usually recognized by
accident, since no external evidence is seen. Conception may occur on one or both

sides simultaneously. A vaginal septum which interfered with the progress of the

head should be divided. From imperfect development of one side of a bicornate

uterus, pregnancy may lead to great danger of rupture of the weak uterine w:all. or

to a failure to expel the child.

While varying within normal limits with the distention of the bladder, when the

latter is empty the axis of the fundus of the uterus lies at about a right angle with

the vagina. The inner or uterine end of the broad ligament is, except at its base.
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more nearly horizontal than vertical in direction. As a result of this position of the
uterus, it will be seen that the lower surface of the cervi.x presents against the pos-
terior vaginal wall, and that, therefore, this wall of the vagina must be longer than
the anterior. The posterior wall is usually about three and a half inches long ; and
the anterior about two and a half to three inches. The length of the ordinary finger
is about three inches ; it can, therefore, reach the anterior fornix of the vagina and
anterior lip of the cer\ix. To explore the posterior fornix of the vagina considerable
pressure is required. To palpate structures in Douglas's cul-de-sac the bimanual
method of examination will be necessary, and a relaxed abdominal wall, to obtain
which a general anaesthetic may exceptionally be required. An empty bladder facili-

tates a bimanual examination. In the knee-chest posture the vagina becomes dis-

tended with air, permitting a more thorough visual examination of its walls. The
rectum posteriorly, and the base of the bladder and the urethra anteriorlv. are within
reach of the finger in the vagina. Calculi, either in the lower ends of the ureters
(^vide supra) or in the bladder, can be removed through the anterior vaginal wall
(page 2015).

The intravaginal portion of the cer\'ix uteri can, with little or no pain, be grasped
by a tenaculum and drawn down towards the vaginal orihce so that local applications
can be made. It is so insensitive that such applications, even when strong and irri-

tating, do not necessitate the use of an anaesthetic. Since it is the part of the cervix
most exposed to traumatism and infection, it is the most frequent seat of pathological
lesions, such as the so-called "erosions." Persistent

—

i.e., unhealed—lacerations
are often sources of irritation, of reflex pains, and of some forms of dysmenorrhoea.
Much of the pelvic pain, associated with them, is probably due to pehic lymphangitis
or lymphadenitis (Penrose). These lacerations seem to invite the development of

cancer. Primary' in\oh-ement of the body of the uterus is comparatively rare, the
great majority of cancers of the uterus beginning in the cer\-ix. As a result of the
relations and contiguity of the cenix to surrounding important structures, such as the
bladder, ureters, and rectum, the prognosis of cancer of the cervix is less favorable
than that of the body of the uterus, where infiltration of neighboring structures does
not occur so early. As a rule, dissemination by lymphatic channels from carcinoma
of the cervix, affects first the sacral or the iliac glands; carcinoma of the body of the
uterus is more likely to involve the lumbar glands surrounding the common iliacs,

the aorta, and the vena cava. Pressure on the last-named vessel may result in

cedematous swelling of the lower extremities or in ascites.

An hypertrophied cenix shows as an increased projection into the vagina and a
deepening of the vaginal fornices. This condition may be a cause of sterility.

The vagina is most roomy in its upper portion, and is narrowest at its lower
end, where it passes through the triangular ligament and is surrounded bv the con-
strictor vaginae muscle. This favors the retention of blood-clots within the vagina
during the menstrual period and after labor. Spasmodic contraction of this muscle
(vaginismus ) is described as being sometimes strong enough to prevent coitus and
to call for surgical treatment, though such cases, if they exist at all. are due to reflex

irritation, such as from urethral caruncle. The dilatation of the vagina seems to be
limited only by the pelvic wall. In nullipara the rugosity of its mucous membrane

—

necessitated by its great changes in diameter—is marked. The transverse folds
favor retention of secretions and of discharges resulting from infection and render
sterilization of the vagina difficult. \'aginitis may be followed by endometritis, as
the uterine and vaginal mucosae are directly continuous.

The hymen rarely may have no opening, when it will require incision to relieve

the obstructed first menstrual flow. The exact importance to be attached to the
presence or absence of the hymen in medical jurisprudence is still undetermined.
While it is usually broken at the first coitus, it may remain intact until the first

parturition. Therefore its presence does not prove virginity. Its original perfora-
tion may have been large enough to leave little or no evidence of the membrane,
so that its absence does not prove that coitus has taken place.

Fistulce between the bladder and vagina Uesico-vaginal), between the urethra
and vagina (urethro-vaginal), between the rectum and vagina (recto-vaginal), and
bet^vecn the cervical canal and the bladder (utero-vesical), may occur.
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Recto-vesical fistula in a woinaii has foUowctl ischio-icclal abscess, after the dis-

charge of which the patient passed gas and facal matter thrcjiigh the urethra (Noble;.
/ 'esico-vaginal tistuhe are usually due to sloughing ccjnsequent upon the impac-

tion of the head in a difficult labor ; they are not due, as erronecjusly believed, to the

use of forceps, but to too long delay in using them (E.mmet j.

L 'rethro-vaiiimxl tistuUe following labor are rare. More frequently the com-
niuniiation betwein the vagina and the upper jxirt of the urethra is j^art of a larger

opening into the bladder. It is in reality a vesico-uni/uo-vagina/ UsIuVjl.

I 'esico-xiterine fistuhe are usually due to a tear extending f(jrward through the
anterior vaginal fornix into the bladder, and upward along the cervical canal. The
lower part of the tear heals, leaving an opening between the bladder and cervical

canal, the urine dril)l)ling outward from the bladder into the cervical canal and thence
into the vagina. If the lower part of the tear does not heal, we then have a vesica-

utero-vaginal fistula.

Recto-vaginal fistuhe are found usually at the upper or lower end of the vagina.

At the upper end they are most freciuently due to extension of an epithelioma of the

cervix into the rectum, ar.d in the lower (i\\(\ to incomplete closure of a torn perineum
extending into the rectum. They are very rarely due to labor itself.

THE FEMALE EXTERNAL GENITAL ORGANS.

The external generative organs of the female include those parts of the repro-

ductive apparatus that lie below the triangular ligament and in front of and below the

pubic arch. They are the labia majora, with the mons pubis above and the urogen-

ital cleft between them, the labia minora or nymphce, and the enclosed vestibule, the

clitoris and the bulbus vestibuli, together with the glands of Bartholin ; within the

vestibule are the orifices of the urethra and of the vagina. Of these structures, col-

lectively termed ihe pudcJidufn (pudendum muliebre), or vulva, in the upright posture

usually little more than the mons pubis and the labia majora are visible, although
exceptionally the labia minora and the clitoris may be seen within the genital fissure.

THE LABIA AND THE VESTIBULE.

The labia majora (labia majora pudendi) are two prominent rounded cutaneous
folds, the homologue of the scrotum, about 7.5 cm. (3 in.) long and 2.5 cm. thick,

that extend backward from the mons pubis and enclose between their medial surfaces

the urogenital cleft (rima pudendi). Above, their inner margins are continuous ( cora-

missura labiorum anterior) over the ridge formed by the body of the clitoris ; behind,

where their tapering ends blend with the perineum, they are connected by a trans-

verse fold (coramissura labiorum posterior), often only slightly marked and sometimes
wanting, that crosses the mid-line in advance of the anus. Their outer surface is

covered with thick, dark-hued integument and beset with hairs, in varying profusion,

that encroach for a limited zone on the inner surface of the labia and may extend as

far as the anus. The medial surface, on which the hairs are few and minute, is

clothed with skin of much more delicate texture, that at the bottom of the nympho-
labial furrow passes onto the outer surface of the nymphse. In addition to the skin,

each labium consists of a layer of subcutaneous fat, between which and the integu-

ment in the posterior half, a thin stratum of involuntary muscle (tunica darto-

labialis) is continued forward from the dartos of the perineum and represents the

similar but better developed sheet in the scrotum. The centre of the labium is occu-

pied by a fairly well defined mass of fat (corpus adiposum) that is connected with the

adipose tissue within the inguinal canal continuous with the subperitoneal tissue and

is, therefore, of different derivation than that of the subcutaneous fat, from which it

is separated by a delicate fascia. Into the latter are inserted some of the fibres of

the round ligament of the uterus that ends within the labium majus. Sweat and

sebaceous glands are numerous within the integument of the labia.

The mons pubis or Veneris, as the triangular rounded eminence above the

genital cleft is called, consists of a cushion of fat. enclosed by dense skin and thickly

covered with hair. The subcutaneous fatty layer, usually from 2-3 cm. thick, but
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Preputium
clitoridis

Frenulum
clitoridis

sometimes as much as 8 cm. or more, is supported by connective-tissue septa that

pass from the underlying periosteum to the skin, whereby the tension of the latter is

maintained.

The labia minora, or nymphae (labia minora pudendi;, are two thin folds of

delicate skin that, for the most part, lie concealed between the larger labia, unless

the latter are separated, and enclose the vestibule. Their length is from 2.5-3.5 cm.,

their width about half as much, and their thickness from 3-5 mm. Near its anterior

end, each labium divides into a lateral and a medial limb ; the lateral divisions of the

two sides unite above the free end of the clitoris, which they enclose with a hood, the

preputium clitoridis^ while the medial limbs join at an acute angle on the under side

of the clitoris to form \X.sfreniim (frenulum clitoridis). Behind, the nymphae grad-

ually fade away by joining the inner surface of the labia majora. In the virgin, and
when well developed, the medial border of the posterior ends of the nymphae are usu-

ally connected by a slight

Fig 1706 transverse crescentic fold,

the fre7i7a7i or foiirchette

(frenulum labiorum pudendi)

that marks the posterior

boundary of the shallow
navicular fossa (Fig. 1706).
Both surfaces of the nymphae
are covered with delicate

skin, which, on account of

the protection afforded by
the greater labia and con-

stant contact with the vagi-

nal secretions, remains moist
and soft and assumes the

color and appearance of a

mucous membrane. The
entire absence of mucous
glands and the presence of

numerous sebaceous folli-

cles, on the inner as well

as on the outer surface, to-

gether with the develop-

ment of the nymphae from
the margin of the cloacal

fossa, establish their cuta-

neous character. The skin

covering the nymphae ex-

ternally is continuous with
that of the labia majora at

the bottom of the interlabial

furrow ; internally the line of transition into the mucous membrane lining the vesti-

bule follows the medial attachment of the folds which overlie the vestibular bulb. In

addition to the two cutaneous layers, the nymphae consist of an intermediate stratum

of loose connective tissue, rich in blood-vessels, and containing many bundles of in-

voluntary muscles that possess the character of erectile tissue. Hairs and fat are

entirely wanting in the labia minora, but sebaceous and sweat glands are present, the

latter small and scattered but most plentiful in the anterior part and in the prepuce

(Webster).
The vestibule (vestibulum vaginae) is the elliptical space enclosed between the

labia minora, extending from the clitoris in front to the crescentic frenum behind.

When the nymphae are separated, the vestibule resembles an almond in outline, being

pointed in front and broader behind. In the roof ( as usually examined the floor) of

this space are seen the urethral and \aginal orifices and the minute openings of the

paraurethral ducts and of the canals of Bartholin's glands. The tirethral orifice occu-

pies a more or less conspicuous corrugated elevation (papilla urethralis) that lies about

Posterior
commissure

External genital organs of virgin ; labia ha^-e been separated to expose
vestibule and vaginal orifice.
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2 cm. hfhiiul the clitoris aiui l)ic;iks the smooth mucous surface of the vestibular roof.

The oi)eiiiiij4 of the urethra is very variahU- in form, bein^ cresceiuic, stellate, crucial

or linear, a sagittal cleft of about 5 mm. beiii^ the most usual type. Close to the

luethral orifice, at the sides or somewhat behind, lie the miiuite de])ressioiis marking
the openings of the paraunthnil ducts (page 1924). In younj^^ subjects, a i>air of

fine sagittal f(jlds can often be traced over the roof of the vestibule from the urethral

l)apilla to the frenum of the clitoris.

The area between the orifice of the urethra and that of the vagina is subject to

considerable indi\idual variation in size and detail owing to differences in the extent

to which the lower end of the anterior vaginal column (carina urctliralis) encroaches

upon the vestibule. After rupture of the hymen has occurred, the \aginal entrance

is surrounded by a series of irregular limbriated projections that form the carunnt/u?

/ivnunn/fs which, after lal)or, become reduced to inconsjjicuous nodules. Included

between the posterior margin of the hymen and the backwardly directed arching fold

of the fourchette is the fossa naviodaris^ a shallow, crescentic, pocket-like depres-

Central fat-body

Labium maju

Labiuni minus

Sebaceous glands on external
cutaneous surfaces

Inner surface

Interlabial groove

Section across the labia of very young child. X i

sion. This recess is best marked in the virgin, when the nymphae are well developed,

and is usually effaced after child-bearing.

Vessels.—The arteries supplying the labia majora are chiefly the anterior and
posterior labial branches from the external and internal pudics respectively. A
small twig from the superficial external pudic is distributed in the vicinity of the

anterior commissure ; several others from the deep external pudic end in the anterior

half of the labium, while the posterior half is supplied by the posterior labial twigs

from the superficial perineal branch from the internal pudic artery. Additional

small twigs from the anterior terminal branch of the obturator artery are distributed

to the outer surface of the labia. The nymphae also receive their blood from the

anterior and posterior labial arteries through small branches that enter the front and
hind parts of the folds and assist in nourishing the mucous membrane lining the roof

of the vestibule. The arteries from these various sources freely anastomose with one
another as well as with adjacent vessels. While the veins of the labia majora in

general follow the corresponding arteries, they communicate with neighboring

systems, particularly with the inferior hemorrhoidal and the pelvic plexuses. The
veins of the nymphae, unusually numerous and large, present a plexiform arrangement,

whereby the labia acquire the character of erectile structures. The collecting stems



2024 HUMAN ANATOMY.

join those of the labia majora, as well as communicate with the veins of the clitoris

and bulb. The lymphatics of the labia are very numerous, notably in the more
superficial parts of the folds, a half dozen or more trunks passing" to the upper and

medial group of inguinal lymph-nodes. The lymphatics from the nymphae, also

very numerous, join the aflerents from the labia majora and end in the same inguinal

nodes. Communications sometimes exist with the nodes of the opposite sides

(Bruhns).

The nerves supplying the anterior half of the labia majora are derived from

the ilio-inguinal and the genital branch of the genito-crural, while the posterior part

of the labia receive filaments from the perineal branches of the pudic and the small

sciatic trunks. The nymphte are highly sensitive and receive branches from the

superficial perineal nerves upon which special sensory endings are found within the

subepithelial tissue.

THE CLITORIS.

The clitoris, the homologue of the penis, repeats in reduced size and modified

form the chief components of the organ of the male. Morphologically considered, it

consists of two corpora cavernosa, united in front into the body and separated behind

into the crura attached to the pubic arch, and the imperfectly developed and cleft

corpus spongiosum—known as the bulbus vestibuli and usually described as an inde-

pendent organ.

The clitoris lies so buried within the subcutaneous tissue and beneath the labia

that only its small conical anterior end, called the glaiis clUo?'idis, and the low verti-

P'lG. I 70S

Pars intermedia

Urethral orifice

Bulbus vestibuli

Vaginal orifice

Inferior layer of

triangular ligament

•Suspensory ligament
of clitoris

Corpus clitoridis

r.lans clitoridis

Crus clitoridis curved
by ischio-cavernosus
muscle

-Cut edge

Compressor bulbi

Transversus perinei

Dissection of urogenital triangle of female, showing clitoris and bulbus vestibuli.

cal ridge of integument over the body r torus clitoridis) appear when the labia are

separated. The glans. about 5 mm. in diameter, is partly concealed by an annular

duplicature of skin, the prep7dhim clitoridis, that is free in front and at the sides, but

behind is attached bv a median fold, the fren2im, continuous with the nymphc-e.

When exposed after removal of the labia and skin, the clitoris (using the term in the

more restricted and conventional sense) is seen to consist of the small unpaired body

(corpus clitoridis), from 2 to 2.5 cm. long, composed of the fused corpora caver)iosa,

and the diverging and much larger crura, from 3.5-4 cm. in length, that are attached

to the sides of the subpubic arch, as are the corresponding parts of the penis. The

crura clitoridis are, however, relatively flat and blunt. The dependent body forms

a sharp bend with the diverging crura', being fixed to the lower part of the symphy-

sis pubis bv a diminutive suspensory ligarnoit. Owing to its attachments to the in-
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tefj^umcnt and iiympha', the position of the Ixxly and its an^le underj^^o but slight

chans^^c e\en in the lurgesccnt contiition of the orj^an. In tlieir general structure

the corpora cavernosa clitoridis, apart from their reduced size and feebler develop-
ment, correspond with those of the penis, including cylinders of erectile tissue en-

closed by a tunica albuginea and separated where blended by a sejjtuni. The glans,

however, is composed chiefly of fibrous tissue and contains little true cavernous
structure ; it is, of course, not perforated by the urethra.

The Bulbus Vestibuli.— The \estibular bulb consists of two converging
elongated masses of ca\erii()us tissue, com])letely separated except in front, where
they are ctinnected by a narrow isthmus, the pars internudia. They embrace the
lower end of the vagina and the urethra, and anteriorly meet the under surface of the
cavernous bodies of the clitoris. The organ, as above noted, represents the bulbar
and adjoining parts of the corpus spongiosum, of which the comjjonent parts have
remained ununited in consequence of the persistence of the urogenital cleft, each
half ct)rresponding to a semibulb of the united structure in the male. P2ach bulb,

regarding the organ as paired, is a wedge-shaped body, narrow in front and broad
and rounded behind, that measures from 3-4 cm. in length, where broadest from
1-1.5 cm. in width, and less than r cm. in thickness. Above, it rests against the
inferior layer of the triangular ligament, its lower margin, somewhat medially di-

rected, being covered by the base of the labium majus and the nympha. Behind,
the medial surface is closely related to the lateral wall of the vaginal entrance, and
when well developed may extend backward as far as the posterior wall of the \agina.

In front, the bulb passes at the side of the urethra and joins the under surface of the
clitoris. Laterally and below, it is covered by the fibres of the bulbo-cavernosus mus-
cle. The rounded hind end meets or covers the gland of Bartholin. The two bodies
together form a compressed crescentic or horseshoe-shaped complex of venous spaces,

enclosed by a thin tunica albuginea, that resembles the cavernous tissue of the corpus
spongiosum, although less definite in structure.

Vessels.—The arteries supplying the clitoris and vestibular bulb correspond
with those distributed to the homologous parts of the penis, but are of smaller size.

As in the male, the first branch to the cavernous tiseue is the artery of the bulb
(a. bulbi vestibuli), which enters that body near its posterior end as a short and
comparatively strong vessel and joins with additional twigs to the bulb from the deep
artery of the clitoris fa. profunda clitoridis), a branch corresponding to the urethral

artery passing to the pars intermedia. Each cavernous body receives the deep branch
that enters the crus and, sending a minute twig backward, traverses the cylinder of

erectile tissue towards the glans', communicating with its fellow of the opposite side

as well as with the dorsal artery (a. dorsalis clitoridis). The latter, the terminal part
of the internal pudic and smallest of the vessels supplying the clitoris, pursues a
course identical with that of the corresponding vessel of the penis, but is minute in

consequence of the reduced dimensions of the parts supplied.

The veins follow the general arrangement observed in the penis, the blood being
carried off chiefly by the dorsal vein and the, venous channels that more closely

accompany the arteiies. The most important modification is the presence of the
plexus intermedins (Kobelt), a venous complex that lies between the under surface
of the corpora cavernosa, just as they begin to diverge into the crura, and the united
anterior ends of the halves of the bulbus vestibuli. This plexus not only establishes

connections between the blood-spaces of the corpora cavernosa and the bulbus
vestibuli, but also receives tributaries from the prepuce and frenum of the clitoris, the
nymphae, and the adjacent parts of the vestibule. In addition to the stems that join

the internal pudic veins, the cavernous spaces of the bulb communicate with the
urethral, vaginal, and hemorrhoidal plexuses. In consequence of the connections
between the plexus intermedins and the dorsal vein of the clitoris, the latter vessel

is relati\ely of large size.

The lymphatics for the most part are afferents of the superficial inguinal lymph-
nodes; communications exist, however, with the deeper intrapelvic paths and nodes.

The nerves of the clitoris are derived 'and distributed in correspondence with
the plan observed in the penis. They are. therefore, extensively from the sympa-
thetic system for the walls of the blood-spaces and from the pudic nerves. The
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dorsal nerve is relatively large and supplies the integument of the glans and prepuce
with fibres connected with special sensory end-organs.

Dorsal nerve
Dorsal artery

THE GLANDS OF BARTHOLIN.

The glands of Bartholin (glaridulae vestibulares majores), the homologues of

Cowper's glands in the male, are a pair of small organs, situated one on either side

of the \aginal orifice, behind the bulbus vestibuli and about the middle of the base

of the labium majus. The organ measures from 1-1.5 cm. in length and somewhat
less than i cm. in width, and is covered on its anterolateral aspect by the bulbo-

cavernosus muscle and, often, also by the end of the bulbus vestibuli. Its superior

surface lies against the inferior layer of the triangular ligament, and its medial about

1 cm. external to the vestibule, from which it is separated by dense fibrous tissue.

From the anteromedial border of the gland emerges the duct, a narrow tube, about

2 mm. in diameter and from 1.5-2 cm. long, that passes obliquely inward and for-

ward, beneath the base of the nympha, to open in the groove between the latter and
the hymen about opposite the posterior third of the lateral boundary of the vagi-

nal orifice. The minute
Fig. 1709. n„„„, „^„.^ opening of the duct, from

.5-. 6 mm. wide, is often

at the bottom of a small

depression in the mu-
cous membrane of the

vestibule.

In structure the

gland corresponds to the

mucous tubo - alveolar

type, the small compo-
nent lobules, however,

being separated by con-

siderable tracts of fibro-

muscular tissue. The ter-

minal compartments are

lined with columnar epi-

thelium containing many
goblet cells. The lobular

ducts unite to form the

single excretory canal,

which is beset with mi-
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Dissection of urogenital triangle of female ; left lobe of

vestibular bulb has been removed.

nute mucous follicles. The main duct, which sometimes exhibits ampullary enlarge-

ments, is clothed with columnar epithelium until near its termination, where its Immg

becomes stratified squamous in character, to correspond with that of the vestibule.

The secretion of the gland is whitish in color and \iscid.

Vessels.—The arteries supplying the gland are usually twigs given of? from the

bulbar branch of the internal pudic. The veins are tributary chiefly to the internal

pudic. but also communicate with the trunks of the vestibular bulb and of the vagina.

The lymphatics join those of the vagina and rectum that are afferents of the internal

iliac nodes. It is probable that, to a limited extent, communication also exists with

the paths ending in the superficial inguinal nodes.

The nerves are very numerous, and include sympathetic fibres and twigs from

the pudic.

Development.—The glands of Bartholin first appear in embryos from 4-5 cm.

long, as solid epithelial outgrowths from the lateral wails of the urogenital sinus. At

first simple cylinders, they later become branched, acquire a lumen and, in embryos

of from 12-15 cm. in length, begin to exhibit alveoli lined with mucus secreting cells

(V. Miiller); Although fully developed at birth, the glands remain small until near

puberty, when they enlarge, acquiring their greatest size during the years of sexual

activity. After the cessation of menstruation they gradually diminish, and are

atrophic in the aged subject.
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Variations.—The jjlaiuls of the two sides often vary in size and may l)e asymnietrically
placed. The chuts nir.v l)e doubled and the lobules so separated that the usual ^^land-niass is

replaceil by ist)latetl ili\isions. The {.jiands are sometimes seeminj^ly wanting on one or
both sitles.

PRACTICAL CONSIDERATIONS : THE EXTERNAL GENITALS.

Owiiio to the protected position of tin- \ uKa it is rarely wounded except from
tears in childbirth. When lesions from external violence do occur, they are usually

the result of falls astride hard objects, of kicks, of blows, or of wouncls inflicted by
horned cattle. Because of the laxity of the tissues and the free blootl-supply in the
labia majora larj^e hiematomata may collect, especially if the bulbus vestibuli is

opened. A^ain, because of the free blood-supply and loose tissue in this region,

plastic operations are commonly very successful. The hemorrhage is free, but ordi-

narily stops spontaneously unless the erectile tissue of the clitoris or its continuations
backward, the bulbus vestibuli, is wounded.

The lymphatics and veins of the vulva pass to the groin, thus explaining the en-

largement of the vulva in lymphatic obstructions in the inguinal nodes, such as

elephantiasis, and in venous stasis .in the same region, as in milk leg. The clitoris

is especially involved in elephantiasis, either alone or as part of a general enlarge-

ment. The absorbents of the vagina pass to the pelvis. About the orifice of the
vagina is a zone in which the two sets intercommunicate.

Cysts of the vulva are commonly due to retention of secretion within the glands
of Bartholin. They occupy the posterior third on each side of the vaginal orifice, and
project more from the mucous than from the cutaneous surface. These glands are

often the seat of abscess, almost, if not always, the result of gonorrheal infection. The
female urethra, running downward and forward—so that it is nearest to the vaginal
wall in its upper portion—is much shorter, much less curved, relati\-ely much wider,

and—as it is not surrounded at any point by structures of such density—much more
dilatable than the male urethra. In consequence of its shortness, its width, the direc-

tion of its course, and the limitation of its function to serving as a passage for urine,

it is, as compared with the male urethra, infected less frequently, and its inflammation
is associated with less severe symptoms, yields more readily to treatment, and gives
rise to fewer complications and sequelae,—stricture, for example, being very rare.

As a result of its dilatability it may be used as a channel for digital exploration
of the bladder, or for the extraction of vesical calculi or pedunculated tumors, if

small, or of foreign bodies. The dilatation should be accomplished x^ry slowly

—

under an anaesthetic—and is then rarely followed by persistent paralysis. The imper-
fect development of the triangular (subpubic) ligament in the female and of the
muscular wall of the urethra—the emptying of the canal being so facilitated by its

direction, width, and shortness—explains the relative ease and safety of extreme
dilatation.

A small red vascular tumor, called a iirethral canoic/e, is sometimes found pro-
truding, usually from the posterior wall of the female urethra. It is extremely sensi-
tive, giving rise to much pain on pressure, movement, or urination.

The vaginal process of peritoneum accompanying the round ligament, already
spoken of, may reach as far as the labium majus, and may gi\e rise to a congenital
hernia or hydrocele in that part. Owing commonly to the presence of vaginal dis-

charge, the vulvar region is frequently the seat of venereal warts.' Because of the
warmth, moisture, and friction to which syphilitic papules are exposed in these parts,
condylomata and mucous patches are common and well marked. One of the most
frequent seats of chancre in women is about the fourchette and anus, because the
infected discharges of the vagina tend to run over and lodge on these structures.

THE MAMMARY GLANDS.
Althotigh morphologically considered they are modified cutaneous glands and

developed in both sexes, the functional importance of the mammary glands (mammae)
in the female entitles them to be reckoned as organs accessory to the reproductive
apparatus. Each mamma, or breast, consists of a group of twenty or more individual
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and separate c^lands, opening; l)y independent ducts, that collectively constitute the
true secreting organ (corpus mammae), as distinguished from the enveloping layer of

fat and areolar tissue.

As seen in the young, well-deA'eloped subject, before the occurrence of preg-
nancy, the mammae form two hemispherical projections that lie upon the thoracic
wall, one on either side of the sternum, extending from the outer margin of the latter

to the a.xillary border and from the level of the second to that of the sixth rib. Tiie

outline of the organ is not quite circular but elliptical, the horizontal diameter, from
lo— 12 cm. (4-4 3<| in. ), being about one centimetre more than the vertical. The
height of the [)ro3ection measures about 5.5 cm. The rounded contour of the breast

depends chiefly u})on the fat that forms a complete envelope for the glandular tissue,

Fig. 1 7 10.

Nipple

Lobule of gland-tissue

Excretory disci

Lactiferous duct

Lett mamnui drawn lioin living subject ; ducts and glandular tissue have bet-n drawn iroin dissection

except beneath the nipple and, in places, on the deep muscular surface. In the young

subject, in whom the gland has never enlarged in consequence of pregnancy, the secre-

tory tissue is relatively small in amount and masked by the fat that penetrates between

the lobules. The approximate summit of each breast, when firm and non-pendulous

as in young women, is marked by the conical or wart-like nipple (papilla mammae),
which lies opposite the lower border of the fourth rib and is pierced by the excretory

canals, or lactiferous ducts, from the lobes. The nipple, about i cm. high, and

marked by numerous shallow furrows, is surrounded by the ajrola, a cutaneous zone

about 4.5 cm. in diameter that is modelled by minute low elevations j^roduced by the

small 'i>v\iCwt'AX\&ow~, areolarglands, c^x glands of Montgornery , which represent isolated

accessory portions of secretory tissue. Although varying with the complexion, the
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Suspensory hand

Pectoral muscle

pignientatiDii of the inti'ijuinrnt covcrini; the ni|)|)le and areola is very slij^dit, aiul

hence the color of these jjarts is usually a rosy i)ink. After the eiU'lier months of

pre^iKincy the color of the nipple and areola chanj^es to brown, in varyintj shades of

intensity, which tint thereafter never entirely disappears, hut beconu-s teni])orarily

augmented with each prej^nancy.

Tin- niainniary ^land lies within the snpcrlicial fascia lA the thorax, which not
only forms a i^^xiuial iincstmcnl tor tin- or-

gan, but also st'uds into it septa that mate- Fk;. 1711.

rially aid in sui)p()rtin!4' the fat and glandular

tissue. Local peripheral thickenings of the

fascia occur abo\e and below anil assume the

character of suspensory bands, those above
being known as the /ligaments of Cooper.

Although for the most part separated from
the underlying muscle by a layer of fascia that

permits of shifting^ of the mamma, its deepest

lobules may occupy recesses between the fas-

ciculi of the pectoralis major.

Structure.—The corpus mamnite con-

sists of from 15-20 or more flattened pyrami-
dal lobes ( lobi luainiiiae), each of which is a

distinct gland measiu-ing- from 1.5-2 cm. The
lobes are radially disposed, the groups of al-

veoli or lobules lying towards the periphery

and the excretory ducts converging towards
the nipple, upon which they open. When
enlarged, as during lactation, the lobes pro-

duce irregularities in the outline and on the

surface of the gland-mass that may be felt

through the covering of adipose tissue. Each
lobe is subdivided by connective tissue into

several lobules (lobuli mammae), which in turn

are made up of the ultimate divisions of the

secreting tissue or alveoli. The latter are

sacular compartments, the walls of which con-

sist of a well-defined membrana propria, or

basement membrane, lined, in the resting con-

dition, by a double layer of cells. Those
next the membrana propria are probably to

be regarded as muscular in nature (Lacroix,

Benda), thus emphasizing the resemblance
between the mammary and sweat glands.

The inner cells, the secretory elements, are cuboid or low columnar, from .005-
.007 mm. high, and present the usual appearances of glandular epithelium.

During lactation the alveoli become greatly enlarged and distended and the
intervening connective tissue correspondingly reduced, so that the alveoli are pressed
closely together, the general appearance of the tissue often recalling that of the
lung. Under such conditions the secreting cells vary with the distention of the
alveoli, being low in large compartments and higher in those less expanded. The
protoplasm of the cells actively engaged in the production of milk contains minute
oil droplets that occupy chiefly the inner zone. As these increase in size, they press

the nucleus towards the basement membrane and project into the alveolus, being
separated from the lumen by only a thin protoplasmic stratum. Finallv, the latter

ruptures, and the oil droplets escape into the albuminous fluid that is additionally

secreted by the glands and occupy the alveolus. After liberation of the oil droplets,

the epithelial cell is much reduced in height, but after a time again becomes the
seat of renewed accumulation of fat and the production of milk-globules. Destruc-
tion of the fat-liberating cells, therefore, does not take place.

The excretory diccts begin as the minute canals into which the alveoli open.

Glaiu
tissue

Fascia! envelope

Sagittal section of mamma of young woman who had
never borne children ; hardened in formalin.
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O rf^r
Excretory duct

Interalveolar
stroma

Section of mamman,' gland before lactation. X 170.

At first they are small and much like the terminal compartments of the gland and
lined with a thin stratum of longitudinally disposed involuntary muscle, upon which
rests a single layer of cuboid epithelial cells. The latter give place to cells of col-

umnar type within the lactiferous
Fig. 1 712. ducts that are formed by the

junction of the smaller canals.

On apf)roaching the base of the
nipple, beneath the areola, each
milk-duct presents a spindle-form

enlargement or avipulla (sinus

lactiferus), from 10-12 mm. long
and about half as wide, that

serves as a temporary reservoir

for the secretion of the gland.

Beyond the ampulla the duct
narrows to a calibre of little over
2 mm., passes into the nipple,

and ends, after traversing the lat-

ter parallel with the other ducts,

in a minute orifice from .5-7
mm. in diameter, at the summit
of the papilla. On gaining the

last-named point, the lining epi-

thelium of the duct assumes the

stratified squamous type of the

adjacent epidermis. Embedded
within the delicate but more or

less pigmented skin that covers their exterior, the areola and nipple contain well-

marked bundles of involuntary muscle, by the contraction of which the nipple becomes
erect and prominent, as after the application of mechanical stimulus. Within the

areola this contractile tissue forms a layer, in places almost 2 mm. thick, that encircles

the base of the nipple and is continued into its substance as a net-work of bundles,

between which the lactiferous ducts pass. Deeper longitudinal strands of unstriped

muscle occupy the a.xial portions of the nipple.

Over both areola and nipple the skin is provided with large sebaceous glands, the

secretion of which is increased

during lactation and designed Fig. 1713.

for protection while nursing.

Sweat-glands are absent o\'er

the nipple, but large and modi-
fied in the vicinity of the periph-

ery of the areola. The surface of

the latter is modelled, especially

towards the close of pregnancy,

by low rounded elevations that

indicate the positions of the sub-

cutaneous areolar or Mo7itgo7n-

ery' s glayids. The latter are

rudimentary accessory masses of

glandular tissue, from 1-4 mm.
in diameter, that correspond in

their general structure with that

of the mammary glands. Their

ducts open by minute orifices

on the surface of the areola.

Milk.— The fully estab-

lished secretion of the mammary gland Oac femininum) is an emulsion, the fatty milk-

globules being suspended in a clear, colorless, and watery plasma, the variations

in tint—from bluish to yellowish-white—depending upon the amount of fat. The

Interalveolar
septum

Section of mammary gland during lactation, showing distended
alveoli lined with fat-bearing cells. X 170-
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composition of human milk includes over 86 per cent, of water, about 3 of albuminous

substances, 5.3 of fat, 5 of su^ar, and less than i per cent, of salts. The chief mor-

pholoj^ical constituents t)f milk are the milk-j^lobules ( fat droj^lets liberated from the

alveolar ci-lls), that vary in size frtjm the m(jst minute spherules to th(jse having a

diameter of from .003-.005 nnn. and, exceptionally, even twice as much. Their

average ninnbcr per cubic millimetre is soinethin^'^ over one million (Bouchut).

Whether the milk-.nlobuks are enclosed within extremely thin enveloi)es of ca.sein is

still uncertain. Wlu-tlur the fat is actually i)ro(luci(l within the cells, or is to be

regarded as only in transit, and, likewise, whether the milk leaves the cells already

emulsified, are also questions undecided.

During the last weeks of pregnancy and f<jr two or three days after its termina-

tion, the breasts contain a clear watery secretion, known as colostrum, that differs

from milk in containing relatively litde fat and numerous conspicuous bodies—the

colostrum corpuscles—of uncertain form and size. These bodies are usually spherical,

but may be irregular in outline, and measure from .012-.018 nnn., although they

may attain a iliameter of more than .040 mm. Their protoplasm is markedly granu-

lar and often of a yellowish or reddish-yellow tint. The colostrum corpuscles are

modified alveolar epithelial cells that have been cast of? during the initial changes and

Fig. 1714. Fig. 1715.

S c
. 0'

o ^ c c .
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V o

Human milk. X 500. Colostrum, showing corpuscles
and oil-drops. ,< 500.

expansion of the alveoli preparatory to the establishment of lactation. They again

appear after this function has ended, and may continue to be expressed from the gland

for months or, in exceptional cases, for even years.

Vessels.—The arteries supplying the mamma are principally the second, third,

and fourth anterior perforating branches of the internal mammary. These vessels, in

addition to their distribution to the skin and more superficial parts of the breast, send

deeper twigs to the glandular tissue, which eventually break up into capillary net-works

enclosing the alveoli. The lower and lateral portion of the organ receives an addi-

tional supply from the external mammary branches from the long thoracic artery from

the axillary. During lactation these vessels are markedly increased in size. The
veins follow chiefly the arteries, emptying into the internal mammary and the long

thoracic. The cutaneous veins, which during lactation are enlarged and show through

the delicate skin as a net-work of blue lines, in part join those accompanying the arteries

and in part form vessels that take an independent course over the clavicle to

become tributary to the external jugular vein. Within the areola the cutaneous

veins form a plexus that more or less completely encircles the nipple and receives

its blood.

The lymphatics of the mamma are exceptionally numerous and important. The
deeper ones surround the groups of alveoli as channels that lie within the interlobular

connective tissue and pass towards the surface, where they join the rich subareolar

plexus. The latter also receives the collecting stems from the close cutaneous net-

works that drain the integument covering the nipple and areola. With the exception



2032 HUMAN ANATOMY.

of a few trunks that follow the perforating arteries and become afferents of the lymph-
nodes lying along the internal mammary artery, all the lymphatics of the breast join

to form two or three large trunks that pass from the lower and lateral border of the

organ through the subcutaneous tissue towards the axilla to emjjty, sometimes united

into a single.stem, into the lymph-node that lies upon the serratus magnus over the

third rib.

The nerves supplying the glandular tissue are from the fourth, fifth, and sixth

intercostals, the accompanying sympathetic libres j)assing by way of the rami com-
municantes from the thoracic portion of the gangliated cord. Their ultimate distri-

bution may be traced to the plexuses uj)on the basement membrane surrounding the

alveoli and, according to Arnstein, even between the secretory cells. The cutaneous

nerves are derived from both the supraclavicular branches of the cervical plexus and
the anterior and lateral cutaneous branches of the second to the fifth intercostals.

Development.—The arrangement of the several pairs of mammary glands

possessed by a majority of the lower animals in two longitudinal rows is foreshadowed

in the earliest stage of the development of these organs, so characteristic of the highest

class of vertebrates (mammalia). A linear thickening of the ectoblast, known as the

milk-ridge, appears as a low elevation that extends obliquely from the base of the

forelimb to the inguinal region. Along this ridge -a^ series of enlargements, later sepa-

rated by absorption of the intervening portions of the ridge, indicates the anlage for

a corresponding number of mammae. The occurrence of a definite milk-ridge in

the human embryo is uncertain, although its presence has been observed (Kallius),

and the position of supernumerary mammae suggests its influence.

In man a knob-like thickening of the ectoblast appears during the second month
of foetal life. This thickening sinks into the underlying mesoblastic tissue, which

undergoes proliferation and condensation and forms an investment for the growing

epithelial mass. From this envelope the fibrous and muscular tissue of the areola

and nipple are derived, while the subjacent mesoblast produces the connective-tissue

stroma. The ectoblastic ingrowth represents a sunken area of integument that in

principle corresponds to the marsupial pouch of the lowest mammals {vionotrefues).

Solid epithelial sprouts grow out from the sides of the conical or flask-shaped

epidermal plug and are the first anlages of the true mammary gland, later becoming

the excretory ducts. Subsequently the central part of the ectoblastic ingrowth

undergoes degeneration and destruction, and what at first was an ele\^ation now
becomes a depression of the surface. From the middle of this depressed area there

appears, shortly before or immediately succeeding ( Basch ) birth, an elevation that

later becomes the nipple. Meanwhile, the epithelial duct-outgrowths penetrate the

surrounding condensed mesoblastic stroma, increase in length, subdivide, and acquire

a lumen at their expanded distal ends, thus giving rise to the system of ducts and

the lobules of immature gland-tissue. With the further development of the latter,

the surrounding mesoblastic stroma is broken up into the interlobular septa and

fibrous framework of the corpus mammae.
At birth the gland is represented by the lactiferous ducts with their ampullae, the

smaller ducts, and the immature alveoli. Quite commonly the mammary glands in

both sexes are the seat of temporary activity during the first few days after birth, the

breasts yielding a secretion resembling colostrum, popularly known as "witch-milk."

The mammae remain rudimentary during childhood until the approach of sexual

maturity, when they increase in size and rotundity in consequence chiefly of the

deposition of fat. The full development of the true gland is deferred until the occur-

rence of pregnancy, when active proliferation and increase in the gland-tissue take

place in preparation for its functional activity as a milk-producing organ. After lacta-

tion has ended, the mammae undergo regression or involution, the glandular tissue being

reduced in amount and returning to a condition resembling that existing before

pregnancy. With the recurrence of the latter, the gland again enters upon a period

of renewed growth and preparation, to be followed in time by return to the resting

condition, in which the amount of glandular tissue is inconspicuous. After cessation

of menstruation the mammary gland gradually decreases in size, and in advanced

years the corpus mammae may be reduced to a fibrous disc in which gland-tissue is

almost entirely wanting.
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Variations.— The mainiiKL- arc frcciiiciilly asymmetrically cleVL-l(j|)i.'(l, tiie left bcinjj often
larpt-r than the ri^'ht. While very rarely one or both may he wanliii};, with or without associated
absence of liie iiii)|)le, increase in their number is of relatively conniicn occurrence. Thesuper-
ninnerary mamnue vary greatly in the extent to which they an- developed, sometimes being
rei>resented by well-formed acces.sory glands (po/yuuistia) that may be( onie functionating^ (^rj^ans,

but more often, particularly in the male subject, by only rudimentar\ ni|j|>lc-s [polythelia), or
even by pij^mented areas su^jt^estinj; areoke. In women polythelia is usually associated with
greater or less development of j;landular tissue. Althouj^h the astonishinj^ frecjuency (14 per
cent.) of polythelia in men, as announced by Hardeleben,' is to be reconciled only by accepting
many doubtful piv;ment si)ots as of si}inilicance, the (jccurrence of rudimentary su|>ernumerary
nipiiles in males is undoubtedly more common than fc^rmerly recoKni>^L-d. M.xceptionally above
ancl to the outer side, the usual position of the acces.sory manun;e is below and s(jmewhat
medial tt.) the normal inlands, and in j^eneral corresponds to the mammarv line of the lower
animals, The number of tlie accessory j^lands varies, as many as three i)aiVs in one case, and
five milk-secretinj; orjjans in another, liavinj^ been observed. They are often asymmetrically
placetl and nt)t uniformly develo|)etl. Comparative studies of the mamm;e in the lower animals
and the dispi)sition of the sui)ernumerary orj^ans in the human subject, sug}i;est the probability
that man's remote ancestors normally possessed a j^i^reater numl)er than tw<i,'^ the occasional
occurrence of the anomalous mamnue indicating a reversion to the primary condition. In addi-
tion to the supernumerary mammae in positions anticipated by the milk-ridges, rudimentary
organs sometimes occupy very unusual situations, among which have been the back, shoulder,
thigh, and labium majus. Erratic mamm:e are also met with among the lower animals.

PRACTICAL CONSIDERATION.S : THE MAMMARY GLANDS.

The skill covering- the breast is thin and movable, with plainly visible cutaneous
veins which enlarge durinj^ lactation, or in cases of mammary hypertrophy, or when
obstruction clue to abscess or new growth exists in the breast or in the post-mam-
mary region. The frequent occurrence of asymmetry in size, the left breast being
larger, is said (Williams) probably to be due to the fact that most mothers, being
right-handed, suckle chiefly with the left breast, which is also said to be on an aver-

age heavier, more intimately associated with the pelvic sexual organs, more prone
to hypertrophy, and inore likely to be the seat of carcinoma or other neoplasms.
The greater part of the breast lies upon the sheath of the pectoralis major muscle,
on which it is freely movable, the intervening cellular tissue being extremely lax.

About one-third of the gland, however, extends beyond and below the axillary

border of the pectoralis major, and is in relation in the axilla with the serratus mag-
nus and, when large, with the origins of the rectus and the external oblique. While
the normal breast moves freely over the pectoral muscle, it also moves slightly with
it when the muscle is contracted. Hence in inflammation of the breast, or after

operation upon it or for its removal, the muscle should be kept at rest by binding
the arm to the side. In testing for pathological adhesion, of the breast to the pec-
toral sheath, it is well to move the breast in the direction of the fibres of the pecto-
ralis major. If it is moved transversely to them, it may carry the relaxed muscle
with it and no diminution of mobility will be noticeable.

In examining for growths of the breast, the normal lobes, especially if at all

enlarged, may be felt through the adipose envelope and may be mistaken for tumors.
To avoid this, the gland should be palpated with the flat hand, which should gently
•compress it against the chest wall. In this manner very small cysts or neoplasm's
may be recognized, as they become more resistant and more prominent than the
normal gland tissue. The two breasts should be thus examined at the same time,
so that any difference in their size, consistence, or sensitiveness may be detected.

The nipple in men and in young virgins is found over the fourth intercostal
space, or over the fifth rib, about three-quarters of an inch external to the costo-
chondral junction. In older women its position is not constant, and, of course, it

varies with the degree of the enlargement, laxness, and pendency that follow preg-
nancy and that are common in women of tropical lands and in negresses and vvoinen
of other of the lower races.

The development of the nipple may be arrested at the stage when the central

part of the ectoblastic ingrowth has undergone degeneration and when a depression

^ Anatom. Anzeiger, Bd. vii., 1892.
' An interesting review of the subject is given by Bonnet in Ergebrisse d. Anat. n. Entwick.,

Bd. ii., 1892.

128



2034 HUMAN ANATOMY.

exists towards the bottom of which the ducts of the mamma converge. In such
cases the depression persists ; in others the areola is present, but the nipple absent.

In both, while lactation may be normal, the suckling of children is imi)Ossible. The
nipple may be absent or defective as a result of trauma or of disease—wounds, burns,
ulcers, abscesses—during infancy.

The normal nipples of virgins or nulliparae may be almost on a level with the
areola, while those of multiparie are often greatly elongated from the traction

upon them. Temporary elongation or erection of the nipple may be caused by
reflex stimulation of the unstriped muscular tissue of the skin of the nipple and
areola.

Infection of the nipple is common, because, on the one hand, of the many folds

of its delicate cutaneous covering, containing a number of sebaceous glands and
closely connected to the underlying structures ; and, on the other, of its frequent
exposure during suckling to irritation from unhealthy discharges from the child's

mouth, leading to epidermic maceration and to painful erosions, fissures, and ulcers.

Atrophy of the mammary glandular elements is of normal occurrence after the
menopause, the fibrous and fatty structure being also affected in many instances of

noticeable withering of the breasts. In early life this condition may result from
disease, or from removal of the ovaries, and become a true deformity.

Hypertrophy of the breast consists in an overgrowth of both the glandular and
the fibrous elements, the latter predominating, and occurs usually between 14 and
30 years of age—the period of greatest sexual activity. Amenorrhcea and pregnancy
are frequently associated with it.

Lifectioyi of the breast is usuall}' carried through either the lymphatics or the

milk ducts, most commonly during the early period of lactation ; more rarely it

appears during the other notable periods of mammary physiological excitement

—

i.e.^ in the newly born— the "witch-milk" period {vide stipra)—and at puberty.

In the nursing woman the presence of fissures or abrasions of the nipple predisposes

to lymphatic infection. Lack of cleanliness, with fermentation or decomposition of

milk and of cutaneous secretions in the folds or crevices of the nipple, favors infec-

tion in the ampulL'e of the ducts.

If the superficial lymphatics are the channels of infection, suppuration in the

cellulo-fatty tissue superficial to the breast may result ( supramammary abscess)

and, owing to the lack of tension, pointing will occur early, the course of the case

will be rapid, and the constitutional symptoms relatively slight. If the deeper lym-
phatics or milk ducts convey the infection, suppuration occurs within the lobules

( intramammary abscess) and spreads slowly from one to another through the inter-

lobular connective tissue. - As the pus is surrounded by,the unyielding breast tissue

and confined by the capsule of subcutaneous fascia and its septa, pain, tenderness,

fever, and other constitutional symptoms are marked and the progress of the disease

is slow. Occasionally, by extension from an intramammary focus, the connective

tissue lying between the breast and the pectoral sheath is involved (retro, infra, or

submammary abscess), but suppuration in this region is more apt to be consecutive

to caries of a rib (usually tuberculous ). The constitutional symptoms are less

marked. The whole breast is pushed forward and made more prominent. Point-

ing —by reason of the effect of gravity—is apt to occur somewhere at the circum-

ference of the breast, usually towards the inframaxillary region. Sometimes these

abscesses ulcerate directly through the breast tissue to the subcutaneous area, making
two cavities, one infra, the other supramammary, connected by a narrow channel,

a form of Velpeau's " abces de bouton en chemise." As the breast is thinnest

along a line drawn from the sterno-clavicular joint to the nipple, it is in that region

that such perforation of the gland usually occurs. As the breast—glandular and
other structures, including the skin covering it—is supplied chiefly by the lateral cuta-

neous branches of the second to sixth intercostal nerves, pain in inflammatory or sup-

purative affections, or in the case of new growth, may be felt down the arm (intercosto-

humeral) ; over the shoulder-blade (posterior branches of the thoracic nerves) ;

down the side or along the posterior parietes of the thorax (intercostals) ; or up the

neck (supraclavicular from the cervical plexus anastomosing with the second inter-

costal). Incisions for the evacuation of pus should be made on lines radiating out-
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ward from ihc nii)|)lf so thai the- lari^cr lactiferous ducts converging to that point

may not be wounded.
Carcinoma of the breast is the most important of the diseases afTecting that

gland, about 85 per cent, of the neoplasms invoK ing the female mamma being can-

cerous. About 99 j)er cent, of all neoplasms of the breast occur in the female, (jnly

I per cent, in the male, " illustrating the law—of which many other instances might
be cited—that funclicjiiless, olwolete structures have but little tendency to take on
the neoplastic process" (Williams). It begins most often in the cuboid (glandular)
epithelium of the alveoli—acinous cancer ; but not uncommonly in the columnar
epithelium of the ducts—duct cancer. In either case it is usually at first a dense
nodule of small size, growing by infiltration of the neighbcjring tissues. In tracing

the methotls of extension and dissemination from the original nodule in the gland
substance, the various structural relationships must be borne in mind. The ana-

tomical routes along which such a growth may spread, and the chief symptoms
thereby produced, are as follows :

1. Hy way of the lymphatic vessels that empty into the lynipli nodes (pectoral

or anterior) overlying the digitation of the serratus magnus arising from the third

rib. This is the most frequent form of lymphatic dissemination, because {a) these

vessels include the great majority of the mammary lymj^hatics
;
{b) the nodes first

involved in cancer are those into which is emptied the lymph from the part of the

gland affected by the primary growth ; and (<:) cancer originates most frequently in

the upper and outer quadrant of the breast, possibly because that area is most
exposed to minor traumatism ; or possibly because the aheoli are much more
numerous in the peripheral than the central part of the gland, the majority of mam-
mary neoplasms arising in the seats of the greatest dex'elopment of postembryonal
activity where cells still capable of growth and development most aboimd (Williams)—i.e., in the vicinity of the alveoli. Williams calls attention to the fact that the
" axillary tail" of the mamma lies close to the pectoral nodes and might be mistaken
for the enlarged gland. By placing the fiat of the hand or the palmar surfaces of

the fingers against the inner (thoracic) wall of the axilla and moving the superficial

structures to and fro, enlargement of the pectoral nodes mav easily be detected.

2. From these pectoral nodes situated along the anterior border of the axilla,

carcinoma may invade (a) the central nodes, receiving the lymph from the upper
extremity, and lying on the inner side of the axillary vein, on either the superfi-

cial or deep aspect of the axillary fascia, errfbedded in a quantity of fat, and half-

way between the anterior and posterior folds of the axilla. The inner portion of the
axillary tuft of hair overlies this group of glands. The axillary fascia at this place

may present an opening very similar to the saphenous opening of the thigh (Poirier,

Leaf) and the nodes may occupy this. These nodes may be palpable, but if only
slightly enlarged cannot readily be felt in stout persons. If no axillary opening is

present and the nodes lie on the superficial aspect of the fascia, they can best be felt

by pressing them against the unyielding fascia, with the arm in the abducted posi-

tion ; if, on the other hand, an opening is present, the arm should be adducted so
as to relax the fascia, when the nodes may be recognized bv pressing them against

the thoracic wall. For these reasons, in examining for enlarged axillary nodes, the
arm should always be placed in both these positions (Leaf). As this set of nodes is

traversed by the intercosto-humeral nerve, carcinoma involving them often causes
pain down the inner and posterior aspect of the arm. As they receive the lymph
vessels of the upper limb, the structures in the deltoid region and down the arm may
become infiltrated. Or the disease may invade (^) the deep axillary nodes, lying

along the inner and anterior aspect of the axillary vessels, and communicating with
both the pectoral and the lower deep cervical nodes; extensive implication of this group
results in oedema and swelling of the upper limb, compression of the axillarv vein, and
in widely distributed pain in the regions supplied bv the brachial plexus; (r) the infra-

clavicular (cephalic) nodes, lying just below the clavicle, between the deltoid and pec-

toralis major muscles and, like the deep axillarv nodes, communicating below with

the pectoral nodes, and above with the supraclavicular or inferior cervical nodes, the

disease often reaching these latter ; {d^ the subscapular nodes, lying along the sub-

scapular vessels and receiving lymph from the scapular region, and often, when the
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central group of nodes lies on the deep surface of the axillary fascia, forming one
large group with it. Involvement of these nodes with their afferent lymph vessels

probably accounts for the extensive infiltration of the structures over the ujjper
lateral and posterior aspects of the thoracic })arietes occasionally seen in advanced
cases.

3. The nodes at the summit of the axilla may be involved through lymph vessels

passing above the pectoralis minor and through Mohrenheim's fossa without entering
the pectoral nodes.

4. The anterior mediastinal glands may be invaded—especially if the inner
segment of the breast is affected—by way of the lymph vessels following the per-
forating arteries and emptying into the nodes along the internal mammary artery.

In this manner, as well as by direct extension through the inframammary tissue, the
pectoral fascia and muscles, and the chest wall, the pleura and lung may become
involved. Other symptoms due to mediastinal growth have been described in rela-

tion to that region (page 1833).

5. The free communication in the subareolar plexus between the glandular
lymphatics, deep and superficial, (paramammary) and the subcutaneous and thoracic

lymphatics, together with the connection established between the periglandular

tissue below and the skin above by the ligaments of Cooper (suspensory ligaments),

explains the frequency with which mammary carcinoma extends to the overlying
skin. As a result of its infiltration the latter becomes dense, inelastic, brawny,
dusky, and adherent. It cannot be picked up between the thumb and finger in a

fold; and often quite early and before it has become adherent, and as a result of con-
traction of the growth pulling on the fibrous bands uniting it to the deeper parts, it

is drawn into a number of little depressions or dimples like those on the skin of an
orange. When such infiltration is diffuse and spreads largely through the subcu-
taneous net-work of lymph vessels, the condition known as cancer en cuirasse is pro-

duced. In the later stages ulceration, infection, hemorrhage, and foul discharge are

frequent results of the cutaneous involvement.

6. If the growth is central it may extend to the lactiferous ducts or to the peri-

acinous tissue continuous with that surrounding the ducts, and through its own or

their cicatricial contraction it may depress or retract the nipple or pull it so that it

deviates from its normal direction. This is not so \'aluable a symptom as the dim-
pling of the skin above described, as it may be caused by injury or by chronic disease,

such as abscess, tubercle, or mastitis. ^Moreover, it may not be present if the growth
is peripheral.

7. The carcinoma may extend through the lymph communications between the

gland and the underlying connective tissue and pectoral fascia and muscle, so as to

become fixed to or incorporated with those structures, the breast losing much of its

mobility, especially in a direction parallel with the pectoralis major fibres. It may
thence continue through the thoracic wall and invade the pleural or mediastinal cavity

directly.

8. Through the intercommunication of the lymph system of the two breasts

through the subcutaneous thoracic lymphatics, cancer of one breast may extend to the

other (Moore), or to the glands of the opposite axilla (Volkmann, Stiles), or to the

glands of both axillae (vScarpa, Cooper
;
quoted by Williams).

9. General dissemination of the cancerous disease may also take place through
detached cells or particles (emboli) from the primary growth entering the blood

stream. The liver is the organ most frequently affected by metastasis in cases of

breast cancer. The bones, the lungs, and the pleurae come next, but almost no
organ or structure of the body is exempt.

In removal of the breast the following anatomical points should be borne in mind :

(a) The intimate connection between the skin and the gland itself by means of lymph-
and blood-vessels, by the suspensory ligaments, and by glandular processes accom-
panying or contained within these ligaments (Stiles), shows the necessity for fret

sacrifice of the skin overlying the breast.

(^) The irregular shape of the breast, which has two extensions that frequently

reach into the axilla, and one that reaches to or overlaps the border of the sternum,

and not uncommonly similar processes that spring from other parts of the surface of
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the ^dand and radiate in tin- paramaininary fatty tissue (Williams) emphasizes the
need for iiicisiims that shall ])erinit the rein()\al of all surh portions of possibly dis-

eased j^laiulular tissue.

(r) The usual tlefect in the retroj^landular fatty envelope, Ijrinj4inj4 the glandu-
lar lobules into intimate relation with the jiectoral fascia and muscle ( Heidenhain;,
facilitates extension of the disease in that direction and indicates the free removal of

the pectoralis major in most cases.

{d ) The lymphatic distribution {^-n/c supra) supjjlies the same indication as to

removal of the j.,n'eater [)trtoral aiul—to a lesser dej^ree—as to the lesser pectoral also.

It, of course, points unmistakably to the need for thorouiL^h cleaning out of the axilla.

In doing this it is well {6 remo\e the chain of lymphatic notles—pectoral, central,

deep, subscapular, etc.—in one })iece, not only because it minimi/.trs the risk of

infection of healthy structures during the ojieration (Cheynej, but because if the
clavi-pectoral fascia (suspensory ligament of the axilla) and the axillary fascia,

together with the greater part of the pectoralis minor muscle (on account of the
continuity oi its sheath with the clavi-pectoral fascia), are removed in one piece, the
groups of nodes enumerated above and embedded in them will be remo\ed also

(Leaf). To this tliere are three excei)tioiis : ( i) a node of the subscapular group
sometimes projects backward and is found between the teres minor anrl infraspinatus

muscles
; (2) some nodes of the infraclavicular group may lie to the outer side of

the axillary vein, and when this is so, as the suspensory ligament is stripped ofi the
inner side these glands would remain behind

; (3) the cephalic node would not be
reached during the removal in one piece of the ligament and axillary fascia with their

contained groups of nodes. Of course all these nodes should be sought for and
removed separately (Leaf).

(e) The most important blood-vessel in danger during the operation is the
axillary vein (page 888), made somewhat more j)rominent—together with the artery
and the brachial plexus—when the arm is raised and the head of the humerus is made
to project into the axilla. These structures normally lie on the outer wall of the
axilla, but may be so embedded in a mass of cancerous tissue as to be difficult of
recognition. On the posterior aspect of the axilla the subscapular vessels and (in
close proximity to the subscapular nodes) the long subscapular nerve supplying the
latissimus dorsi muscle should be avoided. The inner (thoracic) wall of the axilla
is the region in which the dissection may be conducted with the greatest freedom,
the posterior thoracic nerve running almost vertically downward in dose contact with
the outer surface of the serratus magnus muscle to which it is distributed. The
arteries met with or di\ided in- the course of the operation are ( i ) the pectoral
branches of the acromial thoracic

; (2) the alar thoracic
; (3) the long thoracic

(external mammary) running along the lower border of the pectoralis minor muscle
;

(4) lateral branches from the second, third, and fourth intercostal arteries ; and (5)
anterior perforating branches of the internal mammary artery, emerging at the second,
third, and fourth intercostal spaces. The vessels in the last two groups are normally
small, but by enlarging during the growth of a- carcinoma and bv retracting after
division to beneath the surface of the chest-wall, they are sometimes slightly trouble-
some during operation.

DEVELOPMENT OF THE REPRODUCTIVE ORGANS.
The development of the internal organs of reproduction includes two distinct

but closely related processes, the one leading to the formation of the sexual glands,
the testes or ovaries, and the other to the provision of the canals for the conveyance
and temporary storage of the products of these glands. Provision of the excretory
canals is accomplished by the secondary changes and further growth of parts of the
Wolffian tubules and ducts in conjunction with two additional canals—the Miillerian
ducts.

References to the preceding account of the Wolffian body (page 1935) will recall

the constitution of the latter as including a series of transverse tubules opening into

a common longitudinal duct, and, further, that the Wolffian tubules comprise an
anterior sexual and a posterior excretory group.
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During the development of the Wolffian body, or mesonephros, a second tube,

the MiUlerimi dud, is formed within a linear tliickening, the genital ridge, that

appears upon the ventro-lateral surface of the Wolffian body. Near the cephalic end
of the latter, an evagination of the lining of the body-ca\'ity into the genital ridge

occurs, by the contin-

Aorta

Cardinal vein

Mesothelium

ighian body

Anlage of sexual glands

Portion of cross-section of early human embryo, showing first appear-
ance of sexual glands within germinal ridges. X 60.

Fig. 1 716. ued proliferation and
downward grc^wth of

the cells of which the

evagination is con-

verted into a tube

—

the Miillerian duct.

This tube communi-
catesdirectly with the

body-cavity by means
of its trumpet-shaped
cejjhalic extremity,

extends parallel with

and closely related to

the Wolffian duct

and, later, below
reaches the urogeni-

tal sinus. The con-

verging lower seg-

ments of the two Wolffian and the two Miillerian ducts are embedded within a median
mesoblastic band, the genital cord, that represents the continuation of the fused geni-

tal ridges of the two sides. Within the genital cord the Miillerian ducts lie in the

middle, closely applied to each other, with one Wolffian duct on each side (Fig. 1649).

The development of the sexual glands begins about the time that the Miillerian

ducts are forming, as a linear thickening of the mesothelium and underlying meso-
blastic stroma, situated, however, on the median surface of the Wolffian body (Fig.

1716). Over this raised area, \he germiyial ridge, the character of the primary peri-

toneum changes, its cells becoming taller and undergoing proliferation. Very early

among the increasing elements appear specialized cells distinguished by their large

size, clear protoplasm, and conspicuous nucleus. T\\Qse. ^mih^ primary ger)n-cells,

which later become the primordial ova or sperm-cells, according to sex. For a time

this cannot be determined, since in this indifferent stage of the sexual gland special-

ization has not yet progressed sufficiently to make differentiation possible. The dis-

tinctive features of

both sexes, there- Fig. 1717.

fore, are acquired

by farther devel-

opment of a neutral

sex-type in which
the indifferent sex-

ual glands, the

Wolffian tubules,

the Wolffian and
the Miillerian ducts

are the chief com-
ponents. In view
of the recent in-

vestigations on the

germ-cells, it is

probable that the

peculiar or sex-

chromosomes have much to do with the determination of sex, which differentiation,

therefore, dates from the time of fertilization.

Differentiation of the Male Type.—The development of the testis from the

iiidifferent sexual gland includes the invasion of the proliferated mesothelial cells of

Primarj germ cells

Proliferating
Wolffian stroma

CV^ .-:

o.
Cross section of gcrnnnal ridge of \oimg luinnn einhrxo showing

carl> differeiitiition of i5rim'ir\ gcim cells ^ soo
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Globus major

the germinal ridj^^c l^y the undcilyinj^ incsoblaslic struma, whcrcljy the epithelial

mass becomes broken up into cyhnclers and cords that extend int(j the subjacent
stroma. The cell-cords are composed of two kinds of elements, the numerous chief

epithelial cells and the larj^er s/>(r///-a//s, the tlirect descendants (jf the indiffer-

ent primary germ-cells, wliich they embrace. About the fifth week a layer of

mesoderm insinuates itself between the su[)erticial and deej^er ptjrtions of the epi-

thelial mass, thereby separating a jjeripheral zone. This ingnnvth results in the
formation of a robust fibrous envelope, the tunica albuginea, around the entire testis,

while the separated mesothelial layer ditTerentiaLCs into the senjus covering. The
cell-cords become subdivided by the ingrowth of the mesoblastic stroma into smaller

spherical masses, which sul)se(iuently are converted into the seminiferous tubules,

while from the stroma are supplied the interlobular septa ami the intralobular su])jj<jrt-

ing tissue. About the sixth week additional cell-cords grow into the young testis

from the adjacent Wolfitian tubules. These
ingrowths iinade the attached border of Fig. 1718.

the testicle and become the medullary
cords, which are so disposed that each
comes into relation with one of the spheri-

cal epithelial cell-masses. Although both
the latter and the medullary cords are

solid, the later relation of the secreting

tubules of the gland to the excretory

channels is thus foreshadowed, since from
the ingrowths from the W^olfifian tubules

are derived the straight tubules and those

of the rete testes. The farther differen-

tiation of the seminiferous canals, which,

as well as the medullary cords, are with-

out lumen until near puberty, proceeds

from the growth and branching of the cell-

masses, the cells of which become the epi-

thelium of the tubules. The latter are

enclosed by an investment of condensed
mesoblastic stroma continuous with the

supporting tissue and framework of the

gland. At the approach of sexual ma-
turity the primary sperm-cells w-ithin the

tubules proliferate and become the sperma-
togonia, while from other epithelial ele-

ments are derived the Sertoli cells. The
roles played by these elements in the pro-

duction of the spermatozoa are described

under Spermatogenesis (page 1945).
Coincidently with the growth of the

testis the Wolffian body atrophies, with the exception of some of its tubules and duct,

which increase and, in conjunction with the medullary cords also derived from the

mesonephros, establish the elaborate excretory passages of the sexual gland. From
the Wolffian tubules are developed the coni vasculosi and the ductuli eflerentes, while

the Wolffian duct gives rise to the tube of the epididymis, the vas deferens, and, as

a secondary outgrowth, the seminal vesicle. The caudal group of mesonephric tubules

are represented in both sexes by rudimentary structures, which in the male a*re the

paradidymis and the vasa aberrantia. The appendix of the epididymis, or stalked

hydatid, jjrobably also owes its origin to the Wolffian duct.

Although, as is evident from the foregoing, the Wolffian tubules and duct are

largely concerned in the development of the generative tract in the male, the Mul-

lerian duct is not without representation, since its two extremities persist. The
upper (after migration lower) end remains as the appendix of the testis, and the

lower, fused with its fellow, is seen as the prostatic utricle, which, therefore, is the

homologue of the vagina and, possibly, the uterus. In exceptional cases, where it

Globus minor

Ligamentum scrotale

Longitudinal section of developing testicle. X 20.
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persists, the intervening portion of the Miillerian duct is represented by Rathke's
duct. Since the prostate gland arises as an outgrowth from the urogenital sinus

(page 1979), it has no genL-lic relation with the seminal ducts.

Descent of the Testes.—The development of the se.xual glands, in both

sexes, is attended with conspicuous migration from their original position on either

side of the upper two lumbar vertebrae, opposite the lower pole of the kidney. In

the case of the testis, this migration is so extensive that by birth the organ usually has

passed through the abdominal wall and entered the scrotum, having comj)leted

its so-called descent.

Certain peritoneal folds (mesenteries) and fibro-muscular bands (ligaments) merit

brief description, since they are more or less concerned in the migration of the sexual

glands. The Wolf^an body is enclosed and attached to the posterior body-wall

by a fold {inesonephridhim), of which the upper elongated end is continued to the

Fig. 1 7 19.

WT

WT

Ur CG Pr

Diagrams illustrating differentiation of two sexes from indifferent type. A. Indifferent : G, sexual gland; WD,
Wolffian duct; WT, WT, groups of Wolffian tubules; MD, Miillerian duct; RD. renal diverticulum; C, cloaca;

G, gut; A, allantois. B, Male: T, testicle; VE, vasa efferentia ; GM globus major; YD, vas deferens; Pa, para-
didymis ; VA, vas aberrans ; SV, seminal vesicle ; AT, appendix testis ; AE. appendix epididymidis ; B, bladder ; PU,
prostatic utricle; Pr. prostate; Ur, urethra; CG, Cowper's gland; CC, corpus cavernnsum ; R. rectum; RD, renal

duct ; K, kidney. C. Female : O, ovary ; Ov, oviduct ; F, fimbria ; U, uterus ; V, vagina ; DEp, duct of epooplioron
;

TEp, tubules of epoophoron ; Po, paroophoron; HM, hydatid of Morgagni ; GD Gartner's duct; BG, Bartholin's

gland; C, clitoris; K, kidney; R, rectum. {Modifiedfrom Wiedersheim.)

diaphragm {plica phrenico-jnesonephricd) and the lower to the abdominal wall in

the inguinal region {plica inguino-mesoncphricd). The earlv sexual gland is also

provided with a mesentery {mesorchium or mesovarium), that above and below is

continuous with folds that pass from the upper and lower poles of the gland to the

mesentery of the mesonephros. Within the inferior plica, of the two much the better

marked, lies a fibro-muscular strand (the li{^amc7if of the testis or ovary), that below

is attached at first to both the Wolfifian and Miillerian ducts. Later, owing to the

atrophy of the one or the other of these ducts, according to sex, the ligament of the

testes remains connected with the Wolfifian duct and the ligament of the ovary with

the Miillerian duct.

A second band of muscular tissue appears within the lower part of the inguino-

mesonephric fold, and has its upper attachment also to the Wolfifian and Miillerian

ducts at a point about where they receive the insertion of the ligament of the testes or

ovary. The lower end of the band blends with the subperitoneal tissue of the anterior

abdominal wall in the vicinity of the future abdominal ring. This band, the genito-
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in^i^ntina/Iio anient, coircspoiuls with the j^iilKTiiaciihiin testis in the male and witlj the
rouiul h,i;anunt of the uterus in the female. In the former it is not direetly allaclied
lo the testis, hut only throu^di its lii^ament, the point of attat hment later corre-
spondinj^ to tlie orij^in

of the vas deferens

from the ej)iditlvmis.

The testicle he^in.s

its descent ilurint;^ the

second fcctal month,
coineidentlv with com-
meiuiuL; atro|)hy of the

W'chtian hodv, and,

under tile in lluence antl

guidance of the j^enito-

inj^uinal liijament, hv
the end of tlu- third

month reaches the an-

terior abdominal wall

in the vicinity of the

later internal abdomi-
nal riii}^. This ])osition

it retains imtil the close

of the sixth month,
when it enters upon its

final descent.

Meanwhile, the
musculo-fascial layers

of the abdominal wall undergo evagination, resulting in the production of a shallow

pouch, the inguinal hirsa, into wliich a sac of peritoneum, the processus vagina/is,

extends, together with the closely associated genito-inguinal ligament. The inguinal

bursa, in turn, sinks into the shallow scrotal pouch that has independently devel-

oped as an integumentary fold. The wall of the bursa contains the constituents that

later differentiate into the coverings proper of the spermatic cord and testicle—the

intercolumnar, cremasteric, and infundibuliform fasciae. Its muscular fibres, pro-

longed from the internal oblique and transversalis layer, correspond with the cre-

master, and surround the genito-inguinal ligament.

Owing to the thickening of the lower end of the latter, a slight ele\ation appears

on the floor of the bursa, which thus seemingly becomes pushed up towards the

testis to form the rudiment of what in some animals becomes a well-marked projec-

tion, the conus ingualis, but in man always remains insignificant. In consequence

of these changes, during the fourth month the testis is displaced upward and its

descent temporarily inter-

FiG. 1 721.

Fin'didymis

Testis

\'as deferens

Deep epigastric vessels

Plica |>hri'tii( I

im'S(iiif|>liiiia

Sexual ^laiiil

Wuifliaii l)ody

Mcseiiterv
Kland

VVoIHiaii duct

Genito-inguinal
li)<ainenl

I'lica inKuiiK>-
Miesonephrica

^

Lijjament of k''^'"'

Umbilical arteries Mlantoic duct

Umbilical vein

WolfTian bodies and sexual glands of liuman embryo of abf)Ut six weeks
(17 nun. loiiK)- / 15. {Modified from h'o/lmatin.)

Peritoneal cavity

Int. obi. and tiansver. miiscl

rupted.

About the beginning of

the seventh month, the final

descent of the testicle is in-

augurated with deepening

of the bursa and downward
extension of the peritoneal

pouch, accompanied by the

now thickened and short-

ened genito-inguinal liga-

ment. Although shorten-

ing of the latter, together

with the pull exerted by the

cremasteric fibres, plays an acti\e role in drawing the testicle through the abdominal

wall and into the scrotum, these factors are undoubtedly supplemented by forces result-

ing from the growth and expansion of the pelvis and inguinal regions.

The processus vaginalis reaches the bottom of the scrotal sac in advance of the

Aponeurosis of external ol clique

Peritoneum
Genito-inpuinal ligament

• Transvensalis fascia

Cremaster muscle

Intercolumnar fascia —(^
—*^^ V Processus vaginalis

Integumentary scrotal pouch —\;^ Ij Attachment of ligament to

v.^^
' y thickened floor of inguinal^

—

>-^— bursa

Diagram showing early stage in descent of testicle. {After U'aldeyer.)
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Peritoin.-uin

,Vas deferens

Deep epigastric vessels

Sac of _

processus vaginalis
1

Peritoneum ^

Tunica vaginalis +
communis

'

Cremaster

Intercolumnar
fascia

Skin and dartos

testicle, which, drawn from its mesentery (mesorchium), descends outside and behind

the peritoneal pouch that later constitutes its partial serous investment, the tunica'

va<yinalis. After the descent is completed, usually shortly before birth, but some-
times not until afterward, the tubular

Fig. 1722. upper segment of the peritoneal sac

closes normally during the early months
of childhood. This closure takes place

first in the vicinity of the internal ab-

dominal ring and in the middle of the

tube, passing upward towards the ring

and downward to within a short distance

of the sexual gland. The occluded
portion of the vaginal process is later

represented by a small fibrous band (/z^-

amentiim vaginalc) that extends from the

internal abdominal ring above, through
the inguinal canal and for a variable dis-

tance down the spermatic cord, some-
times, although not commonly, as far as

the tunica vaginalis. When the pro-

cessus vaginalis fails to close, as it oc-

casionally does in man and always in

certain animals, as the rat, in which de-

scent and retraction of the testis periodically occur, the serous sac surrounding the tes-

ticle communicates throughout life with the peritoneal cavity, a condition favorable to

the production of hernia. With the obliteration of the lumen of the processus vaginalis,

an inguinal canal, in the sense of a distinct tube, disappears, the spermatic duct and
associated vessels and nerves, that necessarily share in the migration of the sexual gland

into the scrotum, passing between the muscular and fascial layers of the abdominal wall

embedded in connective tissue. The remains of the shrunken genito-inguinal liga-

ment, or gubernaculum, are represented by a fibro-muscular band, the scrotal liga-

fnent, that connects the lower end of the epididymis to the scrotal wall (Fig. 1650).

Descent of the testicle may be imperfectly accomplished, so that the gland, failing

to reach the bottom of the scrotal sac, may be arrested within the inguinal canal or

spermatic cord, or permanently retained within the abdomen, a condition known as

cryptorchism, usually leading to atrophy of the gland. Associated with faulty descent

may be anomalous situation, the testis
Fig. 1723.

Peritoneum
Vas deferens

Diagram showing relations of descended testicle to

processus vaginalis, which still freely communicates with
peritoneal sac of abdomen. (After IValdeyer .)

Deep epigastric vessels

Closed portion of
processus vaginalis

lying beneath the integument near the

external abdominal ring, in the thigh, or

in the perineum. After descent the axis

of the testicle may be abnormally di-

rected, the gland assuming a transverse,

rotated, or even inverted position.

Differentiation of the Female
Type.—Development of female internal

reproductive organs proceeds along the

same lines as in the male, the ovary being

differentiated from the indifferent sexual

gland and the genital canals from the

MUllerian and Wolffian ducts.

Differentiation of the ovary has been

described in connection with that organ
(page 1993). That of the Fallopian

tubes, uterus, and vagina results from

further growth, fusion, and modification

of the Miillerian ducts. Lower segments
of the latter, below the attachment of the ligament of the ovary (page 2040), undergo
fusion and form the uterus and vagina. Their upper segments remain unfused and be-

come Fallopian tubes. Details of these changes are given under the respective organs.

Crema.ster

Infunriilmliform fascia

Sac of tunica vaginalis

Visceral layer

Parietal laver

Skin and dartos
—

"

DiTgram showing relations of testicle to serous mem-
brane after upper part of processus vaginalis has closed, its

lower part persisting as tunica vaginalis.
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Sunrarenal
Dody Suprarenal

body

In the female tlu* WolMian luhiiles and duct [)lay a subordinate rAle, remaining

to form rudimentary organs, tlie epoophoron ( pa^e 20(X5;, tlu- [laroophoron (j>age

2002), and, when the WoUVian duct persists, the (hict of Ciartner
(
i)a^o 2001). The

broad h^anunt is formed by the enlarj^ement of the primary peritoneal fold containing

the Miillerian and Wolffian ducts.

Descent of the Ovary.—The primary posiiicjn of the ovary, at the side of

the uiti)er two lumbar verlebr;u, corresponds uilh that of the testis, the sexual

gland, as in the male, undergoint,^ mij^ralion in (jrder to gain its permanent loca-

tion. In the case of the ovary, however, this migration is much more limited,

notwithstaniling the provision of the same e(|uipment for descent as in the male, in-

cluding the genilo-inguinal ligament, inguinal bursa, peritoneal evagination, and even

cremaster muscle. The gland

fails to reach the internal f''<^- '724-

abdominal ring and remains

until birth at the brim of the

pelvis in consetjuence of the

large size of the uterus in

relation to the small pelvis.

When the growth and expan-

sion of the latter have pro-

vided additional capacity, as

the uterus sinks to its definite

position, the ovaries, attached

by their ligaments and ovi-

ducts, follow into the pelvis.

The genito-inguinal liga-

ment becomes the round
ligament of the uterus, the

lower end of which is attached

to the subcutaneous tissue of

the labium majus at the exter-

nal abdominal ring. These
relations are foreshadowed by

the close association of the

lower end of the foetal liga-

ment to the bottom of the

inguinal bursa and the wall of

the processus vaginalis. The
lumen of the latter usually

disappears, but in exceptional

cases may persist as the canal

of Nuck (page 2015). Asso-

ciated with this condition, occasionally the ovary more closely imitates the descent

of the testicle by passing into or even through the inguinal canal.

DEVELOPMENT OF THE EXTERNAL ORGANS.

The external genital organs develop from an indifferent type and, until the

beginning of the third month, do not exhibit the distinguishing characteristics of

either sex. While the differentiation of the sexual glands occurs early, in embryos

of 22 mm. length, not until about the ninth week, in embryos of 31 mm., is sex

determinable bv inspection of the external organs. The earliest trustworthy external

indication of sex is the downward curve of the growing genital tubercle, later the

clitoris, that takes place at this time in the female ( Herzog).

About the fifth week, before the rupture of the cloacal membrane, the tissue

bordering the external cloacal fossa in front grows forward into a rounded projection,

the genital tubercle. The latter rapidly increases in size and dif^ferentiates into a distal

knob-like end and a bulbous ventral expansion at its base which becomes divided

by a groove that extends along the under surface of the genital tubercle. The lips

of this groove elongate into the genitalfolds that lie on either side of the opening into

Sexual organs of female frptus of third month, showing ovaries

still undescended and bicornate uterus. X 2.
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the urog^enital sinus that appears when the cloacal membrane ruptures. Somewhat
later, about the ninth week, a pair of thick crescentic sweUin^s, the outer genital, or

labio-scrotal folds, make their aj^pearance on either side of the genital tubercle.

In the female, in which the original relations are largely retained, the genital

tubercle grows slowly and is converted into the glans and body of the clitoris, while

the inner genital folds become the nyniph;e and the outer ones the labia majora.

The urogenital sinus remains as the vestibule and its opening as the vulvar cleft.

The wedge of tissue between the posterior margin of the latter and the anus becomes
the perineal body.

A description of the develoi)ment of the glands of Bartholin is given in connec-

tion with the consideration of these organs (page 2026).
In the male the modifications lead-

differentiated external

pronounced in conse-

Cloacal membrane

Surface markiriKS of cloacal ie<;ioii of human embryo
of seventeen days (Fig. 1644). >' 12. (Keibel.)

Fig. T726.

Genital tubercle

Cloai al membrane
Lower limb

Caudal process

External genitals of human embryo of about twenty-
seven days. (Kallmann.)

ing to the fully

organs are more
quence of the formation of the urethra.

The genital tubercle raj)idly increases

in size, becomes somewhat conical and
differentiated into the glans and shaft of

the penis. The parts of the outer genital

folds behind the penis soon become en-

larged, rounded, approach each other,

and, finally, unite along a line afterward

indicated by the median raphe, so that in

embryos of 45 mm. length the scrotum is

already well defined. According to Her-

zog,^ the development of the urethra pro-

ceeds from an epithelial ridge that appears

on the cloacal membrane and extends for-

ward along the under surface of the geni-

tal tubercle towards its distal end. This

ridge sinks into the mesoblastic tissue of

the elongating genital tubercle as a nar-

row longitudinal strand (urethral septum),

and later becomes partially di\'ided by a

superficial furrow, the urethral groove, the

lips of which correspond to the inner geni-

tal folds. In consequence of the cleavage

of the posterior third of the epithelial

ridge, the cloacal membrane is ruptured

and commvmication established with the

urogenital sinus by means of a small canal

that opens into the urethral groove. As
the latter grows farther forward towards

the glans, approximation and fusion of

its edges occur behind, whereby the groove

is gradually con\erted into the urethral

canal. In this manner the distal opening

of the urethra is carried forward until its definite position on the glans is reached.

Arrested development or fusion of the edges of the urethral groove results in defec-

tive closure of the canal, a condition known as hypospadias (page 1927).

The formation of the prepuce begins as a thickening and ingrowth of the surface

epithelium at the bottom of an annular groove that separates the glans from the

body of the penis. From this thickening the epithelium grows backward, invading

the young connective tissue as a narrow wedge-shaped mass that encircles the glans,

except below, where it is incomplete and the frenum later appears. In this manner
an annular fold, the prepuce, is defined around the base of the glans that later, just

before or shortly after birth, becomes free by the partial solution of the intervening

solid epithelial stratum and its conversion into the preputial sac.

•Archivf. mikros. Anatom., Bd. Ixiii., 1904.

Fig. 1727

Glans

enital folds

Labio-scrotal
folds

Opening of
urogenital sinus

^Anal groove

' Coccygeal eminence
Indifferent stage of external genitals of human embryo

of thirty-three days (Fig. 1647). X 8. (Keibel.)
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The devc-KipiiK-nlal relations of the various parts of the uroj^enital system to the
embryonal structures, as well as tlieir mori)hoIoi,ncal relations to one another in the
two sexes, are shown in the diagrams (I'ig. 1719) and aceompanying table :

Mali;.
Fici. 1728.

I- iMAi.i:

Glaus ^^
Urethral groove—.^—.- I

Scrotal foUI.— 1 ' I

Anal xioovo

—

Seven atui a half weeks. {Herzog.)

Cilans

Urethral groove closiiij;

.(flans clituridis

l.ahium majus
.Nynijilia

I'roKeiiital sinus

—Anus

CoLcyjjeal eminence

Nine weeks, (k'fthel.)

(Ilans clitoridis

Nymj)h:e

Labium majus

'
iLjinal orifice

V
Eleven weeks. {KoUmann.)

Epithelial knob

Urethral groove
closed

Scrotum

Clans clitoridis

Prepuce

— Urethra

Nympha

— -;Vaginal orifice

\iius

Fifteen weeks. (Herzog.') Sixteen weeks. (A'ollmann.)

Development of external generative organs.

Male

Testis

Coni vasculosi and ductulieffer-

entes

Paradidymis
Duct of ejiididymis

\'as aberrans

Seminal vesicle

Appendix of epididymis

Appendix of testis

Prostatic utricle

Ureter

Pelvis and collecting tubules

of kidney
Bladder

Prostatic urethra

Prostate gland

Cowper's gland

Penis

Lips of urethral groove
Scrotum

Indifferent Type
Se.i'iia/ Q-/ciTid

Jlo/ffiaii tubItIt's

[se.vua/ group)

"

Wolffian duct

Female

Ovary
Short tubules of epoophoron

Paroophoron
Main tube of epoophoron
Gartner's duct, when persisting

{upper eud)

MuUerian duct

Rcual outgrozvth

from ]\ olffian duct

Hydatid of Morgagni
Oviduct
Uterus
Vagina
Ureter

Pelvis and collecting tubules oi

kidney

Lower segtnott of at/aufois Bladder

and part of cloaca

Urogenital sinus I'rethra and vestibule

{outgrowths from zcall) Parauretliral tubes

Bartnolin's gland

Genital tubercle Clitoris

Genitalfolds Labia minora

Labio-scrotalfolds Labia majora
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THE FEMALE PERINEUM.

The structures closing the pelvic outlet in the female correspond with those

found in the male, modified, however, by the presence of the urogenital cleft and the

small size of the clitoris.

Owing to the greater divergence of the bony boundaries of the subpubic angle

and the increased distance between the ischial tuberosities, the width of the lozenge-

shaped perineal space (when the limbs are separated; is somewhat greater in the

female. As in the male (page 19 16), the perineal region is divisible into a posterior

rectal and an anterior urogenital triangle by an imaginary transverse line drawn

between the anterior borders of the ischial tuberosities. Distinction must be made
between the term "perineum," as above used, to indicate the entire region, and

when applied in a restricted sense to the bridge separating the anal and \ulvar orifices.

Reference to sagittal sections (Fig. 1700) shows that this superficial bridge forms the

Fig. 1729.

A

Cut edge of super-
ficial layer of su-

perficial fascia

Prepuce of clitoris

Glans clitoridis

Labia miiiora< \i

Labia majora

Superficial fascia—

/' • Superficial layer
T
—'of superficial

,
fascia reflected

- -CoUes's fascia

Vulvar fissure

PostcMior
commissure

Cut edge of skin

Anus

;r

Superficial dissection of female perineum ; on right side skin only has been removed
;

on left, superficial layer of superficial fascia has been reflected.

lower part of a triangular fibro-muscular mass, the perineal body, that divides the

vagina from the rectum and anal canal and contains the perineal centre with the con-

verging fibres of the external sphincter, transverse perineal, and bulbo-cavernosus

(sphincter vaginae) muscles.

Apart from its somewhat greater breadth and more generous layer of fat, the

rectal triangle presents no special features and contains the same structures as in the

male. The superficial fascia, prolonged from the thighs and buttocks and usually

laden with fat, closes in the ischio-rectal fossre and is directly continuous with the

fatty areolar tissue filling these spaces. The internal pudic vessels and pudic nerve

occupy the fascial (Alcock's) canal on the outer wall of the ischio-rectal fossa and
give off the inferior hemorrhoidal branches distributed to the skin and muscles sur-

rounding the anal canal.

Over the urogenital triangle the superficial fascia is divisible into two distinct

layers, a superficial and a deep. The former, loaded with fat, is continuous above

and at the sides with the corresponding stratum on the abdomen and the thighs, and

behind with the superficial fascia covering the rectal triangle. The deep layer, or

Colles's fascia, is devoid of fat and membranous in character. Behind, where it turns
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over the transverse perineal muscles, ii blends with the posterior border of the trr-

anj^ular ligament along the perineal shelf ; laterally, it is attached t(j the ischial and
pubic rami ; and in front it is prolonged over the labia majora to become continuous

with the correspondins^' fascia (Scarpa's) over the abdomt-n.

^"^. Fio. 1730.

Glaus clitoridis-

Supcificial
lascia

Labia minora

-

Vulvar fissure

Labia inajura-

Collcs"s fascia-

Edge of cul skin-

Anus--

N<.

V

s

-InfcTJor
llUliclKJal MCTVf

-Fascia lata

uf tliiKh

Inferior
-pudciiclal nerve
-Tuber ischii

Cutaneous liranchet
-ofinternal anM exler.

nal perineal nerves

_I-"rom internal
perineal nerve

"Inf. hemorrhoidal art

—Inf. hemorrhoidal
nerve

_From fourth
sacral nerve

Coccyx

—

Superficial layer of superficial fascia has been removed from uroj;eniial triangle ; Colles's lascia and cutaneous
nerves and vessels exposed.

Pubic ramus

Crus clitoridis

Fig. I 731.

Dorsai artery of clitoris Dorsal net-ve of clitoris

Dorsal vein of clitoris

Glans clitoridis

Dorsal artery of clitoris

Crus clitoridis

Tuber ischii

Glands of Bartholin

Dissection exDosing bulbus vestibuli. Bartholin's glands and inferior layer of triangular ligament after removal

of overlying structures; left crus clitoridis displaced.

The fascia of CoUes forms the lower boundary of the superficial perineal inter-

space, a triangular pocket Umited above by the inferior layer of the triangular liga-

ment' and behind by the fusion of the latter with Colles's fascia. In addition to the

superficial perineal vessels and nerves, the long pudendal nerves, the transverse peri-
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neal muscles, and the glands of Bartholin, this space contains the crura of the clitoris,

the vestibular bulb and their associated muscles (ischio- and bulbo-cavernosus;.

Dorsal vein
of clitoris

Pig. 1732.

Left dorsal
artery o£ clitoris

\_-. V
f

Colles's fascia
reflected

Pars irjtermedia

Ischio-
cavemosus

Bulbus vestibuli

Bulbo-
cavernosus

Triangular liga-

ment, inf. layer
Transversus
perinei

Superficial fascia

—

External
sphincter

Glans clitoridis

Ischio-
cavernosus
Superficial
perineal artery

Inf. pudendal nerve

Ant. perineal artery

Post, perineal certe

Trans, perineal art.

Inf. hemorrhoidal
artery
-Inf. hemorrhoidal

ner\e

Anal fascia

Coccyx

Deep layer of superficial fascia (Colles's fascia) removed, exposing structures within superficial interspace.

Crus clitoridis

Triangular
ligament, deep-
laver

Tuber ischii

Deep trans-

versus perinei

Levator ani

Fig. 1733.

Glans clitoridis

Dorsal artery of clitoris

Dorsal vein of clitoris

Dorsal artery of clitoris

Artery of corpus cavernosas

a: ii' :\ e of clitoris

Internal pudic
arterv-

Triangular
ligament

Artery of bulb

Internal
pudic artery

Perineal division
of pudic nerve

Inf. hemorrhoidal art

Pudic ner\'e

Levator ani

From fourth
sacral nerve

Greater sacro-
sciatic ligament

Gluteus
maximus, cut

Gluteus maximus Coccvx Inferior hemorrhoidal nerve Coccygeus

Deeper dissection of perineum ; inferior layer of triangular ligament has been removed, exposing deep perineal
interspace ; ischio-rectal fossa partially cleaned out.

Owing to the diminutive size of the crura clitoridis, the ischio-cavernosus muscles are

correspondingly small, but otherwise agree with those in the male.
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The presence of llu- urogenital cicfl prevents the fusion imt only of the vestibular

heniibulbs (the honiolcj^ucs of the hakes ai the corpus sp(jngiosuin j, but also of the

bulbo-cavernosus muscles, which, therefore, are present in the female as separate

bands that encircle the vestibule.

The bulbo-cavernosus nniscle, often called thf sf^hindcr vui^inw, arises from the

perineal centre, blentlin^ with the til>res of the external si)hincter and the transverse

perineal muscles, and di\ides into a median and a lateral portion as it passes forward.

The lateral and more superficial strand encircles the vagina, crosses the crus to gain

the dorsum clitoridis, and ends, with the tendon of the opposite muscle, by blending

with the fibrous sheath of the clitoris. The median and deeper portion of the muscle
(the compressor bulbi of I loll ) partly covers the gland of Bartholin aiul the vestibular

bulb, and in front unites with the corresponding strand of the opposite side in a

fiG. 1734.

Clitoris Glaus of clitoris

Gluteus
maximus
Coccygeus

Vulvar fissure

White line of pel-
vic fascia slightly
displaced toward
midline

Tuber ischii

Levator ani

Anus

Greater
sacro-sciatic
ligament

Coccygeus

Gluteus
maximus fcufl

Coccvx

Deep dissection of perineum, exposing muscles of peh ic floor.

delicate tendinous expansion that passes beneath the body of the clitoris and is attached

to the crura.

Between the inferior and superior layers of the triangular ligament is included

the deep peri?ieal ifiterspace. In addition to the continuations of the internal pudic

vessels and pudic nerves, this interfascial space is occupied by a thin and imperfect

muscular sheet that corresponds with the compressor urethrae. The posterior part

of this sheet is differentiated, with variable distinctness, into the deep transverse

perineal muscles which, arising from the ischial tuberosities, pass behind the vagina

to the perineal centre. The remaining part of the sheet, collectively much less

developed than the sphincter-like compressor urethrae in the male, is continued

forward from the perineal centre as a thin stratum that closely encircles the vagina,

and in front either surrounds the urethra or passes in front of the urethra in the

interval between the latter and the transverse ligament (Kalischer). In recognition

of its relations to both the vaginal and urethral canals, this muscular sheet has been

appropriately called the urogenital sphincter.
"
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Abdomen, L>xainin;iticn of, aii.itomic;il rela-

tions, 530
fascia, suixjrficial of, 515
landmarks and topography of, 531
lymplialits of, ^72
lymi)h-nodes of, 974
muscles of, 5 1 5

pract. consid., 526
ventral ai)oneurosis of, 521

Abdominal cavity, 161

5

aorta, 794
regions, 161 5

hernia, 1759
incisions, anatomy of, 535
ring, external, 524

internal, 524
walls, lymphatics of, 976

posterior surface of, 525
Accrvulus, 1 125
Acetabulum, 336
Acoustic area, 1097

strias, 1258
Acromio-clavicvilar articulation, 262

pract. consid., 264
Acromion process, 250
Adamantoblasts, 1561
Adipose tissue, 79

chemical composition of, 83
After-birth, 55
Agger nasi, 193
Agminated glands (Peyer's patches), 1641
Air-cells, ethmoidal, 1424

pract. consid., 1429
Air-sacs of lung, 1850
Air-spaces, accessory, 1421

pract. consid., 1426
Ala cinerea, 1097
Albinism, 1461
Alcock's canal, 817
Alimentary canal, 1538

tract, development of, 1694
Alisphenoids, 186
AUantois, 32

arteries of, 33
human, 35
stalk of, 33
veins of, 33

Alveoli of lung, 1850
Ameloblasts, 1561
Amitosis, 14
Amnion, 30

false, 31
folds of, 30
human, 35

cavity of, 35
fluid of, 41

liquor of , 3

1

suture of, 31-

Amniota, 30
Amphiarthrosis, 107
Anal canal, 1673
Analogue, 4
Anamnia, 30
Anaphases of mitosis, 13
Anastomoses, of ophthalmic veins, 880

Angulus Ludovici, 168
Ankle, landmarks of, 672

muscles and fascix' of, pract. consid., 666
Ankle-joint, 438

movements of, 440
pract. consid., 450

Annuli lil>rosi, of heart, 698
Annulus ovalis, 695

tympanicus, 1493
of Vieussens, 695

Anorchism, 1950
Anthrojjology of skull, 228
Anlhropotomy, i

Anlihelix, 1484
Antitragus, 1484'

Antrum, 227
of Highmore, 1422

pract. consid., 1428
pylori, 1 61

8

of superior maxilla, 201
Anus, 1673

formation of, 1695
muscles and fasciae of, 1675
pract. consid., 1689

Aorta, abdominal, 794
branches of, pract. consid., 806
plan of branches, 796
pract. consid., 796

dorsal, 721
pulmonary, 722
segmental arteries of, 847
systemic, 723
thoracic, 791

prac. consid., 726
valves of, 700
ventral, 721

Aortic arch, 723
pract. consid., 726
variations of, 724

bodies, 18 12

bows, 847
septum, 707

Aponeurosis, 468
abdominal, ventral, 521
epicranial, 482
(fascia) plantar, 659
palmar, 606

Appendages,vesicular,of broad ligament, 2002
Appendices epiploicae. 1660
Appendix epididymidis, 1949

testis, 1949
vermiform, 1664

blood-vessels of, 1667
development and growth of, 1 668
mesentery of, 1665
orifice of, 1662

peritoneal relations of, 1665

pract. consid., 1681

Aquaeductus cochleae, 1514
vestibuli, 1512

Aqueduct of Fallopius, 1496
Sylvian, 11 08

Aqueous humor, 1476
chamber, anterior of, 1476
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Aqueous humor, chamber, posterior of, 147
pract. consid., 1476

Arachnoid, of brain, 1203
of spinal cord, 1022

Arantius, nodules of, 700
Archenteron, 25
Arches, visceral, 59

fifth or third branchial, 61

first or mandibular, 60

fourth or second branchial, 61

second or hyoid, 60
third or first branchial, 61

Arcuate nerve-tibres, 107

1

firea acustica, 1097
embryonic, 23
parolfactory, 1 1 53
pellucida, 25

Areola, 2028
Arm, lymphatics, deep, of, 965

superficial, of, 963
muscles and fascia of, pract. consid., 589

Arnold's ganglion, 1246
Arrectores pilorum, 1394 •

Arterial system, general plan of, 720
Artery or arteries, 719

aberrant, of brachial, 775
allantoic, 33
alveolar, 741

of internal maxillary, 741
anastomoses around the elbow, 778
anastomotica magna, of brachial, 7 78

of femoral, 831
angular, 738

of facial, 738
aorta, systemic, 723
articular, of popliteal, 833
auditory, internal, 759
auricular, anterior, of temporal, 745

deep, 740
of internal maxillary, 740

of occipital, 744
posterior, 744

axillary, 767
pract. consid., 769

azygos, of vaginal, 812
basilar, 758
brachial, 773

pract. consid., 776
brachialis superficialis, 775
bronchial, 792
buccal, 741

of internal maxillary, 741
to bulb (bulbi urethrse), 817
calcaneal, external, 838

internal, 839
of external plantar, 840

calcarine, 760
carotid, common, 730

pract. consid., 731
external, 733

pract. consid., 733
internal, 746

pract. consid., 747
system, anastomoses of, 753

carpal, of anterior radial, 788
of anterior ulnar, 782
arch, posterior, 789
of posterior radial, 788
of posterior ulnar, 782
reta, anterior, 791

centralis retinae, 749
cerebellar, inferior, anterior, 759

posterior, 759

Artery or arteries, cerebellar, superior, 759
cerebral, anterior, 753

middle, 752
posterior, 760

cervical, ascending, of inferior thyroid,

766
of transverse cervical, 767

deep, 764
superlicial, Ji'i6

transverse, 767
choroid, anterior, 75a
ciliary, 749

anterior, 749
posterior, 749

circle of Willis, 760
circumflex, anterior, 773

external, of deep femoral, 82^
internal, of deep femoral, 82b
posterior, 773

circumpatellar anastomosis, 834
coccygeal, of sciatic, 815
coeliac axis, 797
colic, left, 803

right, 802
comes nervi ischiadici, 815
communicating, anterior, 753

of peroneal, 838
posterior, 751
of posterior tibial, 839

coronary, inferior, 738
of facial, 738

left, 728
right, 728
superior, 738

of facial, 738
of corpus cavernosum, 817
cremasteric, of deep epigastric, 820

of spermatic, 805
crico-thyroid, 734

of superior thyroid, 734
cystic, of hepatic, 799
dental, anterior, of internal maxillary,

741
inferior, 740

development of, 846
of lower limb, 848
of upper limb, 848

digital, collateral, of ulnar, 784
of ulnar, 784

dorsal, of foot, 845
of penis (clitoris), 817

dorsalis hallucis, 846
indicis, 789
pedis, 845
pollicis, 789

epigastric, deep, 820
superficial, 826
superior, 763

ethmoidal, 749
anterior, 750
posterior, 749

facial, 737
anastomoses of, 738
glandular branches of, 73/
pract. consid., 738
transverse, 745

femoral, 821
anastomoses of, 831
deep, 828
development of, 823
pract. consid., 824

fibular, superior, of anterior tibial, 844
frontal, of ascending middle cerebral, 753
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Arter>' or arteries, frontal, of inferior middle
cerebral, 753

internal, anterior, 753
niiiltlle. 753
jx)sterior. 753

of ophlhalinie, 750
Gasserian, of middle meningeal, 740
gastric, 798

short, of splenic, 800
gastro-duodenal, 799
gaslro-eIn^>K)ic, left, 801

riyht, 799
glandular, of facial, 737
gluteal, 81

1

pract. consid., 814
hemorrhoidal, inferior, 817

middle, 813
superior, 803

hepatic, 799
hyaloidea, 1474
hypogastric axis, 808

obliterated, 808
ileo-colic, 802
iliac, circumtlex, deep, 821

superticial, 826
common, 807

pract. consid., 807
external, 818

anastomoses of, 821
pract. consid., 819

of ilio-lumbar, 810
internal, 808

anastomoses of, 818
pract. consid., 810

ilio-lumbar, 810
infrahyoid, of superior thyroid, 734
infraorbital, 741

of internal maxillary, 741
innominate, 729

pract. consid., 729
intercostal, of anterior internal mam-

mary, 763
aortic, 792
of internal mammary, 765
superior, 764

internal mammary, pract. consid., 764
interosseous, anterior, 781

common, 781
dorsal, 846
posterior, 782

intestinal, of superior mesenteric, 802

labial, inferior, 738
of facial, 738

of internal maxillary, 741
lachrymal, 749
laryngeal, inferior, 766

superior, of superior thyroid, 734
lateral cutaneous, of aortic intercostals,

793
lenticulo-striate, of middle cerebral, 752
lingual, 735

anastomoses of, 736
dorsal, 736
pract. consid., 736

lumbar, 805
of ilio-lumbar, 810

malleolar, external, 844
internal, of anterior tibial, 844

of posterior tibial, S39
mammary, of aortic intercostals, 793

internal, 763
lateral internal, 764

masseteric, 740

Artery or arteries, masseteric, of facial, 738
of internal ma.xillary, 740

mastoid, of occipital, 744
maxillary, internal. 739

anastomoses of, 742
development of, 74a

median, 781
mediastinal, of internal mammary, 763

of thorac ic aorta, 792
meningeal, anlerit^r, 748

of ascending pharyngeal, 743
middle, 740

of internal maxillary, 740
posterior, of occijjital, 744

of vertebral, 758
small, 740

mesenteric, inferior, 802
sujxjrior, 801

metacarpal, dorsal, 789
metatarsal, of foot, 845
middle, colic, 802
musculo-phrenic, 763
nasal, lateral,* 738

of facial, 738
of ophthalmic, 750

naso-palatine, of internal maxillary, 742
nutrient, of brachial, 774

of peroneal, 838
of posterior tibial, 838
of ulnar, 781

obturator, 813
from deep epigastric, 814

occipital, 743
pract. consid., 744

CESophageal, of gastric, 798
of thoracic aorta, 792

omphalomesenteric, 32
ophthalmic, 748

anastomoses of, 750
orbital, of middle meningeal, 740

of temporal, 745
ovarian, 805

of uterine, 813
palatine, ascending, 737

of facial, 737
descending, 741

of internal maxillary, 741
palmar arch, deep, 785

superficial, 784
deep, 782
interosseous, 790

palpebral, of internal maxillary, 741
of ophthalmic, 750

pancreatic, of splenic, 800
pancreatico-duodenal, inferior, 802 »

superior, 799
parietal, of middle cerebral, 753
parieto-occipital, 76c

temporal, 753
parotid, of temporal, 745
perforating, of anterior internal mam-

mary, 763
of deep femoral, 828
posterior, of external plantar, 840
of radial, 791

perineal, superficial, 817
transverse, 81 7

peroneal, anterior, 838
posterior, 838
of posterior tibial, 838

petrosal, of middle meningeal, 740
pharyngeal, ascending, 743

of ascending pharyngeal, 743
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Artery or arteries, phrenic, inferior, 804
superior, 763

plantar arch, 840
digital, 840
external, 840
internal, 839
interosseous, 840

popliteal, 831
pract. consid., 832

posterior choroidal, 760
princeps cervicis, 744

hallucis, 841
pollicis, 789

profunda, inferior, 777
superior, 777

prostatic, 812
pterygoid, 740

of internal maxillary, 740
pterygo-palatine, 742

of internal maxillary, 742
pubic, of deep epigastric, 820

of obturator, 813
pudic, external, deep, 828

superficial, 826
internal, 815

accessory, 818
pulmonary, 722

valves of, 700
pyloric, of hepatic, 799
radial, 785

development of, 786
pract. consid., 786
recurrent, 787

radialis indicis, 790
superficialis, 775

ranine, 736
recurrent, of palm, 791

of posterior interosseous, 782

renal, 804
sacral, lateral, 810

middle, 806
scapular, dorsal, 773

posterior, 767
sciatic, 815
septal, of nose, 738
sigmoid, 803
spermatic, 805
spheno-palatine, 742

of internal maxillary, 742
spinal, anterior, of vertebral, 759

posterior, of vertebral, 758
splenic, 800
Bterno-mastoid, of external carotid, 743

of occipital, 741,

« of superior thyroid, 734
striate, external, of middle cerebral, 752

internal, of middle cerebral, 752
structure of, 675
stylo-mastoid, 745
subclavian, 753

pract. consid., 756
subcostal, 792
sublingual, 736
submental, 737

of facial, 737
subscapular, 772
suprahyoid, 736
supraorbital, 7^9
suprarenal, 804

inferior, 804
suprascapular, 767
tarsal, external, 845

internal, 845

Artery or arteries, temporal, anterior, ol

vertebral, 760
deep, 740

of internal maxillary, 740
middle, 745

posterior, of vertebral, 760
superficial, 745

pract. consid., 745
thoracic, acromial, 771

alar, 772
long, 772
superior, 771

thyroid axis, 765
pract. consid., 766

inferior, 766
superior, 734

pract. consid., 735
tibial, anterior, 842

anastomoses of, 844
pract. consid., 842

posterior, 834
anastomoses of, 841
development of, 836
pract. consid., 836

recurrent, anterior, 844
posterior, 844

tonsillar, 737
of facial, 737

tubal, of ovarian, 805
of uterine, 813

tympanic, of internal carotid, 748
of internal maxillary, 740
of middle meningeal, 740

ulnar, 778
accessory, 776
development of, 779
pract. consid., 780
recurrent, anterior, 781

posterior, 781
umbilical, 54
ureteral, of ovarian, 805

of renal, 804
of spermatic, 805
of uterine, 813

urethral, 817
uterine, 812
vaginal, 812
vertebral, 758

pract. consid., 761
vesical, inferior, 811

middle, 81

1

of obturator, 813
superior, 811

vesiculo-deferential, 812
Vidian, 742
vitelline 32
volar, superficial, 788

Arthrodia, 113
Articulation or articulations, acromio-clavic

ular, pract. consid , 264
carpo-metacarpal, 325

movements of, 326
costo-vertebral, 160

of ethmoid, 194
of foot, 440
of frontal bone, 197
of inferior turbinate bone, 208
of lachrymal bone, 207
of malar bone, 210
metacarpo-phalangeal, 327

movements of, 328
of nasal bone, 209
of occipital bone, atlas, and axis, 135

THIS VOLUME CONTAINS PAGES 996 TO THE END.



INDEX. 2055

Articulation or articulations, of palate bone,

of parietal bono, 199
sacro-iliac, 358
scapulo-clavicular, 36a
of sphenoid bone, 190
stcrno-ilavicular, 261

jiract. consid., 263
of sii|)crior maxilla, 202
of lcinj)()ral bone, 184
teniporo-inandibiilar, 214

develujinicnt of, 215
movements of, 215

thoracic anterior, 158
of thorax, 157
of tliuml), 32b
tibio-lilmlar, inferior, 396

sui)erior, 396
of vertebral column, 132
of vomer, 206

Arytenoid cartilages, i8i6
Asterion, 228
Astragalus, 423

development of, 425
Astrocytes, 1003
Atlas, 120

development of, 131
variations of, 120

Atria of lung, 1850
Auditory canal, external, 1487

blood-vessels of, 1489
nerves of, 1490
pract. consid., 1491

internal, 1514
ossicles, 1496
path, 1258

Auerbach, ple.xus of, 1643
Auricle or auricles, 14S4

antiheli.x of, 1484
antitragus of, 1484
blood-vessels of, i486
cartilage of, 1485
concha of, 1484
of heart, 693
helix of, 1484
ligaments of, i486
lobule of, 1484
muscles of, i486
nerves of, 1487
pract. consid., 1490
structure of, 1485
tragus of, 1484

Auricular canal, 705
Auriculo-ventricular bundle of heart, 701
Axilla, 574

muscles and fascia of, pract. consid., 579
Axis, 121
Axis-cylinder, looi
Axones, of neurones, 997
Azygos system of veins, 893

Bartholin, glands of, 2026
Basion, 2 28
Bell, external respiratory nerve of, 1295
Bertin, bones of, 191

columns of, 1S76
Bicuspid teeth, 1545
Bile-capillaries, 171

5

Bile-duct, common, 1720
opening of, 1720
pract, consid., 1731

interlobular, 171

7

lymphatics of, 981

Biliary apjjaratu.s, 1718
Bladder, lyniffhatits of, 985

urinary, 1901
capacity of, 1903
development of, 193d
in female, 1908
fixati<m of, 1905
infantile, 1908
interior o(, 1904
nerves of, 19 10

peritoneal relations of, 1904
pract. consid., 19 10
relations of, 190O
structure of, 1908
trigone of, 1904
vessels of, 19 10

Blastoderm, 22
bilaminar, 23
trilaminar, 23

Blastodermic layers, 22
derivatives of, 24

vesicle, stage of, 56
Bfastomercs, 21

Blastopore, 25
Blastula, 25
Blood, 680
Blood-cells, colored, 681

colorless, 684
development of, 687

Blood-crystals, 68

1

lakes of dural sinuses, 85a
plaques, 685

Blood-vascular system, 673
Blood-vessels of auricle, i486

of bone, 93
of brain, 1206
capillary, 678
of cartilage, 81

development of, 686
of duodenum, 1649
of Eustachian tube, 1504
of external auditory canal, 148J
of eyelids, 1445
of glands, 1535
of hair-follicles, 1394
of kidney, 1884
of liver, 1709
lobular, of liver, 17 13
of lung, 1853
of membranous labyrinth, 1522
of-nasa.1 fossa, 1425
of non-striated muscle, 456
of nose, 1407
of pericardium, 716
of pleura, i860
of rectum, 1679
of retina, 1467
of skin, 1387
of small intestine, 1642
of spinal cord, 1047
of stomach, 1627
of striated muscle, 464
structure of, 673
of sweat glands, 1400
vasa vasorum, 674

Body-cavity, differentiation of, 1700
Body-form, general development of, 56
Body-stalk, 37
Bone or bones, 84

age of, 106
astragalus, 423
of Bertin, 191
blood-vessels of, 93
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Bone or bones, calcaneum, 419
canaliculi of, 86
cancellated, 85
carpus, 309
cells of, 89
chemical composition of, 84
clavicle, 257
compact, 86

development of, 100
cranium, 172
cuboid, 422
cuneiform, 310

external, 428
internal, 426
middle, 427

development of, 94
endochondral, 94
intramembranous, 98

diaphysis of, 104
elasticity of, 105
ethmoid, 191
femur, 352
fibula, 390
frontal, 194
general considerations of, 104
growth of, 1 01
Haversian canals of, 88

system of, 86
humerus, 265
hyoid, 216
ilium, 332
inferior turbinate, 208
innominate, 332
intramembranous, loi

ischium, 336
lachrymal, 207
lacunae of, 86
lamellae of. circumferential, 86

Haversian, 86
interstitial, 86

lymphatics of, 93
malar, 209
maxilla, inferior, 211

superior, 199
mechanics of, 105
metacarpal, 314
metatarsal, 428
nasal, 209
nerves of, 94
number of, 107
occipital, 172
OS magnum, 312
palate, 204
parietal, 197
parts of, 106
patella, 398
periosteum of, 89
phalanges of foot, 432

of hand, 317
physical properties of, 85
pisiform, 311
pubes, 334
radius, 287
relation of to figure, 107
ribs, 149
scaphoid, 309

of foot, 425
scapula, 248
semilunar, 310
sesamoid, 104
sex of, 106
shapes of, 104
Sharpey's fibres of, 87

Bone or bones, of shoulder-girdle, 248
skull, 172
sphenoid, 186
sphenoidal, turbinate, 191
sternum, 155
structure of, 85
subperiosteal, 98
tarsal, 419
temporal, 176
of thorax, 149
tibia, 382
trapezium, 311
trapezoid, 311
ulna, 281
unciform, 312
variations of, 107
Volkmann's canals of, 89
vomer, 205

Bone-marrow, 90
cells of, 92
giant cells of, 92
nucleated red cells of, 92

erythroblasts, 92
normoblasts, 92

primary, 95
red, 90
yellow, 93

Bowman, glands of, 141

5

membrane of, 1451
Brachium, inferior, 1107

internal structure of, mo
superior, 1107

Brain, 1055
blood-vessels of, 1206
general development of, 1058
lymphatics of, 948
measurements of, 1195
membranes of, 1197
pract. consid., 1207
weight of, 1 196

Brain-sand (acervulus), 1125
Brain-stem, 1056
Brain-vesicles, primary, 1059

secondary, 1061
Branchial arches, derivatives of, 847
Bregma, 228
Bronchial tree, 1847

variations of, 1849
Bronchus or bronchi, 1838

homologies of, 1848
pract. consid., 1840

Bruch, membrane of, 1436
Brunner, glands of, 1639
Buccal fat-pad, 489
Bulb, 1063

of internal jugular vein, 861
olfactory, 11 51

urethral, 1968
Bulbo-tecto-thalamic strands, 11 16
Bulbus vestibuli, 2025
Bulla, of ethmoid, 194
Bums, space of, 543
Bursa or bursae, 1 1

1

acromial, 586
around ankle, 648
bicipito-radial, 586
iliopectineal, 623
of biceps femoris. 636
of gluteal region, 630
of knee-joint, 406
of m. obturat. int., 630
of m. pyriformis, 561
olecranal, 586
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Bursa or hursoD, siibck-lti)i(l, 578
subscapuhir, 57S

Buttocks, laiulinarks of, 6O9
muscles anil fasciiu of, pract. consid., 641

Caicuin, 1660
bliMxl- vessels of, 1667
inlerior of, 1 f)<)i

IKjriloneal relations a(, 1665
IKjsition of, \t)t)2

])ract. consid., 1680
structure of, 1 663

Calamus scriptorius, 1096
Calcaneum, 419
CamjHjr's fascia, s'5
Canal or canals, Akock's, 817

aliinentary, i 538
anal, 1673
auditory, external, 1487
auricular of heart, 705
carotid, 184
central, of spinal cord, 1030
of Cloquet (Stilling), 1474
crural, 625
ethmoidal (foramina), 192
facial, 184
femoral, 625
Haversian, of bone, 88
Hunter's, 628
hyaloid, 1474
incisive, 14 13
inguinal, 523
naso-lachrymal, 1479
neural, 26
neurenteric, 25
of Nuck, 2006
palatine, anterior, 201

posterior, 204
of Petit, 1476
pterygo-palatine, 205
reuniens, 151 5
of Scarpa, 201
of Schlemm, 1452
semicircular inembranous, 151

5

osseous, I 5 1

2

structure of, 1516
of Stenson, 201

of Stilling, 1474
Vidian, i8g
Volkmann's, of bone, 89

Canaliculi, of bone, 86
lachrymal, 1478

Canine teeth, 1544
Canthi of eye, 1442
Capitellum of humerus, 268
Capsule, external, 11 72

of Glisson, 1708
internal, 11 73
Suprarenal (body), 1801
of Tenon, 504

Caput medusa;, 534
Cardiac muscle, 462
Cardinal system of veins, 854
Carina tracheae, 1837

urethralis, 2016
Carotid body (gland), 1809

chromaffine cells of, 1810
sheath, 543

Carpo-metacarpal articulations 325
Carpus, 309

pract. consid., 319
Cartilage or cartilages, 80

Cartilage or cartilages, articular, 81

arytenoid, 1816
of auricle, 1485
blood-vessels of, 81
cajjsule of, 80
chemical comjxjsition (jf, 83
costal, I 53
cricoid, 1813
cuneiform of Wrisberg, 1817
development of, 82
elastic, 81
fibrcjus, 82
hyaline, 80
lacunae of, 80
lateral, of nose, 1405
matrix of, 80
of nasal septum, 1405
of nose, 1404
perichondrium of, 81

of Santorini, 181 7

thyroid, 1814
triangular, of nasal septum. 224
vomerine, 1406

Cartilage-cells, 80
Caruncuhe hymenales, 2016

salivares, 1581
Caruncle, lachrymal, 1443
Cauda equina of spinal cord, 1025
Cavity, al)dominal, 161 5

nasal, 223
pneumatic accessory, 226
segmentation, 22
synovial, of foot, 447
tympanic, 1492
of tympanum, 183

Cell or cells, animal, 6

of bone, 8g
of connective tissues, 73
decidual, 47
gustatory, 1435
mastoid, 1504
of Rauber, 23
spermatogenetic, 1943
tactile, of Merkel, 1016

Cell-division, 10

direct, 14
indirect, 1

1

reduction division, 18
Cell-mass, inner, 23

intermediate, 29
Cemenjoblasts, 1563
Cementum, 1552

formation of, 1563
Centrosome, 9
Cephalic flexure, 1061
Cerebellar peduncle, fibre-tracts of, 1093

inferior, 1067
inferior, fibre-tracts of, 1093
middle, fibre-tracts of, 1094
superior, fibre-tracts of, 1094

Cerebellum, 1082
architecture of, 1088
cortex of, logo

histogenesis of, 1105
development of, 1103
flocculus of, 1085
hemispheres of, 1082
lobus cacuminis of, 1085

centralis of, 1084
clivi of, 1085
culminis of, 1084
lingulae of, 1084
noduli of, 1085
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Cerebellum, lobus pyramidis of, 1086
tuberis of, 1087
uvulae of, 1086

medullary substance of, 1093
nuclei, internal of, 1088
nucleus, dentate of, 1088

emboliformis (embolus) of, 1089
fastigii of, 1089
globosus of, 1089

Purkinje cells of, 1090
tonsil (amygdala) of, 1086
worm of, 1082

Cerebral commissures, development of, 11 94
convolutions (gyri), 1135
fissures (sulci), 1135
hemispheres, 1133

architecture of, 11 55
longitudinal fissure of, 1133

lobes, 1 135
localization, 12 10
peduncles, 1107

Cerebro-spinal fluid, 1023
Cerumen, 1489
Cervical flexure, 1062
Cheeks, 1538

lymphatics of, 951
pract. consid., 1594

Choanae, 1413
(bony), 224
primitive, 1429

Chorda dorsalis, 27
Chordae tendineae, of heart, 697
Choriocapillaris, 1456
Chorion, 32

allantoic, 33
epithelium of, 49
frondosum, 38
human, 41
laeve, 38
primitive, 31
syncytium of, 49
villi of, 49

Choroid, 1455
development of, 1482
plexus of fourth ventricle, 11 00

of third ventricle, 1131
pract. consid., 1459
structure of, 1456

Chromaffine cells of carotid body, 1810
Chromatin, 9
Cilia, 70
Ciliary body, 1457

ganglion, 1236
muscle, 1458
processes, 1457
ring, 1457

Circulation, foetal, 929
general plan of, 719

Cisterna magna, 1203
Claustrum, 1 172
Clava, 1066
Clavicle, 257

development of, 258
fracture of, 259
landmarks of, 260
pract. consid., 258
sexual differences, 258
surface anatomy of, 258

Clinoid process, anterior, 189
processes, middle, 186

posterior, 186
Clitoris, 2024

glans of, 2024

Clitoris, nerves of, 2025
prepuce of, 2024
vessels of, 2025

Cloaca, 1696
Cloquet, canal of, 1474

lymph-nodes of, 992
Coccygeal body, 1810
Coccyx, 127

development of, 131
Cochlea, membranous, 151

7

nerves of, 1521
organ of Corti of, 1519
Reissner's membrane of, 151

7

structure of, 1 5 1

8

osseous, I 513
Coeliac plexus, lymphatic, 973
Coelom, 28

pericardial, 1700
pleural, 1700

Cohnheim's fields of striated muscle-fibre, 461
Collagen, 83
Colles, fascia of, 562

ligament of, 523
CoUiculi inferiores, 1107

superiores, 1107
Colliculus, inferior, internal structure 01,

II 10
superior, internal structure of, mo

Colon, 1668
ascendinp;, 1668
blood-vebsels of, 1672
descending, 1669
flexure, hepatic of, 1668

splenic of, 1668
lymphatics of, 1672
nerves of, 1672
peritoneal relations of, 1670
pract. consid., 1685
relations of, 1668
transverse, 1668

Colostrum, 2031
corpuscles, 2031

Columnae carneae, of heart, 697
Column, spinal, 114
Columns, anterior, of spinal cord, 1027

lateral, of spinal cord, 1027
of Morgagni, 1674
posterior, of spinal cord, 1027

Commissura habenulae, 1124
hippocampi, 11 58
hypothalamica, 11 28

Commissure, anterior, 11 85
of Meynert, 11 15
middle, 1 1 19
posterior, 1125

Concha, 1484
Condylarthrosis, 113
Conjunctiva, 1441

bulbar, 1445
palpebral, 1445
pract. consid., 1447

Connective substances, chemical composi-
tion of, 83

tissues, 73
cells of, 73

fixed, 74
typical, 74
wandering, 74

chemical composition of, 83
granule-cells of, 74
ground-substance of, 75
intercellular constituents of, 74
pigment-cells of, 74
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Construction, jjc-ncral j>l;in of, i

Conus nifclullans, of spinal lonl, 1021
Convolutions (}^yri) cerebral, 1135
Cooi)cr, li^janicnls of, 202y
Coru, s|)c'nnati(., lyOo
Coriuin, 13S3
Cornea,- 1450

pract. consid., i 453
structure of, 1451

Coniicuhc larynj^is, 1S17
Cornua sphonoitlalia, lyi

Corona radiata, iiJ5()

Coronoid jirocess, of ulna, 281
Corpora cavernosa of j)enis, 19(56

maniniillaria (alhicantia), 11 28
quadriijeinina, 11 00

Corpus albicans, 1991
Arantii, 700
callosum, 1 1 55
ciliare, 1457
dentatum, 1088
hbrosum, 1991
Highmori, 1942
luteuin, 1990
spongiosum, of penis, 1967
striatum, 1 169

connections of, 11 72
development of, 1193
structure of, 1 1 7

1

subthalamicum, 1128
trapezoides, 1079

Corpuscles, corneal, 1452
genital, 10 17
of Grandry, 1016
of Hassall, 1799
of Herl)St, 1019
of Meissner, loi 7

of Rufiini, 1017
Vater-Pacinian, 1018

Cortex of cerebellum, 1090
cerebral, histogenesis of, 1192

local variations in, 11 80
nerve-cells of, 11 76
nerve-fibres of, 11 79
structure of, 1 175

Corti, ganglion of, 1257
membrane, 1521
organ of, 1519

Costal cartilage, 153
Cotyledons of placenta, 50
Cowper, glands of, 19S4
Cranial capacity, 230

nerves, 1 2
1

9

abducent (6th), 1249
auditory (8th), 1256
development of, 1376
facial (7th). 1250
glosso-pharyngeal (9th), 1260
hj^poglossal (12th), 1275
oculomotor (3rd), 1225
olfactory (ist), 1220
optic (2nd), 1223
pract. consid., 1220
spinal-accessory (nth), 1274
trigeminal (5th), 1230
trochlear (4th), 1228
vagus (loth), 1265

Cranio-cerebral topography, 12 14
Cranium, 172

architecture of, 220
exterior of, 218
fossa, anterior, 220

middle of, 220

Cranium, fossa, postericjr of, 320
fractures of, 238
interi(jr of, 220
musiles and fasciaj, pract. consid., 489
pract. consid., 235
vault of, 220

Crctinjsm, 1794
Cric(jid cartilage, 18 13
Crista galli, of ethmoid, 191
Crura of ixinis, 1967
Crusta, 1 1 15
Cuboid bone, 422
Cumulus 5oph(jrus, 1989
Cuneate nucleus, 1069

tubercle, 1067
Cuneiform bone, 310

external, 428
internal, 426
middle, 427

Cuticle, 1385
Cuvier, ducts of, 854
Cystic duct, 1720

pract. consid., 1731
Cytoplasm, structure of, 7

Dacryon, 228
Darwin, tubercle of, 1484
Decidua, 44

capsularis, 46
cells of, 47
placentalis, 4S
reflexa, 45
serotina, 48
vera, 46

Decussation of pyramids, 1064
sensory, 1070

Deiters, cells of, 1521
nucleus, 1076

Demours, membrane of, 1452
Dendrites, of neurones, 997
Dental formula, 1542

papilla, 1558
Dentine, i 550

formation of, 1559
Dentition, first and second, 1564
Derma, 1383
Descemet's membrane, 1452
Deutoplasm, 1

5

Development of alimentary tract, 1694
of atlas, 131
-of auditory nerves, 1525
of axis, 131
of bone, 94
of carpus, 313
of cartilage, 82

of cerebellum, 1103
of clavicle, 258
of coccyx, 131
of cranial nerves, 1376
of ear, 1523
early, 15
of elastic tissue, 77
of ethmoid bone, 194
of external ear, 1576
of external genital organs, 2043
of eye, 1480
of face, 62
of Fallopian tube, 1999
of femur, 3 59
of fibrous tissue, 76
of fibula, 393
of frontal bone, 197
of ganglia, 1012
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Development, general, of brain, 1058
of general body-form, 56
of glands, 1537
of hairs, 1401
of heart, 705
of humerus, 269
of hyoid bone, 216
of inferior turbinate bone, 208
of innominate bone, 337
of internal ear, 1523
of kidney, 1937
of liver, 1723
of lungs, 1 861
of lymphatic vessels, 939
of l^-mph-nodes, 940
of malar bone, 210
of mammary glands, 2032
of maxilla, inferior, 213
of maxilla, superior, 202
of medulla oblongata, 11 01

of mesencephalon, 1 1 1

7

of middle ear, 1525
of muscle, non-striated, 457
of muscle, striated, 465
of nails, 1403
of nasal bone, 209
of nerves, 1375
of nervous tissues, 1009
of nose, 1429
of occipital bone, 175
of oral cavity, 62

glands, 1589
of ovary, 1993
of palate bone, 205
of pancreas, 1737
of parietal bone, 199
of patella, 400
of pelvis, 344
of peripheral nerves, loii
of peritoneum, 1702
of pharynx, 1603
of pituitary body, 1808
of pons Varolii, 1103
of prostate gland, 1979
of radius, 293
of reproductive organs, 2037
of respiratory tract, 1861
of ribs, 1 53
of sacrum, 129
of scapula, 253
of skin, 1400
of sphenoid bone, 190
of spinal cord, 1049
of spleen, 1787
of sternum, 157
of suprarenal bodies, 1804
of sweat glands, 1404
of sympathetic system, 1013
of teeth, 1556
of temporal bone, 184
of thymus body, 1800
of thyroid body, 1793
of tibia, 387
of ulna, 285
of urethra, 1938
of urinary bladder, 1938

organs, 1934
of uterus, 2010
of vagina, 2019
of veins, 926
of vertebrae, 128
of vomer. 206

Diaphragm, 556
lymphatics of, 970
of pelvis, 1676

Diaphragma sellae, 1200
Diaphysis, of bone, 104
Diarthrosis, 107
Diencephalon, 1 1 1

8

Diploe, uf bone, 85
Diverticulum of Meckel, 44
Dorsum sellae, 186
Douglas, fold of, 522

pouch of, 1743
Duct or ducts, cochlear, 1517

of Bartholin, 1585
bile, 1720
of Cuvier, 854
cystic, 1720
ejaculatory, 1955
Gartner's, 2001
hepatic, 17 18
lactiferous, 2028
lymphatic, right, 945
Mtillerian, 203 i

nasal (naso-lachrymal) 1479
pancreatic, 1736
paraurethral, 1924
parotid, 1583
of Rathke, 2040
renal, 1894
of Rivinus, 1585
of Santorini, i 736
spermatic, 1953
of Stenson, i 583
sublingual, 1585
submaxillary, 1 584
thoracic, 941
thyro-glossal, 1793
vitelline, 32
of Wharton, 1584
of Wirsung, i 736
Wolffian, 1935

Ductus arteriosus (Botalli), 723
endolymphaticus, 1514
venosus (Aarantii), 929

Duodenal glands, 1639
Duodeno-hepatic ligament, 1644
Duodeno-jejunal flexure, 1645

fossae, 1647
Duodenum, 1644
Dupuytren's contraction, 616
Dura mater of brain, 1198

of spinal cord, 1022

Ear, 1483
development of, 1523
external, 1484

pract. consid., 1490
internal, 1510

membranous labyrinth of, 1514
osseous labyrinth of, 151

1

perilymph of, 1514
lymphatics of, 950
middle, 1492

antrum of, 1508
Eustachian tube, 1501
mastoid cells, 1504
pract. consid., 1504
suprameatal triangle, 1510
suprameatic spine, 1508
tympanum of, 1492

Ear-point, 1484
Ectoblast, 23
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ERK-nucleus, 16
Elastic tissue, 76

development of, 77
Elastin, 83
Elbow-joint, 301

landmarks of, 308
moveniLMits of, 303
pract. consid., 305

Embryo, stage of, 56
Eminentia hypoglossi, 1098

teres, logy
Enamel, i 548

formation of, 1561
Enamel-c-ells, i^bi
Enamel-culirle, 1550
Enamel-organ, i 560
Enarthrosis, 113
Encephalon, 1055
End-bulbs of Krause, 1016
End-knobs of free sensory nerve-endings,

1015
Endocardium, 702
Endolymph of membranous labyrinth, 1514
Endometrium, 2007
Endomysium, 458
Endoneurium, 1006
Endothelium, 71
Enophthalmos, 1439
Ensiform cartilage of sternum, 156
Entoblast, 23
Entoskeleton, 84
Ependymal cells, 1004
Epicardium, 702
Epidermis, 1385
Epididymis, 1947

appendix of, 1949
canal of, 1948
digital fossa of, 1947
globus major of, 1947

minor of, 1947
nerves of, 1948
structure of, 1947
vasa abberrantia of, 1950
vessels of, 1948

Epiglottis, 181

6

ligaments of, 181

7

movements of, 181

7

Epimysium, 458
Epineurium, 1006
Epiphysis, 11 24

ossification of, 98
Epispadias, 1928
Epithalamus, 11 23
Epithelium of chorion, 49

columnar, 69
glandular, 70
modified, 70
pigmented, 70
specialized, 70
squamous, 68

stratified, 68
transitional, 69

Epitrichium, 1401
Eponychium, 1403
Epoophoron, 2000
Erythroblasts, 92
Erythrocytes. 681

development of, 687
Ethmoid bone. 191

articulations of, 194
bulla of, 194
cells of, 192
development of, lo.j

Ethmoid turbinate bone, middle of. 191
sujxinor of, 193

uncinate process of, 193
Eustachian tulje, 1501

blood-vessels of, i 504
cartilaginous jjortion. 1502
mucous membrane of, 1503
muscles of, i 503
osseous p.jftion, 1502
pract. consid., 1507

valve, 694
Exocfclom, 32
E.xo])hthalmos, 1439
Exoskeleton, 84
Extremity, lower, 332

landmarks of, 669
lymphatics of, 991

upper, landmarks of, 618
lymphatics of, 961

Eye, 1436
development of, 1480
lymphatics of, 949
plica semilunaris of, 1443
pupil of, 1459

Eyeball, 1448
aqueous humor of, 1476
chamber anterior of, 1476

posterior of, 1476
choroid of, 1455
ciliary body of, 1457

processes of, 1457
cornea of, 1450
fovea centralis of, 1466
iris of, 1459
lens, crystalline of, 147

1

macula lutea of, 1466
movements of, 505
optic nerve of, 1469
ora serrata of, 1467
pract. consid., 1449
retina of, 1462
sclera of, 1449
vascular tunic of, 1454
vitreous body of, 1473

Eye-lashes, 1442
Eyelids, 1441

blood-vessels of, 1445
development of, 1483
lymphatics of, 1445
nerves of, 1446

, pract. consid., 1446
structure of, 1443

Face, 222
architecture of, 228
development of, 62
landmarks of, 246
muscles and fascias, pract. consid., 49:
pract. consid., 242

Falciform ligament, 1745
Fallopian tube, 1996

changes in, 1999
course of, 1997
development of, 1999
fimbriae of, 1997
infundibulum of, 1997
isthmus of, 1997
lymphatics of, 988
nerves of, 1099
pract. consid., 1999
relations of, 1997
structure of, 1997
vessels of, 1998
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2062 INDEX.

Fallopius, aqueduct of, i8i
Falx cerebelli, 1200

cerebri, 1199
Fascia or fasciic, 470

of abdomen, 515
anal, 1678
of ankle, pract. consid., 666
antibrachial, 592
of anus, 1675
of arm, pract. consid., 589
of axilla and shoulder, pract. consid., 579
axillary, 574
of back, 508
bici])ital (semilunar), 586
brachial, 585
bucco-pharyngeal, 488
of buttocks, pract. consid., 641
of Camper, 515
cervical, 542
of Colles, 562
of cranium, pract. consid., 489
cremasteric, i960
cribriform, 635
crural, 647
dentata, 11 66
of face, pract. consid., 492
of foot, pract. consid., 666
of hand, 606
of hip and thigh, pract. consid., 642
iliac, 624
infundibuliform, 324
intercolumnar (external spermatic), 524
of knee, pract. consid., 645
lata, 633
of leg, pract. consid., 665
obturator, 559
of orbit, 504
palmar, 606
palpebral, 1438
parotido-masseteric, 474
pectoral, 568
pelvic, 558
perineal, superficial, 562
plantar, 659
prevertebral, 543
rectal, 1678
recto-vesical, 1678
of rectum, 1675
of scalp, pract. consid., 489
of Scarpa, 51 5

temporal, 475
transversalis, 520

Fasciculus, auriculo-ventricular of heart, 701
posterior longitudinal, 11 16
retroflexus, 11 24
solitarius, 1074

Fat, orbital, 1437
Fat-cells, 79
Fauces, isthmus of, 1569

pillars of, 1569
Femoral canal, 625

ring, 625
Femur, 352

development of, 359
landmarks of, 366
pract. consid., 361
surface anatomy, 360
variations, sexual and individual, 359

Fertilization, 18
Fibres, intercolumnar, 524
Fibrin, canalized, of chorion, 49
Fibro-cartilage, 82
Fibrous tissue, 74

Fibrous tissue, development of, 76
Fibula, 390

development of, 393
pract. consid., 393

Fillet, decussation of, 1070
median, 11 15

Fimbria, 1 159
hippocampi, 1165

Fissure, calcarinc, 1146
calloso-marginal, 1139
central, of cerebrum, 1137
collateral, 1 139
ethmoidal, 141

1

of Glaser, 178
palpebral, 1441
parieto-occipital, 1138
ported, of liver, 1708
pterygo-maxillary, 204
of Rolando, 1 137
sphenoidal, 188
Speno-maxillary, 222
(sulci) cerebral, 1135
of Sylvius, 1 136

Fistula, cervical, 61
Flexure, cephalic, 58

cervical, of embryo, 59
dorsal, of embryo, 59
sacral, of embryo, 59

Flocculus, 1085
Fcetus, membranes of, 30

stage of, 63
eighth month, 66

week, 64
fifth month, 66

week, 63
fourth month, 65
ninth month, 66
seventh month, 66

week, 64
sixth month, 66

week, 63
third month, 65

Follicles, Graafian, 1988
Fontana, spaces of, 1452
Fontanelles, 231
Foot, articulations of, 440

as whole, 447
bones of, 419

landmarks of, 437
pract. consid., 436

joints of, landmarks of, 453
iandinarks of, 672
muscles of, 659

and fascite of, pract. consid., 666
surface anatomy, 449
synovial cavities oif, 447

Foramen or foramina, caecum, 1574
ethmoidal, anterior, 192

posterior, 192
jugular, 220
of Luschka, 1 100
of Magendie, iioo
mastoid, 180
of Monro, 1131
optic, 189
ovale, 188

of heart, 695
pterygo-spinosum, 190
rotundum, 187
sacro-sciatic, great, 341

lesser, 341
sphenoidal, 187
spheno-palatine, 204
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INDEX. 2063

Foramen or foraminii, spinosum, i8«

stylo-iiKistoid. 1S2

th'vroid (obluralur), 337
of 'vena tuva. of diaphragm, 557

of Vosalius, 18S

of Witislow, 1746
Forceps anterior, of corpus callosuin, i 157

posterior, of corpus callosuin, 1 i 58

Forearm, 281

as whole, 200
intrinsic movements of. 2()()

motion of on humerus, 303

pract. consid., 603

Fore-brain, 1050
Formatio reticularis, 1076

reticularis all)a, 1076
^risea, 1074

Fornix, 1 1 =;8

pillars of, anterior, 1 1 59
posterior, 1 1 59

Fossa or fossae,

duodeno-jejunal, 1647

glenoid, 178
hvaloidea, i473

ileo-ciccal, 1666
infraspinous, 250
inguinal, inner, 526

lateral, 1743
median, 1742
outer, 526

interpeduncular, 1107

intersigmoid, 167 i

ischio-rectal, 1678
jugular, 182

nasal, 1409
navicular of urethra, 1924

ovalis, 695
ovarian, 1986
pararectal, 1744
paravesical, 1744
pericaecal, 1666

pineal, 1106
pituitary. 186

retro-colic, 1667

of Rosenmiiller, 1598
spheno-maxillary, 227

subscapular, 249
supraspinous, 250
supratonsillar, 1600

supravesical, 526
Sylvii, 1 137
temporal, 218
zvgomatic, 227

Fourc'hette, 2022

Fourth ventricle, 1096
choroid plexus of, 11 00

floor of, 1096
roof of, 1099

Fovea centralis, 1466
vagi, 109S

Frenulum of Giacomini. 11 66

Frenum of prepuce, 1966

of tongue, 1573
Frontal bone, 194

articulations of. 197
development of, 197

lobe, 1 139
sinus, 1423. 226 (bony)

Fundamental embryological processes, 26

Funiculus cuneatus, 1066

gracilis, 1066
of Rolando, 1067

Furrows, visceral, 59
external, 61

Furrows, inner, 61

inner, second, 6a

inner, third, 62

Galen, vein of, 856
Gall-bladder, 17 19

cystic duct of, 1720
fossa of, I 708
lymj)hatics of, 981
nerves of, i 720
pract. consid., 1729
vessels of, i 7 19

Ganglion or ganglia, 1007
Arnold's, 1246
basal, 1 169
cervical inferior (sympathetic), 1362

middle (sympathetic), 1362

suixjrior (sympathetic), 1359

ciliarv, 1236
coccygeal (impar), sympathetic, 1367

development of. 1012

of Froriep. 1380
Gasserian, 1232
geniculate, 1252
habenulae, 1 123
impar, 1367
interpeduncular, 11 24
jugular, of glosso-pharyngeal, 1263

of vagus, 1267

lenticular, 1236
Meckel's, 1240
mesenteric, inferior, 1373

superior, 1372
nodosum of vagus, 1268

ophthalmic, 1236
otic, I 246
petrous, of glosso-pharyngeal, 1264

semilunar, sympathetic, 1369
spheno-palatine, 1240

spinal, 1279
spiral, 1257
spirale of cochlea, 1522

splanchnic, great, sympathetic, 1365

submaxillary, 1247
svmpathetic, 1009

of sympathetic system, 1356

vestibular, 1259
Ganglion-crest, 1012

Gartner's duct, 2001

Gasserian ganglion. 1232

Gastric glands, 1623
Gastro-pulmonary system, 1527

Gastrula, 25
Gelatin, 83
Geniculate bodies, lateral, 11 07

median, 1 107
(internal) internal structure of, 1 1 10

ganglion, 1252

Genital cord. 2038
folds. 2043
organs, external, development ot, 2043

female. 2021
pract. consid., 2027

ridge, 2038
tubercle, 2043

Genu of corpus callosum, 11 55

Germinal spot, 16

Gestation, ectopic, 1999
Giacomini, frenulum of, 11 66

Gianuzzi, crescents of, 1534
Gimbemat, ligament of, 523

Ginglvmus, 113
Giraldes, organ of, 1950
Glabella, 228
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2064 INDEX.

Gladiolus of sternum, 155
Gland or glands, 1531

alveolar (saccular) compound, 1535
(saccularj simple, 1535

anal, 1674
areolar, 2028
of Bartholin, 2026
of Blandin, 1577
blood-vessels of, 1535
of Bowman, 1415
of Brunner, 1639
cardiac of stomach, 1624
carotid, 1809
ceruminous, 1489
ciliary, 1400
circumanal, 1400
coccygeal, 1810
of Cowper, 1984
cutaneous, 1397
gastric, 1623
of Henle, 1445
of intestines, 1637
of Krause, 1445
lachrymal, 1477

ducts of, 1477
of Lieberkuhn, 1637
of Luschka, 1810
lymphatics of, 1536
mammary, 2027
Meibomian (tarsal), 1444
of Moll, 1444
of Montgomery, 2028
mucous, 1534
nerves of, 1536
of Nuhn, 1577
parotid, 1582
prostate, 1975
pyloric, 1624
salivary, 1582
sebaceous, 1397
serous, 1534
sexual, development of, 2038
sublingual, 1585
submaxillary, 1583
sweat, 1398

duct of, 1399
structure of, 1399

of tongue, 1575
tubo-alveolar, 1532
tubular, compound, 1532

simple, 1532
of Tyson, 1966
unicellular, 1531
of Zeiss, 1444

Glans of clitoris, 2024
penis, 1968

Glaser, fissure of, 178
Glisson's capsule of liver, 1708
Globus pallidus, 1 1 70

Goblet-cells, 70
Golgi-Mazzoni corpuscles, 10 19
Gonion, 228
Graafian follicles, 1988
Grandry, corpuscles of, 1016
Growth, 6

of bone, loi

Gudden, inferior commissure of, mo
Gums, 1567

pract. consid., 1590
Gustatory cells, 1435
Gyrus or gyri, callosal (fornicatus), 1150

(convolutions) cerebral, 1135
dentate, 11 66

Gyrus or gyri, development of, 1190
hippocampal, 1151

Hair-cells (auditory) inner, 1520
outer, 1520

Hair-follicle, 1392
blood-vessels of, 1394
nerves of, 1394

Hairs, 1389
arrangement of, 1391
development of, 1401
growth of, 1402
structure of, 1391
whorls of, 1 39

1

Hair-shaft, 1391
Hamular process of inner pterygoid plate, 1 8g
Hamulus of bony cochlea. 15 14
Hand, 309

deep fascia of, 606
landmarks of, 320
lymphatics of, 964
muscles of, 606
pract. consid., 613
surface anatomy of, 328

Harelip, 1589
Hassall, corpuscles of, 1799
Haversian canals of bone, 88

system of bone, 86
Head, movements of, 142
Heart, annuli fibrosi of, 698

annulus ovalis, 695
of Vieussens, 695

architecture of walls, 700
auricles of, 693
blood-vessels of, 703
canal auricular of, 705
chambers of, 693
chordae tendineee of, 697
columnae cameae of, 697
development of, 705
endocardium of, 702
epicardium of, 702
fasciculus auriculo-ventricular, 701
foramen ovale of, 695
fossa ovalis of, 695
general description of, 689
His's bundle, 701
lymphatics, 703
muscle of, 462
muscles, pectinate of, 695
nerve-endings in, 1015
nerves of, 704
position of, 692
practical considerations, 710
relations of, 693
septum, aortic, 707

auricular of, 694
intermedium, 706
interventricular of, 696
primum, 706
secundum, 708
spurium, 707

Thebesian veins of, 694
tubercle of Lower, 695
valves. Eustachian, 694

auriculo-ventricular, 699
mitral, 699
position of, 692
structure of, 703
Thebesian, 695
tricuspid, 699

vein, oblique of, 695
ventricles of, 696
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Heidenhain, dcmiluiiL-s of, 1534
Helicotrema, 1514
Helix, 1484
Hemisplicros, assotiation fibres of, 11 83

of cerebellum, 1082
cerebral, 1 1 13
commissural fibres of, 1 184
lobes of, 1 1 }c;

projection hbres of, 1186
white centre of, 1183

Henle, glands of, 1445
loop of, 1 88

1

Hansen, node of, 25
Herbst, corijusdes 01, 1019
Hernia, abclominal, 1751;

diaphragmatic, 1778
femoral, 1773
funicular, 1768
infantile, 1767
inguinal, 1763

direct, 1770
indirect, 1766

internal (intra-abdominal retroperito-

neal), X779
interparietal, 1768
labial, 1769
lumbar, 1777
obturator, 1777
perineal, 1778
sciatic, 1778
scrotal, 1769
umbilical, 1775

acquired, 1776
congenital, 1775

ventral, 1776
Hesselbach, ligament of, 525

triangle of, 526
Hiatus, aortic, of diaphragm, 557

Fallopii, 181
oesophageal, of diaphragm, 557
semilunaris, of nasal cavity, 194

of nose, 141

1

Highmore, antrum of, 1422
Hind-brain, 1061
Hip, landmarks of, 669

muscles and fasciae of, pract. consid., 642
Hip-joint, 367

movements of, 373
pract. consid., 374
synovial membrane of, 372

Hippocampus, 11 65
His's bundle, of heart, 701
Histogenesis of neuroglia, 10 10

of neurones, loii
Homologue, 4
Horner, muscle of, 484
Howship, lacunae of, 97
Humerus, 265

development of, 269
pract. consid., 270
sexual differences, 269
structure of, 269
surface anatomy, 270

Humor, aqueous, 1476
Hunter's canal, 628
Hyaloid canal, 1474
Hyaloplasm, 8
Hydatid of Morgagni, 2002
Hydramnion, 42
Hymen, 2016
Hyoid bone, 216

development of, 216
Hyomandibular cleft, 61

Hypogastric lymphatic plexus, 9^4
Hypophysis, 1806
Hyp(jspadias, 1927
Hypothalamus, 1127
Hypothenar eminence, 607

Ileo-caecal fossa;, 1666
valve, 1 66

1

Ilio-femoral ligament, 369
riio-jx-'ctincal line, 334
llio-tibial band, 634
Ilium, 332
Implantation, 35
Impregnation, 18

Incisor teeth, 1543
Incus, 1497
Inferior caval system of veins, 89S
Infundibulum, 11 29

of nasal cavity, 194
of nose, 141

1

Inguinal canal, 523
lymphatic plexus, 991

Inion, 228
Innominate bone, 332

structure of, 337
Insula, 1 149
Intersigmoid fossa, 1671
Intervertebral disks, 132
Intestine or intestines, development and

growth of, 167

1

glands of, 1637
large, 1657

appendices epiploica;, 1660
blood-vessels of, 1660
glands of Lieberkuhn of, 1657
lymphatics of, 1660
lymphatic tissue of, 1658
nerves of, 1660
peritoneum of, 1670
pract. consid., 1680
structure of, 1657
taenia coli of, 1660

lymph-nodules of, 1640
small, 1633

blood-vessels of, 1642
glands of Lieberkuhn of, 1637
lymphatics of, 1643
nerves of, 1643
Payer's patches of, 1640
pract. consid., 1652
structure of, 1634
valvulae conniventes of, rfjd
villi of, 1635

solitary nodules of, 1640
Involuntary muscle, 1015
Iris, 1459

pract. consid., 1461
structure of, 1460

Irritability, 6

Ischio-rectal fossa, 1678
Ischium, 336
Islands of Langerhans, 1735

of Reil, 1 149
Isthmus of fauces, 1 569

rhombencephali, io6r

Jacobson's nerve, 1264
organ, 1417

development of, 1432
Jejuno-ileum, 1649

blood-vessels of. 1653
lymphatics of, 1653
mesentery of, 1650

i.^o
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Jejuno-ileum, nerves of, 1652
topography of, 1650

Joint or joints, of ankle, 438
calcaneo-astragaloid, posterior, 445
calcaneo-cuboid, 446
calcaneo-scapho-astragaloid, anterior,

445
capsule of, 1 10

of carpus, metacarpus and phalanges,
pract. consid., 330

costo-central, 160
costo-sternal, 160

motions in, 166
costo-transverse, 160
costo-vertebral, motions in, 165
crico-arytenoid, 181

6

crico-thyroid, 1815
of ear ossicles, 1498
elbow, 301
fixed, 107
general considerations, 107
half, 108
of hip, 367
interchondral, 160
intersternal, 159
of knee, 400
limitation of motion, 112
metatarso-phalangeal, 447
modes of fixation, 112
of pelvis, 337
of pelvis, pract. consid, 350
radio-ulnar, 297

inferior, pract. consid., 308
saddle, 1 13
scapho-cubo-cuneiform, 446
of shoulder, 274
synovial membrane of, 110
tarso-metatarsal, 446
of tarsus, metatarsus and phalanges,

pract. consid., 45
true, 108

motion in, 112
structure of, 109
varieties of, 1 13

vessels and nerves of, in
Jugular ganglion, of glosso-pharyngeal, 1263

of vagus, 1267
plexus, lymphatics, 956

Karyokinesis, 1

1

Karyosomes, 9
Kidney or kidneys, i86g

architecture of, 1S75
blood-vessels of, 1884
capsule of, 1869
cortex of, 1876
development of, 1937
ducts of, 1894
fixation of, 1871
glomeruli of, 1876
hilum of, 1869
labyrinth of, 1876
lobule of, 1875
loop of Henle of, t88i
lymphatics of, 1885
Malpighian body of, 1879
medulla of, 1876
medullary rays of, 1876
movable, 1888
nerves of, 1886
papillae of, 1875
papillary ducts of, 1882
pelvis of, 1894

Kidney or kidneys, position of, J 870
pract. consid., 1887
pyramids of, 1876
relations of, 1873
sinus of, 1874
structure of, 1877
supporting tissue of, 1883
surfaces of, 1869
tubule, collecting of, 1882

connecting of, 1882
distal convoluted of, 1882
proximal convoluted of, 1880
spiral of, 1880
viriniferous of, 1877

Knee, landmarks of, 671
muscles and fascia; of, pract. consid., 645

Knee-joint, 400
burs£E of, 406
capsule of, 400
landmarks of, 416
movements of, 408
pract. consid., 409
semilunar cartilage of, 402
synovial membrane of, 405

Krause, end-bulbs of, 1016
glands of, 1445

Kupffer, cells of, i 7 1

7

Labia major, 2021
minora, 2022
nerves of, 2024
vessels of, 2023

Labyrinth, membranous, 1514
blood-vessels of, 1522
canalis reuniens of, 1515
cochlea of, i 517
ductus endolymphaticus of, 1514
endolymph of, 1514
maculae acusticae of, 1 5 1

6

saccule of, 151

5

semicircular canals cf, 1515
utricle of, i 514

osseous, I 51

1

cochlea of, 15 13
semicircular canals of, 1512
vestibule of, 151

1

Lachrymal apparatus, 1477
pract. consid., 1479

bone, 207
articulations of, 207
development of, 207

canaliculi, 1478
caruncle, 1443
gland, 1477
lake, 1443
papillae, 1478
puncta, 1478
sac, 1478

Lactation, 2029
Lacteals, 1643
Lacunae, of bone, 86

of cartilage, 80
of Howship, 97

Lambda, 228
Lamina cinerea (terminalis\ 1130

fusca, 1450
suprachoroidca, 1456

Landmarks, of abdomen, 531
of ankle and foot, 672
of bones of foot, 437
of buttocks and hip, 669
of clavicle, 260
of elbow-joint, 308
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Landmarks, of face, 246
ijf fcimir, 3<)()

uf lihuhi, 3()()

of hand, 320
of joints of foot, 453
of kncv, 67 I

of knee-joint, 416
of leij, 671
of lower extremity, 66q
of male ixjrineum, i()i8

of neck, 334
of pelvis, 34()

of radius, 2c)6

of scapula, 233
of shoulder-joint, 280
of skull, 240
of spine, 146
of surface of thorax, 1868
of thigh, 670
of thorax, 170
of tibia, 3()0

of ulna, 287
of upjxjr extremity, 61

8

of wrist-joint, 330
Langerhans, islands of, 1735
Lanugo, 66
Laryngo-pharynx, 1598
Larynx, 18 13

age changes of, 1828
arytenoid cartilages of, 181

6

cornicuku laryngis, 181 7

cricoid cartilage of, 1813
cuneiform cartilages of, 1817
develapment of, 1862
elastic sheath of, 1817
epiglottis, 1 81

6

form of, 1 81

8

lymphatics of, 938
mucous membrane of, 1823
muscles of, 1824
nerves of, 1827
ossification of, 1818
position and relations of, 1828
pract. consid., 1828
region, glottic of, 1820

infraglottic of, 1823
supraglottic of, 18 18

sexual differences of, 1828
thyroid cartilage of, 181

4

ventricle (sinus) of, 1822
vessels of, 1826
vocal cords, false of, 1820

true of, 1820
ligaments of, 181

8

Leg, bones of, as one apparatus, 397
surface anatomy, 397

framework of, 382
landmarks of, 671
lymphatics, deep of, 994

superficial of, 993
muscles and fasciae of, pract. consid., 665

Lens, crystalline, 147

1

development of, 1481
pract. consid., 1473
suspensory apparatus of, 1475

Leptorhines, 1404
Leucocytes, 684

development of, 688
varieties of, 685

Lieberkuhn, glands of, 1637
Lieno-phrenic fold, 1785
Ligament or ligaments, 112

alar, of knee-joint, 405

Ligament or ligaments, anterior annular, of
ankle, 647

of wrist, 325
arcuate, external, 557

internal, 557
atkinto-axial, anterif)r, 137
atlant(j-axia], jxjsterior, 137
of auricle, i486
broad, of uterus, 2004
broad, vesicular apjxjndages of, 2002
check, of orbit, 1438
of Colles, 323
common anterior and posterior, of spine,

coraco-acromial, 256
coraco-clavicular, 262

conoid part, 262
trapezoid part, 262

coronary, of liver, 1721
costo-clavicular or rhomboid, 262
cotyloid, of hip-joint, 367
crucial, of knee-joint, 404
cruciform, of axis, 136
deltoid (lat. int.) of ankle-joint, 439
denticulate, of spinal cord, 1023
dorsal, of foot, 442
duodeno-hepatic, i 644
of epiglottis, 1 81 7

external check, of eyeball, 505
falciform, 1745
gastro-phrenic, 1747
of Gimbernat, 523
of Hesselbach, 525
ilio-femoral, 369
ilio-lumbar, 339
interarticular of ribs, 160
interclavicular, 262
interosseous, of foot, 441
interspinous, 134
intertransverse, 135
ischio-femoral, 370
of laminae and processes of vertebrae, 133
lieno-renal, 1747
of liver, 1721
metacarpal, superficial transverse, 607
nuchae, 134
occipito-atlantal, accessory, 137

anterior, 137
posterior, 137

occipito-axial, 137
odontoid, or check, 136
orbicular, of radius, 297
of ovary, 1987
palpebral, 1441

interna!, 484
patella, 400
pectinate of iris, 1452
of pelvis, 337
of pericardium, 716
plantar, 444
posterior annular, of wrist, 325
of Poupart, 523
pterygo-mandibular, 488
radio-ulnar, 297
round, of hip-joint, 370

of liver, 1721
of uterus, 2005

sacro-iliac^ posterior, 338
sacro-sciatic, 339

great or posterior, 339
lesser or anterior, 341

of scapula, 256
of shoulder-joint, 274
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Ligament or ligaments, spino-glenoid, 257
atylo-mandibular, 475
subflava, 133
suprascapular or transverse, 256
supraspinous, 133
suspensory, of lens, 1475

of orbit, 143S
of ovary, 1986

thyro-arytenoid, inferior, 1818
superior, 181 7

thyro-hyoid, 181

5

transverse, of atlas, 136
triangular, of liver, 1721

of perineum, 563
of vertebral bodies, 132
of Winslow, of knee-joint, 401
of wrist and metacarpus, 320

Limb, lower, muscles of, 623
Limbic lobe, 11 50
Linea alba, 522

semilunaris, of abdomen, 532
transversa, of abdomen, 532

Linin, 9
Lips, 1538

. lymphatics of, 951
muscles of, 1540
nerves of, 1542
pract. consid., 1590
vessels of, 1542

Liquor amnii, 31
pericardii, 714

Littre, glands of, 1925
Liver, 1705

bile-capillaries of, 17 15
biliary apparatus, 1 7 1

8

blood-vessels of, 1709
borders of, 1707
caudate lobe of, 1709
cells of Kupffer, 1 7 1

7

common bile-duct, 1720
cystic duct of, 1720
development and growth of, 1723
fissure of ductus venosus of, 1707
fossa for gall-bladder of, 1708
gall-bladder of, 17 19
Glisson's capsule of, 1708
hepatic artery of, 1 7 1

1

ducts of, 1 7 18
veins of, 1 7 1 o

impression, oesophageal of, 1708
renal of, 1709

intralobular connective tissue of, 1 7 1

7

bile-ducts of, 1 7 1

7

veins of, 17 10

ligaments of, 1721
coronary, 1721
falciform, 1721
round, 1721
triangular, 1721

lobes of, 1706
lobular blood-vessels of, 17 13
lobules of, 1 7 1

2

lymphatics of, 1 7 1

1

nerves of, 1 7 1

1

non-peritoneal area of, 1707
peritoneal relations of, 1721
portal (transverse) fissure of, 1 708

vein of, 1709
position of, 1722
pract. consid., 1726
quadrate lobe of, 1709
size of, 1706
Spigelian lobe of, 1707

Liver, structure of, 17 12

sublobular veins of, 17 10
surfaces of, 1707
tuber omentale of, 1709
umbilical fissure of, 1708

notch of, 1707
weight of, 1706

Liver-cells, 1 7 1

4

Lobe or lobes, cerebral, 1135
frontal, 1 139
of hemispheres, 1139
limbic, 1

1
50

occipital, 1145
olfactory, 1 1 5

1

parietal, 11 43
temporal, 1147

Lobule of auricle, 1484
Loin, pract. consid., 530
Lordosis, 144
Lumbar plexus, lymphatic, 973
Lumbo-sacral cord, 133 1 •

Lung or lungs, 1843
air-sacs of, 1850
alveoli of, 1850
atria of, 1850
blood-vessels of, 1853
borders of, 1843
development of, 1861
external appearance of, 1846
fissures of, 1845
ligament broad of, 1858
lobes of, 1845
lobule of, 1849
nerves of, 1855
physical characteristics of, 1846
pract. consid., 1864
relations to chest-walls, changes in, 1803

to thoracic walls, 1855
roots of, 1838

dimensions of, 1840
nerves of, 1839
relations of, 1840

structure of, 185

1

surfaces of, 1843
vessels of, 1839

Lunula, of nail, 1395
Luschka, foramina of, 11 00

gland of, 1 810
Lutein cells, 1900
Luys, nucleus of, 11 28
Lymphatic or lymphatics, of abdomen, 972

of abdominal walls, 976
of arm, deep. 965

superficial, 963
of bile-duct, 981
of bladder, 985
of bone, 93
of brain, 948
of brain and meninges, 948
broncho-mediastinal trunk, 968
capillaries, 933
of cervical skin and muscles, 958
of cheeks, 951
of diaphragm, 070
duct, right, 945
of ear, 950
of eye and orbit, 949
of eyelids, i44.>

of Fallopian tubes, 988
of gall-bladder, 981
of glands, 1536
of gums, 951
of hand, 964
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Lymphatic or lymphatics, of the head, 94

5

of lieart, (;7o

huinulyinph nodes, 936
iiitc;rci)Slal, i)(>()

of intesline, larye, 978
small, 1)7 7

juj>;ular trunk, 958
of kidney, 982
lacteals, 93 I

of larynx, 958
of lejj, deep, 1)04

siijK'rlicial, 993
of lips, 951
of liver, qSo
of lower extremity, oijt

mammary yland, 90S
of meninjjes, 948
of muscle, non-striated, 456
of nasal fossa, 1426

region, 951
nodes, 935
of nose, 1407
of u?sophagus, 971
of palate, 954
of pancreas, 979
of pelvis, 983
of pericardium, 716
of perineum, 98

7

of pharynx, 954
of prostate gland, 9S5
of rectum, 1680
of reproductive organs, external, fe-

male, 9S7
external, male, 986
internal, feinale, 988
internal, male, 987

of retina, 1468
of scalp, 948
of seminal vesicles, 988
of skin, 1388
of small intestine, 1643
of spleen. 982
of stomach, 976
of striated muscle, 464
subclavian trunk, 963
of suprarenal body, 983
system, 931
of teeth, 951
of testis, 987
thoracic duct, 941

pract. consid., 944 .

of thorax, 966
cutaneous, 968

of thyroid gland, 959
of tongue, 952
of tonsils, 954
of trachea, 958
of upper extremity, 961
of ureter, 982
of urethra, 986
of uterus, 989
of vagina, 989
of vas deferens, 988
vessels, development of, 939

Lymph-corpuscles, 93

1

Lymph-nodes of abdomen, pract. consid., 990
abdominal, visceral, 974
ano-rectal, 976
anterior auricular, 946
appendicular, 975
of arm, pract. consid., 965
of axilla, pract. consid., 965
axillary, 961

Lymph-nodes, brachial, deep, q6i
suj»erlicial, 961

bronchial, (;67

buccinator, 947
cervical, deep, inferior, 958

sujierior, 957
of Clocjuet, 992
c(eliac, 973
deUo-i)ect(jral, 961
devehjpment <jf, 940
e])igastric, 972
e pitrochlear, 961
facial, 947
gastric, 974
of head, pract. consid., 955
hepatic, 975
hyjHjgastric, 984
iliac, circumilex, 972

internal, 984
inguinal, 991
intercostal, 966'

of intestine, 1640
jugular plexus, 956
of leg, pract. consid., 994
lingual, 947
mammary, internal, 966
mandiljular, 947
mastoid, 945
maxillary, 947
mediastinal, anterior, 967

posterior, 967
mesenteric, 975
mesocolic, 976
of neck, 956

pract. consid., 959
occipital, 945
pancreatico-splenic, 975
parotid, 946
pectoral, 962
of pelvis, pract. consid., 990
popliteal, 992
posterior auricular, 945
retro-pharyngeal, 948
of Rosenmuller, 992
sternal, 966
structure of, 937
submaxillary, 946
submental, 946
subscapular, 962
superficial cervical, 956
thorax, pract. consid., 971
tibial, anterior, 993
tracheal nodes, 967
umbilical, 972

Lymph-nodules, 936
Lymphocytes, 931

varieties of. 685
Lymphoid structures of pharynx, 1599

tissue, structure of, 936
Lymph-spaces, 931
Lymph-vessels, 934
Lyra, 1 158

Macula lutea, 1466
Macula? acusticae, 1516
Magendie, foramen of, iioo
Malar bone, 209

articulations of, 210
Malleus, 1497
Malpighian bodies of spleen, 1784
Mammary glands, 2027

development of, 2032
lymphatics, 968
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Mammary glands, nerves of, 2032
pract. consid., 2033
structure of, 2029
variations of, 2033
vessels of, 2031

Mandible, 21

1

Manubrium of sternum, 155
Marrow of bone, 90
Mast-cells of connective tissue, 74
Mastoid cells, 1 504

pract. consid., 150S
process, pract. consid., 1508

Maturation of ovum, 16

Maxilla, inferior, 211
development of, 213
structure of, 213

superior, 199
antrum of, 201
articulations of, 202
development of, 202

Maxillary sinus, 1422
Meatus, auditory, internal, 181

inferior, of nose, 14 12

middle, of nose, 141

1

superior, of nose, 141

1

Meckel, diverticulum of, 44
Mediastinum, anterior, 1833

middle, 1833
posterior, 1833
pract. consid., 1833
superior, 1833

Medulla oblongata, 1063
central gray matter of, 1073
development of, iioi
internal structure of, 1068

Medullary folds, 26
groove, 26
sheath, looi
velum, inferior, 1099

superior, 1099
MeduUated fibres, 1003
Megakaryocytes, 68g
Meibomian (tarsal) glands, 1444
Meissner, corpuscles of, 10 17

plexus of, 1643
Membrane or inembranes. Bowman's,

1451
of Bruch, 1456
cloacal, 1939
costo-coracoid, 568
crico-thyroid, 181 5

of Demours, 1452
Descemet's, 1452
fenestrated, 77
foetal, 30

human, 35
hyaloid, 1474
interosseous, of tibia and fibula, 396
mucous, 1528
obturator, 341
olfactory (Schneiderian), 14 14
pharyngeal, 1694
pleuro-pericardial, 1700
pleuro-peritoneal, 1700
of Reissner, 151

7

of Ruysch, 1456
of spinal cord, 1022
synovial, of joint, no
tectoria, 1521
thyro-hyoid, 1815
of tympanum, 1494
vitelline, 1

5

vitrea, 1456

Meninges of brain, pract. consid., 1208
lymphatics of, 948

Menstruation, 2012
Merkel, tactile cells of, 1016
Mesencephalon, 1105

development of, 1 1 1

7

internal structure of, 1109
Mesenteries, 1741
Mesenterium commune, 1697
Mesentery, anterior, 1744

of appendix, 1665
of jejuno-ileum, 1650
of large intestine, 1670
permanent, 1752
posterior, part ist, 1746

part 2nd, 1751
part 3rd, 1753

primitive, 1697
Meso-appendix, 1665
Mesocolon, 1670

development of, 1704
Mesoblast, 23

lateral plates of, 29
paraxial, 29
parietal layer, 29
visceral layer, 29

Mesogastrium, 1697
Mesognathism, 229
Mesometrium, 2005
Mesonephros, 1935
Mesorarium, 2040
Mesorchium, 2040
Mesorhines, 1404
Mesosalpinx, 1996
Mesotendons, 471
Mesothelium, 71
Mesovarium, 1987
Metabolism, 6

Metacarpal bcmes, 314
Metacarpo-phalangeal articulations, 327
Metacarpus, pract. consid., 319
Metanephros (kidney), 1937
Metaphase of mitosis, 12

Metaplasm, 8

Metatarsal bones, 428
Metathalamus, 1126
Meynert, commissure of, 1115
Mid-brain, 1061
Milk, 2030
Milk-ridge, 2032
Mitosis, 1

1

anaphases of, 13
metaphase of, 12

prophases of, 12

telophases of, 13
Molar teeth, i 546
Moll, glands of, 1444
Monorchism, 1950
Monroe, foramen of, 1131
Mons pubis, 2021

veneris, 2021
Montgomery, glands of, 2028
Morgagni, columns of, 1674

hydatid of, 2002
sinus of, 497
valves of, 1674

Morula, 22

Mouth, 1538
floor of, pract. consid., 1593
formation of, 1694
pract. consid., 1589
roof of, 228

pract. consid., 1592
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Mouth, vestibule of, 1538
Mucoid, 83
Mucous memliranes, 1528

structure of, 1528
Mallerian duct, 203S
Muscle or muscles, abdominal, 515

abductor hallucis, 06

1

minimi dij^iti, ()o8

minimi, oi foot, 66a
pollicis, 608

adductor brcvis, 626
hallucis, 662
lonj^us, 626
nKijj;nus, 628
pollicis, 610

anconeus, 589
of ankle, pract. consid., 666
antibrachial, 591

post-axial, 598
pre-axial, 592

of anus, 167s
appendicular, 566
of arm, ]iract. consid., 589
arytent)id, 1826
of auricle, i486
auricularis anterior, 4S3

posterior, 4S3
superior, 483

axial, 502
of axilla and shoulder, pract. consid.,

570
azygos uvukt", 496
biceps, 586

femoris, 636
brachial, 585

post-axial, 588
pre-axial, 586

brachialis anticus, 586
brachio-radialis, 598
branchiomeric, 474
buccinator, 488
bulbo-cavernosus, 565
of buttocks, pract. consid., 641
cardiac, 462
cervical, 542
chondro-glossus, 1578
ciliary, 1458
coccygeus, 561, 1676
compound pinnate, 469
compressor urethra?, 565
constrictor inferior of pharynx, 1606

middle of pharynx, 1605
pharyngis inferior, 499

medius, 498
superior, 497

superior of pharynx, 1604
coracQ-brachialis, 575
of cranium, pract. consid., 489
cremaster, 519
crico-arytenoid lateral, 1825

posterior, 1825
crico-thyroid, 1824
crural, 647

post-axial, 655
pre-axial, 648

crureus, 640
dartos, 1963
deltoideus, 578
depressor anguli oris, 487

labii inferiors, 485
diaphragma, 556
digastricus, 477
dilator pupillae, 1460

Muscle or muscles, dorsal, of trunk, 507
extensor brevis di^itorum, 665

hallucis, 660
pfjllicis, 602

carpi radialis brevior, 598
longior, 598
ulnaris, 601

communis digitorum, 599
indicis, 603
longus digitorum, 655
longus hallucis, 656

jjollicis, 603
minimi digiti, 600
ossis metacari)i pollicis, 602

of face, pract. consid., 492
facial, 479
femoral, 633

post-axial, 638
pre-axial, 636

flexor accessorius, 654
brevis digitorum, of foot, 660

hallucis, 660
minimi digiti, 609

digiti of foot, 664
pollicis, 608

carpi radialis, 593
radialis brevis, 597
ulnaris, 594

longus digitorum, 651
hallucis, 651
pollicis, 596

profundus digitorum, 595
sublimis digitorum, 595

of foot, 659
post-axial, 665
pract. consid., 666
pre-axial, 659

gastrocnemius, 649
gemelli, 630
genio-glossus, 1578
genio-hyoid, 1578
genio-hyoideus, 545
gluteus maximus, 630

medius, 631
minimus, 633

gracilis, 626
of hand, 606

pre-axial, 607
of hip and thigh, pract. consid., 642
hypoglossal, 506
hyo-glossus, 1578
hyoidean, 480

variations of, 480
iliacus, 624
ilio-costalis, 508
infraspinatus, 576
intercostales extemi, 538

interni, 539
interossei dorsales of foot, 664

of hand, 613
plantares, 663
volares, 612

interspinales, 513
intertransversales, 513

anteriores, 547
laterales, 521

intratympanic, 1499
involuntary, arrectores pilorum, 1394

nerve-endings of, 1015
ischio-cavernosus, 564
of knee, pract. consid., 645
of larynx, 1824
latissimus dorsi, 574
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Muscle or muscles, of leg, pract. consid.,

665
levator anguli oris, 487

scapulai, 571
ani, 560, 1675
labii superioris, 487
labii superioris ala^que nasi, 485
menti (superbus), 485
palati, 496, I 571
palpebrce superioris, 502

levatores costarum, 540
lingualis, 1579
of lips, 1540
longissimus, 510
longus colli, 548
of lower limb, 623
lumbricales, of hand, 610

of foot, 662
masseter, 474
of mastication, 474

variations of, 477
metameric, 502
multifidus, 512
mylo-hyoideus, 477
nasalis, 486
non-striated, blood-vessels of, 456

development of, 457
(involuntary), 454
lymphatics of, 456
nerves of, 456
structure of, 455

obliquus capitis inferior, 514
superior, 514

externus, 517
inferior, 504
internus, 517
superior, 504

obturator externus, 629
internus, 629

occipito-frontalis, 482
omo-hyoideus, 544
opponens minimi digiti, 608

poUicis, 608
orbicularis oris, 486

palpebrarum, 484
orbital, 502
of palate and pharynx, 495
palato-glossus, 497, 1579
palato-pharyngeus, 497, 1571
palmaris brevis, 607

longus, 593
pectinate, of heart, 695
pectineus, 625
pectoralis major, 569

minor, 570
' pelvic, 559
perineal, 562
peroneus brevis, 658

longus, 657
tertius, 656

of pharynx, 1604
pinnate, 469
plantaris, 649
platysma, 481
popliteus, 655
pronator quadratus, 597

radii teres, 502
psoas magnus, 623

parvus (minor), 624
pterygoideus externus, 476

internus, 476
pyloric sphincter, 1626
pyramidalis, 517

Muscle or muscles, pyriformis, 561
quadratus femoris, 629

lumborum, 521
quadriceps femoris, 639
of rectum, 1675
rectus abdominis, 516

capitis anticus major, 549
capitis anticus minor, 550

lateralis, 547
posticus major, 513
posticus minor, 514

externus, 503
femoris, 639
inferior, 503
internus, 503
suj-erior, 503

rhomboideus major, 572
minor, 572

risorius, 487
rotatores, of back, 513
sacro-spinalis, 508
salpingo-pharyngeus, 1606
sartorius, 638
scalene, variations of, 547
scalenus anticus, 546

medius, 546
posticus, 547

of scalp, pract. consid., 489
semimembranosus, 438
semi-pinnate, 469
semispinalis, 51

1

semitendinosus, 638
serratus magnus, 571

posticus inferior, 541
posticus superior, 541

of soft palate, 1570
soleus, 649
sphincter ani, external, 1676

externus, 563
internal, 1677

pupilla?, 1460
vesica], external, 1925

internal, 1925
spinalis, 511
splenius, 510
stapedius, 480, 1499
sternalis, 570
sterno-cleido-mastoideus, 499
sterno-hyoideus, 543
sterno-thyroideus, 545
striated, attachments of, 468

blood-vessels of, 464
bursse of, 471
classification of, 471
development of, 465
form of, 469
general considerations of, 468
lymphatics of, 464
nerves of, 464
nerve-supply, general, 473
structure, general of, 458
variations, 461
(voluntary), 457

stylo-glossus, 1579
stylo-hyoideus, 480
stylo-piiaryngeus, 495, 1606
subclavius, 570
subcostal, 539
subcrureus, 640
submental, 477
subscapularis, 578
supinator, 601
supraspinatus, 575
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Muscle or muscles, temporalis, 475
tensor fastix' lata', 631

palati, 479. 1570
tympani, 479, 1499

teres major, 577
minor, 576

thoracic, 538
thyro-arylcnoid, 1825
thyro-hyoideus, 545
tibialis anticus. 655

posticus, 654
of lonj^ue, 1577
trachealis, 1835
transversalis, 519
transverso-costal tract, 508
transverso-spinal tract, 511
transversus ixjrinei profundus, 565

superticialis, 564
of tongue, I 579

trapezius, 500
triangularis sterni, 540
triceps, 588
trigeminal, 474

palatal, 479
tympanic, 479

of trunk, 507
of upper limb, 568
vago-accessory, 495
vastus externus, 640

internus, 640
ventral, of trunk, 515
voluntary, motor nerve-endings of, 10 14
zygomaticus major, 485

minor, 485
Muscle-fibre, structure of, 459
Muscular system, 454

tissue, general, 454
Myelin, looi
Myelocytes, of bone-marrow, 92
Myelopiaxes, of bone-marrow, 92
MyometriuiTi, 2008
Myotome, 30
Myxoedema, 1794

Naboth, ovules of, 2008
Nail, structure of, 1395
Nail-bed, 1396
Nail-plate, 1395
Nails, 1394

development of, 1403
Nares, anterior, 1404

posterior, 14 13
Nasal bone, 209

articulations of, 209
development of. 209

cavities, pract. consid., 141

7

cavity, 223
hiatus semilunaris of, 194
infundibulum of, 194
meatus inferior of, 225

middle of, 225
superior of, 225

chamber, 224
fossa, blood-vessels of, 1425

floor of, 1 4 13
lymphatics of, 1426
nerves of, 1426
roof of, 14 1

2

fossae, 1409
index, 1404
mucous membrane, 141

3

septum, 223, 1410
triangular cartilage of, 224

N'asion, 228
Xasinylh, membrane of, 1550
.\'aso-iachrymal duct, 1479
Naso-optic groove, 62
Naso-pharynx, 1598
Navel, 37
Neck, landmarks of, 554

pract. consid., 550
triangles of, 547

Nephrotome, 30
Merve or nerves, abdominal, of vagus,

1272
abducent, 1249

development of, 1379
aortic (sympathetic;, 1364
auditory, 1256

development of, 1379
of auricle, 1487
auricular, great, 1286

posterior, of facial, 1254
of vagus, I 268

auriculo-temporal, of mandibular, 1244
of bone, 94
buccal, of mandibular, 1243
calcanean, internal, 1344
cervical, anterior divisions of, 1285

cardiac inferior, of vagus, 1270
superior, of vagus, 1270

first, posterior division of, 1281
posterior divisions of, 1281
second, posterior division of, 1281
superficial, 1287
third, posterior division of, 1281

cervico-facial, of facial, 1254
chorda tympani, of facial, 1253
ciliary, long, of nasal, 1234
circumflex, 1307

pract. consid., 1308
of clitoris, 2025
coccygeal, posterior division of, 1284
of cochlea, membranous, 1521
cochlear, of auditory, 1256
of cornea, 1452
cranial, 12 19
crural, anterior (femoral), 1327
cutaneous internal, of anterior crural,

1328
middle, of antqrior crural, 1327
perforating, of pudendal plexu3,

1347
dental, inferior, of mandibular, 1245

superior anterior, of maxillary',

1239
middle, of maxillary, 1239
posterior, of maxillary, 1238

descendens hypoglossi, 1277
development of, 1375
digastric, of facial, 1254
digital of median, 1301
dorsal of clitoris, 13 51

of penis, 1351
of epididymis, 1948
of external auditory canal, 1490
external cutaneous, of lumbar plexus

1324
of eyelids, 1446
facial, 1250, 1 2 51

development of, 1378
genu of, 1 2 51

pract. consid., 1255
of Fallopian tube, 1999
frontal, 1234
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Merve or nerves, ganglionic, of nasal,

1234
genito-crural, 1322
of glands, 1536
glosso-pharyngeal, 1260

development of, 1379
gluteal, inferior, 1333

superior, 1333
of heart, 704
hemorrhoidal, inferior, 1350
hypoglossal, 1275

development of, 1380
pract. consid., 1277

iHo-hypogastric, 1320
ih(->-inguinal, 132

1

infratrochlear. 1235
intercostal, 13 14
intercosto-humeral, 131

7

intermedins of Wrisberg, of facial,

1250
internal cutaneous, 1303

cutaneous lesser, 1303
interosseous anterior of median, 1300
of kidney, 1886
of labia, 2024
labial, superior, of maxillary, 1240
lachrymal, 1233
laryngeal, external, of superior laryn-

geal, 1270
inferior (recurrent) of vagus, 1270
internal, of superior laryngeal, 1270
superior, of vagus, 1270

of larynx, 1827
lingual, of glosso-pharyngeal, 1264

of hypoglossal, 1277
of mandibular, 1244

of lips, 1542
of liver, 1711
lumbar, posterior divisions of, 1282

of lungs, 1855
of mammary glands, 2032
mandibular, (maxillary inferior), 1242
masseteric, of mandibular, 1242
maxillary (superior), 1237
median, 1298

branches of, 1300
pract. consid., 1301

meningeal, of hypoglossal, 1277
of vagus, 1268

mental, of inferior dental, 1246
of muscle, non-striated, 456
muscular of glosso-pharyngeal, 1264
musculo-cutaneous, of arm, 1298

of leg, 1338
musculo-spiral, 1308

branches of, 1309
pract. consid., 13 14

mylo-hyoid, of inferior dental, 1245
nasal, 1234, 1235

anterior, 1235
external, 1235
fossa, 1426
internal (septal), 1235
lateral, of maxillary, 1240
septum, 1410
superior posterior, of spheno-pala-
tine ganglion, 1241

naso-palatine, of spheno-palatine gan-
glion, 1 241

of nose, 1407
obturator, 1324

accessory, 1326
occipital, small, 1286

Nerve or nerves, oculomotor, 1225
development of, 1377

esophageal, of vagus, 1272
of (esophagus, 1 61

3

olfactory, 1220
development of, 1376
pract. consid., 1222

ophthalmic, 1233
optic, 1223

development of, 1482
pract. consid., 1470

orbital, of spheno-palatine ganglion, 1 24c
of ovary, 1993
of palate, i 573
palatine, of spheno-palatine ganglion,

1241
palmar cutaneous of median, 1301
palpebral, inferior, of maxillary, 1240
of pancreas, 1737
of parotid gland, 1583
of penis, 1971
pericardial of vagus, 1272
of pericardium, 716
perineal, 1350
peripheral, development of, loii
peroneal, communicating, of external

popliteal, r33S
petrosal, deep, small, 1264

superficial, external, of facial.

1253
great, of facial, 1252
small, 1264

pharyngeal of glosso-pharyngeal,
1264

of vagus, 1269
of pharynx, 1606
phrenic, 1290
plantar external, 1345

internal, 1344
of pleurse, 1861
popliteal, external (peroneal), 1335

internal (tibial), 1339
posterior interosseous, 13 11

of prostate gland, 1978
pterygoid, external, of mandibular,

1243
internal, of mandibular, 1242

ptervgo-palatine (pharyngeal), of
spheno-palatine ganglion, 1242

pudic, 1349
pulmonary, anterior, of vagus, 1272

posterior, of vagus, 1272
(sympathetic), 1364

radial, 13 13
of rectum, 1680
recurrent, of mandibular, 1242

of maxillary, 1237
respiratory, external of Bell, 1295
sacral, posterior divisions of, 1282
sacro-cocc3'geal, 1352

posterior, 1283
saphenous, internal (long), of anterioi

crural, 1329
short (external), 1342

scapular, posterior, 1295
sciatic, great, 1335

small, 1348
of scrotum, 1964
of skin, 1389
of small intestine, 1643
somatic, 1218
of spermatic ducts, 1959
spheno-palatine, of maxillary, 1237
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Nerve or nerves, spinal, 1278
spinal-accessory, 1274

pract. coiisid., 1275
splanclinic, (sympathetic), 1364
of spleen, I 787
stapedial, of facial, 1253
of stomach, 1628
of striated muscle, 464
stylo-hyuid, uf facial, 1254
of subliiij^ual j^land, 1585
of submaxillary gland, 1585
subscapular, 1306
supraorbital, 1234
of suprarenal bodies, 1803
suprasca])ular, 1295
supratrochlear, 1234
sural, of external popliteal, 1335
of sweat glands, 1400
of taste-buds, 1435
temporal, deep, of mandibular, 1243

superticial, of auriculo-temporal,

1244
temporo-facial, of facial, 1254
temporo-malar (orbital), of maxillary,

1238
of testis, 1048
thoracic, 1 3 1

4

anterior, external, 1297
internal, 1303

branches of, 131

7

cardiac, of vagus, 1272
first, 13 1

5

lower, 13 1

5

posterior divisions of, 1282
posterior (long), 1295

pract. consid., 1296
pract. consid., 13 18

second, 13 17
third, 13 1 7

twelfth (subcostal) 13 17
upper, 13 1 5

of thyroid body, 1793
o^ thymus body, 1800
thyro-hyoid, of hypoglossal, 1277
tibial, anterior, 1336

communicating, 1342
posterior, 1342
recurrent, 1335

of tongue, I 580
tonsillar of glosso-pharyngeal, 1264
of trachea, 1836
trigeminal, 1230

development of, 1378
divisions of. 1232
pract. consid., 1248

trochlear, 1228
development of, 1377

tympanic, of glosso-pharyngeal, 1264
to tympanic plexus, of facial, 1252
ulnar, 1303

branches of, 1305
pract. consid., 1306

of ureter, 189S
of urethra, 1927
of urinary bladder, 1910
of uterus, 2010
of vagina, 2018
vagus, 1265

and spinal accessory, development
of. 1380

ganglia of, 1267
pract. consid., 1272

vestibular, of auditory, 1256

Nerve or nerves, visceral, 1218
Nerve-cells, 998

bipcjlar, 999
multipolar, 1000
unipolar, 999

Nerve-endings, motor, 10 14
of cardiac muscle, 10 15
of involuntary muscle, 1015
of voluntary muscle, 10 14

sensory, loi

5

encapsulated, 1016
free, 1015
genital corpuscles, 1017
Golgi-Mazzoni corpuscles, loig
Krause's end-l)ulbs, 1016
Meissner's corpuscles, 1017
Merkel's tactile cells, 1016
neuromuscular endings, 10 19
neurotendinous endings, 1020
Ruffini's corpuscles, 10 17
Vater- Pacinian corpuscles, 1018

Nerve-fibres, 1000
arcuate, 1071
axis-cylinder of, looi
cercbello-olivary, 1072
cerebello-thalamic, H14
cortico-bulbar, 1 1 1

5

cortico-pontine\ 11 15
cortico-spinal, 1 1 1 5
medullary sheath of, rooi
medullated, 1003
neurilemma of, looi
nonmedullated, 1003
rubro-thalamic, 11 14
of sympathetic system, 1356

Nerve-terminations, 10 14
Nerve-trunks, 1006

endoneurium of, 1006
epineurium of, 1006
funiculi of, 1006
perineurium of, 1006

Nervous system, 996
central, 102

1

peripheral, 12 18
sympathetic, 1353

development of, 1013
tissues, 997

development of, 1009
Neurilemma, looi
Neuroblasts, 10 10
Neuro-epithelium, 70
Neuroglia, 1003

ependymal layer of, 1004
glia-fibres of, 1004
of gray matter, of spinal cord, 1035
histogenesis of. 10 10
spider cells of, 1004

Neurokeratin, loor
Neuromuscular endings, 1019
Neurone or neurones, 996

axones of, 997
dendrites of, 997
histogenesis of, loii

Neurotendinous endings, 1020
Nictitating membrane, 1443
Nipple, 2028
Nodose, ganglion of vagus, 1268
Nodules of Arantius, 700
Nonmedullated fibres, 1003
Normoblasts, 92
Nose, 1404

blood-vessels of, 1407
cartilages of, 1404
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Nose, development of, 1429
hiatus semilunaris of, 141

1

inferior meatus of, 141

2

infundibulum of, 141

1

lateral cartilages of, 1405
lymphatics of, 1407
middle meatus of, 1411
nerves of, 1407
olfactory region of, 14 13
pract. consid., 1407
respiratory region of, 141 5

superior meatus of, 141

1

vestibule of, 1409
Nostrils, 1404
Notochord, 27
Nuck, canal of, 2006
Nuclein, 9
Nucleolus, 9
Nucleus or nuclei, abducent, 1249

acoustic, 1257
ambiguus, 1074
ainygdaloid, 11 72
arcuate, 1076
caudate, 1 169
cuneate, 1069
facial, 1 2 51
dentat3, of cerebellum, 10S8
emboliformis (embolus) of cerebellum,

1085
facial, 1 251
fastigii, of cerebellum, 1089
globosus, of cerebellum, 1089
gracile, io6g
internal, of cerebellum, 1088
of lateral fillet, 1258
lenticular, 1 169
mammillaris, 11 29
olivary, 107

1

olivary, superior, 1257
red, 1 1 14
structure of, 8

trapezoideus, 1257
vago-glosso-pharyngeal, 1073
vestibular, of reception, 1259

Nuhn, glands of, 1577
Nutrition, accessory organs of, 17S1
Nymphae, 2022

Obelion, 228
Obex, 1096
Occipital bone, 172

lobe, 1 145
protuberance, external, 174

internal, 175
Odontoblasts, 1558
(Esophagus, 1609

course and relations of, 1609
lymphatics of, 971
nerves of, 1613
pract. consid., 1613
structure of, 1611
vessels of, 161

2

Olecranon, of ulna, 281

Olfactory bulb, 1151
cells, 1 414
hairs, 141

5

lobe, II 51

membrane, 1414
pits, 62
region of nose, 1413
striae, 11 53
tract, 1 1 52
trigone, 1

1 53

Olivary eminence, 1066
nuclei, 107

1

accessory, 1072
nucleus, inferior, 1072

Omental sac, 1703
Omentum, duodeno-hepatic, 1746

gastro-colic, 1747
gastro-hepatic (lesser), 1745
gastrb-splenic, 1747
greater, 1747
greater, structure of, 1749

Oocyte, primary, 17
secondary, 1

7

Ooplasm, I 5
Opercula insula;, 1137
Ophryon, 228
Opisthion, 228
Optic commissure, 1223

entrance or papilla, 1462
recess, 1132
thalami, 11 18
tracts, 1223

Ora serrata, 1467
Oral cavity, development of, 62

glands, development of, 1589
Orbit, 222

axes of, 222
fascise of, 504
hTnphatics of, 949
pract. consid., 1438

Organ or organs, accessorv, of nutritioa
1781

of Corti, I 519
genital, external female, 2021
Jacobson's, 141 7

reproductive female, 1985
male, 1941

of respiration, 1813
of sense, 1381
of taste, 1433
urinary, 1869

Oro-pharynx, 1598
Orthognathism, 229
Os intermetatarseum, 432

magnum, 312
Osseous tissue, 84
Ossicles auditory, 1496

articulations of, 1498
incus, 1497
malleus, 1497
movements of, 1500
stapes, 1498

of ear, development of, 1535
Ossification, centres of, 94

of epiphyses, 98
Osteoblasts, 95
Ostium maxillare, 1422
Otic ganglion, 1246
Ova or ovum, 15

centrolecithal, 22

fertilization of, 18
holoblastic, 22
homolecithal, 2x
human, 1990
maturation of, 16
meroblastic, 22

primordial, 1993
segmentation of, 21

stage of, 56
telolecithal, 22

zona pellucida of. 1989
Ovary or ovaries, 1085

cortex of, 1987
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Ovary or ovaries, descent of, 2043
development uf, lyyj
fixation of, 1986
Graafian follicles of, 1988
hilum of, 1985
li^^anient of, 1987
medulla of, 1988
nerves of, 1993
position of, 198^1

j)ract. consid., 1995
surfaces of, 1985
susjxjnsory ligament of, 1986
structure of, 1987
vessels of, 1992

Oviduct, 1996

Pacchionian liodies, 1205
depressions, 198

Palate, 1567
bone, 204

articulations of, 205
development of, 205

hard, 1567
lymphatics of, 954
nerves of, 1573
pract. consid., 1592
soft, 1568

muscles of, 1570
vessels of, 1572

Pallium, development of, 11 89
Palmar ajxjneurosis, 606

fascia, 606
Pancreas, 1732

body of, 1733
development of, 1737
ducts of, 1736
head of, 1732
interalveolar cell-areas of, 1735
islands of Langerhans of, 1735
lymphatics of, 979
nerves of, 1737
pract. consid., 1738
relations to peritoneum of, 1736
structure of, 1734
vessels of, 1736

Panniculus adiposus, 1384
Papilla or papillae, circumvallate, 1575

dental, 1558
of duodenum, 17^0
filiform, 1575
fungiform, 1575
lachrymal, 1478
optic, 1462
renal, 1875

Paradidymis, 1950
Parametrium, 2005
Parathyroid bodies, 1795

structure of, 1795
Parietal bone, 197

articulations of, 199
impressions, 199
lobe, 1 1 43

Paroophoron, 2002
Parotid duct, 1583

gland, 1582
nerves of, i 583
relations of, 1582
structure of, 1 586
vessels of, 1 583

Parovarium, 2000
Patella, 398

development of, 400
movements of, 409

Patella, pract. consid., 416
Peduncle, cerelxiUar, inferi(jr, 1067

cerebral, 1 107
Pelvic girdle, 332
Pelvis, 332

development of, 344
diameters of, 342
diaphragm of. 559
index of, 343
joints of, 337

pract. consid., 350
of kidney, 1894
landmarks of, 349
ligaments of, 337
lymphatics of, 983
position of, 342
pract. consid., 345
sexual differences, 343
surface anatomy of, 345
white lines of, 559
as a whole, 341

Penis, 1965
corpora cavernosa of, 1966
corpus spongiosum of, 1967
crura of, 1967
glans of, 1968
nerves of, 1971
pract. consid., 1972
prepuce of, 1966
structure of, 1968
vessels of, 1970

Pericaecal fossae, 1666
Pericardium, 714

blood-vessels of, 716
ligaments of, 716
lymphatics of, 716
nerves of, 716
pract. consid., 716

Perichondrium, 81
Pericranium, 489
Perilymph of internal ear, 15 14
Perimetrium, 2009
Perimysium, 458
Perineal body, 2046
Perineum, female, 2046

lymphatics of, 987
male, 191 5

landmarks of, 19 18
triangular ligament of, 563

Perineurium, 1006
Periosteum, 89

alveolar, 1553
Peritoneum, 1740

cavity, lesser of, 1749
development of, 1702
of large intestine, 1670
parietal, anterior, 1742

folds of, 1 742
fossae of, 1742

pract. consid., 1754
Perivascular lymph-spaces, 93

1

Pes anserinus, 1252
hippocampi, 1165

Petit, triangle of, 574
Petro-mastoid portion of temporal bone,

179
Petrous ganglion, of glosso-pharyngeal,

1264
subdivision, of petro-mastoid bone,

i8r
Peyer's patches, 1641
Phalanges of foot, 432

of hand, 317
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Phalanges of hand, development of, 318
peculiarities, 318
pract. consid., 320
variations of, 319

Pharyngeal pouches, 1695
Pharynx, 1596

development of, 1603
growth of, 1603
laryngo-, 1-598

lymphatics of, 954
lymphoid structures or, 1599
muscles of, 1604
naso-, 1598
nerves of, 1606
oro-, 1598
pract. consid., 1606
primitive, 1694
relations of, 1601
sinus pyriformis of, 1598
vessels of, 1606

Philtrum of lips, 1540
Pia mater, of brain, 1202

of spinal cord, 1022
Pigment-cells of connective tissue, 74
Pillars of fauces, 1569
Pineal body, 1 124
Pinna, 1484
Pisiform bone, 311
Pituitary body, anterior lobe of, 1806

development of, 1808
(hypophysis), 1129

Placenta, 49
basal plate of, 51
cotyledons of, 50
discoidal, 34
foetal portion, 50
giant cells of, 51
intervillous spaces of, 51
marginal sinus of, ^^
maternal portion, 51
multiple, 34
septa of, 51
vitelline, 32
zonular, 33

Placentalia, 34
Plane, frontal, 3

sagittal, 3
transverse, 3

Plasma-cells of conni^ctive tissue, 74
Plasmosome, 9
Plates, tarsal, 1444
Platyrhines, 1404
Pleura or pleurae, 1858

blood-vessels of, i860
ner\-es of, 1861
outlines of, 1859
pract. consid., 1864
relations to chest-walls, changes in, 1863

of to surface, 1859
structure of, i860

Plexus or plexuses, aortic, 1373
of Auerbach, 1643
brachial, 1292

branches, infraclavicular of, 1207
supraclavicular of, 1295

constitution and plan of, 1293
pract. consid., 1294

cardiac, 1367
carotid (sympathetic), 1360
cavernous, of penis, 1374

(sympathetic), 1361
cer\Mcal, 1285

branches of, 1285

Plexus or plexuses, cervical, branches
communicating of, 1289

deep, of, 1289
descending of, 1288
muscular of, 1289
superficial of, 1286
supraacromial of, 1289
supraclavicular of, 1288
suprasternal of, 1288

pract. consid., 1292
coccygeal, 1352
coeliac, 1370

lymphatic, 973
coronary, 1368
gastric, 1370
hemorrhoidal, 1374
hepatic, 1370
hypogastric, 1373

lymphatic, 984
iliac, lymphatic, 983
inguinal, lymphatic, 991
lumbar, 13 19

lymphatic, 973
m.uscular branches of, 132c.

of Meissner, 1643
mesenteric inferior, 1373

superior, 1372
oesophageal, 1272
ovarian, 13 71
pampiniform, i960
parotid, 1252
pelvic, 1374
phrenic, 13 71
pract. consid., 1330
prostatic, 1374
pudendal, 1345

branches, muscular of, 1346
visceral of, 1346

pulmonary, anterior, 1272
posterior, 1272

renal, 13 71
sacral, 133

1

branches, articular of, 1334
collateral of, 1332
muscular of, 1333
terminal of, 1334

lymphatic, 984
posterior, 1282
pract. consid., 1352

solar, 1368
spermatic, 13 71
splenic, 1370
suprarenal, 13 71

of sympathetic nerves, 1367
tympanic, 1264
utero-vaginal, 1374
vesical, 1374

Plica fimbriata, 1573
semilunaris, of eye, 1443
sublingualis, 1573

Polar body, first, 16
second, 16

Pons Varolii, 1077
development of, 1103
internal structure of, 1078

Pontine flexure, 1062
nucl?us, 1078

Portal system of veins, 919
Postaxial, 4
Pouch of Douglas, 1743

pharyngeal, 61

recto-uterine '1743
recto-vesical, 1743
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Poupart, ligament of, 523
Preaxial, 4
Prcyiiancy, 2012
Prepuce of |)enis, 1966
Primitive streak, 24

si|;nificance of, 25
Process or processes, ciliary, 1457

fronto-nasal, 62
mandibular, O2
maxillary, 62
nasal, mesial, 62

lateral, 62

styloid, of ix;trous oone, 183
uncinate of ethmoid, 193

Processus cochleariformis, 182
vaginalis, 2041

Proctodeum, 1695
Prognathisin, 229
Pronephros, 1934
Pronucleus, female, 16

male, 20
Prophases of mitosis, 1

2

Prosencephalon, 1059
Prostate gland, 1975

development of, 1979
lymphatics of, 985
nerves of, 1978
pract. consid., 1979
relations of, 1976
structure of, 1977
vessels of, 1978

Proteins, 8
Protoplasm, 7

Protovertebrae, 29
Psalterium, 1 158
Pseudostomata, 72
Pterion, 228
Pterygoid plate, inner, 189

outer, 189
processes of sphenoid bone, 189

Pubes, 334
Pulmonary system of veins, 852
Pulp of teeth, 1554
Pulvinar, 11 19
Puncta, lachrymal, 1478
Pupil, 1459
Purkinje cells of cerebellum, 1090
Putamen, 1 1 70
Pyramid, 1065
Pyramidal tract, in medulla, 1075
Pyramids, decussation of, 1064

renal, 1876
Pyrenin, 9

Radius, 287
development of, 293
landmarks of, 296
pract. consid., 293
structure of, 292
surface anatomy, 300

Rami communicantes of sympathetic system,
1356

Ranvier, nodes of, looi
Rauber, cells of, 23
Recto-uterine pouch, 1743
Recto-vesical pouch, 1743
Rectum, 1672

blood-vessels of, 1679
growth of, 1680
lymphatics of, 1680
muscles and fasciae of, 1675
nerves of. 1680
peritoneal relations of, 1679

Rectum, pract. consid., 1689
structure of, 1674
valves of, 1674

Reduction division, 18
Reil, island of, 1 149

limiting sulcus of, 1139
Reissner's fibre, 1030

membrane, of cochlea, 151 7
Remak, fibres of, 1003
Renal duit, 1894
Reproduction, 6

Reproductive organs, development of,

2037
external, female, lymphatics

of, 987
male, lymphatics of, 986

female, 1985
internal, female, lymphatics of, 988

male, lymphatics of, 987
male, 1941

Respiration, organs of, 181

3

Respiratory region of nose, 141 5
tract, development of, 1861

Restiform body, 1067
Rete Malpighi, 1386
Reticular tissue, 75
Reticulin, 83
Retina, 1462

blood-vessels of, 1467
development of, 1482
lymphatics of, 1468
pars optica of, 1462
pract. consid., 1468
structure of, 1463

Retro-colic fossa, 1667
Retzius, prevesical space of, 525

space of, 1906
veins of, 924

Rhinencephalon, 11 51

development of, 11 93
Rhombencephalon, derivatives of, 1063
Ribs, 149

asternal, 150
exceptional, 152
floating, I 50
pract. consid., 169
sternal, 150
variations of, 1 53

Right lymphatic duct, 945
Rima glottidis, 1820
Ring, abdominal, external, 524

internal, 524
femoral (crural), 1773

Riolan, muscle of, 484
Rivinus, ducts of, 1585

notch of, 1493
Rolando, fissure of, 1137

funiculus of, 1067
Rosenmuller, fossa of, 1598

lymph-nodes of, 992
organ of, 2000

Rostrum, of corpus callosum. 11 56
of sphenoid bone, 187

Rufhni, corpuscles of, 1017
Ruysch, membrane of, 1456

Sac, conjunctival, 1443
lachrymal, 1478
vitelline. 32

Saccule. 151

5

structure of, 1516
Sacral lymphatic plexus, 984
Sacro-iliac articulation, 338
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Sacro-sciatic ligaments, 339
Sacrum, 124

development of, 129
sexual differences of, 127
variations of, 127

Salivary glands, 1582
structure of, i 585

Santorini, cartilages of, 181

7

duct of, i73()

Saphenous opening, 635
Sarcolemma, 459
Sarcous (muscular) substance, 459
Scala tympani, 1514

vestibuli, i 514
Scalp, lymphatics of, 948

muscles and fasciae, pract. consid , 489
Scaphoid, 309

bone of foot, 425
develo^jment of, 426

Scapula, 248
development of, 253
landmarks of, 255
ligaments of, 256
pract. consid., 253
sexual differences, 252
structure of, 253

Scapulo-clavicular articulation, 262
Scarpa, canals of, 201

fascia of, 515
ganglion of, 1259
triangle of, 639

Schlemm, canal of, 1452
Schwann, sheath of, looi
Sclera, 1449

development of, 1482
pract. consid., 1453
structure of, 1450

Sclerotome, 30
Scoliosis, 144
Scrotum, 1961

dartos muscle of, 1963
nerves of, 1964
pract. consid., 1964
raphe of, 1962
tunica vaginalis of, 1963
vessels of, 1964

Segmentation, 21

complete, 22
equal, 22
partial, 22

Sella turcica, 1S6
Semilunar bone, 310

cartilages of knee-joint, 402
valves, 700

Seminal vesicles, 1956
lymphatics of, 988
pract. consid., 1959
relations of, 1957
structure of, 1958
vessels of, 1958

Seminiferous tubules, 1942
Sense, organs of, 138

1

Septum or septa, aortic, 707
auricular, 694
crurale (femorale"), 625
intermedium, 706
intermuscular, 470
interventricular, 696
lucidvim, 1 1 59
median, posterior, of spinal cord, 1027
nasal, 1410

cartilage of. 1405
placental, -ji

Septum or septa, primum, 706
secundum, 708
spurium, 707
transversum, 1701

Serosa, 31
Sertoli, cells of, 1943
Sesamoid bones, 104

of foot, 432
of hand, 318

Sharpey's fibres of bone, 87
Shoulder, muscles and fascia of,

consid., 579
Shoulder-girdle, 248

surface anatomy of, 263
Shoulder-joint, 274

burss of, 277
dislocation of, 582
landmarks of, 280
ligaments of, 274
movements of, 277
pract. consid., 278

Shrapnell's membrane, 1494
Sigmoid cavity, greater, of ulna, 281

lesser, of ulna, 281
flexure, 1669

peritoneal relations of, i6ji
pract. consid., 1685

Sinus or sinuses, basilar, 874
• pract. consid., 874

cavernous, 872
pract. consid., 873

circular, 872
confluence of, 868
of dura mater, 867
frontal, 1423; 226 (bony)

development of, 1432
pract. consid., 1427

intercavernous, 872
lactiferus, 2030
lateral, 867

pract. consid., 869
longitudinal, inferior, 871

superior, 870
pract. consid., 870

marginal, 872
of placenta, 53

maxillary, 1422; 20 (l^ony)
development of, 1431
pract. consid., 1428

of Morgagni, 497
occipital, 872
palatal, 1425
petrosal, inferior, 874

superior, 874
pocularis, 1922
praecervicalis, 61

pyriformis of pharynx, 1500
renal, 1874
reuniens, 707
sigmoid, 868
sphenoidal, 1425

pract. consid., 1428
spheno-parietal, 874
straight, 872
uro-genital, 1939
of Valsalva, 700
venosus, 705

Skeleton, 103
appendicular, 104
axial, 103

Skene, tubes of, 1924
Skin, blood-vessels of, 1387

development of, 1400

i-ract
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1

Ekin, end-bulbs of Krausc, 1389
end-organs of Rullini, 1389
genital corpuscles, 1389
Golgi-mazzoni corpuscles, 1389
lymphatics of, 1388
Meissner's corpuscles, 1389
nerves of, 1389
pigmentation of, 1387
stratum corneuin of, 1387

germinativum of, 1385
granulosum of, 1380
lucidum of, 1380

structure of, 1382
Vater-Pacinian corpuscles, 1389

bkull, 172
alveolar point of, 228
anthro])ology of, 228
asymmetry, 230
auricular point of, 228
capacity of, 230
changes in old age, 233
chordal portion, 28
dimensions of, 229
fontanelles of, 231
glenoid point of, 228
growth and age of, 230
index, cephalic of, 229

facial of, 229
of height of, 229
nasal of, 229
orbital of, 229
palatal of, 229

landmarks of, 240
malar point of, 228
mental point of, 228
occipital point of, 228
pract. consid., 235
prechordal portion, 28
sexual differences, 234
shape of, 229
subnasal point of, 229
surface anatomy, 234
weight of, 233
as whole, 216

Smegma, 1966
Solitary nodules of intestine, 1640-
Somatopleura, 29
Somites, 29
Space or spaces, of Burns, 543

of Fontana, 1452
perforated, anterior, 1 1 53

posterior, 1 107
quadrangular, of m. teres major, 57!
of Retzius, igo6
subarachnoid, of spinal cord, 1022
subdural, of spinal cord, 1022
sublingual, 1581
of Tenon, 1437
triangular, of m. teres major, 578

Spermatic cord, i960
constituents of, 1960
pampiniform plexus of, 196c
pract. consid., 1961

ducts, 1953
nerves of, 1959
structure of, 1956
vessels of, 1958

filaments, 1946
Spermatids, 1944
Spermatocvtes, primary, 1944

secondary, 1944
Spermatogenesis, 1944
Spermatogones, 1944
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Spermatozoa, 1946
Spermatozoon, 16
Sperm-nucleus, 20
Splieno-ethmoidal recess, 14n
Sphenoid bone, 186

articulations of, 190
develojjment of, 190
great wings of, 187
lesser wings of, 188
pterygoid j^rocesses of, 185

Sphenoidal sinus, 1425
Spheno-palatine ganglion, 1240
Spigelius, lobe of, 1707
Spinal column, 114
Sjiinal cord, 102 i

ant:;rior horn, nerve-cells of, 103c
arachnoid of, 1022
blood-vessels of, 1047
Cauda equina of, 1025
central canal of, 1030
columns of, 1027

anterior, 1027
lateral, 1027
posterior, 1027

commissure, gray of, 1028
white, anterior of, 1028

conus medullaris, 102

1

denticulate ligaments of, 1023
development of, 1049
dura mater of, 1022
enlargement, cervical, of, 1026

lumbar of, 1026
fibre-tracts of white matter, 1038
fissure, median anterior of, 1027
form of, 1026
gray matter of, 1028

nerve-fibres of, 1036
neuroglia of, 1035

ground-bundle, anterior, 1046
lateral, 1045

horn, anterior of, 1029
lateral of, 1029
posterior of, 1029

membranes of, 1022
microscopical structure of, 103c
nerve-cells, grouping of, 1032
pia mater of, 1022
posterior horn, nerve-cells of, 1033
pract. consid., 1051
root-line, ventral of, 1027
segments of, 1024
septum, median posterior of, 1027
substantia gelatinosa Rolandi of,

1029
sulcus postero-lateral of, 1027
tract, anterior pyramidal (direct),

1046
of Burdach, 1039
direct cerebellar, 1044
of Goll, 1039
of Gower, 1044
lateral (crossed pyramidal),

1043
of Lissauer, 1042

white matter of. 1036
ganglia, 1279
nerves, 1278

constitution of, 1278
divisions, primary, anterior, of, 1284

posterior, of, I2 7g
number of, 1279
size of, 1279
typical, 1284

Ui
INS PAGES 996 TO THE END,
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Spinal nerves, ventral (motor) roots ol, 1279
Spine, 114

articulations of, 132
aspect, anterior of, 138

lateral of, 13S
posterior of, 138

curves of, 138
dimensions and proportions of, 141
landmarks of, 146
lateral curvature of, 144
ligaments of, 132
movements of, 142
practical considerations, 143
sprains of, 144
as whole, 138

Splanchnopleura, 29
Splanchnoskeleton, 84
Spleen, 1781

development and growth of, 1787
lymphatics of, 982
movable, 1788
nerves of, 1787
nodules (Malphighian bodies) of, 1784
peritoneal relations of, 1785
pract. consid., 1787
pulp of, 1783
structure of, 1783
surface anatomy of, 1787

basal, 1782
gastric, 17 82
phrenic, 1781
renal, 1782

suspensorj' ligament of, 1786
vessels of, 1786

Spleens, accessory, 1787
Splenium, of corpus callosum, 11 56
Spongioblasts 10 10
Spongioplasm, 8

Sprains, of spine, 144
Squamous portion of temporal bone, 177
Stapes, 1498
Stenson, canals of, 201

duct 1583
Stephanion, 229
Stemo-clavicular articulation, 261

pract. consid., 263
Sternum, 155

development of, 157
pract. consid., 168
sexual differences of 156
variations of, 156

Stigmata, 72
Stilling, canal of, 1474
Stomach, 161

7

blood-vessels of, 1627
cur\'ature greater of, 161

7

curvature lesser of, 161

7

fundus of, 1618
glands of, 1623
growth of, 1629
lymphatics of, 976, 1628
nerves of, 1628
peritoneal relations of, 1619
position and relations of, 1619
pract. consid., 1629
pylorus, 1 61

8

shape of, 161

8

structure of, 1621
variations of, 1629
weight and dimensions of, i6ig

Stomata, 72
Stomodaeum, 1694
Strabismus 1440

Stratum zonale, of thalamus. 1123
Stria meduUaris, 11 19
Striae, acoustic, 1096
Structure, elements of, 5
Styloid process of ulna, 2S5
Sublingual ducts, 1585

gland, 1585
nerves of, 1585
structure of, 1587
vessels of, 1585

space, 1 581
Submaxillary duct, 1584

ganglion, 1247
gland, 1583

nerves of, 1585
structure of, 1587
vessels of, 1585

Subpatellar fat, 405
Subperiosteal bone, 98
Sub-peritoneal tissue, 17 }2

Substantia nigra, 1109
Sulci, development of, 1190

fissures, cerebral, 1135
Sulcus hypothalamicus, 11 19
Suprarenal bodies, 1801

accessory, 1805
development of, 1804.
growth of, 1804
nerves of, 1803
pract. consid., 1S06
relations of, 1801
structure of, 1802
vessels of, 1803

body, lymphatics of, 983
Suture or sutures, 107

amniotic, 31
coronal, 216
cranial, 216

closure of, 233
lambdoidal, 217
sagittal, 216

Sylvian aqueduct, 1108
gray matter, 11 09

Sylvius, fissure of, 1136
Sympathetic nerves, plexuses of, 1367
Sympathetic system, 1353

aortic nerves, 1364
association cords of, 1357
constitution of, 1355
ganglia of, 1356
gangliated cord of, 1355
gangliated cord, cervico-cephalic

portion, 1358
lumbar portion, 1366
sacral portion, 1367
thoracic portion, 1364

nerve-fibres of, 1356
plexus, aortic, 1372

cardiac, 1367
carotid, 1360
cavernous, 13 61
cavernous, of penis, 1374
coeliac, 1370
gastric, 1370
hemorrhoidal, 1374
hepatic, 1370
hypogastric, 1374
mesenteric, inferior, 1373

superior, 1372
ovarian, 1372
j)elvic, 1374
phrenic, 137

1

prostatic, 1374
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INDEX. 2083

Sympathetic system, plexus, renal, 1371
Solar, 1368
six;rinatif, 1372
splenic, 1370
suprarenal, 13 71
utero-vaj;inal, 1374
vesical, 1374

plexuses of, 1356
pract. cunsid., 1375
pulmonary nerves, 1364
rami eommunicanles uf, 1356
splanchnic alTerent fibres of, 1357

efferent fibres of, 1357
nerves, 13O4

Symphysis, 108
pubis, 339

Synarthrosis, 107
Synchondrosis, 108
Syncytium of chorion, 49
Syndesmosis, 108
System, gastro-pulmonary, 1527

muscular, 454 .

nervous, 996
uro-genital, 1869

Taenia chorioidea, 11 64
coli, 1660
fornicis, 1 163
semicircularis, 11 62
thalami, 1 1 19

Tapetum, 11 57
Tarsal bones, 419

plates, 1444
Tarsus, 419
Taste, organ of, 1:433
Taste-buds, 1433

development of, 1436
nerves of, 1435
structure of, 1434

Teeth, 1542
alveolar periosteum, 1553
bicuspids (premolars), 1545
canines, 1544

milk, 1545
cementum of, 1552
dentine of, i 550
development of, 1556
enamel of, 1 548
homologies of, 1566
implantation and relations of, 1554
incisors, 1543

milk, 1544
lymphatics of, 951
milk, eruption of, 1564

(temporary), 1542
molars, 1546

milk, 1547
neck of, 1542
permanent, 1542

development of, 1564
eruption of, 1565
relations of, 1554

pract. consid., 1591
pulp of, 1554
pulp-cavity of, 1542
temporary, relations of, 1556
variations of, 1566

Tegmen tympani, 1496
Tegmentum, 11 12

Tela chorioidea, 1097
subcutanea, 1384

Telencephalon, 1132
Telophases of mitosis, 13

Temporal bone, 176
articulations of, 184
cavities and jjassages, 183
development of, 184
portion, fx-tro-mastoid, 179

squamous, 177
tympanic, 179

lobe, 1 147
Temporo-mandibular articulation, 314
Tendo oculi, 484
Tendon, 77, 4 08

conjoined, 518
Tendon-cells, 78
Tendon-sheaths, 470
Tenon, capbule of, 504

space of, 1437
Tentorium cerebelli, 1199
Terms, descriptive, 3
Testis or testes, 194

1

appendages of, 1949
architecture of, 1942
descent of, 2040
lymphatics of, 987
mediastinum of, 1942
nerves of, 1948
pract. consid., 1950
structure of, 1942
tubules seminiferous of, igi^i

tunica albuginea of, 1942
vessels of, 1948

Thalamic radiation, 1122
Thalamus, 11 18

connections of, 11 21
structure of, 1 120

Thebesian valve, 695
veins, 694

Theca folliculi, of hair, 1392
Thenar eminence, 607
Thigh, landmarks of, 670

muscles and fascias of, pract. consid
642

Third ventricle, 1131
choroid plexus of, 1131

Thorax, 149
articulations of, 157
in infancy and childhood, 164
landmarks of, 170
lymphatics of, 966
movements of, 165
pract. consid., 167
sexual differences, 164
subdivisions of, 1832
surface anatomy, 166

landmarks of, 1868
as whole, 162

Thumb, articulation of, 326
Thymus body, 1796

changes of, 1797
development of, 1800
nerves of, 1800
shape and relations of, 1796
structure of, 1798
vessels of, 1799
weight of, 1797

Thyroid bodies, accessory, 1793
Thyroid body, 1789

development of, 1793
nerves of, 1793
pract. consid., 1704
shape and relations of, 1789
structure of, 1791
vessels of, 1792

cartilage, 1814
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2084 INDEX.

Thyroid cartilage, development of,

1815
growth of, 1815

gland, lymphatics of, 959
Tibia, 382

development of, 387
landmarks of, 390
pract. consid., 387
structure of, 387
variations of, t,S^

Tibio-fibular articulation, inferior, 396
superior, 396

Tissue or tissues, adipose, 79
connective, 73
elastic, 76
elementary, 67
epithelial, 67
fibrous, 74
muscular, general, 454
nervous, 997
osseous, 84
reticular, 75

Tongue, 1573
foramen caecum of, 1574
frenum of, 1573
glands of, 1575
growth and changes of, 1580
lymphatics of, 952
muscles of, 1577
nerves of, 1580
papillae, circumvallate of, 1575

filiform of, 1575
fungiform of, 1575

pract. consid., 1594
vessels of, 1580

Tonsil or tonsils (amygdala), of cerebellum,
1086

faucial, 1600
faucial, relations of, 1602
lingual, 1575
lymphatics of, 954
pharyngeal, 1601
pract. consid., 1608
tubal, 1503

Tooth-sac, 1562
Tooth-structure, 1548
Topography, of abdomen, 531

cranio-cerebral, 12 14
Trachea, 1834

bifurcation of, 1837
carina of, 1837
growth of, 1837
lymphatics of, 958
nerves of, 1836
pract. consid., 1840
relations of, 1836
structure of, 1835
vessels of, 1836

Tract or tracts, (fibre) rubro-spinal,
II 14

habenulo-peduncular, 1124
mammillo-thalamic, 1121
of mesial fillet, 1076
olfactory, 1152
thalamocipetal, lower, 1122

Tragus, 1484
Trapezium, 311
Trapezoid bone, 311
Treitz, muscle of, 558
Triangle of Hesselbach, 526

rectal, 1916
uro-genital, 19 16

Triangles of neck, 547

Trigone of bladder, urinary 1904
Trigonum acustici, 1097

habenulae, ii2j
hypoglossi, 1097
lemnisci, 1108
urogenitale, 563
vagi, 1097

Trochanter, greater, of femur, 352
lesser, of femur, 353

Trochlea of humerus, 268
of orbit, 504

Trochoides, 1 13
Trophoblast, 46
Truncus bronchomediastinalis, lymphatic

968
subclavius, lymphatic, 963

Tube, Eustachian, 1501
Tuber cinereum, 11 29
Tubercle of Lower, 695
Tuberculum acusticum, 1097

olfactorium, 11 53
Tubes, Fallopian, 1996 .

Tunica vaginalis of scrotum, 1963
Turbinate bone, inferior, 208

articulations of, 208
development of, 208

middle, of ethmoid, 193
superior, of ethmoid, 193

Tympanic portion of temporal bone, 179
Tympanum, 1492

attic of, 1500
cavity of, 183
contents of, 1496
membrane of, 1494

pract. consid., 1505
mucous membrane of, 1500
oval window of, 1495
pract. consid., 1504
promonotory of, 1495
pyramid of, 1496
round window of, 1495
secondary membrane of, 1495
tegmen of, 1496

Tyson, glands of, 1966

Ulna, 281
development of, 285
landmarks of, 287
pract. consid., 285
structure of, 285
surface anatomy, 300

Umbilical cord, 53
allantoic duct of, 54
amniotic sheath of, 54
blood-vessels of, 54
furcate insertion of, 55
jelly of Wharton of, 54
marginal insertion of, 55
velamentous insertion of, 55

fissure of liver, 1708
hernia, 1775
notch of liver, 1707
vesicle, 42

Umbilicus, 37
Unciform bone, 312
Uncus, 1 1 54
Upper limb, muscles of, 568
Urachus, 525
Ureter or ureters, 1895

female, 1896
lymphatics of, 982
nerves of, i8q8
pract. consid., 1898
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Ureter or ureters, structure of, 1896
Ureteral sheath, 1S97
Urethra, 1922

crest of, 1922
development of, 1938
female, 1924

structure of, 1926
fossa, navicular of, 1924
glands of, 1925
lymphatics of, ()86

male, pract. consid., 1927
structure of, 1924

meatus of, 1924
nerves of, 1927
orifice of, external, 1924

internal, 1904
portion, membranous of, 1923

prostatic of, 1922
spongy of, 1923

vessels of, 1926
Urethral bulb, 1968

crest, 1922
Urinary organs, 1869

development of, 1934
Uriniferous tubule, 1877
Urogenital cleft, 2021

sphincter, 2049
system, 1869

Utero-sacral folds, 1743
Utero-vesical pouch, 1943
Uterus, 2003

attachments of, 2004
body of, 2003
broad ligament of, 2004
cavity of, 2003
cervical canal of, 2003
cervix of, 2003
changes of menstruation, 2012

of pregnancy, 2012
development of, 2010
fundus of, 2003
glands of, 2007
lymphatics of, 989
nerves of, 2010
OS, external of, 2003
peritoneal relations of, 2004
position of, 2007
pract. consid., 2012
relations of, 2007
round ligament of, 2005
structure of, 2007
variations of, 2012
vessels of, 2009

Utricle, 1514
prostatic, 1922
structure of, 1516

Uveal tract, 1454
Uvula, 1569

Vagina, 2016
development of, 2019
fornix, anterior of, 2016

posterior of, 2016
lymphatics of, 989
nerves of, 2018
pract. consid., 2019
relations of, 2016
structure of, 2017
variations of, 2019
vessels of, 2018
vestibule of, 2022

Vaginal process of inner pterygoid plate,

189

Vallecula of cerebellum, 1083
V^alsalva, sinus of, 700
Valve or valves, aortic, 700

auriculo-ventricular, of heart, 699
Eustachian, 694
of Hasner, 1479
ileo-ca.'cal, 1661
mitral, 699
of Morgagni, 1674
pulmonary, 700
of pulnnniary artery, 700
rectal (Houston's), 1674
semilunar, 700
Thebesian, 695
tricuspid, 699

Valvulae conniventes, 1636
Vasa aberrantia of epididymis, 1950
Vas deferens, 1954

ampulla of, 1955
Ivmphatits of, 988

Vasa vasorum, 674
Vater, ampulla of, 1721
Vater-Pacinian corpuscles, 10 18

Vein or veins, allantoic, 33
circulation, 929

angular, of facial, 864
auditory, internal, 869
auricular, anterior, 882

posterior, 883
axillary, 887

pract. consid., 888
azygos, 893

arch, 893
development of, 928
inajor, 893
minor, 895

superior, 895
pract. consid., 895
system, 893

basilar, 877
basilic, 890

median, 891
basivertebral, 897
brachial, 886
brachio-cephalic, 858
bronchial, 893
cardiac, 854

anterior, 856
great, 855
middle, 856
posterior, 856
small, 836
valves of, 856

cardinal, 926
posterior, 854
superior, 854
system of, 854

centralis retinas, 879
cephalic, 890

accessory, 890
median, 891

cerebellar, inferior, 879
superior, 878

median, 878
cerebral, 877

great, 877
inferior, 877

posterior, 869
internal, 877
middle, 877
pract. consid., 878
superior, 877

cervical, ascending, of vertebral, 860
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Vein or veins, cervical, deep, 859
middle, 884

chorda; Willissi, 870
choroid, 877
ciliary, anterior, 879

posterior, 879
circulation, foetal, 929
circumflex, iliac, deep, 910

superficial, 917
of leg, 9 1

4

classification of, 852
clitoris, 909
colic, middle, 921

right, 921
condyloid, anterior, 874
confluence of the sinuses, 868
coronary, of facial, 865

inferior, of facial, 865
left, 855
right, 856

of corpus callosum, anterior, 878
posterior, 877

cavernosum, 907
striatum, 877

costo-axillary, 896
crico-thyroid, of superior thyroid, 867
cystic, 923
deep dorsal of penis (clitoris), 909

of forearm, 886
of hand, 886

dental, inferior, 883
superior, 883

development of, 926
diploic, 874

anterior, 875
occipital, 875
pract. consid., 875
temporal, anterior, 875

posterior, 875
dorsal, of foot, 910

interosseous, 886
ductus Arantii, 929

arteriosus, 930
Botalli, 930
venosus, 929

emissaries of foramen iacerum medium,
876

emissary, 875
condyloid, anterior, 876

posterior, 876
of foramen ovale, 876

of Vesalius, 876
mastoid, 876
occipital, 876
parietal, 876
pract. consid., 876

epigastric, deep, 909
superficial, 917
superior, of internal mammary, 860

ethmoidal, 879
facial, 864

common, 864
deep. 865
pract. consid., 864
transverse, 882

femoral, deep, 014
pract. consid., 918

foetal circulation, 929
of foot, deep, 910

superficial, 914
foramen Iacerum medium, 876
frontal, of facial, 865
of Galen, 856

Vein or veins, gastric, 923
short, 921

gastro-epiploic, left, 921
right, 921

gluteal, 905
hemiazygos, 895

accessory, 895
hemorrhoidal, inferior, 907

middle, 908
plexus, 908
superior, 922

hepatic, 902
pract. consid., 904

hepatica communis, 900
ilep-colic, 921
iliac, common, 905

pract. consid., 917
external, 909

jiract. consid., 918
internal, 905

pract. consid., 918
ilio-lumbar, 906
inferior cava, pract. consid. qoo

caval system, 898
innominate, 858

development of, 859
pract. consid., 859

intercapitular of hand, 889
intercostal, 896

anterior, of internal mammary, 860
superior, 896

accessory left, 896
intervertebral, 898
jugular, anterior, 884

external, 880
posterior, 884
pract. consid., 881

internal, 861
bulbs of, 861
prac. consid., 863

labial, inferior, of facial, 865
superior, 865

lacunse of dural sinuses, 852
laryngeal, inferior, 861

superior, of superior thyroid, 867
of leg, deep, 911

pract. consid., 918
of limbs, development of, 929
lingual, deep, of facial, 867

of facial, 867
lumbar, 901

ascending, 901
mammary, external, 888

internal, 860
marginal, right, 856
marginalis sinistra, 855
of Marshall, 856
masseteric, of facial, 866
mastoid emissary, 86q
maxillary, internal, 882

internal, anterior, of facial, 865
median, 890

deep, 886
mediastinal, anterior, 861
meduUi-spinal, 898
meningeal, middle, 883
mesenteric, inferior, 922

superior, 921
metacarpal, dorsal, 8S9
nasal, lateral, of facial, 865
oblique, of heart, 695

of left auricle, 856
obturator, 907
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Vein or veins, occipital, 850
ophthalmic, anastuiuuscs of, 880

inferior, 879
pract. coiisid., 880
superior, 879

ovarian, 903
palatine, ascemlin^', of faciai, 866

inferior, of facial, 800
palmar arches, 880

superficial, 8go
palpebral, of facial, 865
pampiniform plexus, 903
pancreatic, 92 i

pancreatico duodenal, 921
parotid, anterior, of facial, 866

jiosterior, 882
parunibilical, 923
perforating, of internal mammary, 860
jX'ricardial, 861
perineal, superlicial, 907
peroneal, 911
pharyngeal, 863

plexus, 864
phrenic, inferior, 901

superior, §61
plantar, 910

external, 910
plexus, alveolar, 882

external, spinal, 897
hemorrhoidal, venous, 908
internal, spinal, 897
pterygoid, 882
sacral, 905
of Santorini, 909
venosus mammilte, 888

popliteal, 911
pract. consid., 918

portal, 919
accessory, 923
collateral circulation of, 923
development of, 928
of liver, 1709
system, 919

pract. consid., 925
pterygoid, plexus, 882
pudendal plexus, 909

'
.

pudic, external, 916
internal, 907

pulmonary, 852
anastomoses of, 853

pvloric, 923
radial, 886

superficial, 891
accessory, 891

renal, 902
pract. consid., 904

of Retzius, 924
sacral, anterior, plexus, 905

lateral, 906
middle, 905

saphenous, accessory, 916
long, 916
short, 915

sciatic, 906
of septum lucidum, 877
sigmoid, 922
sinus, basilar, 874

pract. consid., 874
cavernous, 872

pract. consid., 873
circular, 872
coronary, 854
of dura mater, 867

Vein or veins, sinus, dural, blood-lakes of,

structure of, 851
intercavernous, 872
lateral, 8O7

pract. consid., 869
longitudinal, infericjr, 871

superior, 870
pract. consid., 870

marginal, 872
occipital, 872
petrosal, inferior, 874

su[!erior, 874
spheno-parietal, 874
straight, 872

small, of Galen, 877
intestine, 92 i

spermatic, 903
pract. consid., 904

spheno-palatine, 882
spinal, 897

cord, 898
pract. consid., 898

splenic, 92 i

sterno-mastoid, of superior thyroid,
867

structure of, 677
subclavian, 884

pract. consid., 885
subcostal, 896
sublingual, 867
submental, of facial, 866
superficial of hand, 889
superior caval system, 857
supraorbital, of facial, 865
suprarenal, middle, 903

inferior, 902
suprascapular, 884
Sylvian, deep, 878
temporal, deep, 883

middle, 882
superlicial, 882

temporo-maxillary, 882
testicular, 903
Thebesian, 694
thoracic, acromial, 890

long, 887
thoraco-epigastric, 888
thymic, 861
thyroid, inferior, 860

pract. consid., 861
middle, 867
plexiis, 860
superior, 867

tibial, anterior, 911
posterior, 911

torcular Herophili, 868
tvmpanic, of temporal, 882
ulnar, 886

superficial, 890
umbilical, 54
of upper extremity, 886

pract. consid., 891
ureteric, of renal, 902

of spermatic, 903
uterine, 908

plexus, 908
utero-vaginal plexus, 908
vaginal, 908

plexus, 908
valves of, 850, 851
vena cava inferior, 899

development of, 937
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Vein or veins, vena cava superior, S57
development of, 927
pract. consid., S58

cephalica pollicis, 88y
salvatella, 889
supraumbilicalis, 923
thyreoidea ima, 86i

venae comites, 851
vorticosas, 879

vertebral, 860
vesical, 908
vesico-prostatic plexus, 909
vesico-vaginal plexus, 909
vitelline circulation, 929

Velum interpositum, 11 62
Ventricle or ventricles, fifth, 11 60

fourth, 1096
of heart, 696
lateral, 1 160

anterior horn of, 11 60
body of, 1 161
choroid plexus of, 11 62

inferior (descending) horn of,

1 164
posterior horn of, 1 1 68

(sinus) of larynx, 1822
third, 1 131

Vermiform appendix, 1&64
Vernix caseosa, 66
Vertebra or vertebrae, 114

articular surfaces of, 116
body of, 115
cervical, 116
development of, 128
dimensions of, 122

gradual regional changes of, 122
laminas of, 115
lumbar, 117

mammillary processes of, 118
peculiar, 119
pedicles of, 115
presacral, 128
prominens, 121

spinal foramen of, 115
spinous process of, 115
structure of, 128
thoracic, 115
transverse processes of, 115
variations of, 131

Verumontanum, 1922
Vesalius, foramen of, 188
Vesicle, germinal, 15

umbilical, 42
Vesicles, seminal, 1956
Vessels of clitoris, 2025

of epididymis, 1948
of Fallopian tube, 1998
of gall-bladder, 17 19
of labia, 2023
of larynx, 1826
of lips, 1542
of mammary glands, 2031
of oesophagus, 161

2

of ovary, 1992
of palate, 1572
of pancreas, 1736
of parotid gland, 1583
of penis, 1970
of pharynx, 1606
of prostate gland, 19 78
of roots of lungs, 1839
of scrotum, 1964

Vessels of seminal vesicles, 195S
of spermatic ducts, 1958
of spleen, 1786
of sviblingual gland, 1585
of submaxillary gland, 1585
of suprarenal bodies, 1803
of testis, 1948
of thymus body, 1795
of thyroid body, 1792
of tongue, 1580
of trachea, 1836
of ureter, 1897
of urethra, 1926
of urinary bladder, 1910
of uterus, 2009
of vagina, 2018

Vestibule of mouth, 1538
of nose, 1409
of osseous labyrinth, 1511
of vagina, 2022

Vicq d'Azyr, bundl*" of, 1121
Vidian canal, i8g
Villi of chorion, 49

of intestine, 1635
lacteals of, 1636

Vincula tendinum, 471
Vital manifestations, 6
Vitelline arteries, 32

duct, 32
membrane, 15
sac, 32

Vitello-intestinal duct, 37
Vitellus, I 5

Vitreous body, 1473
pract. consid., 1474

Vocal cords, false, 1820
true, 1S20

Volkmann's canals, of bone, 89
Volvulus, 1687
Vomer, 205
Vulva, 2021

Wharton, duct of, 1584
jelly of, 54

White lines of pelvis, 559
of anal canal, 1673

Winslow, foramen of, 1746
Wirsung, duct of, 1736
Wisdom-tooth, 1546
Wolffian body, 1935

duct, 1935
Womb, 2003
Worm of cerebellum, 1082

Wrist, anterior annular ligament, 607
movements of, 326
pract. consid., 613
surface anatomy of, 3 28

Wrist-joint, landmarks of, 330
pract. consid., 329

Xiphoid process of sternum, 150

Yolk-stalk, 37

Zeiss, glands of, 1444
Zinn, annulus of, 503

zonula of, 1475
Zona pellucida, 15

radiata, 15
Zonula of Zinn, 1475
Zuckerkandl, bodies of, 181

2

Zygomatic process of temporal bone. 178
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AbdoiiKii, 526
aiialoinital relations in examination, 536
landmarks of, 531
!ym|)h-iu)des of, 990
shape anti size of, 527

Abdominal aorta, 796
cavity, 526
diseases, symptoms of, 537
hernia, 1759
incision, 535
refjions, contents of, 527
sympathetic nerves, 1375
tumors, diavjnosis of, 536

exploration for, 537
wall, contusions of, 52.S

intermuscular infection, 529
malformations of, 528
nerves of, 534
posterior, 530
subfascial effusions of, 528
superficial fascia of, 528

lymphatics of, 534
veins of, 533
vessels of. 533
wounds of, 528

Ablepharia, 1446
Abc^s en bouton de chemise, 667
Abscess of abdominal wall, 528, 529

alveolar, 1591
appendiceal, 1684
of arm, 589
axillary, 582, 965
of breast, 2034
of ethmoidal sinuses, 1429
of external ear, 1491
of frontal sinus, 1427
of gall-bladder, 1730
gluteal, 641
iliac, 529, 530
infraclavicular, 5S1

ischio-rectal, 1691

of kidney, 1890
of lachrymal passage, 1480
latero-pharyngeal, 955
of lesser peritoneal sac, 1757
of liver, 1728
of loin, 530
lumbar, 530, 531, 643
of mastoid antrum, 1508
of maxillary sinus, 1428
of mediastinum, 1833
of orbital cavity, 1441
palmar, 616
of pancreas, 1739
parotid, 955
pelvic, 2014, 2015
perinephric, 530, 1890
plantar, 667
of pleural cavity, 1S67
popliteal, 995
prevesical, 1912
of prostate, 1980
psoas, 531, 643
retropharyngeal, 690, 1607
of scalp, 490

Abscess of sphenoidal sinuses, 1428
of spleen, 17S8

subdiaphragmatic, 1757
subi)eritoneal tissue, 529
thyro-hyoid, 1830
of tonsils, 1608
of tympanum, 1505, 150^

Acromio-clavicular articulation, 264
Adenoids, postnasal, 1420
Adventitious burs:e in club-foot, 669
Age as a cause of hernia, 1759
Air embolism, 863

passages, 1821, 1840
foreign bodies in. 1841
obstruction in thorax, 1842

Albinism, 1461
Alveolar abscess, 1590, 1591
Amputation of arm, 589

of foot, 453
of penis, 1975

Anal canal, 1689
nerve supply, 1690

Aneurisms (see names of arteries)

Angina Ludovici, 553, 1593
Angulus Ludovici, 168, 727
Ankle and foot, fascia of, 666

skin of, 666
joint, disease of, 451

dislocations of, 450
excision of, 451
landmarks of, 453
sprains of, 450

teno-synovitis of, 667
Ankyloblepharon, 1446
Annular ligaments of wrist, 614
Anophthalmos, 1448
Anorchism, 1950
Anterior crural nerve, 1330

nares, examination of, 1418
synechia of iris, 1476
tibial artery, 842

Antrum of Highmore, 1428
Anuria, 1892
Anus, abnormal opening of, 1689

fissure of, 1690
fistula of, 1691
imperforate, 1689
prolapse of, 1689

Aorta, abdominal, aneurism of, 796
symptoms of, 796

branches of, 806
compression of, 797
ligation of, 797

Aortic aneurisms, symptoms of, 727
arch and thoracic aorta, surface relations

of, 726
stenosis, 7ti

Aphakia, 1473
Aplasia cranii congenita, 235
Appendiceal abscesses, varieties of, 1684
Appendicitis, anatomical causes of, 1681

symptoms of, 1683
incisions for, 1685
results and complications of, 1684

treatment of, 1684

2089
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Appendix vermiformis, 1681

Aqueous humor, 1476
Arches of foot bones, 436

of palm, 7S7
of pelvis, 346

Arcus senilis, 1454
Arm, amputation of, 589

deep fascia of, 5S9
landmarks of, 618
subfascial effusions of, 589
veins of, S93

Arnold's nerve, 1492
Arterio-venous aneurism of elbow, 603
Artery or arteries:

anterior tibial, collateral circulation, S44
ligation of, 843
wounds of, 842

of appendix, 1682
axillary, aneurism of, 769

collateral circulation, 771
digital compression of, 770
ligation of, 770
rupture of, 769
wounds of, 769

brachial, aneurism of, 776
collateral circulation, 777
compression of, 776
ligation of, 776

of Charcot, 12 10

common carotid, aneurism of, 731
collateral circulation, 733
digital compression of, 732
ligation of, 732

iliac, collateral circulation, 808
compression of, 807
ligation of, 807

coronary of lips, 1590
deep epigastric, 533
external carotid, aneurism of, 733

collateral circulation, 734
ligation of, 733

iliac, aneurism ot, 819
collateral circulation, 819
compression of, 819
ligation of, 819

facial, ligation of, 738
femoral, collateral circulation, 825, 826

compression of, 824
ligation of, 824

gluteal, 8r4
inferior thyroid, ligation of, 766
innominate, aneurism of, 729

collateral circulation, 730
ligation of, 729

intercostal, rupture of, 170
internal carotid, aneurism of, 747

collateral circulation, 748
ligation of, 747

iliac, 814
collateral circulation, 810
ligation of, 810

mammary, compression of, 764
ligation of, 764

pudic, 814
lenticulo-striate, 1210
middle meningeal, rupture of, 1208
occipital, ligation of, 744
popliteal, aneurism of, 832

collateral circulation, 833
compression of, 833
ligation of, 833

posterior tibial, ci)Ilateral circulation, 838
compression of, 836

Artery or arteries {continued):
posterior tibial, ligation of, 836
radial, ligation of, 786
sciatic, 814
subclavian, aneurism of, 756

below clavicle, 757
collateral circulation, 758
digital compression of, 756
ligation of first portion, 756

of second portion, 757
of third portion, 757

superficial temporal, ligation of, 745
thyroid, ligation of, 735

ulnar, collateral circulation, 781
ligation of, 780

vertebral, aneurism of, 761
collateral circulation, 761
digital compression of, 761
ligation of, 761

Articulation, acromio-clavicular, 264
sterno-clavicular, 263
temporo-maxillary, 245

Articulations (see special regions)
Ascites, 1758

chylous, 944
Asterion, 241

Asthma, 1842
Auditory canal, direction of, 1491

external, 149

1

anterior wall of, 1491
posterior wall of, 1492
superior wall of, 1492

infection of, 1491
Auricle or auricles:

ha?matomata of, 1491
of heart, dilatation of, 712

hypertrophy of, 712
malformations of, 1490

Axilla, abscess of, 965
fascia of, 5S1

skin of, 582
Axillary artery, 769

fossa, 618
lymph-nodes, 965
vein, 888

Azygos veins, 895

Balanitis, 1973
Barbadoes leg, 995
Barrel-shapecl chest, 167
Bartholin's glands, cysts of, 2027
Beaded ribs, 169
Bellows chest, 167
Biceps, long head, dislocation of, 589

rupture of, 589
Bicipital aponeurosis, 603
Bile-ducts, obstruction of, 1731
Bilocular hydrocele, 1953
Bladder, anomalies of, 1910

effects of distention, 1911
exstrophy of, 1911
female, 1922
hernia of, 191

1

inflammaticMi of, 191

2

retention of urine in, 1912
rupture of, 1913
variations from distention, I912

wounds of, 1913
Blepharospasm, 1 <46
Bones (see names of bones)
Boule de Bichet, 492
Bow-leg, 415
Brachial artery, 776
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IJracIiial pk-xiis, 1292
Hrain, association cviUres of, 121

1

aiulittJiy ceiitrt.' of, 121,^

blc)ckaj;c- ot ciiriilatiuii in, 1210
ceiitrt- for siglit of, 1213
coiuMission of, 240
cortical rejiionsof, 1210
enil)oliis of, 1210
ht.'MU)rrlia};e of, 1209
laiitlinarks of, 1214
Iol)es of, 1215
malformations of, 1207

motor area of, 1 jii

tracts of, 1216
Kolandic fissure of, 1214
sensory patlis of, 1210
sonucstlietic area of, 1211

speech centres of, 121

2

Sylvian fissure of, 1215
Breasts, 2033

atro|)liy of, 2034
carcinoma of, 2035
hypertrophy of, 2034
infection of, 2034
lympiiatics of, 2035
removal of, 2036

Breath-sounds of lunt;s, 1S64
Bregma, 241

Broad ligaments, affections of, 2014
Broca's convolution, 1212

Bronchi, 1842
Bronchiectasis, 1S42
Bronchotoniy, 1842
Bryant's triangle, 362, 364
Bulla ethmoidalis, hypertrophy of, 142'

Bimions, 668
Burns-G ruber space, 552
Burs.-e of foot, 668

gluteal, 367
iiio-psoas, 644
infraserratus, 585
under patellar ligament, 646
popliteal, 646
prepatellar, 646
under semimembranosus, 647
of shoulder, 584
subgluteal, 642
sublingual, 1594
suprapatellar, 646
of thyro-hyoid membrane, 1S29

Bursitis of elbow, 307
subacromial, 279
subdeltoid, 279

Buttocks, fascia of, 641
skin of, 641

Cachexia strumipriva, 1794
Caecum, distention of, 1681

fecal concretions in, 1680
impaction in, 1680

Calculus of gall-bladder, 1731
of kidney, 1890
in ureter, 1899

Canal of Nuck, 2015
Canaliciili, obstruction of, 1479
Cancer of pancreas, 1740

of peritoneum, 1758
of rectum. 1691
of stomach, 1631
of tongue, 1595

pain in, 1595
Cancrum oris. 492
Caput medusae, 534

Caput succedaneum, 489
Caries of spine, 10,53

Carpal joints, 331
Carpus, 319
Cartilages, semilunar, subluxation of, 411
Castration, 1952
Cataract. 1473
Callu-terism. 1933
Cavernous siiuis, 873
Cellulitis of abdominal wall, 528, 529

of loin, 530
Cephalhaimalomata, 489
Cerebellar ataxia, 1214
Cerebellum, lesions of, 1214
Cerebral localizati(jn, 1210

veins, 878
Cerebro-spinal fluid of cranium, 1209
Ceruminous masses, 1491

Cervical lymph-nodes, 959
plexus of nerves, 1292
ribs, 169
sympathetic nerves, 1375
veins, 863

Chancres of penis, 1972
Cheeks, 1594

sucking cushion of, 493
Chest (see also 'I'horaxj, 167

barrel-shaped, 167
bellows, 167

Chiene's lines, 364
Chimney sweeper's cancel. 1965
Choked disc, 147

1

Cholecystectomy, 1732
Cholecystitis, acute, 1730
Cholecystostomy, 1732
Choledochotomy, 1732
Cholelithiasis, 1731
Cholelithotomy, 1732
Chopart's amputation, 453
Chylous ascites, 945

pleural effusions, 945
Circumcision, 1973
Circumflex nerve, 1308
Cirrhosis of liver, 1727
Clavicle, congenital absence of, 259

deformity in fracture of, 579
disease of, 260, 264
dislocation of acromial end of, 263

of sternal end of, 564
epiphysis of, 259

separation of, 259
' excision of, 260
fracture of, 259

recumbency in, 580
function of, 258
landmarks of, 260

Clavipectoral fascia, 580
Claw hand, 616
Cleft palate, 243, 1590, 1592

operations for, 1592
Club-feet, varieties of, 667
Coeliac lymph-nodes, 990
Colectomy, 1688
Colic, intestinal, 1653
Collateral circulation in cirrhosis of liver, 1727

after ligation (see names of arteries)

Colles's fracture, 294
stiffness from, 615

Coloboma, 1446
of iris, congenital, 1461
of lens, 1473

Colon, distention of, 1686
rupture of, 1686
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Colon and sigmoid flexure, 1685
Colostomy, inguinal, 16S8

lumbar, 16S8

Common l)ile-duct, obstruction of, 1731
carotid artery, 731
iliac artery, 807

veins, 917
Compound ganglion, 615
Concussion of brain, 240

of spinal cord, 1052
Congenital cysts of neck, 960

fistuhe of lachrymal apparatus, 1480
hernia, forms of, 1767

inguinal, 1767
hydrocele, forms of, 1953

of neck, 554
hypertrophy of gums, 1590

Conjunctiva, 1447
Constrictions of (esophagus, 1613
Contraction of meatus, 1927
Contusions of abdominal wall, 528

of loin, 530
of lung, 1865
of penis, 1974
of small intestines, 1654
of spinal cord, 1052

Cornea, opacities of. 1453
Coronoid process of ulna, fracture of, 286
Coryza, complications of, 1421
Costo-coracoid membrane, 580
Cowperitis, 1931
Coxa vara, 362
Cranio-cerebral topography, 12 14
Craniotabes, 237
Craniotomy, linear, 235
Cranium, 235

adhesions of dura to, 238
causes of infrequency of fractures of vault

of, 238
diseases of, 237
ecchymosis in fracture of posterior fossa

of, 550
effects of violence on, 240
fractures of base of, 239

causes of frequency of, 239
symptoms of, 240

of middle fossa of, 239
landmarks of, 240
malformations of, 235
in old people, 236
in rickets, 237
signs of cretinism in, 236
thickness of, 236

in idiots, 236
Creases of palm, 621
Cremasteric reflex, 1965
Crossed paralysis of facial nerve, 1255
Cup of palm, 621

Cut-throat wounds, 1829
Cyclopia, 1449
Cyst or cysts:

of Bartholin's glands, 2027
of thyro-hyoid bursa, 1829
of thyro-lingual duct, 1829

Cystic bile-duct, obstruction of, 1731
Cystitis, causes of, 19 14

symptoms of, 1914
Cystocele, 191

1

Decapsulation of kidney, 1891
Deep epigastric artery, 533
Defects in mesentery, 1759
Deformities of pelvis, 345

Dentigerous cyst, 1592
Dermoids (jf face, 494

of orbit and face, 494
of scalp, 491

Diaphragmatic hernia, 1778
Dij^loic veins, S75
Direct inguinal hernia, 1771
Discission of lens, 1473
Diseases of wrist-joint, 330
Dislocation or dislocations :

of ankle-joint, 450
of biceps, 589
of carpal bones, 331
of clavicle, acromial end, 263

sternal end, 264
of elbow, 305
of foot bones, 437, 452
of hips, 374, 375, 376, 377, 378, 379, 380, 381
of inferior maxilla, 246, 494
of knee, 4(^9, 410, 411
of mid-carpal joint, 330
of patella, 418
of peroneus longus, 667
of phalanges, 331
of radius, upper end, 306
of ribs, 16S
of semilunar cartilages, 411
of shoulder, 278, 582, 5S3, 584
of spine, 145
of subastragaloid joint, 451
of thumb, 331, 617
of wrist, 329

Distention of colon, 1686
of gall-bladder, 1729
of lesser peritoneal cavity, 1739, ^757
of stomach, 1630

Double fracture of pelvis, 347
Dugas's sign in shoulder dislocation, 583
Duodenotomy, 1656
Duodenum, ulcers of, 1653
Dupuytren's contraction, 616

fracture, 394

Ead's incision, 536
Ectopia cordis, 168

Ectopic gestation and pregnancy, 1999
Ectopy of testicles, 1950
Ectropion, 1446
Effusions of pleura, 1867
Elbow, bursitis of, 307

joint, acute flexion in fractures into, 307
disease of, 306
dislocations of, 305
effusion in, 307
excision of, 307
landmarks of, 308
strength of, 305

landmarks of, 619
pulled, 293
veins of, 892

Elephantiasis arabum, 995
Embolus of brain, 12 10

of retinal artery, 1469
Emissary veins, 237, 876
Emphysema of scalp, 491
Empyema, 1867

of gall-bladder, 1730
Encephalocele, 235, 1208

Encysted hydrocele of cord, 1953
inguinal hernia, 1768

Enlargement of liver, 1728
Enophthalmos, 1439
Enteritis, catarrhal, 1653
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Enterostomy, 1657
Kntt-rotomy, 1657
I'jilropioii, 1447
l"4)ii;iiillHis, 1446
Epididyino-orc'hitis, 1952

from strain, 1952
Epigastric artery, i)eritoneal folil of, 1766

fossa, 171

lu'rnia, 1776
I'".pii;lottis, diseases of, iSv)
Ki)ii)hora, 1479
lOpiphysfal tiisjinictioii of huiiicriis, 590, 591
Epijiliysis of acromion, 253

of clavicle, 259
of coracoid process, 254
of femur, lower, 365

^reat trochanter, 362
upper, head, 361

lesser trochanter, 363
of fibula, lower, 395

upper, 393
of foot bones, 436
of humerus, lower, 273

upper, 271
of OS calcis, 436
of pelvis, 347
of phalanges of hand, 320
of radius, lower, 295

upper, 293, 294
of tibia, lower, 3S9

upper, 387
of ulna, lower, 286

upper, 285
Epiplocele, 1758
Epispadias, 1928
Epistaxis, 1419
Ethmoidal cells, infection of, 1429

labyrinth, hypertrophy of, 1420
Eustachian tube, 1507

foreisjn bodies in, 1508
Examination of rectum, 1692
Excision (see special part)

•Exophthalmos, 1439
Exstrophy of bladder, 191

1

External carotid artery, 733
genitals, 2027
hernia, anatomical varieties of , 1762

causes of, 1759
component parts of, 1763
frequency of, 1763

iliac artery, 819
veins, 918

jugular vein, 8S1
popliteal nerve, 1353

Extradural hemorrhage, 237, 1208
in children, 1208

Extramedullary hemorrhage of cord, 1055
Extravasation of urine in perineum, 1932
Eyeball, 1453

danger zone of, 1453
malformations of, 1448
movements of, 1439
paralysis of nerves of, 1440
relation to orbital cavity, 1439
size in various animals, 1449

Eyebrows, 1446
Eye-muscles, tenotomy of, 1439

Face, conspicuous scars of, 493
infections of, 492
landmarks of, 494

bony, 246
lipomata of 492

Kace, lyniphatics of, 955
skin of, 492
vascularity of, 492

Facial artery, 738
bones, 242
nerve, 1255, 1510
paralysis, 1255
spasm, 1255
vein, K65

Fascia, clavi-pectoral, 5S0
lata, 642

rupture of, 643
of neck, 550
|)ectoral, 5H0

Fascial compartments of forearm, 604
spaces of neck, 552

Fallopian tubes, 1999
disease of, 2000
pregnancy in, 2000

Fecal C(jncretions in cctcum. t68o
imi)action of caecum, 1680

Felon, varieties of, 617
Femoral artery, 824

hernia, 1773
ring, 1773

boundaries of, 1773
sheath, 1773
vein, 918

Femoro-sacral arch of pelvis, 346
Femur, disease of, 366

epiphysis of greater trochanter of, 362
of head of, 361

separation of, 361

of lesser trochanter of, 363
exostoses of, 366
fascia lata in fractures of, 644
fracture of neck of, 363

signs of, 364
landmarks of, 366
lower epiphysis of, 365

disjunction of. 365
osteotomy for genu valgum, 366

of neck, 367
sarcoma of, 366
shaft, fracture of, 365

of middle, 365, 644
subtrochanteric fractures o), 644
supracondylar, 644
T-fracture of, 366

Fibula, classification of fractures of, 394
fractures of shaft, 393
landmarks of, 396
lower epiphysis of, 395
Pott's fracture of, 394

symptoms of, 394
sarcoma of, 396
upper epiphysis of, 393

Finger, amputation of, 617
infection of, 617

Fissure of anus, 1690
of Rolando, 12 14
of Sylvius, 1 215

Fistula in ano, 1691

recto-vesical, 2021

urinary and fecal, 535
vaginal, 2020

Flat-foot, 453, 668
Flexions of uterus, 2014
Floating kidney, 18S8

Fontanelles, 236
Foot bones, arches of, 436

disease of. 437
dislocation of, 437

THiS VOLUME CONTAINS PAGES 996 TO THE END.



2094 INDEX TO PRACTICAL CONSIDERATIONS.

Foot bones, epiphyses of, 436
fractures of, 436
landmarks of, 437

Foramen of Winslow, as a guide to bile-ducts,

1732
.

Forearm, fascia of, 603
fascial compartments of, 604
fractures of both bones of, deformity in, 605
landmarks of, 620
veins of, 891

Foreign bodies in air-passages, 1841
in rcsophagus, 1613
in pharynx, 1607

Fossa; of peritoneum, 1779
Fracture or fractures:

of base of cranium, 239, 240
of both bones of forearm, 605
of carpus, 319
of clavicle, 259, 579
of cranium in chil ihood, 238
of cricoid cartilage, 1829
-dislocation of spine. 145, 1053
of elbow, acute Hexion in, 307
of femur, 363, 364, 365, 366, 644, 645
of fibula, 393
of foot bones, 436
of humerus, 270, 271, 272, 273, 590, 591
of hyoid bone, 1828

of inferior maxilla, 245
deformity in, 493

of nose, 1408
of orbital walls, 144

1

of patella, 416, 417
of pelvis, 347
of penis, 1974
of posterior fossa of skull, ecchymosis

in, 550
of radius, 294, 295, 604
of ribs, 169
of scapula, 254, 580
of spine 145
of sternum, 168

of superior maxilla, 243
of tibia, 387, 3S8, 389
of trachea, 1840
of ulna, 285, 286
of vault of cranium, 238

Frontal sinuses, 242, 1427
fracture into, 1427
infection of, 1427

Fungus testis, 195 f

Funicular inguinal hernia, 1768
Furring of tongue, 1594

Gall-bladder, anomalies of, 1729
and biliary ducts, operations on, 1732
distention of, 1729

diagnosis from movable kidney,
1729

empyema of, 1730
gangrene of, 1730
rupture of, 1729

-stones, 1731
as a cause of pancreatitis, 1739

Ganglia of sympathetic, cervical, 1375
thoracic, 1375

Ganglion of wrist, 614
Gangrene of gall-bladder, 1730
Gasserian ganglion, excision of, 1248
Gastrectasis, 1631
Gastrectomy, 1633
Gastro-enterostomy, 1633
Gastroplasty, 1633

Gastroptosis, 1632
Gastrostomy, 1633
Gastrotomy, 1633
(ienito-crural nerve, 1330
Genu recurvatum, 415

valgum, 414
osteotomy for, 366

varum, 415
(ilaucoma, 1453, 1477
Glaucomatous cup, 1477
Glioma of retina, 1469
Glottis, aperture of, 1830

cedema of, 1830
spasm of, 1 83

1

tumors of. 1831
Gluteal abscess, 641

artery, 814
bursa;, 367

Goitre, 1794
operations on, 1795

Gout in great toe, 453
Great sciatic nerve, 1352
Greater omentum, 1758
Grynfelt and Lessliaft's triangle, 1777
Gubernaculum testis, 1764
Gum boil, 1590
Gums, diseases of, 1590

Hcematoiiiata of nose, 1418
Hccmato-myelia, 898, 1055

-rhachis, 898, 1055
-salpinx, 2000

Hand, bones of, 319
landmarks of, 320
veins of, 891

Hare-lip, 243. 244. 494, 1589
Head, lymph-nodes of, 955
Heart, apex of, 710

hypertrophy of, 712
operatic^ns on, 713
rupture of, 713
.sounds of. 710
valvular disease of, 711
wound of, 713

Hemianopsia, 1470
bitemporal, 1471
heteronymous, 147

1

homonymous, 1470
Hemiplegia, 121

7

Hemorrhoids, causes of, 1689
Hemorrhage into rcsophagus, 1614

into suprarenal body, 1806
Hepatic abscess from dysentery, 1690
Hepatopexy, 1726
Hepatoptosis, 1726
Hernia, abdominal, 1759

of bladder, 191

1

dia|)hragmatic, 1778
epigastric, 1776
external, age as cause of, 1759

anatomical varieties of, 1762
causes of, 1759
component parts of, 1 763
frequency of, on right side, 1762
sex as a cause of, 1762

femoral, 1773
course of, 1774
coverings of, 1774
diagnosis of, 1774
herniotomy of, 1775
reduction of, 1774
strangulation of, 1775

inguinal, 1763
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Hernia, injjuinal, cunjieiiii.il, 1767
coverinjjs of, 1 765
direct, 1771)

cuverinns of, 1771

stranjiiilation of, 1772
encysted, 176S

epiiijJistric. 1776
funicular, 176S

indirect, 17(16

ciiverinjjs of, 1770
infantile, 1767
interparietal, 1768
niecliaiUMH of, 1769
relation of inguinal fossu; to, 1765
taxis in, 1770

in<;uin()-perineal, 1778
internal, 1779
at linea semilunaris, 1776
lumbar, 1777
ol lun<j, 1866
obturator, 1777
of omentum, 1758
perineal. 1778
pudendal, 1778
rectal, 1778
retroperitoneal, 1779
sciatic, 1778
of stomach, 1632
of testis, 1 95

1

umbilical, acquired, 1776
adult, 1776
congenital, 1775
infantile, 1776

va.q;inal, 177S

ventral. 1776
ventro-intiuinal. 1771

Herpes labialis. 1590
zoster, 13 1 8, 14 17

Hey's amputation, 453
Hip, conjjenital dislocation of, 380

joint, anatomy of dislocations of, 374
anterior luxations of, 377

reduction of, 379
disease of, 380

symptoms of, 3S0
excision of, 382
posterior luxations of, 375'

reduction of, 378, 379
and thigh, fascia of, 643

skin of, 642
Hollow of hand, 621
Hordeolum, 1447
House's incision, 536
Humerus, epiphysis of, lower, 273

separation of, 591
upper, 271

separation of, 590
fractures of anatomical neck, 270

of condyles, 273
of middle shaft, 272
muscular action in, 590
•non-union in, 272
supracondylar, 273

diagnosis from luxation, 591
of surgical neck, 272

middle of, as a landmark, 280
sarcoma of, 272
supracondylar notch or foramen of, 274

Hutchinson's teeth, 1592
Hydatid cysts of liver, 1728
Hydrencephalocele, 235, 1208
Hydrocele, 1953

congenital forms of, 1953

ydroi epii.ilus, 235, 120H, 1209
ydri)|)hth.ilmos, 1477
ydrosal|)iiix, 2<j<Jtj

ydmthor.ix, 1S67

ymen. 2020
yt)id bone, fracture of, 1828
ypertrophy of ethmoidal labyrinth, 1420

of jriims, congenital, 1590
of heart, 712
of prostat**, I98<j

<if thyroid l>ody, 1794
of turbinates, 1419

y|)h;emia, 1476
ypoglossal nerve, 1277
ypo|)i(jn, 1476
\pospadias, varieties of, 1927

Idiot-skulls, 235, 236
ileo-cuical valve, 1681

passage of gas and fluid from rec

tum, 1 681

Ileo-femoral or Bryant's triangle, 362, 364
Ileostomy, 1657
Iliac abscess, 529, 530, 531

furrow, 349
Ilio-hypogastric nerve, 1330

-psoas bursa, 644
Imperforate anus, 16S9
Incision for appendicitis, 1685
Indian operation on nose, 1407
Indirect in:.;uinal hernia, 1766
Infantile hydrocele, 1953

inguinal hernia, 1767
Inferior vena cava, 900

tributaries of, 904
thyroid artery, 766

Infraclavicular efifusions, 581, 582
triangle, deep, 581

superficial, 581

Infraserratus bursa, 585
Inguinal colostomy, 1688

fossa, external, 1766
internal, 1766
of peritoneum, 1765
supravesical, 1765

groove, 533
hernia, 1763
lymph-nodes, 995

Inguino-perineal hernia, 1778

Iiiion, 241

Injuries of lung, 1865
- of pancreas, 1738
of prostate, 1979
of rectum, 1692

of stomach, 1630
Innominate artery, 729

vein, left, 859
Intercostal artery, rupture of, 170

nerves, 13 18

neuralgia, 1318

Internal carotid artery, 747
hernia, 1779
iliac artery, 810

veins, 918
jugular vein, 863
mammary arter>', 764
popliteal nerve, 1353
pudic artery, 814

Interparietal inguinal hernia, 1768

Interphalangeal joints, dislocations of, 331

Intestinal catarrh, 1653

colic, 1653
obstruction, causes of, 1655
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Intestinal obstruction from gall-stone, 1731

dounds, spontaneous closure of, 1653

Intestine, large, 1680
displacements of, 16S6

distinguished from small, 1688

fecal impaction of, 1687

operations on, 1688

relations to disease, 1687

structure of. 1687

wounds of, i688

small, contusion and rupture of, 1654
iuteciion of. 1654
location of parts of, 1657
mucous and submucous coats of, 1653
muscular coat of, 1653
obstruction of, 1655
operations on, 1656
peritoneal coat of, 1652
position of, 1656
typlioid ulcers of, 1654

syphilitic ulcer of, 1654
Intra-aponeurotic space of neck, 552
Intracerebral hemorrhage, 1210

Intramedullary hemorrhage of cord, 1055
Intussusception, 1681

Intubation of larynx, 1831

Invagination of intestine, 1681

Inversion of testicle, 1951

Iridectomy in glaucoma, 1477
Iris, color of, 1461

congenital coloboma of, 1461

function of, 1461

Iritis. 1461
Ischio-rectal abscess, 1691

-sacral arch of pelvis, 346

Jaws (see Maxilla)

Jejunostomy. 1657

Joints (see also special regions)

:

of carpus, metacarpus, and phalanges,

330
elbow, 305
inferior radio-ulnar, dislocation of, 308
sacro-coccygeal, 350

iliac, disease of, 350
lumbar, 350

of tarsus, metatarsus, and phalanges, 451
Jugulo-digastric lymph-node, 960

Keeled chest, 167
Kerataconus, 1454
Keratectasia, 1454
Kidney, abscess of, 1890

anomalies of, 1S87

calculus of, 1890
decapsulation of, 1891

disease of, 1890
floating, 1888

movable, 188S
anatomical causes of, 1888
degrees of, 1888

diagnosis from enlarged gall-bladder,

1730
frequency in females, 1888

on right side, 1888
symptoms of, 1889

operations on, 1893
rupture of, 1891
tumors of, signs of, 1893
wounds of, 1892

Knee, excision of, 415
loose bodies in, 414
skin of, 645

Knee-joint, disease of, 412
dislocations of, 409

backward, 410
forward, 410
lateral, 410

landmarks of, 416
Knock knee, 414
Knuckles as landmarks, 622
Kocher's reduction of shoulder luxation, 584

operation on nose, 1418
Kyphosis, 143

Laceration of brain, 240
Lachrymal apparatus, 1479

congenital fuitulae of, 1480
duct, line of, 14S0
gland, diseases of, 1479

Lagophthalmos, 1446
Lambda, 241
Landmarks of abdominal wall, 531

of ankle-joint, 453
of arm, 618
of brain, 1214
of clavicle, 255, 260
of cranium, 240
of elbow, 308, 619
of face, 246, 494
of femur, 366
of fibula, 396
of foot bones, 437
of forearm, 620
of hand, 320
of knee-joint, 416
of neck, 554
of pelvis, 349
of perineum, 1918
of radius, 296
of shoulder, 2S0, 618
of spine, 146
of thorax, 170, 1868
of tibia, 390
of ulna, 2S7
of upper extremity, 618
of wrist and hand, 621

Laryngeal paralysis, 1831
Laryngotomy, 1S32
Larynx, affections of, 1828

excision of, 1832
fractures of, 1S28, 1829
intubation of, 1831

oedema of, 1830
perichondritis of, 1830
tumors of, 1831

Lateral perineal lithotomy, 1919
sinus, 242, 869
ventricles, tapping of, 1209

Leg, fascial compartments of, 665
skin of. 665
veins of. 918

Lens, capsule of, 1473
discission of, 1473
malformations of, 1473
tuaumatic luxations of, 1473
variations according to age, 1473

I.enticonus, 1473
Lenticulo-striate artery, 1210
Lepto-meningitis, 1209
Lesser peritoneal cavity, effusions in, 1739,

'757
Leucoplakia, 1595
Ligaments, broacl, of uterus, 2015

round, of uterus. 2015
suspensory, of Cooper, 580
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Linea all)a, 531
semilunaris, 532

as a site of hernia, 1776
transversa, 532

Lingual artery, 736
li}iation of, 736

Lips, coronary arteries oi, 1590
diseases of, 1590
vascularity of, i5<>)

Lisfranc's amputation, 453
Lithotomy, lateral, 1919

median. 1921

perineal, 1915
suprapuliic, 192

1

Liver abscess from dysentery, 1690

and hydatid cysts, 1728

anomalies anil sh ipe of, 1726

cancer of, 1729
cirrhosis of, 1727

collateral circulation of, 1727

enlarjjement of, 172.S

injuries of, 1727
movable, 1726

operation for," 1726
operations on, 172S

rupture of, 1727
Localization of lesions of spinal cord, 1053

Location of parts of small intei-tines, 1657

Loin, abscess of, 530
contusions of, 530
wounds of, 530

Longitudinal sinus, 242, 870

Loose bodies in knee, 414
Lordosis, 144
Lower extremity, lymph-nodes of, 994

lymphatics of, 995
veins of, 917

Ludwig's angle, 168, 727
angina, 553, 1593

Lumbar abscess, 531
colostomy, 1688

hernia, 1776
lymph-nodes, 991
plexus, 1330
puncture, 1209

Lung, breath sounds of, 1864

general emphysema from wounds of, 1S65

1866
injuries of, 1865
penetrating woundj; of, 1S66

percussion sounds of, 1S65

and pleurre, 1864

tuberculosis of. 1867

voice-sounds of, 1865

Luxation of lens, 1473
Lymph-nodes of abdomen and pelvis, 990

of axilla and upper extremity, 965

of head, 955
inguinal. 995
jugulo-digastric, 960
of lower extremity, 994
of neck, 959
oesophago-pericardiac, 971
parotid, 955
popliteal, 994
posterior auricular or mastoid, 955
retropharyngeal, 960
submaxillary, 956
submental, 955
suboccipital, 955
of thorax and mediastinum, 971

of tonsil, 1608

Lymphangioma cavernosum, 1594

Lymi)hangilis of jienis, 1074

Lymphatics of abdominal wall, 533
of l)reast, 2035
of face, 955
of l(jwer extremity, 995
of vulva, 2027

Lymphc^d tissue of appendix, 1683

Macroglossia, 1594
Macewen's osteotomy, 366, 415
Main en griffe, 616

Malar bones, fracture of, 243
Mammary glands, 2033
Mastitis, 2(^34

Mastodynia, 1318

Mastoid antrum, 1508
abscess of, 1508
dijiloetic cells of, 1508

lymph-nodes, 955
process and cells, 1508

pneumatic cells of, 1508

Mastoiditis, extension of, 1508

Maxilla, interior, 244
deformity in fractures of, 493
diseases of, 245
dislocation of, 246, 494
fractures of, 245

superior, 243
diseases of, 243
excision of, 244
fractures of, 243
tumors of, 244

Maxillary sinus, abscess of, 243
infection of, 1428

tumor of, 243, 1428

McBurney's incision, 536, 1685

point, 1683
Meatotomv, 1973
Meckel's ganglion, removal of, 1248

Median basilic vein, 892

nerve, 1301

perineal lithotomy, 1921

Mediastinal abscess, 1833
crsophagotomy, 1614

Mediastinum, abscess of, 971
emphysema of, 1833
hemorrhage into, 1833

lymph-nodes of, 971

symptoms of compression in, 1S33

tumors of, 1S33

wounds of, 1833
Megalopenis, 1972
Meningeal vessels, rupture of. 237

Meninges of brain, diseases of, 1208

^Ieningitis, 1209

Meningocele, 235
of brain, 1208

of cranium, 1208

in nose, 1407

of spine, 1051

Meningo-myelocele, 1051

Mesenteric cysts, 990
lymph-nodes, 990

Mesenterv of appendix. 1682

its relation to hemise, 1759

Metacarpo-phalangeal joints, dislocations 01,

331
Metacarpus, 319

fractures of, 319
Metatarsalgia, 452
Metatarso-phalangeal joints, dislocationsot, 452

Microcephalus, 235
Micropenis, 1972

132
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Microphlhalmos, 1449
Mid-carpal joint, 330

diseases of, 331
Middle ear, 1504

meningeal artery, rupture of, 1208
Mid-tarsal joint, 452
Mitral insufficiency, 711

stenosis, 71

1

Monoplegia, 1217
Monorchism, 1950
Morris's line, 364

point, 1S99
Mouth, 1589

and palate, roof of. 1592
structures in floor of, 1593

Movable kidney, 1888
diagnosis from enlarged gall-])ladder,

1729, 1730
liver, 1726
pancreas. 1738
spleen, 17S8

Multiple eyes, 1449
spleens, 1787

Muscae volitantes, 1474
Musculo-spiral nerve, 13 14

Nares, anterior, examination of, 1418
posterior, examination of, 14 19

Nasal bones, 242
fracture of, 242

cavities, in respiration, phonation, and
olfaction, 141

7

sexual relationship of, 1418
fossae, 1418

obstructions of, 1420
septum, deflection of, 1418
vestibule, 141S

Naso-pharyngeal growths, 1420
Neck, congenital cysts of, 960

hydrocele of, 554
cut-throat wounds of, 1829
fasciae of, 550
fascial spaces of, 552
landmarks of, 554
long, 143
short, 143, 261

skin of, 550
triangles of, 554
tumors of, 553

Nelaton's line, 364
Nephrectomy, 1894
Nerve or nerves:

of abdominal wall, 533
anterior crural, 1330
of anus, 1690
brachial plexus of, 1294
cervical plexus of, 1292

sympathetic, 1375
circumflex, paralysis of, 130S
dental, in fracture of lower jaw, 245
facial, 1255

crossed paralysis of, 1255
in relation to ear, 1504

to middle ear and antrum, 1510
fourth cranial, paralysis of, 1440
genito-crural, 1330
great sciatic in hip dislocations, 1352

paralysis of, 1353
stretching of, 1353

hypoglossal, 1277
ilio-hypogastric, 1330
internal popliteal, paralysis of, 1353
lingua! in floor of mouth, 1593

Nerve or nerves {continued)-
median, paralysis of, 1301
musculo-spiral, paralysis of, 1314
obturator, 1330
oculomotor, |)aralysis of, 1440
ophthalmic divisions of fifth cranial, paral-

ysis of, 1440
optic, 1470

injuries of, 147

1

peroneal or external popliteal, 1353
paralysis of, 1353

phrenic, paralysis of, 1292
pneumogastric, 1272
recurrent laryngeal, 1273
relations of peritoneum, 1755
sciatic, in dislocations of hip, 378
sixth cranial, paralysis of, 1440
spinal accessory, 1275

origin of, 146
sympathetic, cervical, excision of, 1375

paralysis of, 1440
thoracic and abdonnnal, 1375

thoracic, 1318
posterior, paralysis of, 1296
trigeminal, 1248

operations on, 1248
ulnar, paralysis of, 1306

Neuralgia, trigeminal, 1248
Nipple, 2033

infection of, 2034
as a landmark, 171

Nose, accessory air-spaces of, 1426
inflammation of, 1426
trauma of, 1426

diseases of, 1408
fcetal type of, 1407
fractures of, 1408
haematomata of, 1419
hemorrhage of, 14 19
Kocher's operation on, 1418
malfonnations and types of, 1407
meningocele in, 1407
nerve disturbances in, 1408
plastic operations on, 1407
Rouge's operation on, 1418
vascularity of, 14 19

Oblique inguinal hernia, 1766
Obstruction of bile-ducts, 1731

of large intestine, 16S7

of small intestines, varieties of, 1655
Obturator hernia, 177

nerve, 1330
Occipital artery, 744
Occipito-frontalis muscle, 490
Occlusion of common bile-duct, 1731
Odontomata, 1592
CEdema of glottis, 1830
Qisophago-pericardiac lymph-nodes, 971
CEsophagotomy, cervical, 1613

mediastinal, 1614
Oesophagus, carcinoma of, 1614

constrictions of, 1613
diverticula of, 1614
extrinsic disease of, 1614
foreign bodies in, 1613
hemorrh ige into, 16 14
instrumentation of, 1615
malformations of, 1613
strictures of, 1614

Olecranon, fracture of, 285
Omentum, greater, as an aid in healing, 1758

in hernia. 1758
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Ophthalmic veins, 8.V)

Ophthalmitis, sympathetic, 1475
Optic nerve, 1470

neuritis, 1471
'

Orl)it, empliysema of, 1409
Orbital cavity, 143S

abscess of, 1441
dermoid cysts of, 1446
fractures into, 1441
injuries of, 1441
tumors of, 1 44

1

Orchitis, 1951
Os calcis, epij^hysis t)f, 436
Ossification of penis, 1974
Osteomal.icia involvinj; i)elvis, 348
Osteotomy for j^enu valgum, 366
Otitis media, complications of, 1505

infection of brain from, 1509
Ovar\-, 1995

pellicle of, 1996
prolapse of, 1995

Pachymeninjjitis, 1208
Palmar abscess, 613, 616

arches, wounds of, 787
creases, 621

Palpation of ureter, 1899
Panaritium, 617
Pancreas, abnormalities of, 1738

abscess of, 1740
cancer of, 1 740
injuries of, 1738
movable, 1738
operations on, 1740

Pancreatitis, 1739
acute, symptoms of, 1739
chronic, 1739
suppurative, 1739

Papillitis of optic nerve, 1471
Paracentesis pericardii, 718

of thorax, 170, 1S67
tympani, 1506

Paralysis (see names of nerves)
Paraphimosis, 1973
Paraplegia, 1217
Parietal peritoneum, 1758
Parieto-occipital fissure, 1215
Paronychia, 617
Parotid abscess, 955

lymph-nodes, 955
Patella, congenital absence of, 416

dislocation of, 418
fracture of. 416

non-union in, 417
operation for, 418

Pectoral fascia, 5S0
Pedicle of ovary, 1996
Pelvic cavity, 527

cellulitis, 1691, 2014
deformities, 345
joints, 350
peritonitis, 1757
portion of rectum, 1689

Pelvis, arches of, 346
deformities of. 345
in disease, 348
of female, compartments of, 2012
fractures of, 347
landmarks of, 349
lymph-nodes of, 990
malformations of, 345
separation of epiphysis of, 347
tumors of, 348

Pelvis, weak points of, 346
as a weight carrier, 346

Pendulous abdomen, 527
Penis, amputation of, 1975

anomalies of, 1972
chancres of, 1972
chronic induration of, 1974
fascia of, 1974
injuries of, 1974
lymphangitis of, 1974
prepuce of, 1973

Percussion sounds of lung, 1865
Pericardial ctTusiuns, 718
Pericarditis, 717

l)liysical signs of, 717
symptoms of, 717

Pericardium, incision of, 718
layers f)f, 716

Perichondritis of larynx, 1830
Pericranium, 489
Perineal hernia, 1778

lithotomy, 1915
portion of rectum, 1689
prostatectomy, 19S3

triangles, 1916
Perineum, fascia of, 1916

fascial spaces of, 1916
landmarks of, 1918
of male, 191

5

structure of, 1918
Perinephric abscess, 1890
Peritoneal absorption, 1755

cavity as a whole, 1758
fosscc, 1779

inguinal, 1765
Peritoneum, 1754

cancer of, 1758
eflfusions in lesser sac, 1757
internal inguinal fossce, 1765
nerve relations of, 1755
parietal, 1758
resistance to infection, 1755

Peritonism, 1756
Peritonitis, chronic, 1756

deformans, 990
pelvic, 1757
puerperal. 1757
routes of infection, 1754
of small intestine, 1652
subdiaphragmatic, 1757
tubercular, 1756

Peroneal nerve, 1353
Peroneus longus tendon, dislocation of, 667
Pes cavus, 667
Petit's triangle, 530, 1777
Petrosal sinus, 874
Phalanges of hand, 320

diseases of, 320
epiphyses of, 320
fractures of, 320

Phantom tumor, 533
Pharyngotomy, 1607

infrahyoid, 1829
Pharynx, 1606

foreign bodies in, 1607
relations of lateral walls, 1607

of posterior wall, 1607
Phimosis, 1973
Phlebotomy of external jugtilar vein, 881.

of median basilic vein, 892
Phlegmonous cholecystitis, 1730
Phonation, affected by nose, 141

7

Phrenic nerve, 1292
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Phtliisical ihorax, 143
Piebald iris, 1461

Pigeon breast, 167, 1608

Pinguecula, 1447
Plantar abscess, 667

fascia, 667
Pleural effusion, 1867
Pleurisy, 1866

Pneumatocele of scalp, 491
Pneiimocele, 1S66

Pneumogastric nerve, 1272
Pneumonia, 1S67

Pomum Adami, 556
Popliteal abscess, 995

artery. 832
bursa;, 646
fascia, 646
lymph-nodes, 994
vein, 918

Portal veins, 925
anastomoses of, 926
obstruction of, 925, 1727

collateral circulation in. 1727
Posterior auricular lymph-nodes, 955

nares. examination of, 1419
cesophagotomy, 1614
thoracic nerve, 1296
tibial artery, 836

Postnasal adenoids, 1420
Posthitis, 1973
Pott's disease, 1053

referred pain in, 1318
fracture, 394

Prepatellar bursa, 646
Pretrachial fascia, 551
Prevertebral fascia, 550
Prevesical inflammation, 1912
Processus vaginalis peritonei, 1764
Procidentia recti, 1689
Progressive muscular atrophy of hand, 616
Prolapse of ovary, 1995

of uterus. 2013
Prolapsus ani, 1689
Prostate, 1979

abscess of, 19B0
hypertrophy of, 1980
injuries of, 1979

Prostatectomy, perineal, 1983
suprapubic, I9~^2

Prostatic hypertrophy, causes of, 1980
effect of, 1980
symptoms of, 19S1

Prostatitis, 1980
Prostatotomy, 19S2

Psoas abscess, 531, 643
Pterion, 241

Pterygium, 1447
Ptosis, 1446
Pubic symphysis, 351
Pudendal hernia, 1778
Puerperal peritonitis, 1757
Pulled elbow, 29^,

Pulmonary capacity, 16S

insufTiciency and stenosis, 712
Pus sinuses over sacrum and coccyx, 349
Pylorectomy, 1633
Pyloric ulcers, 1631
Pyloroplasty, 1633
Pyosalpinx, 2000

Radial artery, 786
Radio-carpal joint, 329
Radius, epiphysis of, lower, 295

Radius, epiphysis, upper, 293, 294
fractures of. deformity in. 604

of head, 294
of lower end, 294
of neck, 294
of shaft, 294

landmarks of, 296
Rales, 1865
Ranuke. 1594
Rectal hernia, 1778

palpation of ureter, 1900
triangle, 1916

Recto-vaginal fistul:e, 2021
-vesical fistula, 2021

Rectum and anus. 1689
ulceration of, 1690

cancer of, 1691
examination of by bougies, 1693

by the finger, 1692
by inspection, 1693
by whole hand, 1693

lyrnph infection from, 1690
operations on, 1692
relations of, 1692
vascular infection from, 1690

Recurrent laryngeal nerve, 1273
Renal calculus, 1890
Respiration, affected by nose, 1417
Retention of urine, 191

2

Retina, 146S
detachment of, 1469
tumors of, 1469

Retinitis, 1469
Retro-calcaneal bursa, 668

-peritoneal hernia, 1779
-pharyngeal abscess, 960, 1607

lymph-nodes, 960
-visceral space of neck, 552

Rhinoscopv, 1419
Ribs 169

beaded, 169
cervical, 169
diseases of, 170
dislocations of, 168
fractures of, 169
as landmarks, 170
wounds of liver from fracture of, 1727

Rickets of pelvis, 348
of skull, 237

Rickety rosary, 169
Rider's bones, 366
Rima glottidis, 1830
Rosenmiiller's fossa, 1507
Rouge's operation on nose, 1418
Rupture of biceps, 5S9

of bladder, 1913
of fascia lata, 644
of gall-bladder, 1729
of heart, 713
of kidney, 1S91

of liver, 1727
of spleen, 1789

Sacral plexus, 1352
Sacro coccygeal joint, 350

-lumbar joint, 350
Sarcoma of humerus, 272
Sarcomata of femur, 366
Scalp, emphysema of, 491

layers of, 489
pneumatocele of, 491
skin of, 490
subaponeurotic effusions of, 490
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Sc.ilp, siib.'iiioni'urotic infectiun of, 490
l.iyiT of, 4<^j

suiHTriiiiil fiistia of, 490
Uinporal region of, 491
vasciiliir area of, 490
wt'iis ill, 491

Scapula, (listascs of, 255
excision of, 254
fraciurfs of, 254
latulniarks of, 255
malfonnations of, 253
muscular action in fracture of, 580

Sciatic artery, S14

hernia, 177S

Scleral rupture, 1453
Scoliosis, 144
Scrobiculus cordis, 171, 52S

Scrotimi, affections of, 1965
layers of, 19A4

Semilunar cartilaj;es, subluxation of, 411
Seminal vesicles, 1959

vesiculitis, i960

Septum crurale, 1773
Sex as a cause of hernia, 1762

Shoulder, burs:e of, 584
disease of, 279
dislocation of, 278, 582

circumflex nerve in, 583
recurrent, 584
reduction of, 583

Kocher's, 584
symptoms in. 582
varieties of, 582

-joint, free motion of, 278
suppuration of, 280

landmarks of, 280, 618
Sigmoid flexure, 1685

sinus, 869
infection of, 1509

Sinus or sinuses:

cavernous, 873
arterio-venous aneurism of, 873, 874
thrombosis of, 873

frontal, 242
lateral. 869

infection from middle-ear disease, 869
line of, 242

longitudinal, 870
line of, 242
thrombosis of. 870

over sacrum and coccyx, 349
sigmoid, 869

infection of, 1509
line of, 870
thrombosis of, 869

sphenoidal, 242
spheno- parietal, petrosal, and parietal, 874

Sinusitis of nose, 1426
Skull (see Cranium)
Smell, loss of, 1408
Snuf?-box, 622, 787
Spermatic cord, 1961

encysted hydrocele of, 1953
Sphenoidal sinuses. 242

of nose, infection of, 142S
Spheno-parietal sinus, 874
Spina bifida, 1051
Spinal accessory nerve, 1275

cord, cocainization of, 148
concussion of, 1052
contusion of, 10^2
extramedullary hemorrhage of, 1055
intramedullary hemorrhage of, 1055

Spinal cord, localization of lesions in. 1053
malformations of, |(j5i

reflex centres in, 1055
trophic centres in, 1054

furrow, 533
nerves, origin of, 145, 146
veins, 89S

Spine, caries of, 1053
curves of, 143
fracture-ilislocation of. 1053
fractures and dislocations of. 145
injuries of, 143
kyphosis of, 143

forcible straightening of, 143
landmarks of, 146
lordosis of, 144
scoliosis of, 144

deformity in, 144
torsion in, 144

sprains of, 144
Spinous processes as landmarks, 14S
Spleen, aljscess of, 1788

anomalies of, 1787
enlargements of, 1788
movable, 1788
operations on, 1789
relations of, 1787
rupture of, 1789
wounds of, 1788

Splenectomy, 1789
Spontaneous subluxation of wrist, 330
Sprains of ankle-joint, 450

of spine, 144
Squint, 1440
Staphyloma of cornea, 1454

of sclera, 1453
varieties of, 1453

Staphylorrhaphy, 1593
Stenosis of trachea, 1840
Sterno-clavicular articulation, 263
Sternum, 168

fractures of, 168

Stomach bed, 1630, 1631
cancer of, 163

1

dilatation of, 1631
displacement of, 1632
distention of, 1630
eructation and vomiting, 1630
hernia of, 1632
injuries of, 1630
malformations of, 1629
operations on, 1632
position of, 1629
ulcers of, 1631

Stone in kidney, 1890
Strabismus, 1440
Striai gravidarum, 531
Stricture of large intestine, 1687

of urethra, 1931, 1932
Stye, 1447
Subacromial bursitis, 279
Subastragaloid dislocations, 451
Subclavian artery, 756

vein, 885
Subconjunctival ecchymosis, 1447
Subcutaneous space of neck, 552
Subcuticular felon, 617
Sul)deltoid bursitis, 279
Subdiaphragmatic peritonitis, 1757
Subdural hemorrhage, 1208

Subglottic cedema, 1830
Subgluteal bursa;, 642

triangle, 642
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Subligamentous bursa of knee, 646
Subliiiiiual bursa, 1594
Submaxillary lymph-nodes, 956
Submental lyiiii^li-nodes, 955
Suboccipital lymph-nodes, 955
Subperitoneal tissue, infection of, 529

laxity of, 529
Superior thyroid artery, 735

vena cava, 858
Supernumerary spleens, 1787
Suppurative ciiolecystitis, 1730
Suprameatal spine, 1508

triangle, 242, 1510
Suprapatellar bursa, 646
Suprapubic lithotomy, 192

1

prostatectomy, 19S2
Suprarenal body, hemorrhage into, 1806

tumor of, 1806
Surgical relations of cervical fascia, 550
Suspensory ligaments of Cooper, 580
Syme's amputation, 453
Symphysiotomy, 351
Symphysis pubis, 351
Synechite, posterior, 1461

Syphilitic disease of knee, 414
Syphilis of skull, 237

of teeth, 1591
Syringo-myelocele, 105

1

Tabatiere anatomique, 7S7
Tagliacotian operation on nose, 1407
Talipes, varieties of, 667
Tarsal bones (see Foot bones)

joints, 451
disease of, 453

Taxis in inguinal hernia, 1770
Teeth, alveolar abscess from, 1591

misplaced, 244
new growths from, 1592
in syphilis, 1591

Tegmen antri, 1505
Temporal artery, superficial, 745

region of scalp, 491
ridges, 241

Temporo-maxillary articulation, 245
Tendon sheaths of wrist and hand, 614, 615
Tenonitis, 1439
Tenon's capsule, 1439
Tenotomy of eye muscles, 1439

at knee, 646
Terato-neuroma of retina, 1469
Testicles, 1950

descent of, 1764
aberrant, 1950

ectopy of, 1950
inflammation of, 1951
inversion of, 1951
investments of, 1765
retention of, 1950
torsion of, 1951

Testicular pain, 1951
Testis, hernia of, 1951

relation of descent of to hernia, 1764
Thecal felon, 617
Thoracic aorta, 726

duct, obstruction of, 944
wounds of, 944

nerves, 1318
sympathetic, 1375

Thoracotomy, 1867
Thorax in the female, 168

landmarks of, 170, 1868
lymph-nodes of, 971

Thorax, paracentesis of, 170
types of, 143
variations in sexes, 168

in shape of, 167
Thumb, dislocation of, 331, 617
Thyrohyoid abscess, 1830

bursa, 1829
membrane, 1S29

Thyroid body, anomalies of, 1794
hyi)ertrophy of, 1794

or cricoid cartilage, fracture of, 1829
enlargements, oi)erations on, 1794

Thyroiditis, symptoms of, 1794
Thyroids, accessory, 1794
Thyro-lingual cysts and sinuses, 1829
Tibia, disease of, 389

fracture of, 388
landmarks of, 390
sarcoma of, 390
separation of lower epiphysis, 389

of up])er epiphysis, 387
Tibial tubercle, detachment of, 3S8
Tic convulsif, 1255

douloureux, 1248
Tie arch of pelvis, 347
Tongue, 1594

in anaesthesia, 1595
carcinoma of, 1595
in disease, 1594
excision of, 1596
tie, 1594

Tonsil or tonsils

:

abscess of, 1607
hypertrophied, 1608, 1609

relations of, 1608
vascular, 1608

Tonsillitis, 1608
Torsion of testicle, 1951
Torticollis, 554, 1275
Tourneur's point, 1S99
Trachea, affections of, 1840

and bronchi, 1840
in children, 1S41

stenosis of, 1840
Tracheal tugging, 1S40
Tracheotomy, 1841
Transfusion in median basilic vein, 892
Triangle, deep infraclavicular, 581

of Grynfelt and Lesshaft, 1777
ileo-femoral, or Bryant's, 364
of neck, 554
of perineum, 1916
Petit's, 1777
subghiteal, 642
superficial infraclavicular, 58?
suprameatal, 242

Tricuspid insufficiency, 711
stenosis, 712

Trigeminal neuralgia, 1248
Tripodism, 349
Trochanter, greater, epiphysis of, 362

lesser, epiphysis of, 363
Tubage of colon, 1688

Tubal pregnancy, 2000
Tubercular meningitis, 1209

peritonitis, 1756
ulcers of small intestine, 1654

Tuberculosis of lungs, 1867

Tumors of abdomen, diagnosis of, 536
of abdominal viscera, 537
of glottis, 1 83

1

of head of tibia, 666
of kidney, signs of, 893
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Tumors of neck, 553
of pelvis, 348
of suprarenal body, 1S06
of ureter, 1900

Tunica vaijinalis, orijjin of, 1765
Tympanic membrane as a landmark, 1506

([uadrants of, 1505
Tympanum, 1504

aveiuies of infection from, 1505
examination of, 1506
indation of, 1507
relation of basal fractures to, 1505
retention in, 1505

Typhoid ulcers of small intestine, 1654
Typhoidal ilisease of tibia, 390

Ulceration 01 rectum, 1690
Ulcers of duodenum, 1653

of stomach, 1631

Ulna, coronoid process, fractures of, 286
epiphysis of, lower, 286

ui)per, 285
landmarks of, 287
olecranon, fracture of, 285
shaft, fractures of, 286

Ulnar artery, 7S0
furrow, 620
nerve, 1306

Umbilical hstute, 531
hernia, 1776

Umbilicus, surface veins of, 534
Umbo, 1505
Upper extremity, landmarks of, 618

lymph-nodes of, 965
veins of, 891

Urachus, peritoneal fold of, 1765
Uranoplasty, 1592
Ureter, anomalies of, 189S

in female pelvis, 2015
injuries of, 1900
operations on, 1901
palpation of, 1899
tumors of, 1900

Ureteral calculus, 1899
Urethra, anomalies of, 1927

constrictions of, 1929
contraction of meatus of, 1927'
curves of, 1928
dilatabihty of, 1929
divisions of, 1928
normal constrictions and dilatations of,

1934
rupture of. 1930
sphincters of, 1929
surgical wall of, 1934

Urethral caruncle, 2027
instrumentation, 1933
stricture, 1931

symptoms of, 1932
Urethritis, anterior, 1930

chronic, 1931
posterior, 1931

Urethro-vaginal fistulae, 2021
Urine, extravasation of, 1932

retention of, 1912
Uro-genital triangle, 1916
Uterine cervix, iiitravaginal, 2020
Uterus, fixation of, 2013

flexions of, 2014
pressure from tumor or pregnancy, 2013
prolapse of, 2013

Vagina, capacity of, 2020

Vagina, malformations of, 2019
Vaginal examination, 2019

fistuku, 2o2o
hernia. 1778
palpati(Mi of ureter, 1899
pnjcess of |)eritoneum, 1764

Vagmismus, 2020
Valvular disease of heart, 711
Varicocele. 1961
Vein or veins:

of arm, 893
axillary, fihlebitis of, 888

wounds of, 888
azygos, 895
ceiebral, 878
common iliac, 917
diploic, 875
of elbow, 892
emiss.iry, 238, 876
external iliac, 918

jugular, 881

facial, communications of, 864
infection of, 865

femoral, 918
of forearm, 891
of hand, 861
hepatic, 904
innominate, left. 859
internal iliac, 918

jugular, phlebitis of, 863
wounds of, 863

of leg. varices of, 918
of lower extremity, 917
of neck, effect of respiration on, 863
o|)hthaimic, 8S0
popliteal, 918
portal, system of, 925
renal, 904
spermatic, 904
spinal, 89S
subclavian, 885

. of upper extremity, 891
about umbilicus, 533
of vulva, 2027

Vena cava, inferior, 900
tributaries of, 904

superior, 858
Ventral hernia, 1776
Ventricles, lateral, tapping of, 1209

of heart, left, hypertrophy of, 712
right, hypertrophy of, 712

Ventro-inguinal hernia. 1771
Vertebra prominens, 146
Vertebral artery, 761
Vesical palpation of ureter, 1900
Vesiculitis. 195S, 1959

seminal, i960
tuberculous, 1959

Visceral space of neck, 552
Vitreous body, congenital abnormalities of.

1474
foreign body in, 1474

Volvulus, 1687
Vulva, affections of, 2027

Weir's incision, 536
Wens of scalp, 491
Whitlow. 617
Winged scapula. 255
Wisdom tooth, as a cause of trouble, 244
Wormian bones, 236
Wounds of abdominal wall, 528. 520

of bladder, 1913
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Wounds of heart, 713
of kidney, 1S92
of lar^e intestine, 16S8
of liver, 1727
of loin, 530
of lung, penetrating, 1S66
of mediastinum, 1833
of penis, 1974
of rectum, 1692
of small intestine 1654
of spleen, 17S8
of stomach, 1630

U'rist, annular ligaments of, 614
ganglion of, 614

compound, 61

2

and hand, abscess of, 613

Wrist and hand, anterior tendon sheaths of, 615
fascia of, 613
landmarks of, 621
skin of, 613
stiffness from fracture, 615
posterior tendon sheaths of, 614

infection of. 614
teno-synovitis of, 614

joint, 329
'

diseases of, 330
dislocation of, 329
landmarks of, 330

Wrj'-neck, 554, 1275

Zygoma, 241
Zygomatic process, fracture of, 243
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