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THE NERVOUS SYSTEM.

Fig. 834.

The nervous system—the comple.\ ajjparatus by which the orj^aiiisin is brought
into relation with its surroundin^^s and In' wliich its various jxirts 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 nervous system, includes a

nucleated protoplasmic accumulation, the ecll-body, and the processes. The former,

usually spoken of as the nerve-cell, presides o\er the nutrition of the neurone and is

the seat of the subtle changes gi\ing rise to nervous 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 7ierve-fibres, and these, associated in bundles, constitute

the nerve-tricnks that pass to the muscles and \-arious 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 netirone,

(A) takes up the stimulus received upon the

integument or other sensor^' surface and, by means
of its process (ner\-e-fibre), conveys such impulse

from the peripher}- towards the central aggregations

of nerve-cells that commonly lie in the vicinity of the

body-axis. Functionally, such a path constitutes a

centripetal or afferent Jibre (a). The impressions

thus carried are transferred to the second element,

the motor neurojie {B), which in response sends

out the impulse originating within the cell-body

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

fugal 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the foregoing apparatus are, in fact, superceded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

afferent impressions are distributed to nerve-cells

situated not only in the immediate vicinity of the

first neurone, but at different and often distant levels.

Although \ery exceptionally the relation between the neurones may perhaps be

that of actual continuity 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,—contiguity but not continuity being the ordinary' relation.

During the e\'olution of the ner\'OUs system from the simpler type, the cell-

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

peripherv. 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 ^nd a peripheral portion. The former, also

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

the chief axial collections of nerve-cells ; the peripheral portion, on the contrary,

996

Diagram showing fundamental units
of nervous system. A, senson* neurone,
conducting afferent impulses by its pro-
cess (a) from periphery (S); B, motor
neurone sending efferent impulses by its

process (e) to muscle.



THE NERVOUS TISSUES.
"jTi

contains tlie nerve-cells of the sensory ganglia and is principally coniiHjsed of the
nerve-fibres that i)ass to and 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 intle|)endence, stands the sympathetic system, which provides for

the innerxation of the in\-olunlary muscle and glandular tissue thnnighout the body
and the muscle of the heart.

When sectioned, the fresh brain and spinal cord do not present a uniform ajjpear-

ance, but are seen to be made up of a darker and a lighter substance. The former,
the irrav matter, owes its reddish brown color not only to the numerous nerve-cells

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

the a'/z/Vr matter, is due to its chief constituents, the medullated nerve-fibres, in

conjunction with its relatively meagre vascular supply.

THE NERVOUS TISSUES.

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

the case of a typical motor neurone (Fig. 835), are of two kinds : (a) the branched
l)rotopla.smic extensions, the dendrites, which may be multiple and form elaborate
arl:)orescent 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, th&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

' Arborization
of axone

Telodendrioii

Diagram of typical neurone.

Diagram of nerve-cell of type
II, in which axone is not prolonged
as ner\'e-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. ,S37

#
f9.'h:

/

Seniidiagrammatii; 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 dendrites. Acconhng to the cHstriliution

of their a.xones, the neurones are divitietl into two
classes. In those of the first, knf)\vn as a'//s of Ivpf /,

the axone is continued as a ner\e-lil)re and is, therefore,

relati\ely long. Soon after leaving the cell-body such
axones gixe ol? delicate lateral processes, the collatrrah,

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 II, [)ossess short axones
that are not continued as nerve-fibres, but almost

immediately break up into complex end-arborizations

or ncHiopodia (Kolliker), limited to the gray matter.

The j)rocesses of the scjisory neiirofies, as in tht-

case of those constituting the spinal and other ganglia

connected with afferent nerves, are so modified during
development ( Fig. 839) that later both dendrites ancl

axones arise in common from the single robust stalk of

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

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. 83S.

nucleolus. Their cytoplasm

varies in api)earance 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 2iQ;round

stibstance, homogeneous or

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

a variable amount of brown
or blackish pigment 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 fibrillie to the nerve-cell, however, have given rise to warm

^

/
^^

Nerve-cells of luiman spinal cord stained to show Nissl bodies ; /), dendrites ;

A. axones ;
(",

I sp
ipl£antation cone ;

.%', nucleus; A/, n\ickolus. 400.
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discussion. TIk- <)l)sti\ati()ns l)asc-(.l upon the iinj)nned methods (;f sihcr-stainin^

intrt)duc(_-d by Cajal have contributed much towards the sohition of these questions,

and, at present, the most experienced histoloj^jists inchne towards the view that the

librilhi- demonstraljle within the nerve-cell are limited to the body and processes of

that particular neurone antl do not unite with the tibrilUe of other neurones. When
adequaleh- differentiated by successful staining, the hbrillu.- 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 arborizations (Retziusj.

After special staining with methylene blue, or other basic anilines, the chrom-

atophilic granules appear deeply colored and arranged in groups or masses of vary-

ing form and size. Such aggregations, known as A^iss/ bodies, after the German
histologist whose elaborate studies and theories concerning the structure of the nerve-

cell have given prominence to these masses of " stainable substance," are usually

most conspicuous in the vicinity of the nucleus. Collectively, they constitute the

tigroid siihsfa)ur 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
a.xone, 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 axis-cylinder process com-
monlv arising from a slight elevation known as the iinplaiitatioii cone. Exception-

ally, the axone may arise from one of the dendrites, either at its base or at a point

some distance from the cell -body.

Notwitlistaiidin.y,- the elaborate classification of nerve-cells and the theories based upon the

Nissl bodies, their significance is still debatable, although in the light of the more recent studies

!)>• 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.

The intracellular canals described by Holmgren as existing in nerve-cells, in connection

with a reticulum {h-ophospofigiuin) that appears after certain treatment, have been variously

interpreted. By not a few they are regarded as artefacts, or at least dependent upon the intra-

cellular fibrilke for their exhibition. Pewsner-Neufeld, however, believes them to be lymph-
c:lefts within the cytoplasm that directly communicate with lymph-spaces which surround the

nerve-cell and tinis provide a means for the rapid removal of waste products from the neurone.

Fig. S39.

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 cerebro-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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connected with the acoustic nerve. An interestinj; mochtication of l)i])()lar neurones

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

fil)res of the olfactory nerves into the cranial cavity

to end in telodendria within the glomeruli (jf 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 Hask-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 ramitications and claw-like telodendria of their

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

Bipolar neurones ; a, from olfactory
mucous membrane—dendrite is above;
f>, from retina. ^Modifiedfiom CajaL)

Fig. S41.

Multipolar nerve-cells of various forms; .1, from spinal cord ; B. from cerebral cortex; C, from cerebellar cortex
(Purkinje cell) ; ii, axone; r, ini|)lantation 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 the

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 alwa^•s connected
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Axis-cvliiulers

Axolcniina

Medullary sheath

Node of Kaiix let'

Xeutileinma

Medullated iierve-fibres, as seen in longi-
tudinal sections of spinal nerve. X 500.

with iK-iirones. Reconniziiit;, tin ix-loic, that thi- ncr\'c-fibres arc only processt-s ot
lU'Uioiics, their separate descrijition is justified only as a matter of convenience.

The fmulaniental |)art of every nerve-tihre is the central cord, coinnKjnly known
as the axis-cylinder, which is composed of threads of great delicacy, the ax/s-
fibrillce, prolonged from the nerve-cell and embcdtled within a semifluid interfihrillar

substance, the neuroplasm, the entire cord so con-

stitiiteil being enclosed by a delicate structiweless

sheath, the axolcniina. The existence of the

axolcmma as a distinct sheath, lu)vvever, is ciues-

tionable, the appearance of such investment not

improhal)lv being due to a local condensation of

the framework of the medullary coat immediately
around the axis-cylinder.

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

distributed to various parts of the body, the axis-

cylinder is surrounded by a relatively thick coat,

known as the medullaly sheath, outside of which
lies a thin structureless envelope, the neurilemma
or sheath of Schwann, that invests the entire

ner\e-hbre. 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 Yi^lxcuhw framc7cork and a fatty substance, the myelin, that fills the meshes
of the supporting reticulum. The latter, arranged for the most part as anastomosing
membranous lamelhe, 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 individual 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 they thus divide
into a series of internodal 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 sheatli

Medullated nerve-fibres in transverse
section. X 550.

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

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

In atklition to the partial inlerru|jtions at the

nodes, the medullary sheath after treatment with

osmic acid freciuently apjK-ars broken by clear

narrow clefts that e.vtend obliquely from the neuri-

lemma to the a.xolemma and thus subdivide each

internodal segment into a number of smaller

tracts, known as the Schmidt- 1.antcrmann 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 tlisposition at the

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

ments. The significance of this subdivision 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 a.xolemma to the inner

surface of the neurilemma and serve to hokl the

a.xis-cylinder in place and to enclose the myelin.

The studies of Hatai - on the arrangement of the

neurf)keratin 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 mesoblastic elements {sheath-cells) that during the growth of the

nerve-fibre were acti\e in i)roviding its envelope (page iciij.

Fig. 845.

Node of Raiivier

Medullated nerve-fibres after treatment
with osmic acid; A, fibre showing reticu-

lum within medullar)- coat ; li, one showing
same coat divided into segments. ,< 500.

Medullated nerve-fibres becoming nonmedullated on a|>i>roachiiig

their termination. •; 235.

Depending ujjon the presence or absence of the medullary sheath throughout

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

' Archiv f. mikros. Anat. u. Kntuick., Bd. 66, 1905.
• ^Journal of Comparative Neurology, vol. xiii., 1903.
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medullated. The medullated fibres con.siiiutc tlic orcuL iiKijoriiy of those inakiiii;

up the peripheral nerves and the tracts of the cerehro-spinal axis
; the component

fibres of the latter, however, while niedullated are without the neurilennna. The
nonmedullated fibres, on the other hand, are chiefly prolongations (axones) from
the gaui^lion cells of the sympathetic system, althouj^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 Fu;. .S46.

absolute, since every medullated nerve-fibre becomes nonmed-
ullated before reaching its termination, central or ])erij)heral. '

'

,4

Medullary nerve-tibres vary greatly in thickness, tiie smallest hav-

ing a diameter of only .001 mm., whilst the largest may measure as

much as .020 mm. According to their diameter, as determined by
Ivolliker, the medullated libres may be grouped as fine (.002-.004

nun.), medium (.005-.009 nun.), and coarse (.010-.020 mm.), hi

general, the thicker fibres are the longer and are the processes of large

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

small cells. Although subject to many exceptions, the motor fibres

are usually the thicker and the .sensory the smaller.

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

dent that the former must underg5 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 approaching their peripheral termination

tiie branching becomes more frequent and the medullary sheath thinner

until it ends, after which the axis-cylinder continues invested with 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 telodendriun.

The nonmedullated nerve-fibres proper, also tenwed pa/e Jidres ox fibres ofReniak, include
those that are without the myelin sheath throughout their course. They are chiefl\- 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 antl

more delicate than on the medullated fibres. Like the latter, the pale fibres end in telodendria
composed of naked axis-cylinders, bearing irregular varicosities.

^^^
Nonmedullated nerve-

fjbres in longitudinal section
ot splenic nerve. ,: 310.

Fig. S47

Neuroglia.—The neurones (nerve-cells and fibres) within the cerebro-spinal

axis are e\erywhere held together by a special supporting- tissue known as neuro^-lia.

The latter is primarily derived from the invagi-

nated ectoblast lining the neural tube, certain

elements, the spongioblasts, being de\'Oted to the

production of the neuroglia, while others, the

neuroblasts, give rise to the neurones. At first

the supporting tissue is represented by greatlv

elongated, radially disposed fibre-cells that often

extenci 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 partly retained

as the cpendymal cells, and {b') those which have
early migrated to more peripheral locations and
given rise to stellate cells that are converted

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

fibrillee 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 fibrillcc that later form the chief

Vouns neuroglia cells ; astrocytes
of child. X 300.

from brain

'Archivf. mikros. Anat. u. Entwick., Bd. 64, 1904.
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constituents of the neuroglia arise. So long as neuroglia is being produced, as in

the nervous axis of young animals, the large gliogenetic cells are present and directly

concerned in the production of additional fibrilht, their cytoplasm becoming pro-
gressi\ely less granular and reduced through the various transition phases until in

the final condition, as the small ^s^/ia cc/Zs, little more than the nucleus remains.
During these changes very many tibriliie 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 jM-ocesses, lie scattered at uncertain inter\als.

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 fibrilhe, glia-fibrcs, as they are
called, which are usually free but to some extent connected with the spidcr-cclls or
astrocytes. Where, howe\er, the neuroglia borders the neural tube ( the \entricles

of the brain and the central canal of the spinal cord ) as the cpoidywal layer, its

arrangement exhibits peculiarities tliat call for later special mention.

In the immediate vicinity of the neurones the felt-work of the fibrillie is unusually close, so
that the cell-bodies and the roots of the processes are surrounded by a protectinjj sheath, the
glia-capsule. This diminishes alonjj the dendrites, and after these begin to branch tlie neuroglia
no longer forms a complete special investment. The medullated nerve-libres within the brain
and spinal cord are also provided with delicate neuroi^Iiar 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 (Rul)aschkin),

Beneath the i)ia mater the neuroglia is especially

dense and forms the e.xternal subpial layer that every-

where invests the nervous mass, following all the inequali-

ties of its surface. In this manner the pia mater is excluded
and, except where its connective-tissue strands accompany
the blood-vessels that enter the nervous mass, takes no
part in tlie 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. Internally the layer fades

into the adjoining diffuse neuroglia without demarcation.

At the periphery- the fibres often exhiiiit 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 .sejxirate the larger bundles of nerve-fibres.

Its arrangement within the gray matter jiresents less

uniformity, since more or less marked condensations

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

conspicuously seen in the inferior olive.

Where the neuroglia borders the neural tube

(especially the central canal of the sj^inal cord) it

constitutes the ependymal layer, the peculiari-

ties of which call for special mention. The imme-
diate lining of the tube consists of a single layer of

pyramidal epithelial elements, the ependymal cells, whose free siu-faces or bases look

towards the lumen, and the apices towards the surrounding nervous 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 cytoplasin correspond to ordinary cilia. The pointed distal end of

the ependymal cell is prolonged into a conical process that is directly continued

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

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

cord of cat. X 75. (Kubaschkin.)
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lost in the surroundinsf complex of j^lia-hbrcs. In young tissue the apical processes

often exhibit e\ iclences of l)reakinj4 up into a number of tine librilLt. Where the

processes enter robust tracts of nemoglia, as in the posterior longitudinal septum of

the spinal cord, they are of unusual length. In addition to the radially directed

fibres connected with the ependymal cells, the tibre-comi^lex of the ependymal zone
includes many fibrillae that are circularly and longitudinally disposed. Scattened

glia cells, some stellate but mostly small, are also present and represent the elements
from which the neuroglia-fibrilhe ha\'e been derived.

hi tlie preceding account of the elements cunipusiiij; the nervous tissues the neurones have
been regarded as the niorphoiogical units, each retaining its individual anatomical indepen-

dence, although functionally closely related with other similar units. This conception, com-
monly referred to as the Neurone Doctrine and strikingly formulated by VV'akleyer in 1S91,

stands in contrast to the prior views by which actual continuity was attributed t<j 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 established largely through the convincing

embrvological investigations of His and the renewed study of the nerve-cells as demonstrated
by the improved applications of the Golgi silver-impregnations, supplemented by the method
of vital staining by methylene blue introduced by Ehrlich. The Neurone Doctrine has gained

wide acceptance and the support of the most distinguished anatomists, among those who have
materially strengthened its position being Kolliker, Ramon y Cajal, Retzius, Lenhoss^k,
\\'aldeyer, van Gehuchten, 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 Ap;'ithy' published

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

and processes of the neurone are pervaded by fine nearofibrilke, 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 neurofibrilke within the neurones of man. According to these

observers, the neiirofibrillae, 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 neurofibrilke, 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 neurofibrillae 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 criticism made by the newer school, that the supporters of the neurone theory relied

upon methods which inadequately 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 rvithiii 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 Apathy, 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, Bd. xii., 1897.
^ Allgemeine 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 hirger 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 s[)inal cord or brain
; (2) the

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

and (3) the efferent axones of neurones within the sympathetic ganglia that accompany
the spinal fibres to the periphery and serve 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 fvmiculus is surrounded by a

definite sheath of dense connective tissue, the pcrineuriHin, which is directly con-

tinuous with the delicate fibro-clastic tissue prolonged between the individual ner\'e-

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

consists of concentric lamell.e of fibrous tissue which enclose pcrincnrial lymph-spaces.

Fio. 849.

Epineurium

^ Blood-vessels

'H.
'' '.>''.' •

-''
,- ~^^'_iy!/{' y,.

'"""}• '''"'—'"^ Perineurium

.Funiculus of
nerve-fibres

Transverse section of small nerve-trunk composed of loosely united funiculi. V 20.

The latter, lined by 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 se\eral

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

by a general fibro-elastic envelope, the cpmetiriiim, 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 Henle, that surrounds the fibre

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

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

meduUated 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 interval 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.

-0.

(ST'.-

• Perineurium

—
' - .-- .-.-

> 'iJ 'iRy « Endoneurium

>;i:;>:-U:*';^:^^^^

Nerve-fibre

Epineurium

.lg^

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 nonmeduUated fibres appear as small irregularly

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

Fig. 85 1.

Epineurium

'r---

;>\\.

\
):^l

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 nerves and of the neu-

rones of the sympathetic system
are collected at various points into

aggregations known as ganglia.

Familiar examples of the latter are

the spinal ganglia on the posterior

roots of the spinal nerves, certain

cranial ganglia (as the Gasserian

connected with the fifth nerve, 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 2ifibrozis

capsule continuous with that ensheathing the ner\'es. Immediately beneath the

capsule the ganglion-cells are arranged in a fairly continuous layer of varying 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 of

nonmeduUated 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 als<j

Fig. S52.

Posterior root (sensory)

Spinal cord

Spinal ganglion

Posterior
division

'<:wi?^

Fig. 853.

Nerve-fibres, cut transversely

Ner\'e-cell

-K

Anterior (motor) root

\ Common trunk of spinal nerve
Anterior division

Section of spinal 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
nene-fibres and, hence, are seen as chains ex-

tending in diflerent planes. Although by far

the greater number of the ner\e-cells within

the spinal ganglia are id) the cell-bodies of

the sensory neurones, whose processes course
within the spinal nerves, additional nerAous ele-

ments are also present. According to Dogiel

'

among these are ib) cells of type //, which,
while closely resembling the chief neurones in

c^.„ f , ,• u • „ tJie form and appearance of their cell-bodies,
Section of spmal ganglion, showmg nerve-cells ,.„ ^ , '

*^.
.

'

surrounded by nucleated capsules. X diiter irom them in possessing processes that

are confined to the ganglion and end in fine

ramifications over or beneath the capsules of other ganglion-cells. The cell-bodies

of the neurones of type II are in turn surrounded by end-plexuses of probably

' Anatomischer Anzeiger, Bd. xii., 1896.

^ Capsule

• Nerve-fibres
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sympathetic fibres (Dogiel). Finally (f) a few imilliixjlar nerve-cells are usually

fountl within the spinal gan}j;lia that in shape and structure resemble the cell-bodies

of the sympathetic neurones.

The sympathetic s;anolia are represented by those of the threat j^an<;liatefl cords,

certain cranial i;an_>4lia (ciliary, spheno-palatine, otic, and submaxillary), the i^^ani^lia

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

scopic ganglia associated with the muscular tissue of the dii^estive, respiratory and
uro-i^enital tracts, in the heart and in the various ylands.

In their general structure the sym]Xithetic i^an^lia are similar to those connected
with the spinal nerves, forming definite masses enclosed by a fibrous capsule, from
which connective-tissue processes pass into the interior of the ganglion for the support

and separation of the nervous

elements. The individual gangli- Fic;. 85.).

on-cells—unipolar, bipolar or multi-

polar—are ensheathed by nucleated

caj)sules continuous with the neuri-

lemma of the nerve-fibres. The
sympathetic ganglion-cells are \'ari-

ously related to the terminal ramifi-

cations of {a) other sympathetic
neurones and of (i^) the neurones

of the central nervous system (by
way of the white rami fibres or their

equi\-alents). In both cases, the

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

medullated fibre in the other, a

pericellular plexus, 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 plexus

(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 constiuieiits 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 {b) around
sensory cells; rf, sympathetic neurone; AR, PR, anterior and
posterior roots; AD, PD, anterior and posterior primary divi-

sions of spinal nerve; RC, ramus communicans.

Fig. 855.

DEVELOPMENT OF THE NERVOUS TISSUES.

Refereace 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

to the labors of His, whose account, supplemented by the

important contributions of Kolliker, Cajal, Lenhossek,

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 ceils composing its wall undergo active prolife-

ration, whereby the wall, at first composed of only one

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 syncytium (Hardesty^). The
large dividing elements within the latter, the fferminal

cells of His, are conspicuous on account of their mitotic

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

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

1 Journal of Morphology, 1S99.

^Amer. Journal of Anatomy, vol. iii., 1904.

64

ilm

Segment from lateral wall of neural tube
of pig embryo of 5 mm. ; syncytium replacing
distinctly outlined cells, a, inner zone ; jt,

germinal ctlls ; ibn, internal limiting mem-
brane; ?«, peripheral zone ; r, radial strands
of cytoplasm. '6^0. (Hardesty.)
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been sustained (Kolliker, Scha|>er and others) since the primary germinal cells probably only

represent proliferating elements engaged in forming what for a time is an undiiTerentiated tissue.

The cells composing the neural wall are at first in close contact, their blended cytoplasm

(syncytium) forming an almost unbroken sheet. .Soon, liowever, this continuity is interrupted

in consequence of the Iongiludin;il expansion of the tissue and the apjiearance 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 tnonbrane.

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

and the increasing nuclei become radially disposed. Hy reason of these changes the elements

ne.xt the lumen of the tube assume a columnar form and radial arrangement and become the

priinarv cpendymal cells. The remaining elements, appropriately named the indifferent cells

(Schaper ), increase in number in consecjuence of the continued division of the germinal cells and

<^radually become collected as the nuclear layer at some distance beyond 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. His), that is continuous with the

r g Urn delicate reticulum pervading the

otlier 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-

complex 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, conden.sation and moulding

(by the developing ner\e-cells and fibres) that the primary syncytial meshwork undergoes

elm

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

strands (r) of syncytium and differentiation of ependymal (at. nuclear

(b) and marginal (»/) layers; Urn. elm, internal and external limiting

membrane; ir. dividing cell ;/. pia mater. • 690. {Hardesty.)

Fig. S57.

Transverse section of ventro-lateral segment of .

;

• .rd from pig embr>-o of 30 mm., upper part of

figure from chrome-silver preparation, lower part from .n. : i . 1 wuii toluidin blue; f, central canal ; «'/>. ependymal
layer; n. nuclear layer; »i, marginal layer; r, radial fibres; v, ventral plate uniting halves of cord. X 24°-

(Hardesty.)

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

establishes a more definite framework that replaces the priman,- net-work (myelo.spongium), and

eventually, in conjunction with the fibrilK-e derived from the processes of the ependymal cells,
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gives rise to tlie definite supporting tissue, the neuroglia. According to Hardesty, the gUa-fibres
arise within the syncytial tissue independently of the neuroglia cells, a view in direct opjjosition

to the observations of Ruhaschkin, who attriimtes to the descendants of the sjiongiohlasts, the
gliagenetic cells, a jiositive rule in the production of the fibres. Accepting the conclusi(jiis of

the last-named investigator, the successive stages of the cells concerned in the production of

the general neurogliar tissue are represented by the spotii^ioblasts, the f^liof^cnetic cells, the
aslroiyles, and, finally, the glia ct-lls. The primary cpcmtymal lifments are succeeded by the
epithelium which lines the ventricles and the central canal of the spinal cord. Their perijih-

erally directed processes are in large part transformed into glia-fil)res and thus, along with the
processes of the spider cells, contribute to the formation of the neurogliar felt-work. The
accompanying illustration (Fig. 857), taken from Hardesly's paper, afifords an instructive

comparison of the appearance of the young supjwrting tissue after true staining with ai>proved
reagents (Benda) and after silver jirecipitation methods (Golgi) upon which so mucii reliance

has been placed. The silver picture shows the classic long neurogliar fibres e.xtending the

entire thickness, but fails to reveal the wealth of supporting tissue and nuclei. To what
extent the mesoblastic ingrowths that follow the penetrating young blood-vessels into the neural
wall take part in the i>roduction of the distinctive neurogliar framework is admittedly difficult to

determine (Hardesty) ; that such tissue, however, contributes to the support of the nervous
elements is certain.

Histogenesis of the Neurones.—The neuroblasts are distinguishable with certainty from the
spongioblasts as soon as they are provided with nerve-processes. The latter appear cis out-
growths from the pointed and
peripherally 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. 8581. 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

time the only processes with which
the neurones are provided cor-

respond to the axones that be-

come the axis-cylinders of the

efferent (motor) ner\-es. Subse-
quently other processes, the den-
drites, grow^ out in various direc-

tions from the cell-bodies of the

young neurones.

Development of the Peripheral Nerves.—According to the teaching of His, accepted by
most anatomists, the axis-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 nerve-

fibre by the union of a numlaer 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 fibrillar, which
increase in thickness and length and, in turn, at their extremities give rise to new groups of

fibrils. At first the.se proceed as naked bundles, but soon become surrounded with sheath-cells

of mesoblastic origin which thus enclose the early embryonic nerve, that may contain hundreds
of fibrillse. 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 fibrillar and give rise

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

7-0-

Xeurobhists

Efferent axones

Portion of spinal cord of human embryo, showing development of
ventral root-axones as outgrowths from ventral neuroblasts. X 300.

< After His.

)

' Die Entwickfclung des menschlichen Gehirns, 1904.

'Amer. Journal of Anatomy, vol. ii., 1903.
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Fig. 859.

'"*^^:-

DevelopiiijBj iiitcicubtul nerve of pi^
enibr) o of 10 mm. ; lip of nerve is composecl
of fibrils surroundt-d by shcalh-cells. ,-; 360.
(Bardren.)
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continues and llie l)un(Jles of fibrillce l>econie progressively smaller and nujre compact until,
surrounded by rnenil)raiious septa, they correspond to the axis-cylinders of the individual nerve-
fibres, enclosed by tiie mnriUtntiia and its ceils. 'J'lie cudutnurium a|)|)ears comparatively late

atid, like the neurilemma, is a product ot the mesoblast.
Later, condensations of the mesoblast around the definite
bundles of nerve-fibres and about the entire nerve-trunk
provide \hk: pcii/iniriiiin and the cpiticurium respectively.

Durinjj; its course t(^ the periphery the young nerve gives
rise t(j numerous branches, the jjoints of outgrowth being
indicated by a preparatory increase of the peripheral cells

which often form a tubular projection into which the nerve-
ribrilix* grow. The proximal plexuses (such as the
brachial or lumliar) are formed during the outgrowth of

the nerves from the region of the central nervous system
;

the coarser distal plexuses arise during the extension of

the branches to the various parts for which they are
destined ; whilst the finer termiualplexuses 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 ac(|uisilion, since it does not appear until

about the fourth month of hetal life. Within the central nervous system the tracts of nerve-
fibres obtain their medullary coat at difTerent times (some not until after birth), a variation that

is of much service in enabling the anatomist to trace the course of the individual paths of con-
duction.' The origin and method of formation of the medullary substance has been, and in fact

still is, a subject of di.scussion. it is, however, certain that its production is not de|)endent
upon the neurilemma, since the medullated fibres within the

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

that the myelin sometimes appears before the neurilemma
(Kolster, Bardeen). While it is doubtful whether the myelin
is directly formed from the outer part of the axis-cylinder,

as suggested by Kolliker, 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

apjiarently fluid substance that after a time surrounds
the axis-cylinder (Bardeen). Regarding the formation of

y.\\^framework supporting the droplets of myelin, Hardesty'
inclines to the view that certain sheath cells, which api:)ear

during medullation, are probably ciincerned. From the

foregoing account it is evident that the axis-cylinder is

derived from the ectoblast and the neurilemma from the

mesoblast ; the origin of the medullary sheath is still

undetermined, but most probably is mesoblastic.

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. In the case

of the spinal nerves, the develoi:)ment of the ganglia pro-

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

p;atiglion-crest, on the margin of either lii^ of the still open
neural tube (Fig. 860), just where the general ectoblast

pa.sses 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 dorsolateral 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 ajipears on each side of the

neural tube. These collections are the aniages of the

spinal ganglia. Within them certain cells soon become fusiform and, assuming the role of

Tiieuroblasts, send out a process from either end. r)ne process—the axone— grows centrally,

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

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

D A

- f- M

Transverse sections of dorsal rcjrion

of human embryos, sbowinK early differ-

entiation of spinal KanK'io" ; A.li^ neural
tube still open; C", D. tube closed; a,

jfanKlion-ridRfs ; ^. fused ridges; c. out-
growth to form jraiiRlion ; d, ectoblast.
• 230. { l.enhossrk.)

'Amer. Journal of Anatomy, vol. iv.. 1905.
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Fic. S61.

dr^

m'

".•*\:.:

Cross-section of part of dorsal region of human
embr>-o, showing developing spinal ganglion; dz,
vz, mz, dorsal, ventral and marginal zones of
spinal cord; dr, vr, dorsal and ventral root-fibres
of spinal nerve (?;) ; sg, spinal ganglion on dorsal
root. 85.

ordered that the two processes are approximated and finally joined to tlie cell-body by a
common stalk ( Mj;. >S39). the neurone beinjj thus converted into an unipolar ganj;lion-cell.

The centrally directed processes, the later posterior

root-fibres of a spinal nerve, grow into the develop-

ing cord and enter the peripheral zone (later the

white matter) to end, when their development is

completed, at various levels in relation with neu-

rones formed within the neural axis. The peri-

pherally directed jirocesses of the spinal sensory

neurones, on the other hand, mingle with the

axones from the motor neurt)nes to form the mixed
nerves distributed to the various parts of the body.

The essential parts of the sensory neurones, the

cell-body and the processes, are derived from
ectoblastic elements, whilst the sheaths, whether
of the nerve-cells, of the fibres or of the entire

ganglion, are contributed by the niesoblast.

The development of the sympathetic ganglia,

which include essentially three sets—those of the

gangliated cords, tiiose of tlie 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 emjihasized by Xeu-
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

follow 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 axones centrally and give rise to the

eflferent splanchnic nerves, whilst the axones of still others pass to the growing spinal nerves.

Fig. 862.

5 %<.

Spina
gangliE

^~s>>i

Sagittal section of rabbit embryo showing several developing spinal ganglia
and nerve-trunks ; ^, aorta; S', intersegmental artery. X 52.
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NER\K-TI:RM 1 XAT I ONS.

The terminations of tin- ril)rcs composinjj: the j)cripheral nerves—the axones of

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

system and the dendrites of the neurones of tlie sensory .tjani^dia—su|)ply the means

by wliich tlie \arious structures of the body are brou.t;ht into intimate rehition

with tlie nervous system. Some of these terminations transfer impulses resulting in

muscular ct)ntractions ; t)thers convey impressions that produce \arious sensations

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

Nerve ^ 4 terminations, therefore, may
\ be grouped according to func-

tion into motor and seyisory

endings.

Motor Nerve-Endings.

The motor endings in-

clude (a) terminations of the

a.xones of neurones situated

within the motor nuclei of

the spinal cord and brain-

stem that pass to voluntary

muscle
; (^) terminations of

sympathetic neurones that

end in involuntary muscle and
(r) 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

relation witii a number of mus-
cle-fibres. When the med-
ullated nerve-fibre reaches the

muscle-fibre which it supplies, its medullary sheath abrui)tly ends and the neurilemma

becomes inseparably fused with the sarcolemma, whilst the a.xis-cylinder passes beneath

this sheath to terminate in an cnd-plale. The latter appears as an o\al area, from

.040-. 060 mm. in its greatest diameter, which is applied

to the muscle-substance ; in profile it shows a slight

projection beyond the contour of the muscle-fibre,

known as the eminence of Doycre. Embedded within

a general nucleated sheet of granular proto])lasm, 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 Rardeen, 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-

sequendy 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

Motor nerve-endings in voluntary muscle ; bundle of ners'e-fibres is

seen separating to supply the indi\idual muscle-fibres. X 160.

Fig. 864.

Motor nerve-ending in voluntary
muscle; a, axone terminating in end-
plate ; «, neurilemma ; j. sole-plate.
- 400.

Exceptionally two end-plates

may be found on one muscle-fibre, in which case the endings lie near each other.
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Endings in Involuntary Muscle.—The terminations of the axones of the
synipathctic neurones sujjplying the nunstriatcd muscle are comixirativeiy simple.
The neurones contributing the immediate tibres of distribution

usuaUv occupy the notial points of plexuses from which bundles Fio. S65.

of nonmedullated nerve-tibres extend to and enclose the muscle •

fasciculi. Entering the latter the nerve-tibres divide into

delicate varicose threads that pass between the muscle-cells,

jiarallel with their long axes. As they course within the

intercellular substance, the varicose fibrils give of^ short lateral

branches that end, as does also the i)arent 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 individually receives a nerve-ending, a longitudinal group
including three or four rows of muscle-cells lying between
two adjoining terminal ner\e-fil)rils ( Huber).

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

nations of svmpathetic neurones, have been studied bv, among -. ,. . . ,

1 ^ •"
1 1-. • nil 1 II 1 ^ ' 1- Ncrve-endm,^ in iiivoluntarv

others, Lajal, Retzms, Berkley and Huber. Accordnig 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 elal^orate and consist of a

group of secondary fibrilke bearing nodular endings, the whole recalling somewhat
the motor end-j)lates 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 broadlv grouped into free and encapsulated.

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 wnthin 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 vertically 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 sensory endin-s within epidermis elements. Similar, but far less numcrous, free end-

?i/^''^','='" ^^T'^'lP'^^" "'^.'l'^-*^'"''"'*' ings, varicose and club-like in form, occur within
terminate in end-knobs. {Dogtel.)

, . • c
'

i i
• j u

the connective tissue layers of the skm and the

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

raniifications of sensorv neurones surround the hair follicles, lying upon the outer

surface of the glassy membrane.
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FK5. S67.

Tactile cells of Merkel lying within inter-
papillary ejiithelium ; broken line (<•) indicates
junction of epithelium and connective tissue
layer; (w) nerve passing into epithelium. X 160.

( lyorthmann.)

Fig. 868.

The tactile cells of Merkel, found in the ileei)er layers of the epidermis,

represent a somewhat more chlTerentiated form of intraepithelial terminations and
suggest transitions to the more specialized end-
organs. In these endings the nerve-fibrils

terminate in cu])-shaped e.xpansions or menisci,

against which rest the modified ej)ithelial cells.

The latter may be regarded as an imperfectly

dinerentiated neurocpitlulium . e.xampics 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 de\el()j)ed forms these end-
ings (corptiscula nervorum terminaliaj are

represented by relati\ely 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, arc

seen in the corpuscles of Gra7idry (not found in man
but cons])icuous 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, presently to be described
(page 1020).

The group of simpler encapsulated endings
includes three well-known examples : the e7id-bulbs

and the genital corpuscles of Kraiise and the cor-

puscles of Meissner, all of which possess a common
structural plan—interwoxen telodendria embedded
within a semifluid interfibrillar substance and surrounded bv 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 tlescribed by
Dogiel ', thev lie superficially jjlaced within the con-

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

beneath the epithelium. They vary considerably in

size, often being small (.002-004 mm.), 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 axis-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.

'Archivf. mik. Anat., Bd. xliv.. 1895.

^^,

'^^-.<\

^,f

Two corpuscles of Graiidry fron
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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Genital corpuscle from integument
of penis; nerve divides before piercing
capsule and terminates in intricate end-
windings. (Dog^iet.)

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

( IVorlhniann.)

The Genital Corpuscles.—Tliese endings, most numerous (from one to four
to the s(|iKire niillimeler ) in the deeper strata of the corium coverinij the glans penis
and cHtoridis, but occurring also in the neighboring parts of the genitalia, are of

irregular oval or lobulated

outline and from .02 to .35
^'^'- ^""•

mm. in diameter. They
present the same general

architecture as the end-

bulbs, but are of larger size,

possess a somewhat thicker

capsule, and contain a more
intricate interlacement of

the terminal nerve-tibrilUe.

The latter are derived from

the subdivision of two or

three meduUated tibres 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 lamellae possessing flat-

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

which the end-arborizations 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 bv a thin nucleated fibrous capsule.

The Corpuscles of Ruffini.—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

e

Fig. S72.

^ %^
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Corpuscle of Meissner lying within papilla
of corium of skin from finger; only deeper
layers of overlying epidermis are shown; w,

entering nerve-fibre. 270.
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Ku;. .S73.

Cylindrical end-bulb from con-
nective tissue layer of skin. X iSo.

( Szymonowicz.

)

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

the naked a.xis-cvhnders undergo repeated divisions, the resulting fibrillar 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 flistiiiguished by the j)ossession of a

thick laminated capsule that encloses a cylindrical core or

inuey 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 presented by the cylindrical
end-bulbs of Krause. These are found in \arious

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 f>r

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

subdi\ided 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 f^'c. S74.

the deeper layers of the

connective tissue layer of

the skin, especially on the

palmar and plantar aspects

of the fingers 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 b^dy
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 lamellae of fibrous

tissue. The surfaces of the
.

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

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

*

i

J

J
Valer-Pacinian corpuscles from skin of child's finger; A, lonertudinal;

B, transverse section ; «. nerve entering capsule to reach inner bulb. 1S5.
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Fig. .S75.

Corpuscles of Herbst from bill of duck ; a. longitudinal, *, transverse
section ; n, nerve traversing lamellae of capsule ; axis-cylinder within core
is surrounded by cells. X 360.

is occupied by a corr or inner hulh of scmilliiiil substance in which the naked
axis-cviinder is embedded.

On joininj^ the pro.ximal pole of the corpuscle, the fibrous (Henle'sj sheath of

the nerve-fibre blends with the outer lanielUe of the capsule, while the medullary
coat is retained during the somewhat tortuous path of the fibre through the capsule
as far as the core. Here the remaining envelope of the nerve-fibre disappears, the
terminal part of its course,

through the core, being as

the naked a.xis-cylintler. At
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

expanded 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-cvlinder.

Neuromuscular Endings.—First described by Kolliker and by Kiihne,
although previously seen by Weissmann, these end-organs, often termed vmscle-
spind/es, 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 have not been found, however, in the intrinsic muscles of the tongue
and in the eye muscles, although within the tendons of the latter very similar {neuro-

tendmoics) end-organs ha\e 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. meduUated 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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Capsule

lymph-space. Each sj)iiidle receives usually several medullated nerve-fibres, which,
after incorporation of their sheaths of Henle with the capsule, pierce the latter at

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

of the nerves to the intrafusal fibres have been studied by means of the newer
methods especially by Ruffini,

^ ' "• ^'^- Huber and DeWitt and Dokmc-I.

After repeated division durinj^

their course throuifh the cajj-

sule and periaxial space, the

nerve-fibres pierce the axial

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 irrej^ular spherical

or pyriform enlargements.

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

sequently more fully investi-

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

general architecture resemble

closely the sensory endings in

muscle. They lie embedded
within the interfascicular con-

necti\'e tissue and are usually

found in the vicinity of the

junction of muscle and tendon.

Like the neuromuscular end-

ings, the taidon-spindles 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 fasciculi, which are

smaller and a])parently less

mature than those of the sur-

rounding tendon-tissue. The
intrafusal fasciculi are invested

by a fibrous axial sheath be-

tween which and the capsule

lies a periaxial lymph-space.

On reaching the spindle,

after repeated branching, the

medullated nerve-fibres pene-

trate the capsule, with which
their fibrous ( Henle' s) sheaths

blend, and undergo further

division. The medullary coat is lost after they i)ierce 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 pardy encircle the fasciculi and end in

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

Axial
sheath

Nerve-fibre

A, neuromuscular ending; B, neurotendinous ending in lonK'U'di-

nal section, methylene-blue staining. zfio. ( Drawn from preparation

made by Professor Huber.)



THE CENTRAL NERVOUS SYSTEM.

TnK central iumaous system iiiclutles the s])inal coitl and tlie brain. In princi|jle

tliL'Sc parts arc to l)c regarded as tlic walls of the primary neural tube, modified by
unequal growth and expansion, which even after acquirini^ their definite relations

enclose the remains of the canal, as represented by the system of ventricular spaces.

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

ti\ely simple cylinder, the spinal corti, the cephalic segment early differentiates into

three /!>/7w^?;-|' cerebral vesicles, the anterior and posterior of which subdivide, so that

the secondary brain-vesicles are present. Coincidently marked flexure of the

cephalic segment occurs at certain points and in consequence this part of the neural

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

lies almost i)arallel with that of the spinal segment (Fig. 91 2 j.. From the fi\e

secondary divisions of the flexed 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 1060), 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 representative of the once 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 vertebral 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

cojius inediil/aris, 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 \ariation, 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. Slarked 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 le\'el 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. [JjU in.), and in the female of

43.7 cm. {i-jM 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 wa^- 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 1-2000 of the body-weight. Its proportion to the weight of the l)rain is r :43.

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

1021
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vertebral canal ; neural arches coni]jlelely removed on right side,
partially on left, to cxjiose dorsal aspect of dura; first and last

nervesof cervical, thoracic, lumbar and sacral groups a re indicated
by Italic figures; corresponding vertebra; by Roman numerals.

The Membranes of the
Cord.—The spinal cord, toj^ether

\\ itli the roots of the thirty-one pairs

of sjiinal nerves, hes within the

\ertebral canal enclosed by three

protecting^ membranes, ormeninges,
which, from without inward, are ( i )

the dura mater, (2 ) the arachnoidca^

and (3 J \\\(i pia water, all of which
are directly continuous through the

foramen magnum with the corres-

ponding co\erings of the brain.

The external sheath, or t/ieca, formed
by the dura, is a robust hbro-elastic

tubular envelope, 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

ple.xiform \eins and loose fatty con-

nective tissues ( F"ig. 879).
The dural sheath, about .5

mm. in thickness, e.xtends 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 le\els at which the correspond-

ing nerves lea\e the vertebral canal,

and a fibrous strand, ihit Jilum ter-

minale, prolonged from the cord to

the lower end of the spine.

The p'ia 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-\essels into

the substance 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 and closely the outer

surface of the pia. It ef?ectually

subdivides the considerable space

between the external and internal

sheaths into two compartments, the

one beneath the dura, the subdurai
space, being little more than a capil-

lary cleft tilled with modified lymph,
and the other, the subarachnoid
space, between the arachnoid and
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the pia, containintr the cercbro-spinal Jlidd.

susj)en(leil within the tube of dura,

surrounded l)y a cushion of fluid—
an arranj^enient well adapted to insure

the ner\'ous cylinder against the inju-

rious effects of shocks and of undue
pressure during changes in the position

of the spine. Both spaces, but par-

ticularly the subarachnoid, are crossed

by fibrous trabecuke and thus imper-

fectly subdivided into secondary com-
partments, all of which are lined with

endothelium.

The spinal cord is fixed within the

loose dural sheath not only by the root-

fibres of the spinal nerves that pass

between the cord and the outer envelope,

but also by two lateral fibrous bands, the

ligamenta denticulata, that are continu-

ous with the pia along the cord, one on
each side. \Iesially they are attached

between the anterior and posterior root-

fibres and externally to the inner surface

of the dura by the tips of 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, co\'ered 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 nerves, the

lowest process lying between the last

thoracic and the first lumbar nerve.

In the cervical and thoracic region, a

The spinal cord, tlierefore, hangs

Fig

— F'oris

• Arachnoid

Medulla

iV

>^
•>«*,

Anterior
roots of

spinal nerves

_
Dura,

' reflected

Spinal cord,
covered with
arachnoid
and pia

Upper part of spinal cord within dural sheath, which
has been opened and turned aside; ligamenta denticulata
and nerve-roots are shown as they pass outward to dura.

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

Fig. 879.
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deiiticulatum

E.xtradural
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Spinal nerve
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.

Body of fourth cervicil vertebra ^^
Transverse section of vertebral canal at level of fourth cervical vertebra, spinal cord in position.

with the dura and partially subdivides the subarachnoid space. Lower, this partition,
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respectively; O/, coccygeal ner>'es.

which may transmit blood-vessels, is

imperfect or alto).jcthcr absent. As
they (.TOSS the subarachnoid space the

bundles of root-fibres of the spinal

ner\es 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 additicjnal investment from

the dura as they leave the vertebral

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

spinal ner\es.

The Cord - Segments. —
Althoujj^h no sui^j^estion of such sub-

division is to be seen as constrictions

on its surface, in principle the sjjinal

cord consists of a series of segments,

each of which gives origin to the

miterior (motor) and receives the/^.y-

terior (sensory) root-fibres of one
pair of spinal nerves. These nerves,

usually thirty-one pairs in number,
are classified as eight cervical, tweKe
thoracic, fi\e lianbar, fixe sacral, and
one coccygeal. Corresponding to the

attachment of the nerves the cord is

conventionally divided into cervical,

thoracic, lumbar, and sacral regions.

Of the entire length of a cord measur-
ing 43 cm., approximately 10 cm., or

about 23.5 i)er cent., belonged to the

cervical 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 nerves are attached

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

terior root-fibres that are gathered into

comjxict strands as they con\erge to

form a common trunk (Fig. 884).

The portifni of the spinal cord with

which the root-fibres of a sjiinal 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 lenjjth 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- Kig. 88i.

gion from 12-26 mm., tlie

longest belonging to the

V-VII thoracic nerves;

those of the lunil)ar region

rapidly decrease from 15.5

-5.5 cm., followed by a

more gradual diminution

to less than 4 cm. in tlie

sacral region.

In consecjiience of the

disproportion between the

lengtii of the spinal cord

and that of the vertebral

canal, the discrepancy be-

tween the level at which

the nerves are attached

to the cord and that of

the intervertebral foramina

through which they 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 the later years of childhood elongation

Transverse section of vertebral canal, at level of middle of first lumbar
vertebra; spinal cord (conus medullaris), surrounded by nerve-bundles, is seen
within dural sheath.

Fig. 882.
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Coccygeal
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medullaris
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spinal nerves

Front wall of

dural sheath
Filum internum

of the thoracic region occurs to such an e.xtent

that tills part of the cord once more e(iuals,

if indeed not exceeds, the corresponding

portion of the spine. While the cervical cord

keeps fairly abreast the cer\ical 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 ner\'es descend almost vertically

for a considerable distance—in the case of the

last sacral nerve 28 cm. (Testut)—before

reaching their appropriate levels.

Coccvx

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

/-J In, 1-5 sn, en, lumbar, sacral and coccygeal nerves.

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

Filum are eight cervical spinal ner\'es and

fnsSh' only seven vertebrae, the first or sub-

cn occipital nerve emerging between the

atlas and the skull, and the eighth

between the last cervical and first thoracic

vertebra; hence, e.xceptthe last one. they

correspond with the vertebra below.

6.S
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Form of the Cord.—After rcm<)\al of its membranes and the root-fibres, the
spinal cord is seen to dilifer from a simj)le cylinder in

the following resj)ects. It is somewhat flattened in the

antero-posterior direction, so that the sagittal diameter is

always less than the transverse 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
consi)icuous swellings that are associated with the origin

and reception of the large nerves supplying the limJjs.

The u|)per or cervical enlargement ( intumescentia

cervicalis) begins just below the ujiper end ol the cord

and ends opposite the second thoracic vertebra, having
its greatest expansion at the level of the fifth and sixth

cervical vertebrae, where the sagittal diameter is about

9 mm. and the trans\erse from 13-14 mm. The lower
or lumbar enlargement ( intumescentia lumbalisj begins

opposite the tenth thoracic vertebra, slightly above the

origin of the first lumbar ner\e, 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 ^^- (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 fcetal 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 Jihim terminale externum,
proceeds downward through the lower end of the sacral

canal for a distance of about 8 cm. (3^ in.), finally to

be attached to the periosteum covering the posterior

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

the filum terminale intermnn. is about 16 cm. (61^ in.)

in length and surrounded by the ner\ e-bundles of the

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

tinguished by its glistening silvery appearance.

V

Filum

Spinal cord denuded of mem-
branes and ner\-es. 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 walled by
a thin and variable layer of ner\ous substance in which small

ner\e-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 ner\-es of the lower animals.
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The Columns of the Cord. -Inspection of the surface and particularly c,f

cross-sections ot the spinal cord ( Fi^. H«5) shows the latter to be partially divided
into a symmetrical rl^^du and left half by a median cleft in front and a partition in the
mid-line behind. The cleti, the anterior median fissure ( fisstira mcdiana anterior

j

extends the entire len^nh of the cord, and is continued on the upper j.art of the
filum terminale. It is narrow, from 2-3.5 '">"• in depth, penetrating^ for less than
one-third of the ventro-dorsal diameter of the cord, and occupied by a process oi
pia mater. Alonq; its Hoc.r, which lies immediately in front of the white commissure,
it is frequendy deflected to one side of the mid-line and presents a slij.,du exi)ansion.'

. Tlie separation into halves is completed by the posterior median septum
(septum mediaiiuin postorius), the so-called posterior median fissure. With the e.\-

ception of a shallovy groove in the upper cervical cord, the llimbar enlargement and
the conus meduUaris, no fissure exists, but in its place a dense partiti(Mi extends from
the posterior surface to the middle of the interior of the cord, entling inclose relation
to the gray commissure.

The character of the septum is a subject of dispute, according to some anatomists con-
sisting exclusively of condensed neuroglia, while others regard it as composed of pial tissue
blended with the neuroglia and, therefore, of both mesoblastic and ectoblastic origin. The
latter view is substantiated by the mode of develojiment of the posterior septum, the immature
pial covering of the developing l)lood-vessels being imprisoned within and hised with the neu-
rogliar partition derived from the expanding dorsal halves of the developing cord (|>age 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 straight and narrow, and marked by a slight furrow, the postero-
lateral sulcus (sulcus lateralis posterior) that lies from 2.5-3.5 "i""'- hiteral 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

distinct furrow nor con-

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

circumference of the

cord, and are about
6 mm. in width in the

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

cal and lumbar enlarge-

ments respectively.
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

Fig. 884.

Medulla

4 cerv

Ganglion
on 4 nerve

Dorsal nwts of s cerv. nerA'e

Upper end of spinal cord, viewed from behind after partial removal of dural

sheath ; cord-segments are indicated by groups of converging bundles of posterior

root-fibres; spinal ganglia are seen lying within the intervertebral foramina;

spina! accessory nerve is seen ascending on each side.
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columns is, however, largely ariilicial, since neither sui«rficially nor internally is there
a tlefinite deiiiarcation between these tracts. They may be, therefore, conveniently
regar^led as forming a common antcro-lateral column, that on each side embraces
something more than two-thirds of the semicircumference of the cord. In the lower
cervical and upper thoracic cord, each posterior c<jlumn is subdivided bv a shallow
furrow that lies from 1.5-2 mm. lateral to the posterior medium septum. This, the
paramedian sulcus (sulcus intcrmcdius posterior;, corres])onds in position with the
peripheral attachment of a radial sej)tum of neuroglia that j)enetrates the white matter
for a variable distance, sometimes almost as far as the gray matter, and subdivides the
posterior cohiiiiii into two unecjual tracts, t)f which the inner and smaller is the pos-
tero-median column ( tuniculus i-racilis), or column of Goll, and the outer and
larger is the postero-lateral column (tuniculus cuncatusj, 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 mande of white matter. Within each half of the cord the gray

Fig. S.S5.
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root-fibres

Cervix cornu'

Lateral cornu"

Basis cornu

'

Caput cornu

aieral column

3 Central canal
in gray
commissure

V

'^V.

Anterior mei Anterior white commissure

Transverse section of thoracic cord, showing disposition of gray 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 conca\ity directed laterallv. 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 (coinmissura griscaj that

extends across the mid-line, usually somewhat in acKance 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 dixided into a dorsal and a ventral part,

X\\Q. posterior diVidi the anterior gray connnissiire, 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 \vhite commissure f com'
missura anterior alba) which connects the anterior columns of the cord and pro\ides
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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Each crescent of gray matter is flivisihli- int.. ilinc parts—the ventral and the
dorsal extremity, that i)r(.ject beyond the transvrrse gray commissure and constitute
the anterior And posterior /lonis or cornua of the gray matter ( cctUimnae iiriscac;, and
the intirnndiatc portion (pars intermedia) that c«)nnects the cornua and receives the
commissure. The two horns (HlTer mark.dly from each other and. although varying
in details m dilft rent k\ ils. retain their distinctive features throughout the cord.

The anterior cornu (coiumna ^risea anterior) is short, thick and rounded, and
separated by a considerable layer of white matter from the surface of the cord, through
which the ventral root-hbres proceed to their p«)ints of emergence in the n')ot-are;LS.
The blunt tip of the anterior horn is known as the caput tornu, and the dorsal por-
tion by which it joins the cominissure and the |)ars intermetiia as the basis cornu.

The posterior cornu (cohnuna ^risea jiosterior) presents a marked contrast in
being usually relatively long, narrow and pointed, and
in extending peripherally almost to the postero-lateral

sulcus. The tip or apex of the dorsal horn is formed
of a A-shaped stratum of peculiar character, the sub-
stantia gelatinosa Rolandi, that appears lighter in

tint (Fig-. 8S5) and somewhat less opaque 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 cornu (cervix columnae posterioris ) 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. This 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-tibres, the whole giving

rise to an interlacement known as xh^ processus ox for-

matio 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 ) and
known as the lateral cornu (coiumna lateralis).

X

I

i

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

appears as the H-shaped area formed by the two crescents

and the commissure, constitutes a continuous column, 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 tlie cord. Thus, at the level of

the third cervical nerve 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, wliile in the thoracic region,

between the second and eleventh nerves, 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

respective^-. In the sacral cord the relative amount of gray matter increases until, at the level

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

—

I C, I T, 1 L. I S, first segment of cervi-
cal, thoracic, lumbar ana sacral regions
respectively ; tiark 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 tin- last sacral nerve, it reaches three-fourths. The absolute amount of i^niy matter is j^reatest

within the cervical and luml)ar enlargements of tlie cord, ulure it is directly related to the large
nerves su|)plyin<^ the limbs. On comparing; the tracts ot white matter and the gray column it

follows that while in the lower third ol the lumbar cord these are of a|*pro.\imately ecjual area,
below this level the }jray matter e.\ceeds the white. In the remaining regions, on the other
hanil, the white matter pretlominates, in the greater |)art of the thoracic cord exceeding the gray
from four to live fold and in the cervical cord being from two to three times greater.

The Central Canal.—W'liere well rei)resented, the central canal (canalis cen-

tralis), the reni.iins of the (nice conspicuous neural tube, ai)j)ears as a minute
opening in the gray coniniissure, 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 hhnn terminale. Above, it opens into the lower
end of the fourth \entricle, from which it is j)rolonged downward through the lower
half of the medulla oblongata into the spinal cord. In not over one-fifth of adult
subjects, howe\er, is the canal retained as a per\'ious tube throughout the cord, its

lumen usually being jiartially or comi;)letely obliterated for longer or shorter stretches,

the lumen last disapjiearing in the lower part of the cord. Within the conus
medullaris, the central canal regularly exhibits an e.xpansion, the sinus terminalis,
that begins below the origin of the coccygeal nerve and extends caudally for from
8-IO 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 efTected by displacement and proliferation of tlie 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 ver>- 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 difTerent 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 Rcissjier''s Jibrc, 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 mesencei^halon 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.' Its nature and
significance are problematic. Although the existence of this fibre has been established in many
vertebrates, even in birds, it has not yet been discovered in man.

MICROSCOPICAL STRUCTURE OF THE SPINAL CORD.

The three chief components of the spinal cord—the ner\e-cclls, the nerve-fibres

and the neuroglia—vary in jjroportion and dis|)osition in the white and gray matter.

It is, therefore, desiral)le 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
vnillifyolar nen<e-cells 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 caj)i)ing 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).

Tin- nerve-cells of the anterior horn are multipolar, in cross-sections the
cell-!)odies ai)p< aring irregularly polygonal and in longitudinal sections fusiform in out-

' Bulletin of Harvard Museum of Comp. Zoology, vol xlv., 1904.
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line. They may vary from .065-. 135 in diameter, unless unusually small, when they
measure from .030-. oSo mm. ( Kolliker). In a typical e.xample, as represented by
one of the ventral radicular cells ,\nvinj^ on^in to anterior root-fibres, from three
to ten dendritic processes radiate in various planes, divide dichotomouslv with
decreasing; width antl finally end in terminal arborizations. In contrast to the robust
dendrites beset with spines, the a.\(jne is smooth, slender and directly c<jntinu(jus

with the a.xis-cylintler of a root-fibre of a spinal nerve and unljranched, with the
exceptions of delicate lateral j)rocesses that are ^nven (jIT almost at rij^ht angles. Thc-se
processes, the collaterals, arise at a variable distance from the cell-body, but usually
close to the latter and always before leaving the gray matter. They repeatedly
divide and follow a recurrent course within the anterior horn. After appropriate
staining the cytoplasm of the nerve-cells exhibits conspicuous accumulations of the
deeply staining tigroid substance that lie within the meshes of the reticulum formed by
delicate neurofibrilhe,

which not only occupy
the cell-body but also

e.xtend into the xarious

processes. The hbrilhe,

however, do not pass

beyond the limits of the

neurone to which they

belong (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
usually 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 a.xone springs.

Fig. 887.
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Nen-e-fibres of white matter Anterior root-fibres

Portion of anterior cornu of grray matter, showing multipolar
nerve-cells. X 120.

In addidon to the con-

spicuous ventral radicular

cells above described, the

anterior horn contains

other nervous elements,

some of which, the com-
missiiral cells, send their

axones thrcugli the anterior commissure to the opposite halt 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 honi, resemble in size and contour the radicular cells, but differ 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 J-hke 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,
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the axone divides into two, rarely tlirec, fibres, one of whicli crosses by way of the anterior
white coniniissure to tlie opposite ventral column, wiiile 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 groui)s that recur in ctnisecutive 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 lioni includes two jreneral

collections, a nusial group, containinij^ many commissural cells, and a lateral group
composed chietly of \entral radicular cells. These collections, howe\er, vary in

extent and delinition in tiirierent parts of the cord and, wliere well marked, are often

Kic. 888.

Cells of substantia
gelatiiiosa Rolandi

Posterior horn cells

Accessory dorso-
lateral groups

Dorso-lateral group

V'eiitro-lalfial group
Mesial group

Transverse section of lower cervical cord, showing grouping of ner\'e-cells ; Nissl staining. X 20.

made up of more than a singfle ag_^re_efation of cells. This feature is particularly evi-

dent in the lateral collection, in which an anterior and a posterior suhdixision are
recot,niized as the vent7'o-IatcraI and the dorso-Iatcral group that occupy the corre-

sponding^ ant^les of the anterior horn. The mesial collection, situated within the
A'cntral angle, is likewise, but much less clearly, divisible into a ventro-vicsial and a
dorso-mesial group, of which the latter is variable and at manv le\els 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 conspicuously 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. Conversely,
when these cell-columns become smaller or disappear, the corresponding ele\ations
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-medinn cell-column is the most constant, since, as emphasized by the pains-
takinsi: stiuiies of Bruce,' it is interrupted only between the levels of the fifth lumbar and first
sacral nerve in its otherwise unbroken course throujih the lenjcth of the cord, as far as the level
of the fifth sacral nerve. An aui^mentation of this tract in the fourth and fifth cervical segments
is probably associated with tlie spinal orijjin of the phrenic nerve (Bruce).

The dorso-mesial cell-column is much less constant, beinji represented only in the thoracic
region, in a few cervical segments and at the level of the first lumbar nerve. In agreement
with van Gehuchten and others. Bruce regards the continuity of the mesial group as presump-
tive evidence of its close relation to the dorsal e.Ktensor muscles of the trunk.

The ventro-lateral cell-column appears first at the level of the fourth cervical nerve,
increases rapidly in the succeeding segments and fades away at the Knver part of the eighth
cervical segment. It reappears in the lumbar enlargement, reaching its ma.ximum at the level
of the first sacral nerve and, diininisliing rapidly through the upper part of the second,
disappears before the third sacral segment is reached.

The dorso-lateral cell-column, in jilaces the most conspicuous collection of the anterior
horn, begins above at the lower part of the fourth cervical segment and, increasing rapidly,
attains its greatest development in the neck in the fifth and si.xth 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 i)resents an additional collection of nerve-cells known as
the accessoiy dorso-latcral or post-f>ostero- lateral f^roup. Below the level of the second thoracic
nerve the dorso-lateral cell-column is unrepresented 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 with 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 nerve, 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 colimin 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 substantia gelatinosa Rolandi, and (3) the inner cells of the caput cormi.

The cells of Clarke's column form a very conspicuous collection which extends from the lev'el

of the seventh cervical nerve to that of the second lumbar nerve and is best developed in the

lower thoracic region of 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 nuclei 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.



I034 HIMAN ANAl )M\ .

The nervc-cells of the substantia gelatinosa Rolandi, also known as Gierke s cells, include
innumerable small stellate, less tre(|uenlly fusiiurm or i>e ir-shaped elements that measure only
from .U06-.020 mm., althou.ich exceptionally ol l.irger size. I'heir numerous short dendrites are
irre^^ularly disposed and !jranche<l. The axones, which always arise from the dorsal pole of the
cell, are continued partly to the white matter of the jjosterior column, within which they divide
into ascending and descending limbs, and partly lo the j^ray matter itself, within which they run
as lonjjitudinal fibres. Under the name of the marginal cells are described the much larger

(.035-.055 mm. ) nerve-cells which occupy the lx)rder of the substantia gelatinosa. They are
spindle-shai>ed or pyramidal in form, their long axes lying parallel or the apices directed towards
the Rolandic substance respectively, and constitute a one-celled layer enclosing the substantia
gelatinosa. into which 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 posterior 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.
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Substantia gelatinosa centralis ^ei.-' -•.^, /^^ t.f''

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, however, have
been followed into the jwsterior or anterior columns of the same side (Kolliker), and, rarely, into
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 intermediate of the gray matter, which connects
the dorsal and \entral horns ami 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 grav matter of the cord.
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Those of tlic fust class, or intermedio-lateral cells, are associated witli the forniatio reticu-
laris and its condensation, the lateral horn, and lience are often spoken of as the t^roup or
column of Ihc lateral horn. These ceils form a slender tract of small closely packed elements
that is represented throu.uii almost the entire len^nh of the cord, althoujih best marked in the
upper third of the thoracic re<;ion and i)artially interrupted in the cervical and lumbo-sacral
segments. Where the formatio reticularis is condensed with a distinct lateral lujrn, as in the
thoracic region, the cells occupy the projection, but elsewhere lie within the base of the gray net-
work. As a continuous cell-cohunn the tract extends from the lower part of the eighth cervical
segment to the upper i)art of the third lumbar, being most conspicuous at the level of the third and
fourth thoracic nerves (Bruce). I'ractically su|)pressed in the cervical region between the eighth
and third segments, above the latter the column reappears along with the formatio reticularis.
Below, it is again seen within the third and fourth sacral segments. The nerve-cells are multi-
polar or fusiform in outline, from .015-045 nun. in their longest diameter, contain little pigment,
and are provided with a variable number of dendrites, of which two are usually larger than the
others. These ari.se from opposite poles of the cell and send brandies, for the most part, into the
adjacent white matter. The axones pass directly into the lateral columns and become ascending
or descending tit^res

; a few a.xones, however, enter the anterior column of the same side (Ziehen).
The cells of the second class, or intermediate cells, are irregularly disjwsed and only in the

upper part of the cord present a fairly distinct middle group (W'aldeyer). They are polygcMial
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, altlunigh
some pass to the anterior column and a few probably cross to the opposite 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 frequently in the vicinity of the more sui)erficially
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 horn and formatio reticularis and to the cells of the substantia
Rolandi

; and in the posterior columns, where they are relatively numerous, they are associated
with the fibre-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 aflfects 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 neurogHa is everywhere present as the supporting framework of
the nervous elements, the

cells and fibres. The gen- ^"^- ^''9'^-

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 numerousglia fibrils

extend outward from the

frame-work of the gray matter to be lost between the nerve 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, 1890.

Posterior median
septum

Paramedian
subdividing
posterior column

eptum

Anterior median fissi*-e
Anterior column

Transverse section of cord slightly magnified, showing general arrangement
of neuroglia. X lo.
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the conspicuous processes of the iorniaiio reticularis aiul the projecting lateral horn
consist largely of neuroglia. The larger nerve-cells and their robust processes are

ensheathed by interlacements of neuroglia tibrilla-.

In the several parts of the posterior horn the amount of neuroglia \aries.

Thus, tin- ai)ex consists alnutst exclusively of glia tissue, while within the Rolandic
substance the number of glia fibres and cells is unusually small. Within the

caput and remaining jjarts of the posterior horn the neurogliar elements are similar

in quantity and disposition to those in the anterior horn.

Thf cpendyma cells lining the central canal of tlie cord are the direct descendants of the

radially arran<;ed enihryonal supporting elements (page 1004) ; they may, therefore, be regarded
as sjHfcialized neuroglia cells. Althougli most advantageously studied in the f(i.tus and the

chiUi, in favorable preparations from adult ct>rds tliey are seen as a single row of pyramidal
cells, from .030-.050 nun. long and from one-fourth to one-third as broad, who.se 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 cpeudymal fibre^ that in the adult is soon lost in the

surrounding neuroglia, but in the fatus 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

cer\ical region, being about twice as long as those on the opposite wall of the canal. The ejien-

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-

iucency that immediately surrounds the central canal. This annular area consists of

modified neuroglia in which radial ependymal fibers are
F'f''- %'• interwoven with circularly disposed neurogliar fibrillae,

-rS:i23e^>;o_ the whole giving rise to a compact stratum, interspersed

"'V^f^ with an unusual number of glia cells, upon which arrange-

,, r.v \ ment, in conjunction with the absence of ner\e-fibres,,''' the characteristic appearance of the gelatinous substance

I* \ 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, sub-
^y stariiia ^liosa coifralis, has been proposed bv 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 bv the processes of neurones

subs^am\?VeTa"tTnotl'«nt;a'f;rf^^^^^
situated at the Same, different or even remote levels.

child's cord ; canal is lined with Thcse proces.ses, which coustitutc the ncpve-fibres,
ependvma cells, outside of which 1 11 . j 1 1 11 1 .1
lies neuroglia with glia cells. ,• 135. mcdullated and uonmeduUated, that are seen traversmg

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 off by the numerous pos-
terior horn cells, that traverse the gray matter t() and from the respective columns into

which they pass. The dendritic j^necesses, as well as the axones of the tvpe II cells,

also contribute to the sum of nervotis hbrilke encountered within the gray matter of

the cord.

WHITE MATTER OF THE SPINAL CORD.
The predominating components of the white substance being the longitudinal

ner\e-hbres which pa.ss for a longer r»r shorter distance up and down in the columns of

the cord, in cross-sections the outer held, between the gray core and the periphery
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of the cord, appears to be composetl of iniuunerable, closely set, small cells, held
toii^ether by delicate supportniii;- tissue. These ai)j)arent cells are the niedullatcd

nerve- fibres cut transversely, in which the sectioned axis-cylinders show as deeply
stained dots, that commonly lie somewhat eccentrically and are surrounded by deli-

cate irrei^ularly annular striations representing the framework of the medullary c<xat.

The ncrve-tibres of the cerebro-spinal axis are without neurilemma, the lack of this

sheath beiuir compensated l)y a slitjht condensation of the neurog^lia around the

fibres. Seen in trans\'erse sections this iiu'estment a])pears as the rin^- that gives

a definite outline to the fibre.

Tile iiitlividual nerve-fibres vary i^reatly in size, even within the same tract lar.Lce and small

fibres often lyin.a: side by side. Tlie smallest may be less than .cx)5 mm. and the larjjest over
.025 mm. In a general way, the diameter of the fibre bears a direct relati(jn to its length, those

Fig. 892.
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. Trabeiula oi neuruglia

Neuroglia cell

Ner\e-lihre

Blood-vessel in pia

Subpial layer
of neuroglia

Peripheral part of transverse section of spinal cord, showing 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 those 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 fibrilke 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 ner\-ous 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 tile bundles of root-fibres of the spinal nerves. Hut a|)art 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.—Althou<;h microscopical examination
of ordinary sections of the cord affonls slij.,dit indication of a subdivision of the
columns of white matter into areas corresj)onciing^ with definite fibre-tracts, yet the
combined evidence of anatomical, patholot^ical, embryolog^ical and experimental
in\esti.!L,'^ation establishes the existence of a number of such jjaths of conduction.
With few exceptions, they are, however, without sharp boundaries and illy defined,
adjoining tracts often overlapping, and depend for their presence upon the fact that
nerve-fibres ha\ing the same function and destination proceed in coiii]jany from the
same grouj) oi ner\e-cells ( nucleus ) along a similar course. In addition to being pro-
vided with paths of conduction necessary for the performance of its function as a centre
for indei)endent (reflex) imjjulses 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 ner\e-cells situated
within the cord itself. The first two constitute the exogenous, the last the endoi^cnous
tracts. It is evident that some of these fibres constitute pathways for the transmission
of impulses from lower to higher levels and hence form ascaidhig tracts, while others,
which conduct imjjulses in the opposite direction, form descending tracts.

Since it is impossible to distinguish between these fibres by mere inspection 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 V)y which differentiation of individual tracts is feasible. Such means include chiefly

the e.xperimental and embryological methods.
The experimental method depends upon the law discovered by \\'aller, more than half a

centurj- ago, that when the continuity of a nerve-fibre is destroyed, either by a pathological
lesion or by the experimenter's knife, the portion of the nerve-fibre (the axone of a neurone)
beyond the break, and therefore isolated from the presiding nerve-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 nerve-cell itself, undoubtedly exhibits changes known as retrograde degen-
eration, which, although uncertain as to occurrence and cause, may at times prove a source of

error in deducing conclusions. If a lateral section of one-half of the cord of a li\ing animal be
made, and, after the expiration of from three to four weeks, transverse sections be cut and
ap])ropriate1y prepared (by the methods of Marschi or of Weigert), certain groups of nerve-

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 nerve-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 nervous jiathways, is based on the fact, first demonstrated by Meckel, that the nerve-fibres

of the central nervous system do not all accjuire their medullary sheath at the same time.

Taking advantage of such variation, as suggested by Meynert and later extensively carried out

bv I'lechsig and other.^, upon staining sections of embr}onal tissue with reagents that color

especially the medullary substance, it is possible to differentiate and follow certain fibre-tracts

in the foital 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 accjuire their medullary coat accords with the sequence in which nervous

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 ftetal

months); those bringing into association the different segments of the cord next (from the

fifth to the seventh month) 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 shortiv before birth.
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Based on tlic collective evidence conlribuled by these methods—anatomical,
physiological, and developmental—it is possible to locate and trace with fair accuracy

a number of tibre-tracts in the cerebro-spinal axis. Since they are undergoing
continual augmentation or decrease, their actual area and jiosition are sul)ject to

variation, so that the detailed relations in one region of the cord differ from those

at other levels. The accompanying schematic figure, therefore, must be regarded
as showing only the general relations of the most imjiortant paths of the cord,

and not as accurately rei)resenling the actual form and size of the fibre-tracts.

It must also be api)reciated that the definite limits of these tracts in such diagrammatic

Fig. S93. 1

Association tracts

Kubro-spinal
tract

Vestibulo-spitial
tract

'- Spino-thalamic
tract

Spino-o!ivary
tract (Helweg)

Vestibulospinal tract

Cerebro-spinal tract ~Tecto-spinal tract

Diagram of spinal cord, showing position of chief tracts and relations of their component fibres to nerve-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 (1,2) to anterior root-cells; 3, fibres ending around cells

of Clarke's column; 6, fibres forming direct cerebellar tract; 7, 8, fibres forming (iowers' 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 exist 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 may be shared by 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 Goll (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 w-ell 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 sensory 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 discomifort 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
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Fig. .S94.

sensory neurones lies outside the spinal ccjrcl ; 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 aioiij; the posterolateral j^rooN e. the dorsal root-

fibres for ihr most part penetrate the tract of Burdach, close to the inner side oi the

posterior horn. Some of the more external root-tihres. however, do not. enter Hur-

dach's tract, but form a small adjoinin^^ held, the tract of Lissauer, that lies im-

mediately dorsal to the yi)e.\ 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 upwartl and downward in the cord for a variable distance, the descending

limb being usualh- the shorter. During their course from both, l)ut 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 j)aths 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 off from the

fibres that ascend in the long tracts of the [wisterior 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 uninterruptedly 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 gradually displaced medianly and dorsally by the continued addition

of other root-fibres from the succeeding higher nerves. In consequence, in cross

Diagram showing <iivisioii of posterior root-fibres

into ascending ami 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. C, spinal ganglion.
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1

sections of the cord in the cervical reg-ion the hjiiy lil^res entering;- by the lower
ner\e-roots occupy the inner part of Goll's column, but are excludetl from the median
septum, except behind, by a narrow hemielliptical area, which with its mate of the
op{)osite side forms the oval field ol hlechsig. The fibres entering by the lower
thoracic nerves lie more laterally, while those entering by the upper thoracic and
cer\ical nerves appropriate the adjoining part of Hurdach's tract, the lateral area of

which, next the posterior horn, is ()rcui)i(.'d chiefly by tlic posterior root-fibres.

It must be uiulerstood that while in a general way the fibres of the long ascending tracts

liave the ciisposilioii just indicated, they are so intertwined and mingled with the strands passing
to and from the gray matter tliat the definite outlines of their conventional area, as represented
in diagrams, are wanting. Collectively the

Fig. 895.
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Section of spinal cord at level of second cervical seg-
ment ; formatio reticularis fills bay between posterior and
anterior cornua ; substantia gelatinosa caps apex of pos-
terior cornu. Drawn from Weigert-Pal preparation made
by Professor Spiller. X 6.

fibres composing this tract are of medium or
small size, but accjuire their medullary coat

very early, myelination beginning about the

fourth fcttal month, although not completed
until the ninth (Hechterew).

The termination of the long ascend-

ing hbres is chiefly in relation with the

neurones within the lower part of the

medulla—the fibres of GoU's tract end-

ing about the cells of the nucleus gracilis

and those of Burdach's tract about the

cells of the nucleus cuneatus. From
these stations paths of the II order

convey the impulses 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, Solder 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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F"iG. S96.

Section of spinal cord at level of sixth cervical segment ; anterior
comua are very broad ; obliquely cut bundles of posterior root-fibres lie in
poslero-lateral sulcus. Preparation by Professor Spiller. X 6.

to lii^hcr levels by the ascendintj steiii-fihres. Althcjiigh 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
bridjjc, to the opposite ventral horn cells. It is doubtful, on the other hand,
whether either stem-fibres or collaterals of the j)osterior 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 Rolaiuli, either as collaterals or stein-tihres of Hurdach'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 they soon terminate

in end-arborizations around
the neurones of the II 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 thev 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
chiefly by the cells of the substantia gelatinosa Rolandi, including the marginal cells,

and the inner cells of the caput cornu.

The secondary or endogenous tracts of the posterior column arise as axones from the

neurones of the II order (the niarijinal 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 conuiiissure, opposite side, wliich pass into the

posterior coiunui. 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 ascending tract is uncertain, some fibres pursuing a sliort and others a longer
course within the posterior column l)efore entering the gray matter at higiier levels to end in

relation with the posterior horn cells, or, perhaps, in some cases, with tiie neurones within

the nuclei of the medulla (Rothmann).
The descending secondary tracts, as shown by degenerations following lesions involving

*.he posterior column, occnjiy varying but fairly well differentiated areas. In the cervical and
upper thoracic cord they are collected into the comma bundle of Schultze, which extends from
near the neck of the posterior horn dorsally along the median margin of Burdach's tract. In

the lower thoracic and lumbar cord they form an elongated half-ellipse along the posterior

median septum which, with the corresponding bundle of the ojiposite side, produces the oval
field of Flechsig. Still lower, in the sacral cord, they 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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likely that these areas lepreseiU tlie principal aggregations of the downward coursing limbs of

the axoiies, after their T-like branching, derived from ihe posterior horn cells of the same and
opiKisite sides. In the cervical

region these axones are col- FiG. 897.

lected intt) bnndles which ap-

pear as the conuna tract ; in

the lower thoracic cord these

are replaced by, withonl i)eing

directly continuous with, those

forming the oval field, and

these in turn by the axones of

the triangular bundle. No one

of these fields is exclusively

devoted to the descending

limbs of endogenous fibres,

since in all the presence oi

exogenous posterior root-

fibres has been demonstrated.

The Fibre -Tracts
of the Lateral Column.
—These incliule : (i) the

lateral {)yranii(.lal, (2) the

direct cerebellar, (3) the

ascending antero-lateral,

and (4) the lateral g-round-

v^
-^v*^'

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.

bundle.

The lateral or crossed pyramidal tract (fasciculus cerebrospinalis lateralis)

forms the chief path by which motor impulses originating" in the cerebral corte.x are

conveyed to the spinal cord. It stands in close relation with the direct pyramidal

tract of the anterior column. Both are continuations of the conspicuous pyramidal
paths of the medulla oblongata and inay be followed upward through the ventral

part of the medulla, 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 froin the superficial gray matter of the cerebral hemi-

spheres to various levels in the cord, constituting loiig descending (corticifugal)

motor tracts. On reaching the lower part of the medulla, froiu 80-go 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 pyraiuidal tract; the reiuaining 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 inedian and superficial position

for a deeper and inore 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 limb-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 atTecting the more deeply placed fibres. In consequence of these variations, the form

of the pyramidal tract in cross-secti(jn changes from wedge-shape to triangular, with the base

lying at the periphery and the a|>e.\ directed

inward. During their descent the fibres of the

pyramidal tract give of! at diflerent levels col-

laterals, which Ix-nd 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 parent fibres on reach-

ing the segment for which they are destined, the

terminal part <»f the individual fibres sweeping

in short curves through the intervening ground-

bundle of the lateral column to gain the radicular

cells around which they end. By means of its

collaterals, each pyramidal fibre establishes rela-

tion with several cord-segments. The fibres of

this tract are relatively tardy in acquiring their

medullary coat, which process does not Ixrgin

until the last month of fcetal life and is not com-
pleted until after the second year.

j| sixth thoracicSection of spin.n i" ; ,n

segmt'"' • slender i>ostcrior coriiua covered with sui>-

stantia Kclatinosa; postero-lateral angle marks greatest

width of anterior comu. >' 6. Preparation by Pro-
fessor ?piller.

The direct cerebellar tract Tfas-

ciculus ccrcbellospinalis;, is an important

ascending jjath of the second order that

establishes communication 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 ape.x 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 cer\ical

region, is broadest and projects somewhat into the lateral column in advance of the

lateral pvramidal 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 cur\-es 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 (fasciculus anterolatcralis superficialis) 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 ner\'e-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 uncertain, but it is

ver^' 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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opposite sides, with ct)nlril)utions, possil:)!)-, from the cells of the intermediate gray
matter. After traversing the cord, the lateral field of the medulla, and the tegmental

portion of the pons, the tract ascends the

brain stem to the vicinity of the inferior cor-

pora quadrigemina. Here the major part of

the fibres turn backward and, by way of the

superior cerebellar peduncle antl the superior

medullarv \-elum, reach the cerebellum to

entl mostly in the superior worm, jiartly on
the same side and partly crossed ( Hochej.
Possibly 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

probable that all fibres from Gowers' tract do
not pass to the cerebellum, l)ut that some
continue upward to terminate in relation with

the neurones of the superior corpora quadri-

gemina and of the optic thalamus. The
fibres of the tract acquire the medullary

coat about the beginning of the eighth month of foetal life (Bechterew).
The lateral ground-bundle (fasciculus lateralis proprius) of Flechsig includes

the remainder of the lateral column. Much uncertainty prevails as to its detailed

paths, but beyond question the composition of the ground-bundle is very complex
and 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 short 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.

--' - v^L*.

Section of spinal cortl at level of lower part of
fifth lumbar sejjment

;
gray matter relatively large

in amount ; anterior coriiua bulky. Preparation by
Professor SpiUer. X 6.

Fig. 900.

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 the fibres destined for the optic thalamus are others {tradtis

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

segments, 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 boundar\- 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

Seciton of spinal cord at level

of third sacral ses:ment
;
posterior

cornua with substantia gelatinosn
are relatively bulky. Preparation
by Professor Spiller. X 8.
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pyramidal tracts. AmoiiK those wliose existence within the antero-lateral ground-lnindle

may be consitiered as established, or at least probable, are the following:

1. Rubrospinal Jibrcs from the cells of the red nucleus within the cerebral peduncles.

2. TectospinalJibris from the cells of the anterior corpora (|uadrigemina.

3. Vestibulospinalfibres from the cells of the lateral vestibular (Deiters') nucleus.

4. Medullospinalfibres from the cells of the formatio reticularis, arcuate and lateral nuclei.

5. Olivo-spinal fibres from the cells of the inferior olivary nucleus.

Of these strands, those from the red nucleus, corpora (juadrigemina, and vestibular nucleus,

descend chielly within the lateral ground-bundle, whilst those from the medulla are j^articularly

within the anterior ground-l)undle. Although the latter includes

the greater part of the de.scending cerebello-rubro-sjiinal fibres

in the narrow perii)heral sulco-marginal zone of Marie, other
fibres are probably distributed within the lateral column in

front of the direct pyramidal tract. These descending indirect

cerebellar fibres are often collectively known as the tract of

Marchi-Lowenthal. For the most part the exogenous strands

are so intermingled and scattered that they are without definite

outlines; an exception to this is presented by the olivary fibres,

which are sometimes seen as a fairly distinct triangular bundle,

Scciioii <>i spinal cord at level of J"^^ behind the anterior root-fibres at the periphery of the cord,

fifiti sacral segment ; anterior cornua known as Helweg's tract. Concerning the exact ending of

Uon'by^'professorspXr' :^l^^''''" tl^ese descending paths little is known, but it is reasonable to

assume that they terminate at various levels in relation with the

ventral horn cells which are thus brought under the coordinating influence of the higher centres.

The Fibre-Tracts of the Anterior Column.—According to the simplest

classification the anterior column includes two subdivisions : (
i ) the anterior pyra-

midal tract and (2) the anterior ground-bundle.

The anterior pyramidal tract (fasciculus cerebrospinalis anterior), also called

the uncrossed ox direct pyramidal tract, stands in complcmcntal 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 Mhite 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, Fig. 902.

the number of uncrossed fibres is unusually small, the tract

may reach only as far as the cei"vical 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
,evefo^\mVpart'ofcocc>4eli

the great majority of the fibres traverse the anterior white segment; differentiation of cor-
•

' '.I 1. J- u'i' "ua is uncertain. Preparation
commissure at appropriate levels to end in arborizations by Profe.ssor Spiiier. ^ s.

about the ventral root-cells of the anterior horn of the

opposite side. It is highly probable, however, that some fibres do not tindergo

decussation, but terminate about tlie radicular cells of the same side.

The anterior ground-bundle (fasciculus anterior proprius), following the divi-

sion of Flechsig, 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-lateral tract. 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.
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The endogenous fibres arise as the axones, chielly of the inner ceils uf the posterior horn,

as well as from the cells of the intermediate gray matter (Ziehen), and in great measure cross

by way of the anterior white commissure to the opposite anterior column. After undergoing

T-division, their upwardly directed limbs cx)nstitute the ascending paths and those coursing

downward the descending ones. While both sets of fibres for the most part pursue only a short

patli, that of the de.scending limbs is usually the longer, the libres entering the gray matter t(j

end in relation with the anterior liorn cells of lower levels. They are, therefore, regarded as

.secondary reflex paths. The termination of the ascending limbs is uncertain, but probably is

within the gray matter of the posterior horn.

The exogenous tracts of the anterior ground-bundle, have been mentioned in connection

with those of the lateral column. The investigations of Lciwenthal, Marchi, Bechterew, Thomas
and others, .support the presence within the anterior ground-bundle, also within the lateral

column, of long efferent (cortifugal) paths that arise, at least indirectly, from neurones within

the cerebellum, and end in relation to the anterior horn cells. These paths, collectively known
as the descending cerebello-spinal tract, or tract of Marchi-L'diventhal, are of uncertain extent

and outline, and more or less mingled with the constituents of other strands. In a general way
the descending cerebello-spinal fibres occupy a narrow crescentic field that appropriates the

periphery of the cord for a variable distance both mesially and laterally. In the anterior column
the tract includes the anterior marginal bundle, probably from the nucleus fastigii of the

cerebellum of the same and opposite side, and mesially mingles with fibres from the corpora

quadrigemina as con.stituents of the visual reflex paths. The termination of these descending

paths is assumed to be in relation with the anterior horn cells, which in this manner are brought

under the influence of the higher coordinating and reflex centres.

In recapitulation the chief fibre-tracts of the spinal cord may be grouped as follows:

I. Within the Posterior Column

—

Ascending Paths

:

Direct ascending posterior root-fibres.

Ascending endogenous fibres.

Descending Paths :

Descending posterior root-fibres.

Descending endogenous fibres.

II. Within the Lateral Column

—

Ascending Paths :

Direct cerebellar tract.

Gowers' tract.

Spino-thalamic tract.

Short endogenous fibres.

Descending Paths :

Lateral pyramidal tract.

Indefinite exogenous tracts (including the rubro-spinal, quadri-

gemino-spinal, vestibulo-spinal, cerebello-spinal and olivo-

spinal).

Descending endogenous fibres.

III. Within the Anterior Column—
Ascending Paths :

Ascending endogenous fibres from posterior horn cells.

Ascending endogenous fibres from anterior horn cells.

Descending Paths :

Direct pyramidal tract.

Descending cerebello-spinal fibres.

Tegmento-spinal fibres.

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 accoinpanies

the nervous cylinder throughout its length. Above and within the skull, the verte-

bral arteries give off the two anterior and the two posterior spinal arteries, of which
the latter retain their independence and descend upon the dorso-lateral surface of the

cord, one on eacli side, in front of the posterior nerve-roots. The two anterior

spinal arteries, on the other hand, soon unite (somewhere above the level of the

third cervical nerve) 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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Fig. 903.
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As these stems pass downward, they are joined and reinforced by tin- siffiiniila/

spinal branches j^iven off by the \ertel)ral, intercostal, lumbar and literal sacral

arteries, which enter the spinal canal throuj^h the inter\ertebral foramina and, after

piercinj^' the dura and L;i\in}^ ofT small radicular branches to the ner\e-roots them-
selves, divide into \entral antl dorsal branches that follow the rcsj)ecti\e nerve-roots

to the cord, where they join with the longitudinal trunks which the)- thus assist in

maintaininj^. 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 vertical 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-Iateral trunk [tractns arteriosus postero-lateralis 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'iK'ios that enter the surface of the cord at \-arious ])oints.

The gray matter receives its principal blood-suj^ply from the series of anterior

Jissural arteries, over 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 suleo-viar-

ginal arteries, divide into ascending
and descending branches that pro\ide

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 pe7ietrating 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 e.xist 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 jxart of the cord ; they are therefore "end-arteries,"
a fact which explains the extensive and elaborate system of Aessels 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 ])ia six main longitudinal

trunks are differentiated. These are :—the unpaired anterior median vei?i, in front of

the corresponding fissure ; the paired antero-lateral veins, just behind the ventral

nerve-roots—these two sets receiving the tributaries emerging from the median fissure

and in the vicinity of the anterior root-fibres ; the unpaired posterior median vein,

behind in the mid-line
; and the paired postero-latcral 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 vertebral canal, from which the

Anterior
fissural Anterior Ascending branch

spinal artery

Part of transverse section of injected spinal cord showiiij;
vascular sujiply of white and gray matter. • 10.
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intervertebral efferents carry the blood into the vertebral, intercostal, lumbar and
lateral sacral veins. A part of the blood from the intrapial plexus is conducted
upward by the anterior and posterior median veins into the venous net-work covering
the pons and thence into the lower dural sinu.ses.

Definite lymphatic vessels within the spinal cord are unknown.

Development of the Spinal Cord.—A .sketch of tlie j^eneral hislo^enetic |)rocesses leading
to the differentiation of the neurones and tlie neuroglia has l^een given (page 1009) ; it remains,
tlierefore, to consider liere the changes in the neural tube by which the defuiite spinal cord is

evolved. From the time of its closure, probably about the end of the second week of fietal

life, the neural tube presents three regions :—the relatively thick lateral ivalls and the thin Neu-
tral and dorsal intervening bridges, \\\ki floor- and roof-plates, that in front and behind complete
the boundaries of the canal in tlie mid-line. By the fifth week the lateral walls e.xhibit a distinct

differentiation into three zones—the inner epeudymal layer, the middle nuclear layer and the
outer uiargiual layer, surrounded by the external limiting nievibrane. In contrast to the other
two, the marginal zone is almost devoid of nuclei and, beyond affording sup])ort and perhaps
assisting in providing a medullary coat, plays a passive role in the production of the nervcnis
elements.

By this time the former general oval contour of the developing cord, as seen in cross-sec-

tions, has become nK)dified by the conspicuous thickening 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 this thickened ventro-lateral part of the nuclear layer, 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 e.xtemal 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 oz'al 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).

i\ssociated 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. In this manner a longitudinal furrow appears by which the side walls of the tube

are differentiated into two tracts, the dorsal and the ventral zones (the alar and basal laminae of

His). This subdivision is of much importance, since in the cord-segment, and also with less

certainty in the brain-seginent of the neural tube, these tracts are definitely connected with the

root-fibres of the spinal nerves, the dorsal zone with the senson,- 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 t)f the dorsal part of the canal in conseciuencc of tliL- approximation of its walls, which in the

course of the seventh week is closer and, by the end of tiie second montii is <ompleled by the

meeting and fusion of the adjacent inner layers, with obliteration of the intervening cleft

and the jiroduction of the posterior median septtnn in its place. Since tlie 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, lunvever, that a

certain amount of mesoblastic tissue may be later iiUrotluced in company with the blood-vessels

which subsequently invade the septum. The remaining and unclosed part of the lumen for

a time resemi)les 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 e.xtent and form of its lumen, the i!;ray matter of the develop-

ing cord markedly increases, esjiecially behind where the posterior horn appears as a projection

beneath the broadening mass of the ingrowing dorsal root-fibres. As the posterior horti becomes

better defineti, the root-bundle becomes meso-laterally displaced, lying behind the horn, and

then constitutes the traet of Biirdach. Goll's tract is formed somewhat later and at about the

third month appears as a narrow wedge-shaped area tiiat is introduced between the mid-line and

Hurdach's tract. Towards the end of the second month, the anterior luhite commissure is

indicated by the oblique transverse ingrowth of a.xones into the most ventral part of the floor-

plate as they make their way to the opposite side. Meanwhile the anterior median fissure has

Fig. 906.
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become deeper and narrower in consequence of the increased bulk of medio-VL-ntral parts of the

cord. As tile fissure is thus ditYerentialed 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.

Until 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 intervenes. 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 fibres and in the direction of conduction.
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Based on the ohservaliuiis oi Flcchsij;, His, Hcchtercw, and olliers, tlie time of the
api)earance and of the tlcvelopment of tlie medullary coat of some of the fibres within the
spinal cord may be given.

Fibres of Appear Myelinate

Anterior root about 4th week durinj^ 5th montii
Burdach's tract durinj^ 4th week end of 6tli month
(ioll's tract about 9th week beginning;; of 71I1 month
Pyramiilal tracts end of 5lh month 91!) month to 2nd year
Direct cerebellar tract bei^inninj;- of 3rd montii aljoiit 6th month
Cowers' tract durini; .jth iiionlli durinjr 61I1 iiionlli

The presence of the si/i/is tennina/is (page 1030) in the cord at birth depends partly wyton

the persistence of the lumen of the central canal at the lower end of the conus meclullaris and
partly upon a i>ioiiferation of the wall-cells of the subjacent segment, followed by secondary
dilatation shortly before birth.

During the early weeks of deveioi)ment, the neural tube extends to the lowermost limits of

the series of somites ; but after differentiation of the root-fibres begins, the segment of the cord
below the level of origin of the first coccygeal nerves is marked by feeble proliferation, the
effects of which are soon manifest in the rudimentary condition of the caudal end of the cord.

With the subsequent development of the other regions, this iiistological contrast becomes more
e\ident, to which is soon added the consj^icuous 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 cord, with its

mesoblastic envelope, is converted into the delicate thread-like fi/um ienninale, within whose
upper half are found the remains of the rudimentary nervous tissue.

PRACTICAL CONSIDERATIONS : SPINAL CORD.
Congenital Errors in Development.—The spinal cord may be absent {a?fiyelia),

or it may be defective in a certain portion {ateomyelia). In such conditions, however,
the patient cannot Hve. The cord may be double from bifurcation {dipiomye/ia).

A spina bifida is a congenital 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 meningocele ; if the sac contains a portion of the cord also

it is called a meningo-myelocele. In the third variety, syringo-myelocele, the cavity

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-7nyelocele , 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 involve 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 bcny 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 lij^ament, the ligamenta subfla\a, and the ixriosteum by a

fatty areolar tissue containing a plexus of veins. Extensive extradural hemorrhage
may, therefore, occur without serious [pressure on the cord. The blood tends to sink

by gravity, and later may jjroduce 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 vertebrce, or to malignant tumors arising

within the vertebrae. Infections outside the spinal column, as in abscess of the back,

or bed sores, may extend along the communicating veins, 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 the roots of the spinal nerves which receive 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 vertebrse 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 lamiuce 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 vulnerating instrument must be directed in

the line of the obliquity of the laminae, which will var}- in the different portions of

the spine, being greatest in the dorsal region.

Co)iaissio7i—shaking with molecular disturbance and without obvious gross

lesion—fjf 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 cunes, 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 ) ; ( c) 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 ; (d) its

connection above with the cerebellum, itself resting on an elastic "water-bed"
which minimizes the transmission downward of violence applied to the cranium.

Many of the cases reported as concussion are undoubtedly due to hemorrhage or

other gross lesions of the cord.

Conhisioyi 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

injur\' 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 injurv' to the cord the greater the gravity of the case.

When the atlas or axis is fractured and displaced the vital centres in the medulla are

in danger and death may result immediately. The phrenic nenes which arise chiefly

from the fourth cer\-ical segment, but partly from the third and fifth segments,

are also paralyzed and respiration ceases.
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\x\ fracture-dislocations of the spine it is the body of the vertebra which is most
frequently fractured, the liijainents yieltlinjj^ posteriorly and permitting the dislcjcation.

The fractured edi^es of bone are, therefore, in front of the cord ; and, as the upper
fragment passes forward, the anterior or motor portion of the cord is pressed
and crushed against the sharp upper edge of the lower fragment. In partial

transverse lesions of the cord the paralysis below the lesions affects, therefore, the

motor columns of the cord more than the sensory columns which are in part

posterior.

The most frequent seat of fracture-dislocation of the spine is in the thoraco-

lumbar region (page 145). Fortunately, it is this variety which offers the best

prognosis, since the cord ends usually just below the lower border of the first

lumbar vertebra, and the cauda equina being more movable and tougher than the

cord itself, it can better evade the encroachment on the canal, although in spite of

these facts, it is not infrequently injured in such lesions. The bodies of the lumbar
vertebrie are the largest 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 portion of the sj)ine.

In caries of the spine (Pott's disease) the lesion is situated in the bodies of the

vertebne, 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 resulting will again aftect the motor portion of the cord,

first producing a paralysis of motion in the parts below, varying in degree 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

difficult 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 vertebrcC, and then gradually decreases to the first

thoracic, where it merges into the thoracic portion of the cord. Only in the thoracic

region 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 meduUaris.

The localization of lesions of the cord, producing symptoms 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 cer\'ical 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 ner\'e-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 ner\es 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 cer\^lcal ner\'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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nerves between the hitter spine and the foiirtli thoracic, the lower six thoracic nerves

between the fourth and ninth dorsal spines, the five lumbar nerves opjiosite the

ninth, tentii and elexenth sj)ines,

and the li\e sacral nerves opposite

the twelfth thoracic and the first

lumbar spine.

A convenient rule to locate the

levels of origin of the nerve-roots,

applicable to the prelumbar nerves,

is given by Ziehen as follows :

—

P'or the cervical nerves, subtract one
from the number of the nerve, the

remainder indicating the correspond-

ing spinous process ; for the upper

( I-V ) thoracic ner\es subtract two
;

for the lower (VI-XII) thoracic

nerves subtract three. All the cer-

vical nerves pass out through the

intervertebral foramina above the

vertebrae after which they are named,

except the eighth cervical, which

emerges between the seventh cer-

vical and the first dorsal vertebrae.

All the other spinal nerves 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 gixen le\'el, as from

a fracture-dislocation of the spine,

may be associated with a paralysis

of the nerve-roots passing out at

or below 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 ner\'e-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

W

First sacral vertebra

Coccyx <

DiaRram, based on frozen section, showing relations of

bodies and spines of vertebrje to levels at which spinal nerves
escape from vertebral canal.
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paralysis {polio-myelitis), will lead to atrophy of the corresponding muscles. The
vasomotor centres are also in the anterior horns, probably in the intermedio-lateral

tract.

Sensory impulses pass to the posterior horns through the posterior roots, and
some of them soon cross to the opposite side of the cord, others ascending in the

posterior column. The lemniscus is probably the chief sensory tract in the medulla
oblongata, pons, and cerebral j)eduncles.

Kvery servient of the spinal cord contains centres for certain groups of muscles,

and for reflex movements associated with them. A reflex begins in the stimulation

of a sensory nerve. The impulse thus created passes to a centre in the cord and
thence is transmitted to a motor nerve, thus producing a contraction of the muscle
supplied by that nerve. The complete path of this impulse is called a reflex arc.

The sensory impulse may be transmitted to different segments of the cord and thence
out through the corresponding motor roots. Thus a complicated reflex arc is

produced. It is to be assumed, however, that the impulse will take the shortest

route, so that simple reflexes will have their reflex arc chiefly in those segments of

the cord in which the posterior root enters.

Each segment of the cord is connected with fibres from the brain to which must
be ascribed the function of reflex inhibition. If the inhibitory fibres 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 19 14).
Htrmato-rliachis, or hemorrhage into the membranes of the cord fextramedullary

hemorrhage), may result from an injury to the spinal column, as a fracture or a severe
sprain. The bleeding may be from the plexus of veins between the dura and bony
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 hyperaesthesia. 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 antl essential part of the nerxous axis and that the dej^jree to which the

brain is tieveloi)ed is, in a sense, accidental and dependent upon the necessities of the

animal in relation to the exercise of the hi},dier nerv(jus functions. In the lowest

\ertel)rates, the fishes, in which association of the imjjressions received from the

outer world is only feebly exercised, those parts of the brain rentlerinj^^ such functions

jjossible, as the cerebral hemisi)heres, are \ery imperfectly rejjresented. On the

other hand, in man, in whom the ca])acity for the exercise of the hijL^her nervous

functions involvin.n association is consijicuous, the antero-superior parts of the brain,

the pallium, as the rei^ions jjarticularly concerned are called, are so enormously

developed that the human brain is thereby distinijuished from all others. Whether of

low or high develoj^ment, all brains are evolved from certain fundamental parts, the

brain-vcsichs, differentiated in the head-end of the embryonic neural canal ; the

underlviuii conception of the brain, therefore, is that of a tube, bent and modified to a

variable deijree by the thickenintj:, uneciual growth and expansion of its walls. Even

when most complex, as in man, the adult organ exhibits unmistakable evidences of

subdi\ision correspontling more or less closely with the ])rimary brain-vesicles, and

contains spaces, the \entricles, that represent the modified lumen of these segments.

Fig. 909.
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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 along which its evolution proceeds. Before doing so, however, it

will be necessary to take a general sur\'ey 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 directly 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 inferior of

which, the medulla oblons;ata, is the uninterrupted upward prolongation of the spinal

cord and above is limited by the projecting lower border of the quadrilateral mass
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of the next division, the pons Varolii. Beyond the ujjper margin of the pons the
brain-stem is represented by a third division that ventrally is sej^arated by a deep
recess into two di\erv;in<4 Hmbs, the cerebral peduncles^ or crura cerebri, to corre-
spond with the hakes or liemisplures of the cerebrum, each of which receives one
of the crura and in this manner is connected with the lower levels of the cerebro-
spinal axis. The i^reater part of the medulla and j>ons is covered dorsally by the
cerebellum, whose larg^e lateral expansions, or hemispheres, project on either side

as conspicuous masses, distinj^uished by the closely set plications and intervening^

fissures that mark their surface. Of the five component parts of the brain—medulla,
pons, cerebral peduncles, cerebrum, and cerebellum—the last two are coated with
the cortical gray matter, in which, broadly speaking, are situated the neurr^nes

that constitute the end-stations for the sensory impulses con\eyed by the \arious
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 primarily 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 ventricle, 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, xh^foramifia

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.
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Simplified drawing of brain as seen in mesial section, showing relation of brain-steni. cerebrum and cerebellum,

and ventricular spaces.

of one of which forms the background of the space when viewed in sagittal section.

The roof (A the ventricle is \ery thin and consists of the delicate layer of epeyidyma,
as the immediate lining of the \entricular 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 eijeiidyma and the pia mater together,
constitute the nieinl)ranous velum interposituni that fcjrms the roof of the ventricle
and hes beneath tlie triangular A-'/vz/.r, w hose \aultetl 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, ju.st over the upper KtwiX of the Sylvian afjueduct, lies

the cone-shaped pineal body that belongs to the third ventricle, from wliich it is an
outgrowth. '\\\(: Jloor of the ventricle is also, for the most part, relati\ely thin and
irregular in contour. It corresponds to the median part of the lozenge-shaped area,
the interpeduncular space, which, seen on the inferior surface of the brain, is bounded
behind by the anteriorly di\erging cerebral peduncles and in front bv the optic chiasm
and the posteriorly di\erging optic tracts. The posterior half of this area includes
the deep triangular recess at the bottom of which is seen the numerous minute o])en-

ings of \\\Q: posterior perforated space through which small branches of the posterior
cerebral arteries pass to the ojjtic thalamus and the crura. Passing forward, the
paired corpora mammillaria, the tuber ciiiereum, the stalk of the pituitary body
occupy successively the interpeduncular space. Anteriorly, between the trans-
versely cut optic chiasm below and the recurved portion of the great arching com-
missure, the corpus callosum, abo\e, the third ventricle is closed by a thin sheet of

nervous substance known as the lamina cinerca.

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 tegmentum
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

corpoj'a quadrigcmina.
In sagittal section, the fourth ventricle appears as a triangular space, the

anterior or basal wall being formed by 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 velum, a thin
layer of white matter that stretches from beneath the inferior corpora quadrigcmina
to the cerebellum. A similar lamina, the inferior medullary vehun extends from the
cerebellum downward, but before reaching the dorsal surface of the medulla becomes
so attenuated that this part of the \'entricular roof, known as the tela ehorioidca,
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 view-ed from behind, the ventricle

exhibits a rhomboidal outline, the lateral boundaries above being formed by two
arms, the S2(perior cerebellar peduncles, that di\'ergingly descend from the sides of the
corpora cjuadrigemina to the cerebellum. Similar bands, the inferior cerebellar

peduncles, convergingly descend from the cerebellar hemisj^jheres to the posterior
columns of the medulla and form the lower lateral boundaries of the ft)urth ventricle.

Seen from directly abo\e (Fig. 984), the cerebrum, di\ided into its hemi-
spheres by the deep sagittalfissiirc, 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 (Fig. 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 ner\ous 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 foetal life, the

cephalic region of this tube, slightly flattened from side to side, exhibits the results
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of iiiKHjual i^rowtli ill two >liolu ajiislricliuns scparatiny ihixc dikilalions known as
the primary brain-vesicles. The posterior of these, the hind-brain,' is much
the Ioniser, exceedino the cxjnibined lenj^th of the other two (Fi}^'. 911;; altera short
time when viewed from l)ehitul it presents an elongated lozen^^e-shaped form and,
hence, is also calKtl the rhombencephalon. ihe middle vesicle, the mid-brain^
or mesencephalon, is cons]ncuous on account of its rounded form and pnnninent
position, lying, as it does, over the marked primary flexure which the head-end of

the neural tube very early exhibits.

The anterior vesicle, known as the fore-brain, or prosencephalon, at lirst is

small and rounded, but soon becomes modified by the appearance, on either side,

of a hollow protuberance, the optic vesicle, that pushes out from the lower lateral

wall. Por a time the optic vesicle communicates with the main ca\ity of the fore-
brain by a wide opening. This gradually becomes reduced and constricted until the

Fore-brain allium

Mid-brain

Optic vesicle

Fig. 911.

Fore-brain
(thalamic region >

Pallium

Mid-brain

Hind-brain

Reconstruction of b'-ain of human embryo of about two weeks (3.2 mm.); ./4, 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 by 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 outgrow^th 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 exixmd 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 the roof of the fore-brain,

suggests a subdivision of the general space into a posterior and an anterior region.

^This use of the tenn hiud-hrain is at variance with its older sisjnificance, still retained by
some German writers, as indicatinij the upper division (metencephalon) of the posterior

priman' vesicle. In view, however, of the now sjeneral application of fore-brain and mid-brain

to the other primarv vesicles, it seems more consistent to include hind-brain in the series, as has

been done by Cunningham, with a distinct gain not only in convenience, but in avoiding terms

which in their Anglicised form are at best awkward and unnecessary.
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The latter, the outwardly buli^inj^ palliimi or hcinisphcre-anla^c, is limited below by
the optic recess, the entrance into the optic \esicle, and, farther front, by a flattened

triangular elevation that marks the earliest rudiment of the corpus striatum. Th6
posterior or thalamic region extends backwartl to the mid-brain, from which it is

separated by the slight external constriction and correspondilig internal ridge.

During the fourth week the demarcations just noted become more definite, so that

the primary anterior vesicle is imperfectly subdivided into two secondary compart-
ments, the telencephalon, conxenicnth' called the eud-brain, and the dienceph-
alon. Consideretl 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 pallium antl of the corpus striatum, respecti\elv abo\'e antl below in

the telencephalon, and the region of the thalamus and of the hipothalamus respec-

tively above and below in the diencephalon. Between the protruding hemispheres,
the telencephalon is closed in front and below by a thin and narrow wall, the lamina
lermiualis, which dertnes the anterior limit of the brain-tube.

While the more detailed account of the further development of these regions
will be given in ct)nnection with the description of the several dixisions of the brain,

Fic. 912.
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Reconstruction of brain of human embryo of about four weeks (6.9 mm.); A, outer surface; B, inner surface;
/, isthmus ; os, aperture of optic stalk ; c/i. cerebral peduncle ; cj, cervical flexure ; hf, cephalic flexure. Drawn from
His model.

it may be pointed out here, in a general way, that the jxillium gives rise to the con-

spicuous cerebral hcmisj:)heres, which, joined below bv a common lamina, expand out-

ward, upward and backward and rapidlv dwarf the other jxirts of the brain-tube which
are thus gradually covered over. The striate area thickens into the corpus striatum,

Avhich 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-braiii and. therefore, the com-
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billed contribution of the tclcnccijhalon and dienccphaion. Diirinjn the fifth week
the (Hencephalon exjjands into a relatively larj^e irregular space (Fij4'. 913), whose
roof and floor are thin and whose lateral walls are thickened by the masses of the
dexcloping thalanii. Tlic hypothalamic rej^ion becomes the most dependent
part of the fore-brain and L;i\es rise to the structures that later occupy the int<-r-

peduncular space on the l)ase of the brain. The roof of the diencephalon remains
thin, does not produce ner\-ous tissue antl, in conjunction with the intjrowth of the
vascular pia mater, forms the \elum interpositum and its choroid j)le\uses. The
pineal body and the ]:)osterior lobe of the ])ituitary body arise as outgrowths frf)m the
roof and floor of the diencephalon iH'spt'ctivelv.

The mid-brain, or mesencephalon, at first lartje and conspicuous on acccjunt

of its elontyation and prominent position at the summit of the brain-tube, does not
keep pace with the adjoining; vesicles, and in the fully formed brain is represented by
the parts surrounding" the aqueduct of Sylvius. Neither does it subdivide, but, while
its entire wall is converted into nervous tissue, retains its primary simplicity to a
greater degree than any of the other brain-segments. The lateral and ventral walls

of the mid-brain contribute the cerebral peduncles ; its roof gi\'es rise to the corpora
quadrigemina ; and its cavity ])ersists as the narrow canal, the aciucduct of Svlvius,

that connects the third and fourth \entricles.

The posterior vesicle, the hind-brain, or rhombencephalon, the largest of

the primary brain-segments, is the seat of striking changes. These include thicken-

ing and sharp forward flexion of the ventro-lateral walls, in consecjuence of which the
floor of the space becomes broadened out opposite the bend and assumes a lozenge-
shaped outline. The hind-brain is conventionally subdi\'ided (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,
early 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 Aentricle.

From the foregoing sketch of the changes affecting the embryonic brain-tube, it

is evident that the anterior and posterior primary vesicles undergo subdivision, while

the mid-brain remains undivided, five secondary brain-vesicles—the telencepha-

lon, the diencephalon, the mesencephalon, the metencephalon and the myelence])ha-

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 pontine.

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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Telencephalon
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Mesencephalon
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Metencephalon
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above the anterior end of the primary i,ajt-tiibe antl of the notochord. At first the

axis ol the tore-brain Hes about at ri<^ht ans^^les with that of the rhombencephalon,
( Fig. 91 1 ) but, with the in-

creasing size of the middle
and anterior \esicles, 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 fourthweek

a second \entral bend, the

cervical flexure, apj^ears

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 cerxical

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 elevation of the head which
succeeds the period when the embryonic axis is most bent.

The third flexure appears about the tifth week in the part of the metencephalon
in which the pons is later developed and, hence, is termed the pontine flexure.

It concerns chiefly the ventral wall, which is in consequence for a time ventrallv

doubled on itself ; subsequently this flexure almost entirely disappears. In contrast

to the preceding bends, this flexure is only partial and in\ol\es 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

embrj'onic 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.)

Prlmarv Secmrnt

Anterior vesicle

Prosencephalon

Fore-brain

Secondary Segment Derivatives Cavity

Telencephalon
Cerebral hemispheres
Olfactory lobes
Corpora striata

Diuncejilialon

Optic thalami
optic nerves and tracts
Subthalamic tegmenta
Ititerpeduncular structures
Pineal and piiuitary bodic-s

Lateral ventricles 1 ___„„ j„„.
Foramina of Monro 1^°"*'*'^
Anterior part of third ventricle

Posterior part of third ventricle

Middlt^\csi, !•.

Mesencephalon
or

Mi<i-br;..i.l

Mesencephalon
Cerebral peduncles
Coii>ora lunririccmivT

.Arpicduct of Sylvius

Posterior vesicle

Rhombencephalon

Hind-hrain

Superior cerebellar pcduncL
Su|)erior medullary velum

Metencephalon

Myelencrphalon

Pons
Cerebellum Fourth ventricle

Medulla
Inferior medullao' velum

Notwithstanding the great changes in position and relation which many parts of

the human brain suffer during development, chiefly in consequence of the enormous
expansion of the pallium and the correspondingly large size of its commissure, the
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corpus callosum. tlie fuiKiaiiu-ntul rdatioiiships incliaitccl by embryology arc of such
value that, e\en in thi- description of the adult origan, jri-oui)int^ of the various jxirts

of the brain upon a develop-
Fio. 914.

Kpillialiimus

Mttiithalanius

Pars iiianiniillaris hypothalami

mental basis is found acKan-

tag'cous. Althouijh strict

adherence to such a plan

would be at times inconven-

ient, and, therefore, will not

be followed, constant refer-

ence to primary relations is

imperative. It will be con-

venient, therefore, at this

place, to call attention to

the accompanying outline

diagrams which illustrate

the principles established by
His in his epoch-making
studies of the human brain.

In addition to showing the

five cerebral vesicles. Fie

Tlialaiiiu

eseticephalon

Pcdunculi cerebri

Isthmus

-Cfrcl)fllum

Poms

Medulla

Dorsal zone

Ventral zoneRhinencephalon Pars 'optica

hypothalami

]• . .1 '

1 x-'"* • Diagram showing chief derivatives from cerebral visicles : based on
913 indicates the relative

^
brain of embryo of third month. (His.)

position and extent of the

two fundamental subdivisions of the lateral walls of the neural tube, the dorsal

or alar and the venh-al or basal laminae, 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

derivations of the fore-brain, particularly of those which are differentiated from the

diencephalon and later are found connected with the third ventricle. In order to

set forth the developmental relations of the fore-brain, the following table from His,

slightly modified, will be of service :

Fore-Brain
f Telencephalon-

f
Pallium

C Hemisphaerium ' Corpus striatum
( Rhinencephalon

Prosencephalon
[DIE^

Pars optica hypothalami

f Pars mammillaris hypothalami
I

[Thalamus
ENCEPHALON

Thalamencephalon

Epithalamus
Habenula
Corpus pineale
Commissura post.

.Metathalamus
Corpora geniculata

Parts of the Brain derived from the Rhombencephalon.

THE MEDULLA OBLONGATA.

The medulla oblongata, sometimes called the bulb 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 vallecula between the hemispheres of the cerebellum.

Superficiallv, in manv respects the medulla appears to be the direct continuation

of the spinal cord. Thus, it is di\ided into lateral halves by the prolongation of the

anterior and posterior median fissures ; each half is subdivided by a ventro-lateral

and a dorso-lateral line of nerve-roots into tracts that seeminglv are continuations of
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the anterior, lateral and posterior columns of the cord. This correspondence, how-
ever, is incomplete and only superficial, since, as will be evident after studyiii}^ the
internal structure of the medulla, the c(Hnpt)nents of the cord, both ^ray and white
matter, are rearrani^ed or motlitied to such an extent that few occupy the same posi-

tion in the medulla as they do in the cord.

The anterior median fissure is interrupted at the lower limit oi the medulla,
for a distance of from 6-7 mm. , by from five to seven robust strands of nerve-fibres

that pass obliquely acros,s the furrow, interlacing- as thcV jiroceed from the tw(j siiles.

These strands constitute the decussation of the pyramids ( dccussatio inramidum),
whereby the s^reatcr numl)cr of the fibres of the important motor j>aths pa.ss to the
oi)posite sides to 1,'^ain 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 [jyramids and, conxcry^in^ towards the median fissure, descend on either

side of the latter within the anterior columns as the direct i>\ramidal tracts. The

Fig. 915.

Optic tract

Maniniillary body

Pons (basilar groove)

Middle cerebellar peduncU

Anterior median fis'^ ,

—

Cerebelluni-

Root-bundles of ninth ..-•^^ "W^.
and tenth nerves

Infundibulum

Cerebral peduncle

Interpeduncular space

:;^-

Tiigeminal nerve

liddle cerebellar peduncle

"^"Inferior cerebellar peduncle
(Restiform body)

Olivary eminence

Arcuate fibres

'Pyramidal decussation

Root-bundles of twelfth ner\'e y^'

.Anterior roots of first spinal nerve

Brain-stem viewed from in front, showing ventral aspect of 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 e\en 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 triangular

depression, ihe/oramefi ca'cinn.

The posterior median fissure, the direct continuation of the corresponding

groove on the cord, extends along onlv the lower half of the medulla, since above
that limit it disapj^ears in consequence of (a) the separation and di\ergence of the

dorsal tracts of the bulb, which below enclose the fissure, to form the lower lateral

boundaries of the lozenge-shaped fourth ventricle (fossa 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 sifle of the ventral and dorsal

median fissures respectively. One of these, the antero-lateral furrow, 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. The other jj^roovc, the postero-lateral furrow, continues upward in a
general way the line of the tlorsal spinal root-fibres and marks the attachment (»f the
fibres of the ninth, tenth anil bulbar part of the eleventh cranial nerves. Unlike the
posterior root-tibres of the cord, which are exclusively sensory, those attached alon^
this sjroove of the mcnlulla are partly efferent and ])arlly arferent, the fibres belonir-

injL^- to the spinal accessory beinj;- entirely motor, while those of ilu- ^dosso-pharynijeal
and tin- pneunii)i;aslric inclutle both and, therefore, are mixed.

The Anterior Area.—This subtlivision of the medulla, also known as the/jvw-
miit includes the region Ixing between the anterior median fissure and the antero-
lateral furrow. Superticialiy it appears as a slightly convex longitudinal tract, from
6-7 mm. in width, that continues upward
the anterior column of the cord. Each Vn.. 916.

pyramid constitutes a robust strand, which ccichrai lonex

below bcginsat 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-spinal

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.

The proportion of the pyramidal fibres taking part in the motor decussation is

not always the same, from 80-90 i)er cent, being the usual number. \'ary 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).

Pyramidal
decussation

Lateral
pyramidal tract

Direct
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 rci^ion is tleliiutl on the surface by the antcro-lateral

and i)(»ui()-latiiai tunows in front ami hchiiul rispectivcly, and incliKlc-s a narrow
strip on the hiteral aspect of the niechilla. Helow, the tract is continuous with the

lateral cohnnn of the cord, a resemblance which is, however, only suiiert'icial since

within tile medulla the large crossed pyramidal tract no longer lies laterally but
within the anterior area of the opposite side. The upper jjart of the lateral area is

consi)icuously modified by the jjresence of an elongatecl oval prominence, the olivary
eminence (oliva), produced by the imderlying cf)rrugated lamina of gray matter

composing the inferior olivary nucleus. The olive measures about 13 nun. in lengtli

and about half as nuich in its greatest width. Its uj)jier end, more proiuinent and

slightlv broader than the lower, is separated from the inferior border of the pons by

a tleej) groove, which medially joins the furrow occupied by the ]iypoglf)ssal root-

fibres and laterally is continuous with a broad depressed area, ihe parao/ivary fossa,

that separates the olive from the restiform body and lodges the fibres of the glosso-

pharyngeal and pneumogastric ner\'cs. The demarcation of the lower tapering end
of the oli\e is somewhat masketl by the antc7'ior supcrjicia/ araiateJidres, which cover

for a \ariable distance the inferior part of the olive in their course backward to gain

Thalamus

Median .i^eiiiculate body

Inferior bracliiuni

Superior colliculus

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 Rolandi

Fig. 917.

Lateral geniculate body Superior brachiimi

Mesial root of optic tract

Anterior perforated space

Optic tract

- Lateral olfactory root

Optic nerve
Optic commissure

Tuber cinereum

Mammillarv body

Lateral area of medulla

Brain-stem viewed from the side, showiiii,' lateral aspect of medulla, pons, and mid-brain.

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 k)wer half of the

biilb, by the posterior median fissure and, in the upi:)er half, by the di\erging sides

of the fourth ventricle. Below, the posterior area receives the prolongations of the

tracts of GoU and of Burdach, whicli 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 hiniculus 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
ui)per part of ihv tiiiucuhis .^raciHs, the clava, contains the nucleus gracilis ( nucleus
funiculi <,Macilis), the recei)ti()n station in which the lon^ sensc^ry fibres of GoU's tract
are interrupted. The triangular interval inchided between the j^racile funicuh, where
these begin to diverge, correspomls to the k\rl at which the central canal of the cord
ends by opening out into the lourth ventricle. A thin lamina, the obex, closes this
interval and is continuous with the ventricular roof.

Along the outer side of the gracile fasciculus and separated from it l)\' the ijara-

median furrow, extends a second longitudinal tract, the funiculus cuneatus, which
at the lower end of the medulla receives the column of Hurdach. Slightly above the
lower level of the clava, the cuneate strand also exhibits an expansion, the cuneate
tubercle ( tuberculiMU cincreum), that is less circumscribed, but extends farther upward
than the median elevation. Beneath this prominence lies an elongated mass of grav
matter, the nucleus cuneatus( nucleus funiculi cuncati), around whose cells the Ion"
sensory fibres of Burdach's tract end.

Still more laterally, between the roots of the ninth and tenth nerves and the
cuneate strand, the posterior area of the medulla presents a third longitudinal elexa-
tion, the funiculus of Rolando. The latter is caused by the increased bulk of the

Fic;. 918.

Inferior colliculus

Cerebral peduncle

Median fossa

Median sulcus

Middle cerebellar peduncle

Acoustic striae

Acoustic trivone

Restiform body

Attachment of ventricular roof

Obex

Funiculus cuneatus

t'renulum

Superior trochlear nerve

Cerebellar peduncle

Floor of fourth ventricle

Fovea stiperior

Eminentia teres

Trigonum hypoglossi

Trigonum vagi (fovea inferiox)

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 i54-

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 f corpus restiformc), is seemingly 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

originating in the cord and destined for the cerebellum ( 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

insj)ection 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 i)asses backward, over the upi)er and outer end of the Rolandic tubercle,

to join the restiform body, within which it continues its jtjurney 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 supcrjicia/ arcuate

Jibres, 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 STRICTURE OF' THE MEDULLA OBLONGATA.

As already j^ointed out, the correspondence between the si)inal cord and the

medulla is only superficial, sections across the medulla re\ealing the presence of con-

siderable masses of gray matter and important tracts of nerxe-fibres not represented

Fio. 919.

FlK. 92V

Fig. 927
Fig. 924

Fig. 922-

Fig. 921

Fig. 92cr

Ventral i 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 greatly

from the cord that but slight resemblance to the latter is retained. The character-

istic features displayed by transverse sections of the medulla at dillerent 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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I"u;. q2.

I'lniiculus Kiacilis

I'uiiiculus

iiiieatus

Siibstaiilia

^claliiiona .

of iiustcrioi"

coriiu

Decussating
fibres

Anlorior
coriiu y

The effects of the decussation of tlie pyramidal tracts, assiiininjj; for convenience
that the latter pass from below upward, arc* conspicuous when followed in <'onsecutivc
transverse sections from
the spino-bulbar junction

cerebrahvard. The first

suggestion of the decussa-

tion appears ( W^. 920 ) as

strands of nerve-fibres, that

pass from the field of the

lateral pyramidal tract in

the lateral column obliquely

through the adjacent ante-

rior horn of gray matter and
across the bottom of the an-

terior median fissure to gain
the opposite anterior col-

umn. At a slightly higher
le\el, w here the decussation
is fullv established (Fig. ' ~'

'

Q2I ) the laroe strands of ,
'''^"'^Yerse section of medulla at level A, Fig. 919; beginniiiK of pvramidai

^:\.-: '""S
Siranus 01 decussation. Weigert-Pal staining, y 5H. Preoaration made by Professor

obliquely sectional fibres Spiiier.

are seen cutting through the gray matter, partly 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 1 1 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-fibres) prolonged into the graciie 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 graciie nucleus, the first encountered, begins

as a narrow area of gray
Fk;. 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 graciie 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 o\erlying stratum of

Burdach fibres. The cuneate nucleus extends to a higher level than the nucleus

Nucleus gracilis
Funiculus
cuneatus

Spinal
root of V
nerve

Substantia
"3^1 gelatinosa

Pyramidal cit.LUSsation

Transverse section of medulla at level B, Fig. 919; pyramidal decus-
sation well established ; posterior cornua are displaced laterally by
posterior columns. -5'^. Preparation by Professor Spiller.
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gracilis ami, c\x'ii after the disapiK-arancc of the latter, contiiuies as a strikiiij^ collec-
tion of gray matter beneath the tlorsal surface of the medulla, from which it is

separatetl by the posterior superficial arcuate fibres. Within the upper part of the
fasciculus cuneatus the gray matter becomes subdivided into two masses ( I'ig. 924),
the more superficial and C(jntinuous of which is called the nucleus luucalus cxtcrnus,
and the deeper and more broken one, the nuclius cuneatus inlernns.

Owing to the increased bulk of the fasciculi of the posterior area occasioned by the
ai)pearance 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 level with the central
canal. Meanwhile the posterior cornua themselves, especially the capjjing substantia
gelatinosa, materially gain in bulk and now apj)ear as two club-shaped masses of grav
matter that cause the tlorso-lateral projections of the Rolandic tubercles seen on the

Funiculus Rracilis —

Funiculus cuneatus //

Fic. 922.

Nucleus gracilis

eus cuneatus

Spinal root of V ner\e~ /

Substantia gelalinosa4

—

r

v£'

Accessory olivary nucleus-vr

Anlero-lateral ground-bundle <C

Anterior superficial arcuate fibres

Central gray matter

Deep arcuate fibres

I'"ibres of XII nerve

Sensorv decussation

Pyramidal tracts

Transverse section of medulla at level C, Fig. 919, showing sensory decussation, posterior nuclei and
pyramidal tracts. X sU- Preparation by Professor Spiller.

surface. Beneath the latter and closely overlying the outer border of the extensi\e area
of the substantia gelatinosa, a crescentic tract of the longitudinally coursing ner\e-
fibres marks the position of the descending root of the trigeminal nerve ( F"ig. 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 le\el 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 sharply upward and form the beginning of the important sensory pathwav
known as the median fillet (lemniscus medialis) that connects the- medullary nuclei

with the higher centres, as the superior corj^ora 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 gi\en. It must not be sui)])ose(l, ho\\e\tr, 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 filjres are encountered
by those sweeping from side to side, an interweaving of \ertiral 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



Till': MiaXLLA ()HLON(iATA. 107

1

Nucleus cuiieatus
Nucleus
Kracilis

I''ibrcs from
Cioll's tract Fibres from Burdarh's tract

J'ost. superficial arcuate

of the pons and cerebral crura. A feeble expression of a somewhat similar structure
is seen in the reticular formation within the lateral column of the spinal cortl.

The Arcuate Fibres.— These originate as the axoius of the ( ells of thc^racile
and cuneatc nuclei and include three sets. The first, the deep arcuate fibres, turn
sharply brainw^ard after

crossing- the raphe and ^'"- 923-

constitute the chief con-

stituents of the mesial

fillet. The second set, the

anterior superficial

arcuate fibres, also
cross the mid-line, but

these, instead of turning

upward, pass forward,

enter through the pyra-

mid or along its median
aspect, and, gaining the

surface, sweep over the

pyramid and olivary emi-

nence and 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

nterior superficial arcuate

Arcuate nucleus

Diag-ram illustrating source and path of arcuate fibres; RB, restiform body;
r, pyramidal tract ; O, inferior olivary nucleus.

Fig. 924.
Nucleus gracilis Nucleus cuneatus internus

Nuc. cuneatus
'externus

Funiculus cuneatus

Fasciculus solitarius-

Nucleus lateralis --

Nucleus ambiguus-x
Decussation ot

fillet fibres

Median fillet

Pyramidal tract

Spinal root of
\' nerve

I )eep arcuate fibres

—r uid formatio
/ reticularis

Dorsal access,
iilivary nucleus

_ Inferior olivary
nucleus

. Mesial access,
olivarv nucleus

Anterior superficial arcuate fibres Arcuate nucleus

Transverse section of medulla at level D, Fig. giq. showing posterior nuclei, inferior olivary 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 oli\'ary nuclei.

Beneath the prominent olivary eminence lies a corrugated sack-like lamina of gray
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Wiitral

Dorso-lateral aspect of inferior olivary
iiui-lens as recoiislruclcil by Ur. Florence
k. Sabiii. X 5.

matter, the inferior olivary nucleus ( nucleus olivaris inferior), whicli in favorable

transxcrsc scclions appears as a coiispiciious siinious C-likc figure. The nucleus

resembles a j^reatlv crumpKcl bay, of which the closed end lies beneath the

corresj>()nilinj4 siii)erficial pn)tul)erance and the mouth, or hi/um, looks mesially

and somewhat d(jrsally. When reconstructed and
\ieweil from the side ( Fijj;^. 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 tlie hilum (Sabin). The greatest length of the

inferior olivary nucleus is from 12-15 nmi., its

transverse diameter is about 6 mm., and its vertical

one about f)ne millimeter less. The somewhat
compressed hilum measures sagittally from (S-gmm.
The ])licated lamina of gray matter comjjosing the

wall of the sac is from .2-. 3 mm. in thickness

and contains numerous small irregularly spherical

ner\e-cells, each provided with a variable number
of dendrites and an axone, embedded within a

compact feltwork of neuroglia fibres. The interior of the gray sac is filled with

white matter consisting of nerve-tibres that, for the most part, stream through the

hihun and thus constitute the olivary pedimcle. 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 olivary 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 in the chain of conduction are

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 res{)ecti\'ely

mesially and dorsally

to the chief oli\e. The
first of these, the mesial

accessory olivaty nu-

cleus ( nucleus olivaris

accessorius inesialis)

is a sagittally j)laced

lamina, from lo-i i mm.
in length, which lies

lietween the tract of the

fillet and the root-fibres

of the hypoglossal
nerve. It extends be-

low the inferior olive

and, therefore, is encountered in transverse sections at a lower level—immediately

above the pyramidal decussation—than the main nucleus. According to the recon-

structions of Sabin, the nucleus comi>rises three dorso-ventral columns of cells, of

Fig. 926.

Cerebelto-olivary strands

#.
- 4

vj^

"^^^
'i>^'^-..->&-

,^

Section of inferior olivary nucleus, showinj; plicated sheet of gray substance
traversed by strands of cerebello-olivary fibres. X loo.
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which the lower and middle are continuous and the upper is unconnected, and four

small isolated masses of j^ray matter alonj^ the dorsal border of the nucleus. The
inferior or spinal end of the nucleus is thickened and bent outward, so that its plane

is oblique and parallel with the ventral surface of the chief olive. Higher, when the

latter is well established, the mesial accessory nucleus is represented by a narrow

broken tract, that corresjx)nds more closely with the sagittal plane. In this situa-

tion the nucleus lies between the fillet and the inner end of the chief olive antl across

Dorsal nucleus of vagus
Fig. 927.

Ventricular roof

Funiculus cunea-
tus, overlaid by
restiform body

Substantia geKi
tinosaoverla

by root of \

Nucleus ambiguuB

Nucleus cuneatus

.poglossal

4L, Post, longitudinal
*' ^J/ "fasciculus

Nucleus lateralis-
Root-fibres of XII

Interior olivary
nucleus

Tract of mesial fillet

Pyramidal tract Anterior superficial arcuate fibres

Transverse section of medulla at level E, Fig. 919 ; central canal has opened into fourth ventricle ; restiform
body appearing. X 5. Preparation by Professor Spiller.

its hilum. The dorsal 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-

pharyngeal nucleus, partly sensory and partly 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 di^'erging 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).

Viewed in transverse sections through the upper third of the medulla, the poste-

rior area—the space between the \'agus 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 cresceiitic tract of transversely cut fibres that occupies the
greater part of the periphery. (2) The descending root of the vestibular net~'e is seen
to the inner side of the dorso-mesial border of the restiform body as a field of loosely
grouix-d bundles of cross-sectioned ner\e-fibres. (3; The fasciculus solitarius, or

Fig. 92S.

Ventricular roof

Fasciculus solitarius Dorsal nucleus oi X
I Nucleus of XII

I Post. I'-.nif.

fasi

;

u
Restiform

bod\ • Restiform body

Root-fibres
of X nerve

'

Nucleus ambiguus^

—

Root-fibres of .\ 1

1

' Descending
~ vestibular root

Gray column
of vestibular root

-.- " — Form.ret icRTisea
^ Form, retic. alba

Interolivarj' stratum
I median fillet)

Inferior olivar\- nucleus

^\J

r;

Pyramidal tracts

Transverse section of medulla at level F, Fig. 919; ventricular floor is wide; restiform body well established
;

descending root of vestibular ner\e is seen. 5. Preparation by Professor Spiller.

descending root of the vagus and glosso-pharyngeal ner\es, shows as a conspicuous
transversely cut bundle which lies ventro-mesially to the vestibular root. (4) The
descending root of the trigeminal nerve 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 iyiferior olivary and (2) dorsal accessory
olivary nucleus, by the feltvvork of fibres producing the reticular formation. In con-

trast to that within the
^^' 9^9- anterior area, the retic-

ulum within the lateral

area contains a con-

siderable amount of

diftuse gray matter be-

tween its fibres, and,

hence, is known as (3)
X.\\^formatio reticularis

grisea. Accessions to

the irregularly distrib-

uted nerve-cells occur

as two moredefinitecol-

lections ; one of these,

C4) the nucleus am-
biguus. consists of an

inconspicuous group of

large cells lying about
the middle of the grav

Nerve-cell

>:>
•'f>z' '^

Longitudinal
fibres*

r^T'- •€

Portion of fonnatio reticularis grisea. showing nerv'e-cells and interlacing
transverse and longitudinal fibres. X 130.

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 nticlcus lateralis, includes

an uncertain aggregation of medium sized cells, situated nea:r the peripher>' and ventral
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from the trigeminal root. A separate group of somewhat hirger cells, nearer the

ventral border of the trifacial root, has been designated the nucleus lakralis dorsalis,

and by K()lliker regarded as belonging to the origin of the spinal accessory nerve.

Cochlear fibres crossing
restifuriii body

Descendint; root of
vestibular nerve

Fig. 930.

V"^'

Kestiform body

Median
Strix Nucleus vestibular

irii«tit.Te of I.K nucleus
IJeiters'

nucleus

I'ost. lonif.

fasciculus

Root of IX nerve

Substantia .£;elati nosa
Forinatio reticularis alba '"j

Tract of mesial fillet
—V"

Inferior olivary body

^^^ :.

\ \ Fibres of IX nerve
V \ Spinal root of V neive^ Substantia gelatinosa

I'omiatio reticularis grisea

\ Pyramidal tracts

Tia:isverse section of medulla at level G, Fig. 919; \eiitr.U part is narro.ver, whilst dorsal part is expanded owing
to increased size of restitoim 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 tract, which appropriates the entire width

of the field with the exception of a very narrow peripheral zone that intervenes

Fig. 931.

%^

Nerve- Longitudinal Transverse { I
cell fibres fibres ' ,.

Median raphe

Portion of transverse section of medulla, showing median raphe and adjacent formatio reticularis alba. X 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 nucleus. The latter lies at first chiefly on the ventral and. hij^her, on the

mesial aspect tjf the pyramidal tract. The cells of this nucleus, small and fusiform,

are the oritjin of not a few of the superficial arcuate fibres, although those from the

dorsal nuclei continue their course over the nucleus without interrui)tion. 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 pontine nucleus.

Dorsal to the pyramid and immetliatcly next the mid-line lies (4) the compact
tract of the median Ji/hi, composed of longitudinal fibres that are the upward continu-

ation of the deep arcuate fibres, which, from the sensory decussation to the upper
limit of the cuneate nucleus, bend sharply brainward after crossing the mid-line. Ihe
fillet-tracts are also known as the interolivary stratum, as they constitute a compact
and laterally compressed field between the inferior olivar}- nuclei. Lateral to the

fillet, between the latter and the hypoglossal fibres, lies (5) the mesial accessory

olivary nucleus. (6) 'Y\\q posterior longitudinal fasciculus appears in cross-section

as a compact oval or laterally flattened strand, 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 jjroduced by the interwea\ing 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-olivary 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 Cowers' 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 le\els 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 nerve-cells that

are found within the anterior area.

The details of a transverse section passing just beneath the lower border of the pons (Fig.

932) var>- 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 by 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-phar>ngeal nerves are no longer seen, but instead, along the floor of the

ventricle underlying the area acustica. appears a large triangular ma.ss of gray matter, the

mesial vestibular nucleus. Fxtemal to the latter the lateral or Deiters' nucleus and the

descending or spinal acoustic 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 vestibular part of the auditor)- 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 sray matter that collectively constitutes the reception-nucleus of the cochlear division of

the auditory nerve. This j^anglion is subdivided into a superior and an inferior portion, these

bein^ the dorsa/ corh/tar iiiu/ius and the ventral lOihltar nin /tus resiK-ctively. They both

receive the fibres of the cochlear or lateral division of the auditory nerve. The ventral cochkar

nucleus is the startin.n point of a tract of transverse fibres, that pass horizontally inward, many
traversing the fillet and crossing the raphe, and intermingle with those from the ()ii|)osite

side. They thus form a broad strand, the lorpiis (rapczoidts, that within the pons occupies

the lower limit of the tegmental region, which it separates from the ventral. In Fig. 932

Fig. 932.
Mesial vesiil>iil,ir

ntsciml- Gr.iy sulistaiice nucleus Deiters' nucleus

Sulistanti.i ing root of floor .Nucleus of Post, lonif

.

/ A ./ — -

>;elatinosa ofVIlI ofventricle facial fasciculus '—<^ /'".

N'estilnilar nerve
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ISi^-' /

-/ /

"V:^-

Kestiroriii l».ly

»^ ^Cotlilr:ir ner%e

1/

^m

,1 .f '. V'<-i

)orso-liter:il

Superior Ventral cochlear nucleus
olive

Cochlear nerve

and ventral cochlear nucleus /
Spinal root of V / y ^>f''
Trapezoidal fibres / /Y-
Inferior olivary nucleus / \.^' ^-'

Median fillet \l ,
'

Pyramiilal tract

'

Transverse section of medulla at level H, Fig. 919 ;
pyramids are small and inferior olivary nuclei are disappearing;

roots of auditorj' nerve are entering in relation to resliform 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

restiform body and proceed beneath the ventricular floor to the mid-groove ; these mark the

course of the stritr acusticcr seen crossing the ventricle. Ventro-mesial to the spinal root

of the trigeminus and the associated Rolandic substance the nucleus of the jacial 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 oblong^ata 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 downward and backward into the cerebelhnn 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 transversely 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 elevadon. 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 uiulerlyinjn pyramidal tracts in tlieir journey through
the pons from the cerebral peiluncles to the medulla. The trans\erse striation

indicates the general course of the superficial fibres towards the cerebelhmi.

The lateral surface, continued from the ventral without interruption, above
is rounded and sloping and .separated from the cerebral jieduncles 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 ( fasciculus ol(lii|uus

pontis) from the upper part of the \entral surface sweeps-oblicjuely backward and
downward antl overlies the mon- horizonlally ilirected middle and lower fibres.

The free portion of the dorsal surface of the ])ons contributes the upper half

of the floor of the fourth \entricle and is, therefore, not visible until the roof of that

cavity is removed. Above the middle j^eduncle, the sides of the pons are blended
with the overlying superior cerebellar peduncles, which, in conjunction with the

intervening; superior viedtillary velum, complete dorsally the ring of tissue sur-

rounding the narrowed superior end of the fourth ventricle.

INTERN.M. STRICTURE OF THE PONS VAROLII.

\'iewed in transverse sections the pons is seen to include two clearly defined

areas, the ventral and the dorsal (Fig. 933). The ventral part (pars l)asilaris

)

presents a characteristic picture in which the large j^yraniidal tracts are covered in
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and excluded from the surface bv a conspicuous layer of superficial transverse fibres

(stratum supcrticialo 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 comploxum ).

At the upper border of the j)ons, 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 hmit of the ventral field is occupied

by a well marked deeper layer of transverse fibres (stratum profundum pontis). A
considerable amount of gray matter, collectively known as the pontine nucleus
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(nucleus pontis ) is distributed within the interstices between the bundles of nerve-
tibres. The cells of this luiclc-us, small in size and stellate in form, are closely
related to the pontocerebellar fibres of the same and of the opposite side, many
constituting' stations of interruption in the cortico-cerebellar paths.

The dorsal or tegmental part of the pons (pars dorsalis pontis) resembles
to a considerable extent in its L^eneral structure the formatio reticularis j^risea of

the medulla, consisting for the most part of a reticulum oi transverse and longitudinal
fibres, interspersed with ner\e-cells, on each side of the median raphe. 'l"he appear
ance of certain new masses

of ^ray matter and of nerve- i*'tJ- 934-

fibres, toi^c'ther with chanijes

in the position of the fillet, :. _;

produce details that \ary '
..__

w-ith the level of the section. r^^'" ? ;.

When this passes above the r.
.

-« 'y

lower mary;^in of the pons -f .'

(Fig- 933). two diveri^ing ^ '
:^'

• ^--^r*-

and obliquely cut strands of

fibres, coursing from the

^•entricular floor towards the

ventral aspect, mark the root-'

fibres of the sixth and seventh

cranial nerves and divide the

dorsal region, on each side,

into three areas. The middle - '^";^~ - -fi: -^ '/
area, between the abducent ---S^^^^fe^^
fibres mesially and the facial --^ssSi^j^--- ----

fibres laterally, contains three

important collections of nerve- ^°'*'°" °^
'''°'"'^^*iZrius°"': 'S"'"*^

^^"' °^ ^""^'""^

cells. One of these, the nu-
cleus of the sixth nerve, lies close to the floor of the ventricle and beneath the
rounded prominence of the eminentia teres, which it helps to produce, 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 dors;il

but also the ventral part of the pons to gain its low-er border, along which they
emerge a few millimeters from the mid-line. In favorable sections the nucleus of the
sixth is seen separated from the floor of the fourth \entricle by the arching fibres of

the facial ner\-e.

Another conspicuous nucleus of the middle area, the superior olive ( nucleus

olivaris superior ), lies near the ventral limit of the tegmental area, partly lodged within
an indentation on the dorsal surface of the conspicuous tract of transverse fibres,

known as the corpus trapezoides, that extends from the ventral cochlear nucleus
medially and materially aids in defining the ventral boundary of the dorsal area.

The superior olive (Fig. 933) 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 nuc/eiis trapezoides.

Close to the medial border of the superior olive a small oval bundle of longitudinal

fibres, the central tegmental fascicnbis, is sometimes seen. These fibres are probably

derived from the olivary nucleus (Obersteiner).

The facial nucleus, a conspicuous but broken o\al mass of gray matter

(Fig. 933). includes sexeral groups of large stellate cells that lie dorso-lateral to

the superior olive and to the innei* 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 floor of the fourth ventricle. Here they converge into
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a compact strand that, as the ascciidinj^ portion of the nerve, courses beneath the
eniinentia teres seen on the ventricular Hoor, close to the mid-line, until it bends
outward and, archinj^ around tin- abducent nucleus, continues \cntrally as the
emerj^nn^^ root-fibres.

The \entral j)art of the inner area and the adjoininj,^ part of the middle one are
occu])ied by the field ol the mesial fillet which, at the le\el under vonsideration, no
lonjrer has its longest a.xis directed dorso-ventrally, but api)ro,ximately horizontal.

The tract now appears as a modified oval, somewhat compressed from before f)ack-

ward, the thicker inner end of which reaches the raj)he while the tapering outer end
lies near the su))erior oli\e. The posterior lotii^itudinal fasciculus is seen as a com-
pact strand, immediately beneath the gray matter of the ventricular floor and at the
side of the rajjhe. To the outer side of the emerging facial fibres, and therefore in
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the lateral pontine area, appear the substautia gclatinosa and the associated spinal

root of the trigeminal nerve. Just behind the latter the dcscetidiiig vestibular root

lies close to the inner side of the restiform body. The collection of nerve-cells

marking Deiters' nucleus is seen beneath the ventricular floor in close relation with

the descending vestibular root.

Sections passing at the level f)f Fij^. 935, and, therefore, about three millimeters above
that of Fig. 933, show interesting details connected w ith the nuclei and roots of the trigeminal

nerve. At this level the nuclei and roots of the sixth and seventii nerves 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 obIi()uely 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 gelatinosa,

which, it will lie remembered, is to be seen in all the preceding lower levels intimately related
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to the di'sccndinc; or spinal root of tlie fifth nerve. A second and more compact gangUon, the

motor nucleus of the trigeminus, Ues to the inner side and siiglitly fartlier back. It contains large

nuikipolar cells, extends to a somewhat hi},'iier level than the sensory nucleus, and is separated

from the latter by a strand of tibres uiiich arch over the motor nucleus and then pass mesially

beneath the ventricular floor to the raphe, where they cross to the motor nucleus of the <j|)po-

site side. These tibres are part of the crossed constituents of the motor trigeminal root. Additional

components of the latter, the dcsccndinf; or mesencephalic root, are seen in the interval between

the superior cerebellar peduncle and the lateral anjjle of the ventricle. The motor root itself is

represented by several inconspicuous and broken strands of fibres that emerge from the motor

nucleus and lie close to the inner side of the large sensory root.

Lateral to the sensory nucleus and root of the fifth, and therefore beyond the conventional

limits of the pons, the section includes the three large fibre-tracts of the three cerebellar

peduncles. The most anterior of these is the middle peduncle into which the corresponding

ventral part of the pons is continued. The next and middle tract, joining the tegmentum to the

Fourth ventricle

Fig. 936.
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outer side of the sensory trifacial nucleus, is the now obliquely cut inferior peduncle or resti-

form body. The third and dorsal tract is part 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 cerebral 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 emittentia teres. The depression at the lateral

angle of the ventricular floor is the upper part of \}aitfovea superior.

Beneath the latter are grouped the deeply pigmented nerve-cells of the substatitiaferruginea

that, seen through the intervening layer of tissue, confer the characteristic bluish tint of the
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hniis ovrtilcHS to this part of the ventricle (page 1097 ). Mesial to these cells the posterior longi-

tudinal J'ascicnlus shows, in transverse section, as a triangular field close to and on each side

of the raphe.

The most conspicuous feature of the dorsal part of the section is the conuiia-shaped fibre-

tract of the superior cerebellar peduncle (hrachiiiiii cmijiiiictivum ). The thicker part of the tract

lies dorsally and its tliinner etlge cuts into llie lateral part of the posterior area of the pons

about half way between its dorsal anil ventral boundaries. Hetween the cerebellar tract and the

lateral angle of the ventricle, a slender crescentic strand of transversely cut fibres marks the

discending:: motor or nitscnicpha/ii root oi the trigeminal nerve. The tract of the median fillet

no longer touches the raphe, l)ut 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 hllet. 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 friJin the reception-nuclei of the eighth ner\e

to the inferior corpora c|uadrigemina, 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 nucleus tegmenii lateralis (Kolliker). The remainder of the tegmental

area is occupied by the formatio reticularis.

THE CEREBPXLUM.

The cerebellum—the " Httle brain," in contrast to the cerebrum or " g^reat

lirain"— 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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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 w ith the medulla, the

pons and the mid-brain respectively.

The general form of the cerebellum is that of an ellipsoid, compressed from

abo\e downward and constricted, save on the dorsal aspect, by a median groo\e 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 6 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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Fig. 938.
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Studies (Stroud, Elliott Smith, Bradk-y, Hoik and others), since some details gi\en
prominence in human anatomy are of secondary imjxirtance, and (jthers of j^reater

niori)hological si^iiiticance are only slightly emphasized.
The surface of the cerebellum is divided by the deeper fissures into more or less

well defined areas, the lobules^ each of which is subdivided l)y shallower clefts into

narrow tracts, the foliar from 2-4 mm. in width, that usually pursue a curved course
within a given lobule ami, in a general way, run ])arallel to one another and to the
sulci bounding the tract. On separating the plate-like folia, or on making a section
across the plications (Fig. 943), it will be seen that the j)attern of the folia is greatly
extended by the presence of numerous atiditional funous (jn the deeper and hidden
aspects of the leaflets, which are, therefore, ordinarily iinisible from the surface.

Whether free or sunken, the exterior of the cerebellum is everywhere formed by a
cortical layer o{ gray matter, from 1-1.5 nun. thick, that (tndosQ?, a. vicdiillary 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 vitce (Fig. 938).

The general ellipsoidal mass of the cerebellum, comj)rising the narrow central

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 ccrebclli aiitcri(ir), which is

much larger than the posterior and bounded laterally by the cerebellar hemispheres
'

and behind by the anterior part of the worm. It is occupied by the inferior corpora
quadrigemina and the superior

cerebellar peduncles and
inter\'ening superior medul-
lary \elum. The posterior
border is interrupted by a

smaller median indentation,

the posterior notch (incisura

cercbelli posterior), which is

bounded on each side by the

hemispheres and at the bottom
by the hind part of the worm,
and contains the crescentic

fold of dura known as the falx

cerebelli.

The upper surface of

the cerebellum is modelled by
the overlying 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-
ticulits, 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 by 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 incompletely divided into an upper and a lower part by a deep

cleft, the great horizontal fissure (sulcus .horlzontalis cerebelli). The sulcus

begins 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 ihe cerebellum, but sometimes is interrupted

Pyramis

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 (lcx'j)ly into the lateral and posterior portions of the hemispheres
and the worm behind. It is, howe\er, \isible on the upper aspect of the cerebellum
only for a short distance as it a])proaches the ])osterior notch, the remainder of its

course beinj^- masked by the oxerhanj^ing border of the hemisphere. Althouj^h
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.

LoHKS .VXD Fis.siKKS OK THK I'ppKR SURFACE.—The Subdivisions of the
superior worm are, from before backward :

—

(i) the lingula, (2) the lobtdus centralis,

(3) the cuhfioi, (4) the c/ivus, and (5) the folium cacioninis. With the exception
of the lingula, which usually is unprovided with lateral expansions, these median
tracts are connected respectively with (i) the alee lobiili centralis, (2) the anterior

crcscentic lobule, (3) the posterior crescentic lobule, (4) the postero-superipr lobule.

Lobus Lingulae.—Tlie lingula, tlie extreme anterior end of the superior worm, is not free,

but lies attached to the upper surface of the superior medullary velum, covered by the over-

hanging adjacent part, lobulus centralis, of the worm, which must be displaced to expose the

Ala lobuli centralis
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structure in (luestion. 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 linKiilac ) are reckoned as the

lateral divisions of the lobus linguke.

Lobus Centralis.—The median part of the subdivision includes the second segment of the

upper worm, the central lobule (loliulus 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 15-18 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 (Ma lohiili centralis). The two ake, 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 summit of the general elevation,
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the nionticulus, is called the culmen (cuhncn monticiili). It is formed by a half dozen or more
longer and shorter folia that laterally are continuous with a lunate area of the hemisphere known
as the anterior crescentic lobule (pars anierior liilmli (|ua(lranniilaris). The latter is the most
anterior di\ ision of the upper surface of the hemisjjhere and is a broad crescentic tract limited
behind by the prcclival fissure(siilctis superior anterior), 'ihe two anterior crescentic lobules and
the culmen constitute the lobus culminis.

Lobus Clivi.—The fourth sej;nient of the superior worm slopes ra|)idly downward from the
culmen and receives the name clivus (dedive moniiculi). It is separatetl from the precedinj^ part
of the wt)rm by a deep cleft, the central part of the preclival sulcus, which on account of its mor-
pholoijical importance has been called the Jissura pri)na (I^lliot .Smith). Laterally the clivus is

connected on each side with the posterior crescentic lobule (pars posterior lobuli iiua(Iraii|»ularis)

which resembles the lobule in front and is separated from the one behind by the postclival
fissure (sulcus superior posterior). The clivus and the two posterior crescentic lobules constitute
the lobus clivi.

The two crescentic lobules, the anterior and posterior, are rej^arded by German anatomists
as constitutinj; one tract, the lobulus tjttadratigularis^ of which the crescentic lobes then become
the pars anterior and pars posterior respectively.

Lobus Cacuminis.—The fifth and last segment of the superior worm, the folium cacuminis
(folium vermis), varies greatly 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, e.xceptionally

as many as five or si.x, small folia. Sometimes it reaches the level of the adjoining parts of

the worm, of which it forms the posterior end ; at other times it is so sunken and buried that

its presence can be demonstrated only after separating 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) includes the remainder of the upper cerebellar hemisphere of

which it forms the most expanded and lateral tract. In front it is separated from the posterior

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 the two postero-superior

lobules constitute the lobus cacuminis.

Lobes and 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 tapering medulla oblongata is

received. The bottom of the valley is occupied by the irregular 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 tivula, (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) \hG flocculus, (2) the t07isil, (3) the biventral lobule and (4) the

postero-inferior lobule.

Lobus Noduli.—The nodule (nodulus), the most anterior segment of the inferior worm,
varies much in size and form, but 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 b>- the

postnodular fissure. The relation of the nodule to the inferior medullary 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 velum that passes beneath the inferior worm 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 touth the adjacent margin
of the anterior crescentic lobule of the upper surface. In addition to the chief floccules,
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com|X)sed of from ten to twelve leaflets, a second and smaller set, known as the paraflocculus
or accessory Jioi I u/us, lies behind and lateral to the main ^^roup, often comiiletely 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 development
of the flocculus than seen in the adult human brain. The connection Ijctween the flocculus
and the nodule is established by the lateral part of the inferior medullary velum, which
constitutes the ptduucle 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 bvula, the next part of the inferior worm, is laterally compressed
between the deeper parts of the two tonsils. It varies in form and often ajjpears 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 l^ehind by
the prepyramidal, which laterally, as the post-tonsillar fissure, curves outward along the postero-
lateral border of the tonsil. The free median surface of the u\ ula is usually cleft into two or
three major subdivisions, which in turn are scored by shallower incisions, so that from si.\ to ten
leaflets are present. Some two dozen additional folia mark tlie hidden lateral surfaces, the
entire number being thus u.sually raised to thirty or more.

The tonsil or amygdala ^lonsilla ), the .segment of the hemisphere associated with the uvula,
is a pyramidal mass lying between the worm and the biventral lobule and forming the central

zone of the general quadrant embracing the lower surface of the entire hemisphere. The free

conve.x inferior surface of the tonsil is irregularly triangular in outline and bounded by a rela-

tively straight median margin (along the sulcus vallecula:), 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 by a straight furrow that extends from the indentation on the anterior border

backward and inward and marks a line along which the cur\ed folia, from nine to fourteen in

number, abut. Of the other surfaces bearing folia—the median, posterior and lateral—that

directed towards the u\-ula (median) alone is entirely unattached, the others, with the superior,

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 from the posterior part of the uvula across the roof

of the space occupied by the tonsil to the upper and lateral part of the amygdala. This tract,

known as the furrowed band (alae uvulae) connects the worm with the hemisphere and thus

joins the uvula and the two tonsils into the lobus uxiite. 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 by cutting through its supero-lateral stalk, a deep recess is left,

which is bounded medially by the uN-ula 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 az-is).

Lobus Pyramidis.-^The pyramid (pyramis) 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 liie niLtlian areas ol the i^iveiitral lubules,

where it forms the most prumineiit divisiuii of the worm. It is an eluiiijalecl club-sha|)ed

mass, attached by a narrow stalk and separated from the adjacx-nt jjarls of the worm by liie;

prepyramidal and postpyramidal fissures and from the hemis|)heres by the sulci vallecula.-.

The convex inferior surface usually presents from 5-S superficial folia, those towards the

uvula beini;- lonj;er than those directed towards the tuber. After removal of the tonsil, a

narrow band, the connecting ridge, is seen passinj^, on each side, from the anterior part (if the

pyramid to the adjacent mesial v\k\ of the biventral lobe, which, in this manner, is brouj^ht into

relation with fhu worm.
The biventral lobule (lolmliis liiM;iitL'r) ordinarily consists, as its iianic implies, of two suli-

divisions, which tojiether appear on the surface as a curved zone, the extremities of which are

more contracted than the intermediate tract that attains a breadth of 15 mm. and more. The
details of form and foliation are (|uile variable, the lobule being not only stjmetimes much
broader than usual, but farther sulxlivided, so that three, instead of tw(j, tracts are included.

The broader outer end of the lobule reaches the anterior margin (jf the hemisphere, and the

narrowed inner end the vallecula, in consequence of which the c(jm|)onent superficial concentric

leaflets, some twelve to sixteen in number, are compressed and thinner as they approach the

sulcus vallecuke. The biventral lobule is separated from the tonsil, around which it curves, by
the lateral extensiiMi of the prepyramidal or post-tonsillar fissure and is limited behind 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 th© folium cacuminis is small and buried, the tuber 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 ba.se directed towards the pyramid, from which it is separated by the

postpyramidal fissure, and its apex 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 inferior), that is limited in front by the lateral

extension of the postpyramidal fissure (sulcus inferior anterior) and behind by the great hori-

zontal fissure. After emerging from the sulcus valleculte, 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 12-1S 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 lobjilns }^radHs 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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Ill recapitulation, the fort'Koiii^ CL-rebellar lobes, uitli their component wonn-sej^meiUs and
associated hemisphere-tracts, and tlie interveninj^ fissures may be followed in order, from the
anterior and superior end of the worm to its front and lower pole. Althoujjli not ajjreeing

with a morphological division, such j^rt)upin.i; ' is convenient as applied to the adult human
cerebellum.

wo KM

Linuulii
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Architecture of the Cerebellum.—With the exception of where the robust

peduncular collections of nerve-fibres enter the hemispheres and ininiediately above

the dorsal recess of the fourth ventricle, the cerebellum is everywhere co\'ered 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 indixidual 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 \}ci^ corpiis

trapezoidnim, and its radiating branches produce a striking picttire, to which the

name, arbor vitce cercbelli, 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 dentatuni, the largest and

most important of the internal nuclei, consists of a plicated sac of gray matter

(Fig. 951) and resembles in many respects the inferior oli\-ary nucleus. Like the

latter, it is a cnimpled thin lamina of gray matter which is folded on itself into a

pouch, enclosing white matter, through whose medially directed mouth, termed the

hilicni, 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, shy;htly obhque to the sa;^iital

plane. Anteriorly the nucleus reaches the level of a frontal plane i)assiny; through
the prccentral fissure ; laterally it extends to about the middle of the hemis])here

(Ziehen); whilst metlially its postero-inferior end comes into such close relation with

the fourth ventricle that a slij^ht ele\ation, vmineulia nuclei dintati, is producetl on
the lateral ventricular wall. In its longest (antero-posterior) dimension the nucleus

measures from 15-20 mm., and in breadth about half as much.
Of the other paired internal collections of gray matter—the nucleus fastigii, the

nucleus emboliformis and the nucleus globosus—the nucleus fastigii, or the roof
nucleus, is the best defined. It lies within the core of the worm, in the lower part

of the corpus trapezoideum, very close to the mid-line and to its fellow of the oppo-
site side. In its general form the nucleus is egg-shaj^cd, with the posterior pole

somewhat prolonged, 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 libre-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 approximately 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

peduncle, 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 abo\e 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

69
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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 evident that all four internal nuclei are more or less continuous

masses of v^ray matter.

In structure the internal nuclei ditTer markedly from the cerebellar cortex,

since in the main they are composed of irrcmilarly disjjoscd iur\e-cells of one kind

interspersed with numerous nerve-fibres. Tiie dentate nucleus contains cells from
.020-. 030 mm. in diameter whose bodies are angular or stellate in outline and pig-

mented 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 frt)m without, many being the axones of the Purkinje cells, and break

up into a rich plexus within the folded slieet of gray substance. Since the nucleus
emboliformis and the nucleus globosus are only incom[)letely isolated ])arts of

the dentate nucleus, their structure corresponds closely with that of the cliief 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 implies 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 molecular layer and the inner and
darker grannie layer.

The molecular layer is of uniform thickness, about 4 mm. , and contains three

varieties of nerve-cells—the Purkinje cells, the basket cells and the small cortical

cells. The Purkinje cells, the most distinctive ner\ous elements of the cerebellum,

occupy the deepest part of the molecular layer, where they are disposed in a single

row along the outer boundarv' of the subjacent granular layer. The cells are most
numerous and more closely 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. V lo.
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and i)lten acute anj^lcs, the CDinplclcd division rcsultinj^, as displayed by silver
inipregnations (Fig. 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 /.(jne extending acrcjss the
folium and, hence, when examined in sections cut parallel with the plane of the folium,
these exjxmsions are found to be coiifmed to tracts separated by /.ones of the molecular
layer that are uninvatled by the dendrites of the Purkinje cells. The axoncs of

the latter arise from the rounded basal or deeper end of the pvriform body and at

once enter the granular layer, which they traverse to j^ain the white medullary core
of the folium. In their course the axones give o^ a few recurrent collaterals that

end within the molecular layer in the \ icinity of the bodies of the cells of Purkinje.

The stellate or basket cells lie at different ])lanes, but chiefly within the
deeper half of the mckcular layir. They i)ossess an irregular stellate body, from
.0iC)-.020 mm. in diameter, from which several dciidriles radiate. Their chief

feature of interest is the

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 a.xone gives

off from three to si-x

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 axones, directed towards

the surface, enter the molecular layer, within which, at various levels corresponding

to the depth of the cells, they undergo T-like di\'ision. 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

Two Purkinje cells from silver preparation of cerebellar cortex; ^, side
view ; B. cell in profile ; a, axone. X loo. Preparation made by Prof. T. G. Lee.
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several richly branched tlciulrilcs pass in various tlircctioiis, hut larj^cly into the
molecular layer. 'VUv axonc is most ilistinctive, as very soon after leaving the cell it

splits up into an arbt^rization of unusual extent and complexity, which, however, is

confined to the granular layer. These cells, therefore, belong to those of type II

(page 99S). Since by their processes they are brought into intimate relation with
a number of other neurones, the elements under consideration are probal)ly of the
nature of association cells.

The nerve-fibres i-ncountered within the cerebellar cortex (Fig. 945) comprise
three chief \arieties. (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 j)arts, 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-

FiG. 945.
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ing the latter break up into a nunil>er of l)ranches that bear, either at the points of

division or at their ends, thickenings from which bundles of short diverging twigs are

given ofl. By this arrangement each moss-fibre ends in relation with a large number
of granule cells. (3) The climbing-fibres, so named (Cajal) on account of their

tortuous and vine-like course, ascend through the granular to the molecular layer,

to which they are chiefly if not exclusively distributed, where they entwine and
cling to the primary and secondarv dendritic processes of the Purkinje cells.

Additional fibres encountered within the granule layer are, evidently, the axones of

the granule cells and the collaterals of the cells of Purkinje. whilst a large pro[)or-

tion of the fibres within the molecular layer are formetl bv tlie ramifications of the

axones of the granule cells and of the basket cells.

The neuroglia forms a supporting framework of considerable density both

within the white matter and the cortex. As seen in preparations colored with the

usual nuclear stains, the neurogliar elements are conspicut)US within the granule

layer, to whose numerous small nuclei they contribute no small part. The cells

occupying the outer zone of the granule laver exhibit a ])eculiar arrangement of their

processes that in a measure recalls the disposition of those of the Purkinje cells. In
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addition to a short and uncertain centrally directed proces:s, the irrej^ular cell j;ives

off a brush-like group of tibrilhe which penetrate the niolecular layer, seldom branch-
ing, as far as the free surface of the folium, when they end beneath the pia in expan-
sions that become conilensed and unite into a delicate limiting membrane. The
ratlial dispt)sition of the neiuoglia fibres, as well as of the Purkinjean dendrites,

climbing lilnvs antl the larger bUjod-vessels, confer upon the molecular layer a
vertical strialion that is often marked.

The Medullary Substance.—The white matter composinj^: the core of the cerebellar

hemispheres exhibits several fairly definite subdivisJDns, amon^ which may be distmjjuished :

1. Tile subcortical layer, from .2-.5 mm. in thickness, that e.\tends beneath the jjraiiule

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 co)nmissural 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 opposite hemisphere
as the anterior (superior) and the posterior (inferior) cerebellar decussations.

3. The pcridentate stratitin that comprises a libre-comple.x that surrounds the nucleus

dentatum.

Within the medullary substance of the worm, lie :

1. The superior cerebellar cotuiiiissure, 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 within 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 roof-nuclei 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 its dorsal margin
and, still farther backward, invading the beginning of the horizontal medullary 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 coUiculus.

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-Tracts 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 serve

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 and cuneate nuclei

of the same and the opposite side. Additionally, perhaps, some fibres are continued, without inter-

ruption in the medullary nuclei, from the posterior fasciculi of the cord. All of these, direct and

indirect, end chiefly within the cortex of the superior worm of the same and the opposite side.
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3. Tlie olivo-cerebellar -fibres, cliict]y Iroiii the opiJosite inferior olivary nucleus but to a
liiniteil extent also from the nucleus of the same side, Ihey 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 tibre-complex enveloi)ing the
nucleus dentatus. Whilst ior the most part afTerent, it is probable that some of the fibres within
the tract are elTerent 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, wiiicli 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. Other 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 sensor>-) fibres jiass without interruption l)y

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),

which continues the pons laterally into the medulla of the cerebellum, transmits the
fibres whereby the impulses arising within the cerebral cortex are conveyed to the
cerebelhim. 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 cerebeUar hemisphere, such bonds from side to side passing
exclusively by way of the commissures within the worm.

The chief 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 occi])ital lobes

respectively, descend through the internal capsule and the cerebral crus, and end around the

cells of the pontine nucleus. I"'rom 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 trom the pontine cells to the cerebellar cortex of the same side. It should be remembered
that the pontine nuclei are also influenced by cortical impulses that descend by way of the pyra-

midal tracts, since numerous collaterals from the component fibres of these motor paths end
around the pontine cells.

2. EflFerent cerebello-pontine 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, after crossing the mid-line,

they are believed (Bechterew) to end within the tegmentum in relation with the cells of the

nucleus tegmenti situated close to the raphe. The assumption, often made, that many of the

efferent cerebello-pontine 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-

jtinctivtim) forms, with its fellow of the opposite side, the important pathway 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 princijial comiionents of the latter are

the fibres arising from the cells of the dentate nucleus, which, emerging from the hilum of tlie

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 quadrigemina bodies, the tracts of the two sides

meet and begin to intermingle, the decussation of the superior peduncle (Fig. 11 12) thus estab-
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lished beinj; best marked ojipositt' the siiiK-rior colliciili. Above this (k-cussation, wliirh, how-
ever, does not involve all of its fibres, since some asceiul on the same side, the cerebello-tejjmental

tract is in larj^e measure interrupted in the red nucleus (nucleus tcKmenii rutier), that lies within

the upper part of the tegmental area of the cerebral cms (pau<- 1114). The fibres not ending
art)und the cells of this nucleus are continued through tin- subthalamic region into the thalamus,

in relation to the cells of which they terminate.

Of those ending within the reel nucleus, the majority transfer their iminilses to fibres that

arise from the rubral neurones and thence proceed to the thalamus in company with the unin-

terrupted fibres. From the

thalamus the impulses are j.-,,.
^^

carried by the thalamo-cortical

paths (pa.ue 1122) to the cere-

bral cortex, the cells of which

are thus influenced by the

coordinatint;; reflexes of the

cerebellum.

A considerable part of

the impulses conveyed to the

red nucleus is diverted by the

axonesof some of its neurones

into an entirely different patli,

namely, the rubro-spinal tract,

by which the impulses from

the cerebellum are carried

through 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 codrdination 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

;

(b) 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 corticoponto-cerebellar and the cerebello-rubro-spinal tractS; may be

assumed as probably taking part in securing the necessary motor balance.

Vestibular
From n. lateralis

Ant. superf. arcuate
Post, superf. arcuate

— Direct cerebellar

Nucleo-cerebellar

Olivo-cerebellar

Posterior nuclei ^

Rubro-spinal tract

Posterior tracts

Diagram illustrating; chief components of cerebellar peduncles; fibres

passing by inferior peduncle (IP) are red ; those by superior peduncle (SP)
are blue; those bv middle peduncle (MP) are black; C, cerebrum; T.
thalamus; IC, internal capsule ; R, red nucleus ; Cb. cerebellum ; d. dentate

nucleus; p, pontine nucleus; v, 1, o, vestibular, lateral, and inferior olivary

nuclei; s, reception nuclei of sensorj- 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, temporo-occipito-pontine ; 9, ic, ponto-cerebellar fibres.
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THK FOURTH VP:NTRICLE.

The fourth ventricle ( ventriciiUis (|iiaitus ), the persistent and niO(htie(l hind-brain

sejL;ment of the primary neural canal, is an irregular triangular s[)ace 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 a.xis is appro.\imately vertical and
about 3 cm. in length, measured from the lower extremity, where 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 o\L-r the restiform body.

The Floor of the Fourth Ventricle.—The floor of the ventricle, really its

anterior wall, when viewed from behind after remo\al of the cerebellum and the

medullary vela, appears as a lo/enge-shajied area (fossa rhomboidea ). The upper half

of the floor is formed by the liorsal or \entricular surface of the pons and is bounded

Fig. 947.
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Cast of cavity of fourth ventricle; A, from the side; B, from above. X % {Relzius.)

laterally by the upwardly converging superior cerebellar jieduncles. 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 clava. The
narrow lower angle of the rhombic area, long known as the ca/amiis scriptoriKS,

corresponds to the interval between the clav^e, 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 sunken
and corresponds appro.ximately with the frontal plane, bting almost \ertical. It is

divided into symmetrical lateral jjortions by a median groove t sulcus iiiedianus lon«ji-

tudinalis sinus rhoinltoidalis ), and into an upper and a lower half by transverse mark-
ings, the acoustic striae (striae acusticae ), which on each sitle arise from the nuclei of

the cochlear nerve, wind o\er 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 voitriculus Aurayitii. 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 latcrallv is continuous
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with the tlehcate roof-incmhiaiic, known .is thr tela chorioidea. Toward its upper
end the longitudinal furrow presents a second expansion, iUc /ossa ?/it(//ii//a. The
acoustic stria- vary greatly in distinctness and arrangement, sometimes appearing as
well-marked baiuls that cross the ventricular floor with little divergence, or they may
constitute a fan-sha|)ed 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, (^uite frequently one band diverges from
the others and crosses the floor obli(iuely ui)ward and outward. This strand, spe-
cially designated as the conductor sonorus, is seldom ecjually distinct on the two
sides, being usually bett(.-r seen on the left.

The inferior division of the ventricular fioor, that lying below the acoustic
stride, presents three general fields of triangular outline. The one ne.xt the median
groo\e, 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 partly overlies the nucleus of the twelfth ner\e. Lateral from the last

Fig. 948.
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Floor of fourth ventricle exposed alter removal of its roof by frontal section.

named area is a somewhat depressed triangular field of darker color, the apex of which
is placed above, near the acoustic striar, 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-vagus
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 ner\e ; 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 stride, is

marked on each side of the median groove bv a prominent elev'ation. 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 of

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 acjueduct and in fresh i)reparations
possesses a bluish gray tint in consequence of the deejjly j)ignKnted cells of the
underlying substantia ferruginea (page loSi) showing througli the ependymal layer.

The accurate description of tlie surface markings of the ventricular i\our 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 underslancHng 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-

ve.\, 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 e.xtends some 5 nmi. 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 stria- above to the

nib of the calamus scriptorius below. This field, named the aria plumiformis 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 (ala cinerea), which lies lateral to the nucleus intercalatus, corre.sponds to

the middle and superficial third of the vago-glosso-pharyngeal nucleus, the entire extent of the

latter including a tract measuring about 13 mm. in length by 2 mm. in breadth, that stretches

from h>eneath 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

;

immediatelv above the obex this intraventricular portion is covered by a layer of loo.se 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, 1S96.

'-' Amer. Journal of Anat. Vol. II, 1903.
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1

'^^\»^7""''^""^^ ...the cMHinenlia teres is due to the muit-rlyin^ nulens of the sixth nerveenc osed by the knee ot the .ac.al
;
,or ,t. therefore. Streeler proposes the nanie cmincntia abdu:

centis. The longitudnial ndge that contnn.es u|)ward and bounds the median fovea the last
cited author mterprets as due to a held of ^raj matter, thin in the vicinity of the iibducent
eminence and thicker above, to which the name nucleus incertus is ai^phed Lateral to the
nucleus incertus and the facio-abducent eminence, lies the fovea anterior, which elongated and
depressed area (nearly 6 mm. Ioiik by i mm. wide) is due to the exit of the root of the fifth
nerve

;
it may, theretore, be called the fovea trigemini. The median porti.M, of the elevated

acoustic area includes the elongated and irregularly lozenKe-shai)ed vestibular area that
measures about 16 mm. in length by 4 mm. in breadth and extends from the fovea an'terior
(tri-emini) to the nucleus gracilis. The lateral |)art of the area acustica is occupied by the
cochlear area, which stretches into the rece.ssus lateralis and overlies the nucleus cochlearis.

The Roof of the Fourth Ventricle.—Viewed in median sagittal section ( Fie
938), the roof ot the lourth \entricle appears as a tent-like structure whose wings
where they come together, bound a space, the recessus tecti, that penetrates the
cerebellar medulla

Fig. 950.
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between the superior

and inferior worm.
The upper wing of

the tent is foriiH-d bv
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 o\er-

laid by the rudimen-

tary cerebellar folia

of the lingula. It

must be understood

that the ventricular

surface of the \-elum

is clothed by the

ependyma—as are all other parts not only of the fourth \'entricle 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 m/en'or medullary vehan, and a lower and extremely thin
membrane, the tela chorioidea. Medially the inferior medullary velum is attached
for some distance to the front and lower surface of the nodules, 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 cerebellum. The ner\'ous constituents of the velum extend onlv as far as its

crescentic lower border, beyond which the roof of the \entricle, in a morphological
sense, is formed by the ependymal layer alone. This, however, is supported bv 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 cla\ae 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 continuous with the slightly thickened margin of the roof,

the taenia ventriculi, whose line of attachment pa.sses from the cla\a upward and
outward over the cuneate tubercle of the medulla and the restiform body and, farther

upward, runs obliquely across the dorsal surface of this peduncle to close in the lateral
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recess—one of the pair of diverticula that overlie the inferior cerebellar peduncles

and add materially to the transverse diniensi(jn of the ventricle. After enclosing the

lateral recess the taenia leads to the stalk oi the flocculus and the inferior velum.

Within the triangular field of the tela chorioidea, the pia mater takes advantage
of the attenuation of the ventricular wall to efi'ect 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 \icinity of the mid-line, where they appear as

parallel villous or fringe-like stripes, the median plexus, which extends upward
from near the obe.x to the inferior medullary velum. Opposite the nodulus they

Fig. 951.
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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 completely 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 (apertura mcdialis ventriculi quarti

)

lies immediately above the obex and between the strands of the choroid plexus.

Two additional clefts, the foramina of Luschka raperturae lateralcs ). 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 DFA'ELOP.MENT OF THE HIND-BRAIN DERIVATIVES.

In the general sketch of the development of the brain previously given (page io6r), it was

pointed out that the hind-brain, or rhombencephalon, includes two subdivision?, the myelenceph-

alon and the metencephalon. the extreme upper part of the latter being designated the isthmus.

It has been further noticed that the junction of the cord and brain-segments of the neural tube

corresponds with the conspicuous cervical flexure, whose early appearance is followed by an
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outward bending of tlie lateral walls of the brain-vesicle and the stretciiin}^ and nattenin^' of the
roof-plate. In consequence of these changes the roof of the rhombencei»hal<)n becomes reduced
to an attenuated sheet wiiich, when viewed from
above, appears as a lozenge-shaped membrane
that closes in the subjacent cavity, the subse-

quent fourth ventricle. It has also been |)ointed

out (page 1049) that the relatively thick lateral

walls of the neural tube exhibit, even within the

cord-segment, a dift'erentiation into a dorsal

and a -i<cntral zone (the alar and basal laminie

of His), which subdivisions are associated with

the sensory and motor root-fibres of the ner\es

respectively. Similar relations, in a more pro-

nounced degree, are evident within the brain-

stem and are of much interest as indicating the

morphological correspondence of the purely

motor nerves (the third, fourth, sixth and
twelfth) on the one hand, and of the mixed
nerves (the fifth, seventh, ninth and tenth) on
the other.

The Medulla.—The great preponderance
of the nervous matter along the floor 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

nerve-fibres that later grow in from other parts

of the cerebro-spinal axis. 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 lip (His), which is directly continuous with the expanded and thin roof-plate.

Later, the dorsal zones come to lie almost horizontally, their ventricular surface corresponding
with that of the ventral laminae, in conjimction with which the floor of the definitive fourth

Fig. 953. ventricle is later formed. Coin-

superior couicuiub cidently with the outward mi-
cavity of mid-brain 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. Verj- early and
before the flattening out of the

myelencephalon has advanced
to any marked extent, 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 pos-

terior 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 tube

in which neuroblasts are devel-

oped, the roof-plate and the floor-plate containing spongioblasts alone.

Very early and before the flattening out of the myelencephalon has advanced to any marked
€xtent, witliin the ventral zones and close to the mid-line, appear groups of neuroblast, from
which axones grow ventrally to form the root-fibres of the motor (hypoglossal) nerves. Sensory

Inferior colliculus

Superior
medullary velum

Corpus striatum

Cut wall of cerebral
hemisphere

Pontine flexure

Lateral recess

Cavity of hind-brain
(IV ventricle)

Roof of hind-brain, lower p

Reconstruction of hind-brain of human embr>-o ot 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, op|)osite the junction of the dorsal and
ventral zones, they appear as a tlattened oval bundle (fasciculus solitarius). For a time super-

ficial and loosely applied, this bundle 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. Subsei|uently the fasciculus solitarius becomes still farther remove<i from the surface by
the ingrowth of tracts of nerve-fibres from the neuroblasts of the rhombic lip and from other

sources until, finally, the bundle comes to lie

beneath the ventricular floor where 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 nucleu.s of origin provide 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

olivar>', dorsal and arcuate nuclei with the cere-

bellum. It is evident that the development of the

myelencephalon primarily contributes the nerv-

ous f^ubstance 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

pri»iary velum, which histologically consists of little more than the layer of ependymal cells.

These, 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 chorioidca, appears

in the roof-sheet, near the posterior limit of the developing cerebellum (Fig. 955, B). Into this

'/>

Transverse sections of hind-hr.-iinof human embr>os,
showing three stagres in development of medulla; A.
about four and a half weeks; ^, about six weeks; C,
about eight weeks; rp, roof-plate: r, raphe; d, v.
dorsal (alar) and ventral (basal) laminae ; rl, rhombic
lip; />, lateral recess; fs, fasciculus solitarius; cr.
restiform body ; xii. hypoglossal nerN-e ; sv, spinal
root of trigeminus ; »o, inferior olivary nucleus, (//is.)
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duplicature, directed towards the hraiii cavity, the inesoblast ^rows and later develops blood-
vessels, and is converted into a vascular complex that eventually forms the choroid plixus of the
fourth ventricle. From the manner of its develo|)ment, it is evident that the plexus is excluded
by the ependymal layer from the ventricular space, outside of which the pial blood-vessels,
therefore, really lie. The conversion of the upper part of the primary velum into the thicker
definite inferior mtdullary icIidh follows the addition of nervous substance during the develo|>-

ment of the cerei)ellum. Similar thickenin}.; of the roof-sheet at the lower anjjle of the ventricle

results in the production of the obex and the tieniie.

The Pons. -The pons arises as a thickening of that part of the metencephalon which forms
the anterior wall of the pontine flexure. In its essentia! phases the develo|)ment of the jjons

probably closely resembles that of the medulla, since the early metencephalon 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 (jrigin of

the motor 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

^'ifi- 955.

mb

>r=^.

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 the 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-

ceeds from the roof-plate and adjacent

parts of the dorsal zones of the lateral

walls of the metencephalon. In an

embryo 22.8 mm. long, the cerebellar

aniage 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 f Kuithan').

The subsequent development of the human cerebellum has been recently carefully studied

by Bolk ^ in a series of about forty foetuses, 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 aniage is represented by a horseshoe-

shaped thickening of the metencephalic roof, the cerebellar lamina, whose upper margin is con-

nected by the encephalic fold with the mid-brain and whose lower border has attached to it the

primary velum—the thin rhomboidal roof-plate of the myelencephalon. Median sagittal section

of the cerebellar lamina at this stage i 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.

•P

Median sagittal sections showing four early stages of develop-
ment of human cerebellum, from foetuses from 5 to 9 cm. long;
mh. tnid-brain ; c, cerebellum ; sv. iv, superior and inferior medul-
lary velum ; vc^ ventricular cavity ; rf, cavity of diencephalon

; p,
pons ; nt, medulla ; s, spinal cord ; if, incisura fastigii ; /. sulcus
primarius

; j", sulcus postnodularis. (Drawnfrom figures of Bolk.)



1 104 lir.MAX ANATOMY.

fi)kl, the plia: cfwrioidea, bounds a narrow recess lliat extends alonj; the inferior surface of the

cerebellar lamina. This recess is only temporary ami is soon obliterated by the subsequent at-

tachment of the roof-membrane to the inferior surface of the cerebellar lamina. The succeeding

sta*je (Fiji- 955. <^ ) empliasi/es the alteration in the planes of the cerebellar surfaces, the former

superior now becoming the anterior, the anterior the inferior, and the inferior the posterior.

From the posterior margin of the dorsal surface the choroid fold dips into the brain-cavity.

Between the mitl-brain and the cerebellum now stretches the first definite indication of the later

superior medullary velum. In agreement with His, Hoik recognizes that the former intraven-

tricular (inferior) surface has now become an extraventricular one and that the permanent attaclv

nient of the plica chorioidea corresponds to a secondary and not to the |)rimary line of union.

The stage represented in Fig. 955, D is important, since it marks the beginning of the first

fissures. One of these, the sulcus primariits (the Jissura prima of Elliot Smith ), appears as a

transverse groove on the up])er part of the anterior surface and thus early establihlies the funda-

mental division of the cerebellinn 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 su/tus posl-

nodularis. On each side (Fig. 956, .1 ) an additional fissure cuts of? a narrow tract that embraces

the postero-lateral area of the cerebellum. This fissure, \.\\q sulcusJiocculans, for a time remains

ununited with the postnodular sulcus ; but later, with its fellow, it becomes C(jntinuous with

the postnodular sulcus and tluis defines a narrow band-like tract, the median part of which

Six stages in development of human cerebellum, from foetuses of 9 {A), 13 (^). I5 (O, 22 {D), 25 (^).and 32 cm.

(F) length; /, sulcus primarius (preclival) ; -', s. fl.iccularis ; 3, s. postnodularis ; ^, s. mfrapyramida is
; 5, s.

superior posterior (postclivall; h. great horizontal fissure; nib. mid-brain; >, roof-membrane; />•, lateral recess;

«, nodulus ; u, uvula
; /, pyramis ; t, tuber ;/, folum. ( Drawnfrom figures oj 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 cf the lateral recess of the fourth

ventricle and is early filled by the rapidly growing choroid plexus. A shallow transverse

groove, the incisura fastiffii. just suggested in Fig. 955- <^ ^^"t 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 W\^ fissura sccuuda (Elliot Smith)

or the itifrapvrainidal sulcus. Very shortly a fourth groove appears behind the sulcus primarius

and marks the beginning of the prepyramidal 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 furrows, 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 api^ear, by which the anterior end of the worm-tract is broken

up into areas that, while establishing subdivisions of morphological value (Bolk). are later lost

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 cerel^ellum become subdivided into definite tracts (lobules)

by fissures that appear during the fourth and fifth months of fcetal life. The lateral extensions
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of the sulcus primarius—itself tlie hi\.<tT prtc/ival ftssiirt-—separate the anterior and posterior

crescentic lobules. Durinj^; the fourth iiKjnth the />us//ioia/t' Jiss//ri",ip[)i:i\r<,, in each hemisphere,
on the upper surface of the jwsterior lobe. By the e.xtension ami medial iniion of these sulci, for

a time separate, are established the jiosterior limit of the clivus {poslc/ival fissure) and the

demarcation between the posterior crescentic and the postero-superior lobule. The post-lousillar

Jissiirt' bounds the ct)nspicuous elevation of the tonsil behind and medially joins the infrapyram-

idal (later prepyramidal ) sulcus. The f>arapyrainii/al Jissurr defines the U|)i)Lr (p(jsterior)

limit of the biventral lobule and unites with the suprapyramitlal (later poslpyramidal) fissure.

The j^it'ii/ fiorizoiila/ fissiin\ so consj^icuous in the mature cerebellum, appears relativtiy late,

about the end of the fifth month, and is at first rej^resenled by a shallow transverse median fur-

row that lies immediately in front of the suprapyramitlal fissure (P.olk), an ori}.;in at variance

with the generally accepted formation of the iKjrizontal fissure by the union of two lateral sulci,

that jjrow medially from the hemispheres and meet in the worm. The early fissure havinij such
history, Bolk identifies as the postlunate (sulcus superior posterior) and not as the horizontal.

This author also emphasizes the fact that at the si.xth f(etal month the folium cacuminis is, as a

rule, not onlv defined, but ft)rms a well-marked sui)erficial tract that connects the adjoining

lateral tracts (postero-superior lobules). This part of the worm, however, does not keep pace

with the cortical expansion of the surrounding parts and, hence, becomes overgrown by these

and sinks into the relative insignificance that distinguishes this jjart of the w(jrm 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 imjiortance, 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 : ia) the mn^x epoidynnal layer, and [h) the m\'\<\\<t mantle layer, and (r) the outer

marginal layer. Of these the mantle layer is the thickest and richest in cells, from which both

neuroblasts and spongioblasts arise, although their differentiation occurs relatively late. The
Purkiuje cells, early distinguishable by their large clear nuclei, appear during the sixth fcttal

month, but for some time lack their characteristic processes. Likewise from the mantle layer

are derived the earliest constituents of the granule layer. Meanwhile within the marginal la>er,

immediately beneath the external surface of the cerebellum, an additional and temporarily con-

spicuous cell-stratum, the external granule layer, 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 a.ssist 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 cells and the large stellate cells. The
neuroglia 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 cerebellar peduncles and of the definite superior medullary

velum 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 manv fundameiital 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 suijgcstcd by its size. Its upper limit corresponds with an oblique plane passinj^

throuii^h the base of the pineal body and the posterior border of the corpora niani-

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 mari^in of the superior medullary velum.

As seen in sa<j^ittal sections (Fij^. 938,) the mid-brain is about 11 mm. in leny^th,

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 ajjproximately

23 mm. The mid-brain is traversed longitudinally by a canal, the Sy/viau aqueduct,

which, however, lies much nearer the dorsal than the \ entral 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

pulvinar of the thalamus being in close relation with these surfaces respectively.

Notwithstanding its \entral 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

Trigonuni habenulae

Pulvinar

CoUiculus superior

Cerebral peduncle

Fourth nerve

Pons

Superior cerebellar peduncle

Tifiiia thalami

Commissura habenulae

Pineal body

Median geniculate body
Brachium inferior

CoUiculus 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 ])ia- mater, as mav be demonstrated by drawing aside the overhanging cerebral

hemispheres. In situ the mid-brain occupies the opening bounded by the tento-

rium and thus connects the divisif)ns 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 quadn'ffewiualp/afc, which roofs in the Syhian aqueduct and

bears the corpora quadrigemina. and a much larger ventral part, made up by the

cerebral peduncles.

The quadrigemina! 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 medullarv 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 hirrow 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 (triffonum subpineale) in which rests the pineal

body. Below, the mid-furrow ends at the base of the frenum of the superior medul-

larv velum.
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Superior colliculus

Inferior colliculus

Superior medullary
velum

Superior cerebellar
peduncle

Liugula

Middle cerebellar
peduncle, cut

Fig. 958.

Superior brachiuni
Median j^eniculate body

Lateral geniculate body

Tractus transversus

Cerebral peduncle

/ Optic tract

The elevations fonnini; the upper pair of ciiiaclri^eiiiinal bodies, the colliculi
superiores, are the larger aiul more consj)itiioiis, and measure from 7-.S mui. in

len^lli, about 10 mm. in breadth, and 6 mm. in heij^ht. laterally each superior col-

licukis is continued into an arm, the superior brachium ( bracliium (|uadri(,'cminum

superius) which is defined by a {.j^roove aliove and below, and passes ujiward and
outward, between the optic thalamus and the median geniculate body, to be lost

within an indistinctly circumscribed oval eminence, the lateral geniculate body
(corpus jjeniculatinn latcrale), which lies beneath the i)ulvinar. dn like manner, each
of the smaller lower pair oi quatlrioeminal bodies, the colliculi inferiores, (about
6 mm. in length by S mm. in breadth and 5 mm. in heii^ht ) is ])rol()nj:jed laterally
into the inferior brachium ( l»rachiuin (iua(lri«icmiiuun intcrius), which in turn ends
in the sharply defined median geniculate body (corpus ycniculatum medialc), an
oval elevation about 10 mm. in leno^th. Ventrally the quadrigeminal plate becomes
directly continuous with the adjacent part of the cerebral pediincles.

The cerebral peduncles TpcduncuH cerebri), also called the cerebral crura,
constitute the bulky \x>ntral part of the mid-brain. Dorsally, the two peduncles are
fused into a continuous tract, the tegmentum, which contributes the side-walls and
floor of the .Sylvian aqueduct and blends on each side with the overlyin,^- quadri-
o;eminal 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 trausversusj, that winds over the

median border and ventral surface of the peduncle, 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 lioor of which is pierced by numerous minute openings

that transmit small blood-vessels, 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 mesenccphali lateralis)

e.xtends 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 Tsulcus nervi oculomotorius), that is more distinct than the lateral furrow and

Dorso-lateral aspect of mid-brain.
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marks the line aloni^ which the root-fibres (jf the third cranial nerve emerge. On
trans\erse section ( V'li;;. 963) these furrows are seen to correspond with the edj^cs of a
crescentic field <jf deeply pigmented ^ray matter, the substantia nigra, by which
each peduncle is subdivided into a dorsal jiortion, the tegmentum, and a ventral

part, the crusta (basis pcduncull ). The latter lies ventral to the sui)erticial lateral

and median furrows, and contributes laru^ely 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 caj^sule. It contains the ^reat motor tracts and
is the chief pathway by which efferent cortical impulses are transmitted to the lower
lyiny^ centres. The tegmentum, on the contrary, in a general way is associated

with the sensory tracts, and, above, enters the subthalamic region (page 11 27).
The dorsolateral surface of the mid-brain, just where it passes into tliat of

the superior cerebellar peduncle, shares with the latter a triangular area, the trigo-

Emerging fibres of fourth iier\-e

Fourth ner\-e, cut

Lateral fiUet

Posterior longitudinal
fasciculu>

Tegmental field —

^

Mesial fillet

Fig. 959.

Decu-ssation of fourth ner\e
,Sj'lvian aqueduct

Central gray substance
Mesencephalic root of trigeminus

Substantia ferruginea

Superior cerebellar
peduncle
Decussation of cerebellar
p>eduncle

PjTamidal tracts

Transverse fibres

Transverse section of brain-stem at level L (Fiji- 919 \ junctio;. „. j.„... ..:.il mid-brain ; superior cerebellar f>edun-
cles are beginning to decussate ; trochlear decussation seen above Sylvian aqueduct. Weigert-Pal staining. ^, 3.

Preparation by Professor 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 e.xtends

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 peduncle by a slight

furrow f 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 optic tract and a nucleus in the floor of the third ventricle and represents,

in a rudimentary condition, the basal optic root found in many animals.

The Sylvian aqueduct raijuaeductus cerebri ) represents the cavity 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, (F"i,t(. 960) its outline in ;i j^eneral way is trianj^ular, with the l)ase

above and the apex directly below ; but the contour of the canal varies at different

levels, beinj^ trianj^ular near its extremities and irrej^jularly cordiforni or elliptical in

the inter\enini; part of its course.

IN ri;K.\Ai. srurc iiRi-: oi- MKSEXCi:iMl,\l.().\.

Disregardinj.; the several small nuclei, the nuclei of the corpora quadrij^femina

and the red nuclei, the gray matter within the mesencephalon is disi>osed as three

tracts that extend the entire length of the mid-brain. These are the tubular mass
of the central x'^rav matter, which surrounds the acjueduct, and the two crescentic

columns of the substantia nit^ra, which sulxlivide the peduncles into the tegmental
and basal portions.

The central gray matter (stratum Kriscuin ccntralej completely encloses

the cavity of the mi(l-l)rain and hence is often called the Sj/vian gray matter. It

contains numerous irregularly scattered nerve-cells of uncertain form and size,

and, along its ventral border, the nuclei of origin of the oculomotor and trochlear

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 en<l of inferior colliculi, at level M (Fig. 919)
showing nucleus of trochlear nerve, and decussation of cerebellar peduncle. Weigert-Pal staining. X },%.

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 ner\'e-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 si.xth

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 inetlian j^roovt-s of the mitl-brain. Coiicx-rniii^ the functions and connec-

tions of till" m-urones within the substantia nijL,na \(i y little is known.
The Quadrigeminal and Geniculate Bodies.—The inferior colliculus

consists chiclK- ol a bicon\ex (in section o\alj mass of ^ray matter, the nucleus
colliculi inferioris, in which many nerve-cells of varyinjj^ form antl m(jstl<y of small

size lie embedded within a coinplex of ner\e-fibres. The lower end of the nucleus

stands in intimate relation with the acoustic fibres composinj^- the lateral fillet, many
of which enter the \entral aspect of the nucleus colliculi to end around its cells, whilst

a considerable number j)ass superficial to the nucleus and thus form an external hbre-

layer that intervenes between the ^niy nucleus antl the surface. Although many of

these external fillet- fibres enter the colliculus at hijj^her le\els, not a few continue,

by way of the inferior brachium, to the median jj^eniculate 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 dixer^ini;- but unecjually robust fillet-strands that in this manner partially

encapsulate the collicular nucleus. hioni 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 Keniculatum mediale).

although genetically belonging to the diencephalon, is so closely related to the

inferior colliculus as to require description in this jjlace. It consists of a superficial

layer of white matter composed of fibres from the inferior brachium, which pas>

outward as continuations of the lateral fillet, as axones of the cells of the inferior

colliculus, or as fibres forming the mesial rcjot of the optic tract, also known as the

inferior commissure of Gudden. Within this nbre-ca])sule lies an oval mass of

gray matter, the nucleus corporis geniculati medialis, from whose cells axones

proceed chiefly towards the cerel)ral 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, wlicn ck-scribini,^ the rect|)ti()n-nuclei of llie cociilear portion of tlie auditory nerve (|)age

1076) , tliat the tract of the lateral fillet takes ori.i<in t(j an important extent from the ceils of tl)ese

nuclei, and, further,
(
i^ai^e 1082), that the fillet-fibres end around either the cells of the inferior

colliculus, or those of the median i^eniculate body. It is exident, therefore, that these parts of

the mid-brain stand in ultimate relation witli 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). Tiie connection of the fibres com-

posing the median root of the optic tract with the median geniculate body and the inferior collic-

ulus lias been t-stal)lished l^eyond 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 unaffected under

conditions (after removal of the eyes) that lead to degeneration of the fil)res of retinal origin.

The destination and significance of the fil)re-systems included wiUiin 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 (juadrigeminal 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 1 12S).

The gray matter of the inferior colliculus, like that of the supt-rior, gives rist- to fil)res of the

tecto-buibar and tecto-spinai tracts, presently to be described (page iiii).

The superior colliculus is composed of a number f>f 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 ner\'e-fibres. Although as many as seven layers ha\e been described,

some of these are so blended that only four well-defined strata ran be readily

distinguished. From the surface inward these are :



THK MKSi:XCKI'HALOX.

1. The stratum zonale, a thin peripheral fibre-layer that occupies tlie surface of the collic-

ulus, whose coinpoiieiits are fibres tierived, in jjreat part at least, from tiie <jptic tract.

2. The stratum cinereum, which is not uniform, but thickest and most marked over the

convexity of tiie colliciiliis, and appears, therefore, cresceiitic in transverse sections. The nerve-

cells contained in tiiis cap like sheet are small and relatively few, their axones passing; for the

most part towards the tieeper layers, whilst their dendrites are directed peripherally. The
stratum is by no means cx)mposed entirely <jf ^ray matter, but is invaded by many medullated
nerve-fibres.

3. The stratum opticum, which consists i)i a complex of K^ay matter and nerve-fibres,

the latter includiii}^ strands derived from the optic tract, which K'^iin the side of the colliculus

by way of the superior liracliium either as direct continuations of the ojuic fibres, or aftt-r

interruptii)!! in the lateral ijenicnlate body. That this stratum includes other fibres, is shown
bv the incomplete involvement of the layer in conditions pnnlucinf; degeneration of the

Fig. 961.
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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 ventrally. 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
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of these fibres is (iuwnwarci tlirouKli the brain-stem ami into the anterior cohimn of the cord
(inicius iccto-s|iiiialis medialis ). \Vhetl)er these fibres are inlerrupted in small secondary nuclei
within the tegmentum, or pass unbrokenly from the coilicuiar cells to the ctjrd is undetermined.
It is probable that, as constituents of a spino-tectal path, fibres also ascend from the spinal cord
to the quadrigeminal bodies. According to Kolliker, 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 oi the su|)erior colliculi is formed by fibres that cross the mid-line to the opposite
quadrigeminal body and probably includes, in adtlition to the axones of cells within the colliculi

themselves, fibres from the fillet and optic tracts.

The most important connections of the superior colliculus, as may be anticijiated from the
foregoing description of its structure, are :

I. With the optic tract, directly or indirectly from the lateral geniculate body, by way of

the superior brachium. 2. With the cerebral corte.x of the occipital lobe by way of the superior
brachium and the optic radiation (page 1175). 3. With the posterior sensory columns of the
spinal cord, indirectly by way of the median fillet. 4. With tlie cochlear nuclei by way of the

lateral fillet, thus establishing a path for audito-visual reflexes. 5. With nuclei of the third,

fourth and sixth cranial nerves, controlling the eye-muscles, especially the oculomotor, by way
of the posterior longitudinal fasciculus. 6. 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 nietathalamus (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 Sylvian 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-fibres. 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 ner\e-cells

and of nerve-fibres mark the origin and course of the oculomotor and trochlear

nerves.

The details of the tegmentum var>- 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 (luadrigeminal 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 periphepi- 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 lemnisco-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 transverselv cut

fibres ; but opposite the lower limit of the inferior quadrigeminal ])odies the \ entral 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 comers, on each

side of and close to the mid-line. These fields of transversely cut fibres represent the peduncles
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as they pass upward to the red nuclei, in whicli a lar^e number oi their comiument fibres end.
On each side of the median raphe of llie tej,^mental liehl and above (behind) tlie peduncular
tract, is seen the jxjsterior hjuj^iludinal fasciculus, which here, broader than in the pons, passes
close to the ventral side of tlie nucleus of the trochlear nerve. The atteiuiated crescentic tract

of transverely cut fibres wiiich lies alon^^ tlie lateral marj^in of the central ^ray substance, medial
to the nucleus of the inferior colliculus, represents the mesencephalic root of liie trijijeminal nerve.
In sections taken slii:;htly below the level of the trochlear nucleus, irrej^ular bundles of obli<iuely

cut fibres mark the dorsally directed course of the fourth-nerve to gain its decussation in tlie roof
of the aijueduct at the lowest limit of the mesencephalon (Kig. 959).
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by Professor Spiller.

5. Preparation

As seen in cross-sections passing through the superior quadrigeminal 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 colliculus, its fibres end within the lower colliculus or pass into the

inferior brachium. The median fillet now shows ( Fig. 963) as a somewhat attenuated crescentic

field, lying 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 colliculus, the more dorsally situated

of those remaining being seen within the upper colliculus as the stratum lemnisci.
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The most conspicuous object uilliin the Ic-nKiituni in the superior half of
the mul-lMain is a hirt,^- round retimlatcd held on each side of the median ra])he
which marks the position of the red nucleus ( nucleus ruber). This body, also
called the nucleus tcgmcnii, is of an irrej,ailar ovoid form (Fij^^ 963) and of a reddish
tint when seen in sections of the fresh brain. Its lower limit corresponds with the level
of the lower mar^nn of the superior collicuhis, whilst its up])er j«>le extends into the
subthalamic re.L,non. Its diameter increases towards the u])i)er end and its lon^ axis
con\eri;es as it ascends, so that the upper enlarjred 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

Fic. 963.
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only imiKirtant stations in the path connecting the cerelKllum and sjiinal cord, but
also probably 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 ccrcbcllo-thalaviicfibres uninter-
ruptedly to the optic thalamus, the majority of the fibres of this arm end around the
cells of the nucleus. Of these many give off axones that j^irocced brainward as rubro-
thalamic fibres ; others emerge from the ventro-medial surface' «>f the nucleus, cross
the mid-line ("decussation 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 imj^ortant but
uncertainly defined descending tracts. Other fibres enter the red nucleus on its

lateral aspect and establish connections between the cerebral cortex CDejerine), and
])robably also the corpus striatum (Edinger), and the nucleus. PVoni 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.— Hie crusta, or pi^s pcdunculi, ai)i)ears in transverse sections
(Fig. 963) as a l)old sickle-shaped tield that occujjies the most ventral portion of the
mid-brain. It consists chiefly of longitudinally coursing fibres which, having traversed
the internal capsule, are passing from \arious parts of the cerebral corte.x to lower
levels in the brain-stem and the spinal cord. The longitudinal fibres are .separated
into bundles by the invasion of numerous strands from the tibre-comple.x, known as
the stratum intermedium, which lies along the ventral border of the substantia
nigra. The fibres of the crusta comprise three general sets: the cortico-fyontim\ the
cortico-btilba)\ and the cortico-spinal.

The cortico-pontine fibres include those passing from the cells of the cerebral
corte.x to the cells of the i)()ntine nucleus as links in the cortico-cerebellar paths.
They are represented by the fronto-pontinc and the tempero-occipitopontinc tracts,

wliich occupy approximately the median and lateral fifths of the crusta respectively.'

The cortico-bulbar-fibres include the eflerent strands which j^ass from the motor
areas of the frontal lobe to the nuclei of the motor fibres originating in the bulbar portion
of the brain-stem (trigeminal, abducent, facial, glosso-pharyn.geal, vagus and hypo-
glossal nerves). These tracts occupy something less than 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 approximately the lateral three-quarters of this area ( P'ig. 1012).

The Median Fillet.—Repeated reference has been made to the median fillet

( lemniscus inedialis 1 in the preceding descriptions of the brain-stem ; a general con-
sideration of this important sensory tract may here be gi\en. 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 (Fig. 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
inieroIiva>y 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-brain the"niedian and the lateral fillets form a contiguous 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 coUiculus, some passing over the aque-
duct to the coUiculus of the opposite side. The remaining fibres continue upward
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 bv 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.

(Dther 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-
missure 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 ner\'es connected with the brain-stem. From the cells within the more
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extensive of such nuclei, as those within the cohnun of substantia ^^elatiiiosa accom-
panying the s|)inal root of the tri_t;^eniinus, numerous arcuate- fibres sweep towards the
rai)he and, with few exceptions, cross to join the me(han fillet of the opposite side.

In this manner jirovision is made for the transmission to the hii^her 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 ])rincipal components of the fillet-tract are the bulbo-tecto-
thalamic strands, some fibres runninjj^ in the opposite direction are also jiresent.

Some of these probably arise from cells within the optic thalamus and the corpora
(luadriyeinina. Others are efferent strands which establish connections between

the cortical ti^ray matter and

Fio. 964.

Superior coUicuhis

Spiiio-thalamic

Sensorj' decussation

Posterior nuclei

Posterior tracts

Spino-tlialaniic

Spinal ganglion

^ (sensory part)

VII, IX, X nerves
(sensory part)

the nuclei f)f the motor cranial

nerves, especially the facial and
liypo'^lossal. 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 upi)er part of the j)ons join

the median fillet and descend
within its ventro - me d ian
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 lonnltudinalis

d(trsalis) is an association path
of fundamental importance, be-

ing present in all \ertebrates. As
a distinct strand it begins in the

sui)erior jxirt 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 Syh'ian

aqueduct and the fourth \entricle (Figs. 959, 961). In the lower ])art of the medulla,

the bundle gradually leaxes 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 ( Hbsel).

Diagram showing chief afferent constituents of median fillei.
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Notwitlistandinj:: tlu- ;uliuittc-cl im|)ortance of the tract and tlie prolonged study that it has
received, iiuicli n-iiiains to he tiettrmiued coiUL-rninj; tiie source and coniu-ctions of tiie many
constituents uiiicii und(nit)tediy go to form llu- huntlle. Amonj; tiie more certain of these com-
ponents tlie foilouins may be mentioned :

1. At tlie upper v\h\ of ilie fascicuhis a considerable number of fibres arise from the cells

of the nucleus of the posterior commissure, t)r DarkschcwHsch's hih/cks, which lies in advance
of the oculomotor nucleus, within the };ray matter surroundin.u; the superior end of the Sylvian
acjueduct. Accordiiiij to Iulini;c-r an additional contingent takes origin from a nucleus ( n. fas-

ciculi lonj;itii(liii.ilis dorsalis) within the gray matter of the

floor of the third ventricle in the \ icinity of tlie corpus mam-
millare. The contributions from both these sources join^

the fasciculus as crossed fibres from the nuclei of the

opposite side.

2. The fibres arising from the vestibular (Deiters')

nucleus constitute an important element of the posterior

longitudinal bundle, since they establish reilex j^aths for

equilibration impulses. These fibres, both crossed and
uncrossed, join the fasciculus and jkiss in both directions.

Those passing brainuard 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 influence of the ve.stibular impulses.

It is probable that the facial nucleus likewi.se 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 muscle of the

opjiosite 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 palpebrae 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

mo\ements 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 ner\es 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.

In addition to linking together by longer and shorter association fibres the various levels of

the brain-stem and the latter with the upper segments of the spinal cord, it is probable that the

relations of the posterior longitudinal bundle are far reaching and may include connections

with the thalamus and subthalamic region, the corpora (}uadrigemina, the red nucleus and the

cerebellum.

Diaijram sbdwinj^ chief coiistiluetils

of posterior longitudinal fasciculus. III.

I\', VI, \'II, XII, nuclei of respective
nerves; DN, vestibular (Deiters') nu-
cleus; CN, common nucleus of posterior
commissure and posterior longitudinal
fasciculus.

DEVELOPMENT OF THE MESENCEPHALON.

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 flexure, 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 thicken and its lumen becomes

eventually reduced to the narrow Sylvian aqueduct.
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The dorsal zones of the lateral wall of the niid-hrain give rise to the quadriKeniinal plate,
whose external surface is at first smooth l)nt later marked by a temporary median loiis^Mludinal

ridge. About tiie third f(etal month, with the exception of its lower end, which persists 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 the ap|)earance of the corpora bigeniina, cor-
responding to the optic lobes of the lower vertebrates. During the fifth month, an obliciuely
transverse furrow forms on each side, by which the paired elevations are subdivided into four
eminences, the corpora quadrigemina. About tiiis time the corpora geniculata, which however
lielong 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 ilcjor-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 crustce are, for the most part, derived from sources
outside the brain-stem, their appearance within the peduncles follows a secondary ingnnvth,
and only after such invasion do the cerebral crura present their characteristic ventral prom-
inence. The cortico-pontine 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 earliest 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 Flechsig.
According to Kolliker, the stratum intermedium, which is closely related to the substantia
nigra, not only in position but al.so by the destination of many of its fibres, contains a consider-
able number of medullated fibres by the ninth foetal 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 iyiter-brain, includes (i) a large dorsal jjortion, the thalamen-
cephalon and (2) a small ventral portion, the pars mammillaris hypothami,
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 third ventricle. The thalamen-
cephalon, in turn, includes : {a) the thalamus, (b) the epithalamus, comprising the
pineal body, 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 overlying structures— the corpus callo-

sum, the fornix and the velum interpositum—the thalami (thalami), 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 surroundinii^ ncr\ous 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 j)lane and markedl\- so in the sagittal, and
covered with a thin layer of nerve-fibres, the stratumi 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 obliquely crosses the floor of the lateral ventricle and
lodges a narrow band of fibres, the taenia semicircularis (stria tcrminalis ) 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 iniu-r border is sharply lUtiiu'd from the mesial surface by a delicate but
well deliiK-d riili^e, taenia thalami, produced by the ihickeniujr „f the epeiuiyma
of the third ventricle, aloni;- its line of reflection onto the membranous roof, anil
the underlyintj strand of nerve-fibres, the stria medullaris. Traced backward, the
teenia thalami becomes continuous with the stalk of the pineal body. lietvveen
this ridi^e and the divernini>; mesial border of the upper surface of the thalamus, is

included a narrow depressed trianirular area, known as the trigonum habenulae.
It lies on a distinctly lower level than the adjoining con\ex upjjer surface of the
thalamus. Since it contains a special nucleus and belongs to the eiMthalamus, its

description will be deferred until that region is considered ( \yd^(j: 1123). The upijer
surface is not quite even, but subdixided by a shallow oblique furrow, which runs
from before backward and outward and marks the jjosition of the overlying lateral
border of the forni.x. E.xternal to this furrow lies a free marginal zone that forms a
part of the floor of the lateral \entricle ; internal to it is an attached inner zone over
which the velum interpositum is united to the thalamus. By the attachment of this

1"k;. 966.

Septum lucidum

Taenia semiciroilaris and
vena tenninalis

Taenia chorioidea

Furrow for fornix

Tienia thalami

Trigonum habenulre

Pulviuar

Corpora quadrigeniina

Corpus callosuni

Caudate nucleus

Anterior pillars of fornix

Foramen of Monro

Anterior commissure

Middle commissure in III
ventricle

Thalannis

Posterior commissure

Pineal body

l.iuirula

Thalami, cavidate nuclei and ventricles viewed from above after removal of corpus callosum. fornix and
velum interpositum ; third ventricle shows as narrow cleft between njesial surfaces of thalami.

sheet to the fornix 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 (tuberculura anterius thalami

)

which marks the anterior pole of the ganglion, while behind it goes over onto

the prominent posterior projection, the pulvinar, which o\erhangs the superior

brachium and the corpora geniculata. The mesial surface forms the greater part

of the lateral w^all 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 boundary of the mesial

surface is sharply defined by the taenia thalami, which behind is continuous with the

stalk of the pineal body (Fig. 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-S mm. in diameter and
oval in section, but very variable in thickness and form. From the meagre number
of medullated nerve-fibres 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 intervenes between the thalamus and the more laterally placed lenticular
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nucleus, and establisliL-s the iniijortaiit ])athuay iransinitlini^ the filjre-tracts con-
necting the cerebral cortex with the thalamus and with the lower le\els by way
of the crusta of the cerebral peiiuncle. Since the innumerable fibres which pass
to and from the thalamus along its ventro-lateral surface interlace, this surface is

covered b)- a distinct reticulated stratum, to which the name external medullary
lamina is applied. The ventral surface is also attached, but instead <;f being
united with the internal capsule, as is the lateral, it rests upon and is intimately

blended with the upward prolongation of the tegmental ])ortion of the cerebral

peduncle, here known as the subthalamic tegmental region, presently to be
described (page 1127).

I'^k;. 967.
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Frontal section of brain passinjj through llialaini, middle commissure and mammillar\- bodies.

Structure of the Thalamus.—Although composed chiefly of gray matter,

the thalamus is jjartially 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 medullary 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 ( Fig. 967). Of these the lateral nucleus is

much the largest and is included between the external and internal nudullar)- lamiiue.

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-tibres 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 Kolliker, 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 re]:)resent 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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main liolcl ^i)i)tl tor the otlicr nuclei, altlujii^h the lateral nucleus is particularly

rich in fibres, and therefore of a paler tint, on account of its close relati(jns U) the
internal capsule and the tegmentum of the cerebral jjeduncle.

The mesial nucleus lies between the central j^ray matter of tin- \entricular

wall and the internal medullary lamina, and is separated by the latter from the lateral

nucleus. Its caudal cm\ is bordered internally by the j^anmlioii haljenuhe, and, behind,
by the puKinar. The anterior nucleus, the smallest of the three, is a wed^e-shaj)ed
mass, whose rounded base looks forward and corresponds to the anterior tubercle,

and whose apex is directed backward and lies between the front ends of the mesial

and lateral nuclei, separated from these by the internal medullary lamina, which
divides into two divertj^in^ levels that embrace the anterior nucleus. In addition to

its contribution of radiating;- fibres which take part in the i)roducti()n of the thalamic
radiation, the anterior nucleus contains a compact bundle of fibres traceable into the

nianiniillar\' body on the base of the brain. These are the constituents of the mam-
millo-thalamic tract, ox bundle of Vicq (T Azyr, by which a large part of the fibres

Img. 968.
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Preparation by Professor Spiller.

coursing within the anterior pillar of the fornix are carried to the thalamus (page

1159J. 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-\vith 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

afTerent impulses from the spinal cord, the brain-stem and the cerebellum end,
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and from whose- cells corticipetal fibres pass to all i)arl> of the cerebral corter

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. Tlu- lower thalamocipetal tracts iiu ludt : (a) those passing directly from the spinal cord,

as the spiiio-thalatnii and probably a part t)f Gowers' tract; {b) those passing from th»^

various nuclei by way of the median Jillet ; ^c) these passing from the cereljelluni, either

directly, as the ccrebcllo-thalauiic

Fig. 969. tract, or, after interruption in the

red nucleus, as the rubro-thala-

iiiii; id) probably other tracts

which arise within the tegmen-
tal area of the brain-stem. The
tibres 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 ot

the thalamus to all parts of the

hemisphere ( thalamo-cortical
)

,

some crossing by way of the

corpus callosum to the oppo-
site side, as well as those which

pass in the opposite direction

( cortico-thalamic ) towards the

ganglion. Although as they

traverse the e.xternal medullary

lamina the fibres are not particu-

larly grouped, their various rela-

tions to the corte.x 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 finallv gains the corte.x of the frontal lobe. From the cells of this regit)n. cortico-

thalamic fibres follow in reversed order the paths just mentioned, thus establishing a

double relation between the corte.x and the basal ganglion. In addition to the preceding

cortico-thalamic fibres, the antero-ventf-al jiart of the thalanuis recei\es 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 thalaiuic nucleus outward to the under surface of

the lenticular nucleus, then bend upward and traverse the lenticular nucleus by way of

the medullar)- stride or the globus pallidas 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 panetal lobes. They issue from the lateral surface of the pulvinar, and as the

Median fillet

Spiiio-thalamic

Diagram showing cliicf connections of thalamus; black fibres rep-

resent afferent tracts ending in thalamus and thalamo-cortical paths:

red fibres are the cortico-thalamic and strio-thalamic paths ; 77/, thal-

amus ; C, /., caudate and lenticular nuclei; C. C\ corpus callosum;
/", P, T, (>, frontal, parietal, temporal and occipital lobes ; P'x-, fornix;

A/, mammillarv body; /V, cerebral peduncle; SC. It ,
superior and in-

ferior colliculi'; A", red nucleus; Ps. pons ; /. frontal stalk; 2, parietal

stalk ; J, 7, lenticular and temporal parts ol ventral stalk
; 5, occipital

stalk.



Till-: I)Ikxci:phal()N. 1 1 -3

opiic radiations sueep outward ami l)a(-kvvard anmiul tlie |)ostLTior horn of the lateral
ventricle to end in the cortex. The ventral stalk is complex in its relations, since its fibres
include two systems. EmerKinji from the fore-part of the ventral surface of the thalamus,
from the lateral and mesial nuclei, the stalk passes downwar<i and outward beneath the
lenticular nucleus. Its lower part, known as the ausa pi'duncii/aris, continues laterally into
the cortex of the temporal and of the central lobe ; its upper |)art, the ansa Icuticulans,
closely skirts the adjacent i)order of the lenticular nucleus which it enters to K^iin the putamen,
or, continuini^ throu.>;;h the lenticular nucleus by way of the medullary laminae, to reach the
caudate nucleus. Vw\i^v ^h'i. waww tractus strio-thalauiiius, are included the fibres whicii pass
from the caudate nucleus and the putamen to the thalamus, subthalamic body and red nucleus,
a small number of fibres probably enlerinji; the thalamus from the caudale nucleus by the more
direct route of the internal capsule.

3. The stratum zonale, the thin layer of white matter which covers the superior aspect
of the thalamus, consists in larj;:e part of thalamocii)etal fibres derived from the optic tract or the
optic radiation. Those from the lateral root of the tract sujierficially cro.ss the external genic-
ulate body and spread over the thalamus, while those from the occipital cortex by way of the
optic radiation invest the inilvinar. Other contributions to the stratum zonale include filjres

from the temporal cortex by way of the ventral stalk.

The Epithalamus. — I'nder this subdixision of the thalamencephalon are

iticluded : (i) the trigonuin habcnulcc, (2) the pineal body, and (3) the posterior

commissure—all structures closely associated with the sui)erior and posterior boun-
daries of the third ventricle.

Fir,. 970.

Veins of Galen in
Corpus velum interposituni Stria

Fornix callosum i niedullaris GanjjHon habenuke

Lateral ventricle^ %^

Caudate nucleus

Thalamus,
ventral nucleus

~

T halamus, ^S§f>^
.;,

^
mesial nucleus" ^—

"

'

Subthalamic
region

Crusta of
cerebral pedunulcs

Red nucleus Mammillary
bodies

1)' ___P\ternal
V "^t ^ medullary lamina

, ^^ ^ i ^1 halamus

^^s^ij;^ I fiiticular

^\^ ^v* nucleus

^ y Internal capsule

I

• • /

Subthalamic nucleus

Oblique frontal section through thalamus and subthalamic region ; Weigert-Pal staining. X |.

Preparation by Professor Spiller.

The trigonum habenulae is the narrow triangular area lying between the

sharply defined edge ( t;enia thalami) of the ventricular wall internally and the

diverging mesial border oi the upper surface of the thalamus e.xternally (Fig. 966).

Its surface is depressed and at a lower level than that of the thalamus and behind is

continuous with a niesially curving strand, the pineal peduncle. Beneath the

ridge of thickened ependvma marking the taenia thalami, lies a di-stinct 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) olfacto-habcnnlar fibres, which arise from cells within the septum
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luciduni and the olfactory area, and (2) cortico-hahcnular 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 t(j the fore-end of the thalamus, whence
they pass backward within the medullary stria. (3) i.y\\\(tx thalaino-habiniilarfibres

also probably join the stria medullaris from the interior of the thalamus. Whilst many
of the fibres composing the stria end arountl the cells of the ganglion habenula.',

some continue backward, without interruption, within the strand known as the

jjeduncle (^f 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 ojjposite

habenular nucleus. The ganglion habenula- (Fig. 970J, in turn, gives origin to

an imjx)rtant 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 tlic 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 represented by a more scattered median cell-group

within the posterior perforated substance close tf) the anterior border of the pons.

The fasciculus, also termed the habenulo- peduncular tract, receives contribu-

tions from the ganglion habenula 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 (Obersteiner), as may also the fibres from the cells

of the ganglion interpedunculare.

The Pineal Body.—The pineal body (corpus pineale), 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

Fig. 971. rests, with its apex

,,j.e-.^x
,

pointing backward, on

'' •"••' '.y.'*':' >i-'
1^^^%^*-^* "^^^^ ^^ dorsal aspect of the

'.!?]« 5** *^y-H'^;'-V'^^ "^.^?^-c^. mid-brain in the trian-

gular pineal depression

between the superior

corpora quadrigemina
'ig. 966). Its base,

its anterior end is

lied, is attached
above to the commis-
sina habenulae, from
which on each side a

narrow but distinct
ridge, \}c\^ pineal stalk,

cur\es forward to be-

come continuous with

the stria medullaris.

Below, its 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, ih^ pineal reeess,

extends from the third ventricle for a \ery 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 septa '*jlrp», /•'•ilM . .

"" Jj- }'' °:\I\'i-^* ''//a*'

Section of pineal body showing calcareous concretions or brain-sand, v 150.
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rounded or sometimes elongated epithelial iclls, which often contain brownish \n^-

ment. With the e.\ee|)tion of a few nerve-filaments in the antericjr part, ])njbablv
sympathetic in origin and destined for the blood-\essels, and a dense net- work of

neurojj;lia fibres in the under part,

the pineal body contains no ele-
'"'^'•

ments of a nervous character, nerve-

cells being absent. Quite com-
monly the adult organ encloses a

variable number of concretions,

often ca.\\(ic\/>ra///-sa/id { accrvulus ),

which consist of laminated ])articles

composed of calcium carbonate

and phosphate mingled with or-

ganic material. They may be of

microscopic dimensions, or reach

the size of a millet seed, and by
aggregation assume a mammillated
form.

iUootl-vessel

Diverticuhini
(lividiiiK into

tubules

V-

•Vv'
; y
^--v5̂l^s^'

Sagittal section of pineal organ of lizard (.Lacerta agilis\
etnbrvo. X 175.

Fig

The significance of the pineal

body long remained an unsolved

riddle and served as the theme for

unrestrained speculation. The em-
bryological and comparative studies of

Graaf, Spencer and others have shown that in many of the lower animals, especially in the reptiles

(lizards), the pineal body reaches a high degree of development and is a flattened cup-shaped
organ connected with the brain by a stalk containing nerve-fibres. The structural resemt)lances

to the invertebrate visual organ suggested a possible similarity of purpose in the higher types,

an assumption that was strengthened by the fact that in certain lizards the 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 existing animal a functionating structure. While such a
superficial position in the adult is very exceptional, 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 imperfecth-

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 Ewing Taylor, it is not

improbable that a corresponding evagination is recognizable

in the earlv human embrvo.

Small portion of pineal body, The posteriof comiTiissure ('commissura poste-
sbowing constituent cells more highly . t •\ • 1 , j- ^' ^ in u j £
magnified. X 600.

' fior Cerebri) IS a narrow but distinct cord-like band oi

white matter which overlies the superior entrance into

the Sylvian aqueduct (Fig. 976) and is partially masked by the habenular commissure
and pineal peduncle above. Behind and laterally it is continuous with the superior

colliculi. The commissure provides 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 fasiculus ('nucleus fasciculi longitudinalis posterior), which

occupies the gray matter of the floor of the third ventricle near the mammillary
bodies (page 1117); (2) fibres from the posterior part of the thalamus of the
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opposite side which ciescenci within the tci,Miicntum, lateral and ventral to the
posterior longitudinal fasciculus

; (3) tibrcs which cross to join the fasciculus retro-
rtexus ; (4 j fibres from the median fillet and (5) from the superior cerebellar
peduncle which traverse the cjjmmissure to reach the opposite thalamus; (6) per-
haps fibres from the deeper gray stratum of the corjjora 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 Edinger,
the fundainciital character of the commissure.

The Metathalamus.—This subdivision of the thalaiiuncephalon includes em-
bryt)lo.i;ically both tiie nieilian and lateral geniculate bodies. Since in the fullv formed

Vu.. 974-

Corpus callosum

Choroid plexus

Velum inter-
posituiu

Nucleus habeuulcC

Subthalamic
nucleus

Red nucleus

Substantia nii^ra

Oculomotor ner\'e Cnista of cerebral peduncle

Caudate nucleus

i'halanius

Subthalamic rejfion

Choroid plexus in infrrior
horn of lateral ventricle

Caudate nucleus, tail

Hippocampus,
obliquely cut

Gyrus 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 hippocamp\is insectirjn 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 ' jiage i i lO).

The lateral geniculate bodies, (corpora «ciiiculata latcraks), 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 di\ ision 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,
are, to a large measure the optic fibres, many of which end around the cells 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 many of the cells within the
geniculate body, fibres proceed by way of the optic radiations to the cerebral cortex.
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Then, too, many corticifu^al fibres course in the oppcjsite direction as the axones of

the cortical cells, and c-nd in relation to the geniculate neurones, thus establishing a
double relation between the lateral geniculate body ar.d the occijjital cortex.

The Hypothalamus.—Although, strictly regarded according to its develop-
mental relations, the diencephalon claims only the posterior or manmiillary part of

the hyp(Jth:ilamus, it is desirable to consider at this time the deri\ati(jns of the entire
hypothalamic subdivision of the fore-brain. Under the above heading will be de-
scribed, therefore, the structures lying within or forming the floor and the antericjr

wall of the third ventricle, including the subthalamic region.

The subthalamic region in its develojjmental relatitjns stands, as it were, as a
link connecting the diencc phalon and the mid-brain. The subthalamic region is the
upward prolongation tjf the tegmentum of the cerel^ral j)eduncles 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 ( Fig. 974;. It is insepa-

Velum
interpositum

Choroid plexus

Fornix

Pulvinar

Lateral geniculate
body ( leader crosses
cut tail of caudate
nucleus)

Median geniculate
body

Hippocampus

Superior cerebellar
peduncle

Frontal section of brain passing through posterior poles of thalami, pineal body and brain-stem.

rably blended with the ventral surface of the thalamus, which thus obliquely overlies

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 extremities of the

chief ganglia of the mid-brain, the substaiitia nigi'a and the red nucleus, and a new
mass of gray matter, the corpus subthalamicum. The substantia nigra ])resents the

same characteristics here as in the peduncle, being conspicuously dark and overlying

the crustal fibres. As it ascends, it decreases in bulk from within outward until, at

the level of the mammillary body, the substantia nigra is no longer recognizable.

The connections of the cells within the substantia nigra are' imperfectly understood,

but it is probable that they receive many fibres from the caudate nucleus and the

putamen and, perhaps, also from the frontal cortical areas. From the cells, on the

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 very

prominent feature in frontal sections of the subthalamic region (Fig. 970), appearing
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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 disapjjears at a level somewhat
behind that of the corpora mammillaria. The connecticjns of the red nucleus have
been considered in connection with the superior cerebellar peduncle (page 1095 J ;

sufitice it here to recall its twofold significance as an interruption station for many
of the cerebello-rubro-spinal and for the cerebro-rubro-spinal tracts.

The corpus subthalamicum (nucleus hypothalamicus), or nucleus of I^uys^ is a

mass of deeply tinted gray matter peculiar to the subthalamic region and unrepresented

in the mid-brain. It api)ears in cross-section ( F"ig. 97OJ as a small biconvex area,

immediately dorsal to the tract of crustal hbres 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 medullated nerve-fibres, enclosing pigmented multipolar ner\-e-

cells of medium size, and by an unusually close mesh-work of cajjillary blood-vessels.

The dorsal surface of the nucleus is defined by the overlying lateral part of the field

KiG. 976.
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of Forel, as the stream of fibres passing between the red nucleus and the thalamus
and the internal capsule is called. Prom 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 (Obersteincr ). 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 abo\e 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-

ca7iiia, 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 interval 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 seen to he composed of an (Uiter layer of white matter enclosing a core
of <rray substance, known collectively as the nucleus mammillaris. The latter is

subdivitled into a medial and lateral j)art by fibres from the downward arching ante-
rior i)illar of the fornix, which penetrate the gray matter as well as invest to a large

extent its exterior. Only a part of (I) \\\<i fornix fidres, however, end directly in

the mammillary nuclei, since some pass above and behind the ganglion to gain the

hyiiothalamic commissure (page 1128) and, after decussation, to end in the mam-
milliary body of the opposite side. From the dorsal part of the medial nucleus,

distinguishetl from the lateral one by its larger nerve-cells, emerges a distinct anil

compact buntlle of fibers (Fig. 967 ), which on clearing the nucleus, separates into two
strands. One of these, known as (2) the mammillo-thalaniic tract, or the bundle

of Via] d'Asvr, courses upward and forward, and ends within the anterior nucleus of

the thalamus; in this manner it completes the paths by which the cortical olfactory

centres within the hippocampus major are connected (by way of the fimbria, body
and anterior j)illar of the fornix and the niammillo-thalamic strand ) with the thalamus
(Fig. 1049). That fibres pass between the latter and the mammillary nucleus in

both directions, is show^n by the fact that destruction of either of these centres is fol-

lowed in turn by ascending or descending degeneration of the hbres. (3) The
other part of the bundle issuing from the mammillary nucleus arches backward and
downward and, as the mammillo-tegmental tract, is traceable into the tegmentum of

the mid-brain to the vicinity of the inferior coUiculus. (4) Under the name, pedun-
culus 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 Kolliker 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 mammillarv 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 Kolliker credit the tuber cinereum with possessing small paired composite gang-

lia, the nuclei tiiberis and the nuclei supraoptici of Kolliker. 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, eminentia

saccularis in recognition of its similarity to the evagination (saccus vasculosus) found

in fishes. The eminence encloses a shallow pouch, recessus 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 sella;

( Fig. 996 ). Above, the fossa is closed by a special partition of dura, the diaphragma
sellce, through an opening in which the infundibulum passes to the mushroom-shaped
organ. The pituitary body consists of two distinct parts, of which the so-called
anterior lobe is much the larger and of a darker grayish red color. Its posterior
surface is conca\ e and recei\es the small posterior lobe, which is partially embraced
at the sides by the e.xpanded lateral margins of the anterior division. Although the
two lobes are closely bound together by connective tissue, they are not only distinct

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 diencejjhalon

( Fig, 1530). The anterior lobe, glandular in character, has been described in con-
nection with the Accessory Organs <jf Nutrition (page 1806; and, therefore, calls

for no further consideration in this place.

Fig. 977.
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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 by a tubular outgrowth whose walls partake of the general character of the

adjacent brain-visicle. Later the lumen within the lower end of the diverticulum dis-

appears in consequence of thickening and appro.ximation 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 hvpophvsis is doubtful.

The optic tracts and commissure are elsewhere described (page 1223),
suffice it at this place to mention their relation to the interpeduncular structures.

The optic tracts diverge 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 commis.sure 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 f lamina 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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callosum. Just before ineetii^i" the latter, the hiiniiia passes in front of the anterior
eoniniissiire of the brain 'Fit;'. 976).

The Third Ventricle.— The third ventricle ( vcntriculus tcrtius ccroliri) is the
narrow cleft-like space that separates the medial surfaces (jf the thalanii ( l-'\^. 966).
It is somewhat broader behind and much deeper in front, where it comes into close

relation with the exterior of the brain, the interpeduncular lamina alone inter\enin^-.

Seen from the side, as in mesial sagittal sections (Fig. 996), the outline of tiie

ventricle is irregularly comet-shaped, with the broader *^m\ abo\e and behind and the

blunted point tlirected downwartl and forward (Fig. 978J. Hehind, it communicates
with the Sylvian aqueduct, and through this canal indirectly with the fourth \entricle;

anteriorly it connects with the two lateral ventricles by means of the foramina of

Monro. Its sagittal diameter, measured between the anterior commissure and the

base of the pineal body, is approximately 2.5 cm. The lateral wall of the ventricle

(Fig. 976) is formed chiefly by that part of the thalamus which lies below the level

of the taenia thalami. On this surface, slightly in advance of the middle, is seen the

small oval field of the middle commissure^ and in front of this the downward curving

elevation produced by the anterior pillar of the fornix. Between the latter and the

prominent anterior tubercle of the thalamus lies the foramen of Monro ( loramen

iiiterveiitricularc), which establishes communication between the third and the cor-

Pineal recess

Suprapineal recess
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Sylvian aqueduct

Fig. 978.

Middle commissure
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Cast of third ventricle, viewed from the side. X % {Retziiis.)

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-\'esicle.

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 little diverticulum o\-erlying

the body is termed. The immediate and morphological roof consists of the delicate

ependymal 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 1162); but its relatio,n 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 these 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 Hr.MAN ANATOMY.

The posterior wall of tliu third \ entricic is very short and includes the base of

the pineal Ixxi)-, uitli tlir opeiiiii^^ into the minute pineal recess, the posterior com-
missure and the orifice leading into the Sylvian acjueduct. The floor slopes rapidly
downward and forwartl ( Fig. 976 ) and comprises a small part of the tegmentum
of the cerebral peduncles, the posterior perforated substance, the mammillarv bodies,
and the tuber cinereum with the infundibulum— structures already described and
included within the interpetluncular area on the base of the brain. Corresjionding
with the position of the superficial elexation, the \entricle exhibits the di\erticulum
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.
Cavity in septum hiciciuin

Caudate nucleus

Internal capsule

Putanien of
lenticular nucleus

Cut anterior end
of forni.x

Corpus callosum, cut

.\nterior pillars
of fornix

Anterior commissure

Lamina cinerea. above
optic recess

Lateral ventricle

Kpendynia covering;
tu:nia scmicircularis
and vena terminalis

Thalamus, anterior tubercle

Foramen of Monro

Optic chiasm Lamina cinerea

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 aid-hrain, consists of two fundamental parts, the hemi-

sphaerium and the pars optica hypothalami. The latter includes : (i ) the
lamina chierea {terminalis), (2) the optic commissure, (3) the tuber cinereum and
(^) the pituitary body, all of which have been alreadv considered, as a matter of con-
venience, in connection with the diencephalon and the third ventricle. The hemi-
sphere comprises: Ti) the pa/liutn, (2) the rhincncephalon, and (3) the corpus
striatum. The first of these subdivisions undergoes such enormous de\elopment 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 by the hemispheres and occupy-
topographically a dependent position. The rhincncephalon. 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 caudate and the loiticidar nuclnts, represents the internal nucleus of the
end-brain. Certain commissural structures, as the corpus callosum, the anterior com-
missure and the /i7r///,v are to be regarded as secondary and as serving t(j connect
the halves of the jj^^reat brain. Tlu- immediate free or outer surface of the ])allium is

everywhere formed by a thin piriplural layer of cortical ^ray matter, which, as an
unbroken sheet, clothes the \arious ridj^es and inter\eninj^ furrows—the convolutions
and fissures— \\\\\c\\ motlcl the exterior of the cerebrum and provide the necessary
extent of surface. Hencath the cortical j^ray substance lies the 'a'hite matter, which
constitutes the bulk of the hemisphere and consists of the tracts of ner\e-libres ptiss-

inj^ to and from the cortex, as well as of those connecting the various 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 hemisj)here (Fig. 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 g^ray matter by the lenticular nucleus
on the other. In view of the rudimentary conditifjn of the rhinencephalon and
the over-shadowing development of the pallium in man, it is usual and convenient
to regard most of the parts derived from the telencephalon as belonging to the

hemispheres, the latter term being used in a less restricted sense than warranted
by a precise interpretation of its developmental significance.

The Cerebral Hemlspheres.

Viewed from above, the human brain presents an ovoid form, the narrower end
being directed forward and the broader backward, the greatest width corresponding
with the parietal eminences (Fig. 984). The convex surface formed by the

hemispheres is divided by a deep median sagittal cleft, the longitudinal fissure

( tissura longitudinalis cerebri ), 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 hemispheres. 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 Hissura

transversa cerebri), is sometimes described the deep cleft which separates the

postero-inferior surface of the hemisphere from the cerebellum, the corpora quad-

rigemina and the pineal body. This cleft, so e\'ident after the brain has been

remo\'ed from the skull, when the parts are in situ is filled behind l:)y the tentorium

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 removal 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 flat and vertical and bounds the

longitudinal fissure. It is in 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 trans\x'rsely, 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 the middle fossa, but traced backward it passes
insensibly into the tctitorial area, sup|)orted 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 separatin_y^ the surfaces of the hemisphere are the dorso-mesial,

the infero-lateral and the infero-mesial. The dorso-mesial border intervenes

between the mesial and lateral surfaces and, therefore, follows the arched contour of

the hemisphere beneath the vaulted calvaria. The infero-lateral border, between
theMateral and inferior surfaces, is better defined in front, where it separates the orbi-

tal area from the external surface as the arched supcrciliarv border ( Cunnin_tj;^ham j,

than behind, where it is so rounded of? jus to scarcely be recoi^nizable as a distinct

margin. The infero-mesial border inter\enes between the mesial and the inferior

surface of the lHniis|)here. It is well marked in front, where it limits the orbital area
mesially, and aiL^ain behind, where it corresponds to the line of juncture between

tCcPk"!""

Lato-al aspect of left cerebral hemisphere; dorso-tnedian surface is somewhat foreshortened ; red lines indicate
boundaries separatinK parietal, temporal and occipital lobes ; r. Rolaiidic fissure ; .c. g.. i. g., its superior and interior
genu; 5"', S-, SK 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; />. w.. paramedian ; »/./.. mid-frontal ; rf.,

diagonal, here continuous with inferior nrecentral
;

/>•./>-,/><,;»', inferior, superior, horizonlal and occipital limbs
of inter-parietal; p. o., parieto-occipital ; /', /' asc. superior temporal and its upturned limb; C-.P asc, middle
temporal and its upturned limb ; /. <?., transverse occipital; /. o., lateral occipital; A., arm centre ; .ff. T. O., pars
basalis, triangularis and orbitalis ; Arc p.-o.. arcus parieto-occipitalis.

the fal.x cerebri and the tentorium and marks the division between the mesial surface
and the tentorial area. This margin has been designated the internal oeeipital border
by Cunningham.

The extreme anterior end of the cerebral hemisphere is known as the frontal
pole fpolus 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

dQhn^d petrosal depressio?i (impressio petrosa k 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 rexersed, and frequently
no groove is recognizable on the side of the smaller sinus. In brains hardened in

situ, the gently 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 praeoccipitalis ), at a point about 3.75 cm. ( i '/-,' in.) in front of the
occipital pole ( P'ig. 9S0J. This notch, prominent in the child but later variable in
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its distinctness, is produced by a fold of dura over the parieto-mastoid suture and
above the hitjhest part of the lateral sinus (Cunningham). It is of importance
in the topoj^raphy of the brain, since it is often taken as the lower limit of the
parieto-occipital line, establishiiiij the conventional division on the lateral surface of

the hemisphere Ix'tween the parietal and occijjital lobes ( pa^e 1143J.
The complex motlellini^ of the surface of the cerebral hemispheres, the charac-

teristic feature of the human brain, is produced by the jjresence of irregular eleva-

tions, the convolutions or gyri, sej)arated by the intervening^ furrows, the fissures

or sulci. Alth()Ui;li presenting; many variations in the details <jf their arranj^emeni,

not only in different individuals but even in the hemispheres of the same brain, the

convolutions and fissures of every normal human brain are grouped accordinj^ to a

general and definite plan to which the brain-patterns, whether elaborate ox simple, in

the main conform. The fissures differ greatly not only as to their depth as observed
in the fully formed brain, but also as to their relation with the develojiing heini-

sphere, a very few, known as the complete fissures, invoh ing the entire tliickness

of the wall of the cerebral vesicle and in consecpience producing corresponding eleva-

tions on the internal surface of the ventricular ca\ities. Of such total sulci the most
important permanent ones are : ( i ) the hippocampalfissure, which produces the pro-

jection known as the hippocampus major within the lateral ventricle
; (2) the ante-

rior part of the calcarinc fissicre, which gives rise to the calcar avis ; and (3) the

fore-part of the collateralfissure, which is responsible for the variable 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 hemisi)h(*res

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 e\i-

dent, therefore, that the convoluted condition of the hemispheres provides a greatly

increased area of cortical gray matter without unduely adding to the bulk of the

brain, the extent 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 tvpical 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 (gyri transitivij and
materially add to the complexity of the surface configuration.

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 fcetal 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 consequent localized tension which aflfect 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 w-hich are seen in the flattening and closer packing of the gyri and the narrowing and deepen-

ing of the intervening fissures. By the end of fretal 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 topographv. 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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seconclary importance, while those (jI primary \aKie are comparati\ely obscure in the

fully formed human brain. The interlobar lissures, six in number, are: (i; the

fissiur of Svhius, (2) the ccntnxl fissure, (3) \.\\q parieto-occipita/ Jissurc, (4) the

collateral fissure, (5) the ealloso-niarij^inal fissure and (6) the Ihnifinq; sulcus of
Reil.

The loi)es marked off by these fissures with varyinij de<;-rees of certainty are : ( i)

\\\(i frontal, (2) ihii parietal, (3) \.\\ii temporal, {4) th^^ occipital, (5) ihit livibic, and

(6) the insula. An athhtional di\ision, (7) the olfactory lobe, althou!L,di of impor-

tance as representing- the peripheral part of the rhinencephalon of osmatic animals (as

those possessing- the sense of sn-iell in a hiiih decree are called ), is not related to the

foreijoini;- sulci and comprises the rudimentary olfactory bulb and tract and associated

parts (paife 1151). It will l)e of advantaj^^e to describe the interlobar fissures as pre-

paratory to a dctaileil consideration of the lobes.

The fissure of Sylvius ( fissura cerebri lateralis) is the most conspicuous fissure

of the hemisphere. It bej^ins on the inferior surface of the brain in a depression, the

vallecula Svlvii, which ojjens out on the anterior perforated space. The hrst 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.

Kdlatulic fissiirf
Inferior preceiitral stilcus

Inferior frontal sulcus

.^sccndinir lim'

Posterior limb

-A"
-^ \ Orbital snrtace

Horizontal limb

Portion of lateral surface of ri^lit 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 Sylvian point, the fissure divides (Fig.

981) into {a) a short anterior horizontal branch, {b) a somewhat longer anterior

ascending branch, and (r) 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 jxirs triangularis (page 1141).

The anterior ascendino; branch (ramus anterior ascendens) passes upward 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 anterior 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, j)articularly of

the frontal.

T\\G 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 infreciuently the

fissure ends by dividing into' two short arms, one of which penetrates the i)arietal

lobe while the other arches downward into the temporal lol)e.
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Fic. 9S2.

Tlie form and relations of the fissure of Sylvius are so clependent upon the growth of the
surrt)uiulin>( parts, that a sketch of the development of this rej^ion of the hemisphere is necessarv
for an understanding^ of the sijinilicaiue of this conspiiuous sulcus. I )urin}^ the third fd tal

month the lateral surface of the cerebral hemisphere
presents a crescentic depressed area, the fossa Sylvii,

whose floor corresi^onds U) the insu/a or is/ami of h'cH.

The latter is seen in the adult brain, on separating the

marjiins of the Sylvian fissure, as a sunken area which is

completely hitlden by the overhanging parts, the opercula
insulae, of the surroundinij lobes (Ki.^;. 990). During tiie

fifth month the former shallow crescentic Sylvian fossa

jjives ]>lace to a more definitely walled triangular depres-

sion, which, durino; the succeedin.i; month, bej^ins to be
enclosed by the formation of the opercula. The details of

this process have been carefully studied by Cunningham'
and more recently by Retzius.-' The ojiercula which
bound the triangular fossa, named from the regions

which contribute them and at first three in number, are

the upper or paricto-frontal, the lower or tonpora/, and
the anterior or orbital. The upper and lower walls first

Cjme in contact and thereby form the posterior limb of the Sylvian fissure. Later the anjjle

between the upper and front walls of the fossa becomes modified and is finally obliterated by the

appearance of a wedge-shaped projection, later the frontal operculum, which insinuates itself

between the adjacent end
Fig. 9S3.

Inferior precentral Rolandic fissure

Left hemisphere of brain of five months
fiL'lus ; three-fourths natural size.

Inferior fronta

terparietal

of the jiarieto-frontal and
the orl)ital 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 separate 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.

Orbital
operculum

Olfactory bulb

Insula Sylvian fissure Superior temporal sulcus

Lateral surface of left hemisphere of eight months foetus ; insula is partly covered
by opercula; three-fourths natural size. {Retzius.)

The central fissure (sulcus centralis), or fissure of Rolando, extends
transversely across the upper half of the convex dorsal surface of the hemisphere 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 vicinity 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 tlie precentral
convolution, situated al)out the junction f)f the upper and middle thirds of the fissure.

In consecjuence, the fissure jiresents 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 i^tnu respectively (Fig. 980). The cortical

tissue tilling t4iis 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 biickward. 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 Rolandic angle, as it

is called, of the two sides subtending therefore al)out 143° (Fig. 984).

Fig. 9S4.

Superior aspect of cerebral hemispheres; LF, longitudinal fissure; >., r, Rolandic fissure; sz, iff, its superior
and inferior genu

; j. pc, superior precetitral; s./, i./, superior and inferior frontal
;
/»n, paramedian ;/>',/>-,/>',/>',

inferior, superior, horizontal and occipital limbs of inlcrparietal
;

p-o. parieto-occipilal ; /.o.. l.o., transverse and
lateral occipital; .Vaic, ascending limb of Sylvian ; Oasc, t-asc, ascending limbs of superior ami middle temporal.

Since the central fissure is usually developed from two separate jxirts. 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 exceptional 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 (lissura parieto-occipitalis) is seen chiefly on the
mesial surface of the hemisphere (Fig. 987), where it a])pears as a deep cleft which
extends 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 internal paricto-occipital fissure, separates the mesial surfaces of the
parietal and occipital lobes and ends below by joininj^ the calcarine fissure, the
two sulci together forming a >- whose posteriorly directed diverging limbs in-

clude a wedgetl-shaped portion of the occipital lobe known as the euneiis. The
parieto-occipital fissure is continued without inlerruj)tion across the upper margin (.f

the hemisphere and onto the external surface for a short distance. This outer exten-
sion, usually only from 12-15 '""i- ''^ l^'ngth, constitutes \.\\(^ external parieto-oecipilal
fissure and terminates after its limited transverse course in a bowed convijlution, the
arcus pariefo-oeeipitalis, which surrounds and sej^arates its end from the occipital part
of the interparietal fissure. Although sometimes ending in two short antl somewhat
open branches, the external limit of the parieto-occipital fissure is usually relatively

inconspicuous; notwithstanding, the sulcus is of much imjiortance as affording a
readily recognized upper limit of the conventional boundary line between the occij)i-

tal and the parietal and temporal lobes. In the ftetal brain the parietcj-occipital sul-

cus produces a distinct invagination of the wall of the cerebrum and corresponds,
therefore, to a comi)lete fissure. In the adult brain, however, all trace of this infold-

ing has disappeared in consequence of the growth and thickening of the \cntricular

wall which subsequently takes place (Cunningham j.

The collateral fissure (fissura 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 hip})ocampal 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 di\isions, 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 1164). The occipital portion of the fissure is never complete and, therefore,

does not give rise to any ele\'ation.

The calloso-marginal fissure (sulcus ciriffuli) 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 off on the anterior two-thirds of the mesial surface of the hemisphere

the marginal convolution of the frontal lobe from the callosal gyrus of the limbic lobe,

the somewhat uncertain posterior boundary of the latter beyond the sulcus being

indicated by the inconspicuous postlitnbic 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 Reili) is a shallow furrow

that incompletely surrounds the insula and imperfectly separates this buried portion

of the central cortex 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 the lliree asjjccts of the hc-niisphcre and has,

therefore, a dorso-lateral, a mesial and an inferior surface. On the external surface

of the hemisphere it is bounded behind by the central fissure, which separates it from

the parietal lobe, and below by the fore-part of the Sylvian fissure, which intervenes

between it and the temporal lobe. ( )n the mesial surface the frontal lobe includes

an irregular -), marked ofT by the calloso-marji^inal sulcus, the l(jnj:(er upper limb

endinj^ behind the central fissure. On the inferior surface of the hemisphere, the

frontal lol)e includes the concave orbital area, bounded behind by the transversely

directed stem of the .SyKian fissure, which sulcus thus separates it from the temporal

lobe.

Tile princii:)al fissures on the dorso-lateral surface of thefrontal lobe are: ( i ) the

inferior precentral, (2) the superior i)recentral, (3) the superior frontal and (4) the

inferior frontal. The inferior precental sulcus which consists of a longer vertical

and a short transverse limb and has a general ~| or T form. The vertical limb

begins al)ove the fissure of Sylvius and in front of the central fissure and extends

upward parallel to the latter and separated from the lower part of the precentral

con\'olution. The horizontal limb

Fic. 9S5.

Anterior aspect of cerebral hemispheres, hardened in

skull; -v/', //, superior and inferior frontal fissurt-s; />«/.,

paramedian; «/./, mid-frontal; f-»i., fronto-margiiial.

passes oblicjuely forward and uj)ward

and cuts for a varial)le distance into

the middle frontal con\olution. F"re-

quently the inferior precentral sulcus

is directly continuous with the inferior

frontal furrow; sometimes it opens

below into the Sylvian fissure and
above may join the superior.

The superior precental sulcus
jM'olongs upward the anterior ]j(jun-

dary of the precentral convoluti(jn. It

lies parallel with the upper half of the

Rolandic fissure, but does not usually,

although sometimes reach the upper

margin of the hemisphere. Almost
constantly it receives the posterior

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 of! 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 anncctant 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 convolutions.

The convolutions on the dorso-lateral surface of the frontal lobe are the jire-

central, the superior frontal, the middle frontal and the inferior frontal.

The precentral gyrus Cgyrus centralis anterior), also known as the ascaidini^

frontal, is l^ounded behind by the central fissure and in front by the superior and

inferior precentral sulci. Below it is limited by the Sylvian 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 postcentral gyrus and correspondingly modifies the line of the
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Rolandic hssiirc. The observations of Mills and oi Griinbainn and Shcrrini-ton
emphasize the predoininatuiK importance of the precentral conv()luii..n as rontainintr
the nnportant cortical motor areas (pa^-e 1211), the backward projection iiist
noted contammo- the centres contiollintr the muscles of the iii)pc-r extremity.

The superior frontal gyrus lies between the sui)ero-mesial border of the hemi-
sphere and the sui)rru)r frontal sulcus. Since its course corresjjonds with the upper
mai^in of the hemisphere, it is much longer than the other frontal convolutions on
the external surface and reaches the frontal pole. It is continuous with the mar^nnal
gyrus, which, in fact, is only its mesial part. Behind, it joins the i)recentral convolu-
tion by a narrow bridoe between the upper end of the precentral sulcus and that of a
branch from the calloso-marginal fissure. The superior frontal convolution notwith-
standing its meagre width, is frequently imperfectly divided into an upper and a
lower part by a series of shallow longitudinal furrows collecti\'ely termed the />iira-
median sulcus. The latter is regarded as a distincti\e feature of the human brain,
and IS found relatively deep and wrll marked onlv in the brains of the higher races."

The middle frontal gyrus, tiie broadest of the three, extends forwiird parallel
with the upper frontal convolution well towards the frontal pole. It is bounded

Inferior frontal snlcns

Fig. 986.

Inferior precentral s\ilcus

.Rolandic fissure

.Asceiidinji 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 as Broca's convolution : ST., superior temporal gyrus.

above and below by the superior and the frontal sulcus respectively and, in man and
the anthropoid apes, is almost constantly subdi\'ided into an upper and a lower sub-

division by the mid-frontal sulcus (sulcus frontalis niedius). The latter is often broken
by annectant gyri into two or more pieces and in front usually bifurcates to form the

fronto-marginal sulcus (sulcus transversus anterior), which runs across the hemi-

sphere 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 limits of the Syhian fissure the

inferior frontal gyrus is incompletely di\-ided into three portions—the pars basalis,

the pars triangularis and the pais orbitalis (F"ig. 986). The pars basalis (pars

Opercularis) occupies the posterior part of the con\-olution and lies i)etween the

inferior precentral sulcus and the ascending Syhian limb. It forms the fore-part of

the fronto-parietal operculum and is indented by an inconspicuous although constant

furrow, the sulcus diagonalis, which extends obliquely downward and forward across

the gvrus 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 SyKian 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 ct)ntinued around the margin of liu- lumisphere onto the orbital surface of

the frontal lobe. It is evident, from the description of the boundaries (jf the .SyKian
fissure already given (page 1137), that the preceding subdi\'ibions fjf the inferior

frontal gyrus correspond with certain of the ojjercula—the pars basalis with the
anterior part of the fronto-parietal, the pcus 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 cojivolution and has long been
regarded as the centre for the movements for articulate sj^eech, although the accuracy
of this view has been questioned. According to Marie, Hroca's con\-olution has
no relation with speech, a conclusion, however, so far not convincingly sujjported.

Tlie convolution is sometimes better developed on the left than the right side of

the brain, the pars triangularis particularly being increased. As i)re\iously noted,
the dexelopment of this wedge—the frontal operculum—bears a direct relation to

the degree of independence of the two anterior limbs of the Syh'ian fissure.

The mesial surface 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 calU)so-marginal sulcus (page 1139), and by the latter is sejjarated 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 behnv. Its j)osterior end is

almost completely cut ofl from the rest of the gyrus l)y an ascending limb (sulcus para-

centralis) from the calloso-marginal sulcus, the j)ortion so isolated forming the front

part of the paracentral lobule, which is bounded behind by the ui)turned end
(ramus marjiinalis) 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 sulci

rostralcs.

The orbital surface of the froiital 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 con\-olutions, 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 specialK- designated as the
gyrus rectus, is only a part of the broader longitudinal tract which corresponds to

the ori)ital 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 oorresjionds more or
less closely with the letter H. In many cases, however, the sulcus more nearlv re-

sembles an X or K, or it may be still further modified by the j)resence of additional
secondary grooves of variable numl^er and length. Assuming the conventional H-
form to exist, the orbital surface is divided into three longitudinal tracts, the inner,
middle and outer orbital gyri, by the long limbs (sulcus orbitalis intcrnus ct cxtcr-

nus). The inner tract is subdivided by the olfactory sulcus into the gyms rectus,

above mentioned, and an outer part, the gyrus orbitalis intemus in the more
restricted sense. The middle orbital gyrus is subdivided by the curved transverse
limb (sulcus orbitalis traiisvcrsus) into the anterior and the posterior orbital gyrus,
which lie respectively in front and behind the transverse furrow. In many cases the
latter curves outward and backward until it almost reaches the Svlvian fissure.
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The Parietal Lobe.—This dixision includes a considerable part of the hemi-

sphere and presents two surfaces, an external anil a niesiai. The external surface,

much the more extensive and irre_ijularly cpiadrilateral in outline, is Ixnmded above,

in front and partially below by well marked fissures, but behind and postero-infe-

riorly its limits from the occipital and temporal lobes are defined for the most part

by imaijinary lines. Its upper boundary corresponds with the supen^-niesial border

of the hemisphere ; its anterior boundary is the central fissure, by which the pari-

etal lobe is completely separated from the frontal excejjt below, where the postcen-

tral jJ^yrus is continuous with the precentral by the bridge closin^'^ the lower end of

the Rolandic fissure. Its posterior boundary, which sejKirates the parietal fnjm the

occipital lobe, is largely conventional and indicated by a line drawn from the point

where the parieto-occipital fissure cuts the upper margin of the hemisphere to an in-

dentation, the preoccipital notch (page 1134), which grooves the infero-lateral border

of the hemisphere at a point from 3.5-4 cm. in front of the occipital pole. Its

inferior border, between the parietal and the temporal lobes, is definite where formed

by the posterior limb of the Sylvian fissure. Beyond the upturned end of the latter,

Fig. 987.

Infero-mesial aspect of left cerebral hemisphere; cm., calloso-marginal fissure; ros., rostral; r.. overturned

end of Rolandic ; p. /., post-limbic ; i. p-o., internal parietooccipital ; p. cal., a. ca/., posterior and anterior calcarine ;

fi. 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 externa/ 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 gyrus.

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 backward 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 percent, according to Retzius'), or with the horizontal limb

' Biologische Untersuchun.2;en, \'III., 1S9S.
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(66 percent.). <^'' ^vith both (55 per cent.), the inferior limb may remain ununited

( 17 per cent.). When joined, the two Hnibs together form a continuous jjostcentral

sulcus which parallels the fissure of Rolando and bounds the postcentral convolution
behind. In rare instances the inferior jjostcentral sulcus opens below into the
Sylvian fissure.

The superior postcentral sulcus lies behind and parallel with the upper part
of the fissure of Rolando, ^^ainin*^ the superior martjin of the hemisphere between the
incisions of the Rolandic fissure and the U])turned end oi the calloso-marginal sulcus.

Althouu:h in 59 per cent, of the brains studied by Retzius the fissure was confluent
with the horizontal limb, in 24 per cent, it remained isc)lated.

The horizontal limb pa.sses backward and slightly upward and separates the
superior and inferior j)arietal convolutions from each other. It is usually continuous
in front with one or the other or with both postcentral sulci and behind with the

iMG. 988.

Lateral aspect ol left side of brain. /,F, longitudinal fissure; >.. ;., >.. Rolandic fissure; i- pc, s.fic., inferior and
superior precentral ; j/^., //., superior and inferior frontal; Sp, .S. asr., posterior and ascending limbs of Sylvian
fissure; /', ^-, ^•', ^', inferior, superior, horizontal and occipital limbs of interparietal; p-o, parieto-occipital ; /. o.,

/.(/., transverse and lateral occipital ; /', /'aif., superior temporal and its upturned limb; /-', /-'aif., middle temporai
and its upturned limb.

jwsterior or occipital limb. As a rule it joins a continuous postcentral sulcus, in

which case the three furrow's form a f— shaped fissure, which subdivides 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 ])arieto-

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 convolutions on the external surface of the parietal lobe are three—the

postcentral, the superior parietal and the inferior parietal.

The postcentral gyrus, also called the ascendin;^ parietal, forms the posterior

wall of the lissure of Rolando, and itself is bounded behind bv the ])ostcentral sulcus,

either by the continuous fissure or by its two divisions. The lov»er 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 precentral
lobule of the mesial surface between the terminations of the calloso-mar^inal and the
Rolandic fissures. In its width and general obliciue course across the hemisphere,
the postcentral convolution stron,<>:ly resembles the precentral i^yms and with the
latter and the three as.sociated sulci—the precentral, central and postcentral—fcjrms
a conspicuous feature in the modelliiitj: of the external surface of the hemisphere and
affords a ready means of k)catinu the Rolandic fissure.

The superior parietal gyrus is the triangular tract lyiiitj between superior
postcentral sulcus, the hori/ontal limb of the interparietal sulcus and the supenj-
niesial border of the hemisi)here. Behind, it is limited by the overturned outer end
of the parieto-occipital fissure, around which, however, it is continuous with the
occipital lobe by means of the curved convolution, the arcus parieto-occipitalis.
Farther forward it is frequently deeply incised l^y an ascending'- liranch from the inter-

parietal sulcus. It is connected with the postcentral gyrus around the upper end of
the superior postcentral sulcus and, in those cases in which the last-named sulcus fails

to unite with outer segments of the interparietal fissure, additionally joins the post-
central gyrus aliout the inferior ])()stcentral 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 temporal 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. qS.S).

The supramarginal gyrus arches around the upturned extremity of the SyKian
fissure. It lies behind and below the front part of the interparietal sulcus, around
w^hose 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 o\'er 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-occipital

sulcus. The lobule, the mesial aspect of the superior parietal convolution, is usually

marked by one or more furrows, \\\(t precuneate sidci, 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 aj^es and is de\'eloped 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 of? 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 dcpciuls upon the recoL^nition of an arbitrary line which
may be drawn, as suggested by Cunningham, from the ])reoccipital notch on the

infero-lateral border to the isthmus of the limbic lobe, just below the sj)lenium of

the corpus callosuni.

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 j.

The transverse occipital sulcus is, as al)ove ])ointed out, the widely di\er-

gent terminal bifurcation of the interparietal fissure, whose last segment bevond the

outer end of the parieto-occipital sulcus enters the occipital lobe to end in the manner
just indicated.

Fig. 989.

Inferior aspect of cerebral hemispheres, i.o., t.o., r.o., internal, transverse and external orbital fissures;
t.t.. incisura temporalis; cal., calcarine , co/., collateral ;«-/., occipito-temporal fissures.

The lateral occipital sulcus arches horizontally forward below the lower end
of the preceding furrow, not infrecjuently di\iding 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 occijiital 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 convolutions connect its gyri with
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

which incises the occijjital 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 falx cerebri and the tentorium, and
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ends, after a short bend outward, by cuttinj^ into tlu- limbic lobe just below the
si)leiiiuni of the corpus callosum ( Fij^. 9^7). This incision divitles the posterior
extremity of the hippocampal i,^yrus into a narrow uj^per tract, the islhmits, which
links the gyrus 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 furrows forming a >- shaped sulcus, between whose
diverging limbs lies the triangular cuneus Although usually appearing as one
continuous fissure, the parieto-occipital and calcarine sulci are incomj)letely separated
by a deep annectant gyrus, which connects the cuneus with the limbic l(}be. The
calcarine fissure itself is subdivided by a second sunken gyrus into an anterior and a
posterior part. The latter, \.hi:t posterior ca/car/fw J/ss/trf, is shorter and shallower
than the front part and is not a total fissure. The other portion, the anterior calca-

rine fissure, is not only the deeper Ijut completely invaginates the brain-wall, thereljv

giving rise to the elevation 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 abo\e and behind it reaches the
superior border of the hemisphere (Fig. 987). Its surface is frequently impre.ssed

by one or more shallow vertical furrows.

The lingual gyrus, also called the infracalcarine, 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 tiie 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 by the inferior

temporal sulcus laterally (Fig. 9S9). 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 irregularly pyramidal

division of the cerel)ral 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 off 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 late^-al, 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 (Fi,o. 9SS). all of whieh ccrresi^oncl in the .qciicral direction of
their course with thi- posterior liml) of the Syhiaii rissiirt- and txteiul backward
and slit^htly ii])ward.

The superior temporal sulcus, also called \.\\v para/Zc/ sii/ais in recojuniiion
of thesimilaritv of its course with that of the posterior liml) of the SyKian fissure, is
the first in the series of lonoitudinal 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 the posterior limb of the Sylvian fissure and ends bv cutting u|)ward
into the mfenor parietal convolution, whose angular gvrus surrounds the upturned
extremity of the sulcus.

The middle temporal sulcus, the second in the series, lies below the i)re-
ceding fissure, whose direction in a general way it follows. It is, howe\er, much
less certainly marked and in most cases is not a continuous furrow, as is the superior
sulcus, but broken by superficial annectant con\olutions into a number of separate
pieces, the exact sequence of which is often difificult to follow. The upturned end of
the middle temporal sulcus cuts into the lower parietal convolution towards the jkjs-
terior limb of the interjxirietal sulcus (P^ig. 988) from which, however, it is separated
by the arching posti)arietal gyrus.

Fic. 990.

Rolandic fi.ssure

-y^

Rij;lit cerebral hemisphere, with opercula displaced to expose island of Reil.

The superior temporal gyrus intervenes between the posterior limb of the

Sylvian 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.

The middle temporal gyrus, between the upper and middle tem])oral 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.

The inferior temporal gyrus occupies the rounded infero-lateral margin of

the hemisphere, and appears on both the lateral and the inferior surface of the lobe,

being continuous with the occipital lobe behind (P'ig. 988). Its u])per 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 occij^ito-

temporal gyrus.

The inferior surface of the temporal lobe is roundetl in front, w here 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 convex

from side to side. It ]:)resents one fissure, the inferior temporal, and one convolu-

tion, the anterior part of the occipito-temporal.

The inferior temporal sulcus, also called the oeeipito-frinpora/, courses longi-

tudinally a short distance internal to the infero-lateral border of the hemisphere and
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separates the inferior temporal from the occipito-temporal j^^yrus. Althouj^h for

the greater part of its extent on tlie temporal lobe, it is not eonhned to this, but
continues backward into the occii)ilal lobe which, therefore, claims it as one of its

furrows. The sulcus is rarely continuous, usually beinj^- broken by annectant gyri
into a posterior, a middle and an anterior segment.

The occipito-temporal gyrus (gyrus fusiformis) is, as its names imply, a
fusiform tract belonging partly to the occi])ital and partly to the temporal h'ibe

(Fig. 989). Its two entls, in front and behind, are pointed and connected by a
broader intervening tract, which is commonly broken u\) by secondary furrows.
The temporal division of the gyrus, including appro.ximately its anterior two-thirds,
is embraced between the converging collateral hssure mesially and the inferior
temporal sulcus laterally

; its conventional posterior limit is the line drawn from
the preoccipital notch to the isthmus of the limbic lobe, immediately beneath the
hind-end of the corpus callosum.

The superior surface of the temporal lobe is directed towards the insula and
is therefore an opercular aspect. On separating 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
similarly indented.

Fig. 991.
Kolaudic fissure Sulcus subdividing preceutral lohult-

/

/ Cut surface of frontal lobe

-Sulcus circularis
Sulcus centralis

Sulcus centralis insulse

Gyri breves

Gyrus longus Temporal Apex Limen
lobe, cut

Island of Reil exposed after cutting away surrounding parts of right cerebral hemisphere.

The Insula.—The insula, or island of Reil, sometimes also called the central

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 1 1 37) ; 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 convolutions is directly continuous along the Sylvian fissure with that

covering the convolutions on the freely exposed parts of the hemisphere
;

(d^) that

the insular cortex lies close to the underlying mass of gray matter, the lenticular

division of the corpus striatum, a narrow tract of white matter, the external capsule,

alone intervening. Since 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 linun insnlcf, where the limitint,' sulcus of the
island is incomplete. In addition to beiny imperfectly separated from the surround-
ing opercula by the curved limiting sulcus {sulcus circularis insula-), the island
is divided into an anterior and a posterior jjart by the sulcus ccfitralis insula'.
This furrow continues in a general way the downward and forward direction of the
fissure of Rolando, the deeper part of which is seen above the island (Fig. 991 ).

The anterior part, or pnrcntral lobule, is subdivided by two, sometimes by three,
shallow grooves into three or four short downwardly conx'erging ridges, the ir\ri
breves, of which the front one is connected with the deeper part of the inferifjr

frontal convolution by a small arched annectant gyrus transversus. The hind-part
of the island, the postcentral lobule, includes a longer wedge-shaped tract, the gyrus
lonous, which below is continuous with the limbic lobe. The gyrus longus is

frequently subdi\ided 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. 987 j as an elongated o-shaped tract,

Spleiiiuni of corpus callosum
("ollosal fissure

Fio. 992.
Fornix, body

Thalmus. partly cut away
Septum lucidum

/

Fasciota cinerea

Calcarine fissure

Isthmus Kliinal fissure

Uncus
Collateral fissure

(iyrus deutatus Gyrus Fimbria
hippocampi

Portion of infero-mesial surface of left hemisphere, showing lower part of limbic lobe and adjacent structures.

whose ends lie closely appro.ximated 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 upi^er surface of the corpus callosum, and the inferior part, the hippo-

canipal gyrus, forms the mesial tract of the tentorial surface of the hemisphere.

The limbic lobe is separated from the adjacent convolutions 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 ])art of the

temporal lobe is effected by the inconspicuous rhinal sulcus ( flssura 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 \\\^ 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 just below the splenium, around which
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it bends, the callosal qyrus is niarkedly reduct-d in width by the encroachment of the
calcarine hssiiic. the narrowi-d taperinj^' tract thus formed beinj;^ the upper part of the
isthmus listliinus yyri fornicati ), which below joins the similarly reduced upper eiul

of the hippocann)al conxolulion and so establishes the C(jntinuity between the two
parts of the lobe.

The hippocampal gyrus ( nyrus hippocampi) curves forward from the isthmus
alonj^ the mesial border of the tentorial surface of the hemisphere towards the apex
of the temporal U)be, which, however, it fails to reach ( h~i^. 922 ). Its antericjr

extremity is distinctly thickened and forms a rounded hook-like pnjjection, the
uncus, which is recurved and directed backward and inward. The uncus is

separated from the apex of the temporal lobe by the incisura temporalis (fissura

rhinica), whilst the hippocampal convolution is marked olT laterally by the anterior

l)art of the collateral fissure. Although blended with the gyrus hippocampi and
seemingly a part of the limbic lobe, the uncus, strictly considered, belongs to the
rhinencephalon and not to the limbic lobe (Turner, Elliot Smith). The posterior

end of the hippocampal convolution is incised by the anterior extremity of the
calcarine fissure and so divided into two parts ; of these the upper 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 occii:)ital lobe. .

The Rhinencephalon.—Although a di\'ision of fundamental importance and
dift'erentiated 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 hemisi)here to a degree
disproportionate to the olfactory capacity of the animal, as strikingly observed among
the lower vertebrates. The conclusions deduced from comparative studies empha-
size the fundamental character of the rhinencephalon as phylogenetically being the

oldest part of the hemisphere. Indeed of such primary morphological significance

is the rhinencephalon that it is termed the archipalliiim, as distinguished from the

jieopalliiim, 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 rudimentarv 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 gyrus 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 outer 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 w^ill suf^ce 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 olfactory tract, the olfactory

trigone and the parolfactory area TFig. 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 hemisphere.

The olfactory bulb (bulbiis olfactorhis) 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 receix'es the olfactorv filaments. Its

upper surface underlies the olfactory 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 nasal

mucous membrane to the bulb.

The structure of the olfactory bulb shares the general rudimentan,- condition which charac-

terizes the lobe in man, the bulb having lost the central cavity {ventriculus buibi ol/actorii),
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which in many animals is continuous with the fore-part of the lateral ventricle, as well as some
of tlie six layers that may be typically re()resentecl, as in the doy's bulb. The ventral aspect of

the bulb, receiving the olfactory nerves, retains most comi)letely its nervous character and pre-

sents three chief strata ( iMg. 995). d) The stratum of o//(U toiy 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 the mitral celli, so named on account of the numerous nerve-cells of

peculiar bishop's-hat form which occupy its upper liorder. Along its lower margin extends a

narrow zone of large spherical masses, the olfactory jrtomeruli. 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 olfactcjry 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 stratum 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 \\-\it granular layer ^^(X consists of many small nerve-cells intermingled with the fibres. The
deeper part of the stratum of nerve-fibres encloses some larger nerve-cells of stellate or

enlongated form. The central part of the bulb, which represents the obliterated ventricular

space, is filled by a gelatinous substance resembling modified neuroglia.

The olfactory tract Ctractus olfactorius) is a narrow band of light color, which

extends from the olfactory bulb in front to the olfactory trigone behind (Fig. 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 strict, as its roots are called, diverge. Its

ventral 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 olfactor\- 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 nervefibres, 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 nidimen-

tary sheet. Next follows (2) ^ gelatinous stratum, which represents the obliterated ventricular

cavity seen in many lower animals. Succeeding this and forming the thickest layer of the tract

lies (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).



THK TELENCEPHALON. 1153

The olfactory striae, tlu- so-called roo/s of the olfactory tract (Fig. 993;, are
usually two, the mesial antl the lateral, an adtlitional intermediate root being some-
times represented by faint strands. The vusial stria bends sharply inward, passes
along the inner margin of the olfactory trigone and disa|)pears on the mesial surface

of the hemisj:>htre l)y joining probably partly the callosal and partly the subcallos.il

gyri (Fig. 994 >• 1 he diverging lateral stria ol)li(iuely courses along the antero-

lateral margin of the perforated space, but usually disappears as a distinct tract before

it can be traced to the uncus, its |)robable destination (page 1222J. Occasionallv the
lateral root is represented by two strands, an outer and an inner, the last one fading

away in the substance of the anterior perforated space. An additional intermediate

stria is sometimes recognizable for a short time before it too sinks into the anterior

perforated space.

The olfactory trigone ( tri^onum olfactorlum ) is the three-sided slightly conve.K

area embraced by the two roots of the olfactory tract at the sides, and behind sepa-

rated from the anterior perforated space by a groove (sulcus parolfactorius posterior).

The triangular area seen on the inferior surface of the hemis])here (Fig. 993) is

reallv the under aspect of a more extensive pyramidal elevation, the tuberculum
olfactorium, which, however, lies in large part within the olfactory sulcus and is

therefore superhcially not \isible except at its base, the trigone. Retzius regards

this part of the hemisphere

as a constant deep convo- Fig. 994.

lution, g^yms tuberis olfac-

torius, from which proceed

two ridges, gyrus olfacto-

rius medialis and lateralis.

These bend respectively

inward and outward and
support the white strands of

nerve-fibres, the striae olfac-

torii, which are usually de-

scribed as the roots of the

olfactory tract. The tuber-

culum olfactorium contains

a considerable amount of

gray matter, which is a part

of the peripheral 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, or field of Broca, lies as a small curved tract upon the

mesial surface of the hemisphere, just in front of and below the gyrus subeallosus

which extends from the rostrum to the corpus callosum (Fig. 994). 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, above with the callosal gyrus and below w-ith the inner part of the trigonuni

olfactorium, the mesial olfactory gyrus above mentioned.

The anterior perforated space (" substantia perforata anterior) is an irregularly

triangular area (Fig. 993) Iving behind the trigonuni 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-niesial 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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decrease in size as they approach tlie inner hurder ( Foville). The substance of

the space proper consists of a thin sluet of j;ray matter containing groups of

nerve-cells, some of which constitute the nuclei of primary centres interjwsed in

the paths connecting the olfactory lobe with the secondary (cortical) olfactory

centres (page 1222). In addition to the white strands of nerve-fibres composing
the olfactory stride 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 0/ 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

I-'k;. gg=i.
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^ 1 .V *.
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a part of the fibre-tracts contained

within the rudimentary supracallosal

gyrus (page 1157) that, in turn, is

prolonged mto 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 rhinencephalon

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 j)ostero-mesially it is connected

with the fimbria (page 1165) and
the gyrus dentatus (page 1166).

Although seemingly a i)art of the

limbic lobe, the comparative studies

of Turner and of Elliot Smith have

established its morphological inde-

pendence 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 important

paths by which fibres pass to and from the olfactory cortical centre. The gyrus

subcallosus (page 1153), 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 convex surface of the corpus callosum as far
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as its hind-end and then, as the dentate ^yrus, extends forward alon^ the inner sur-

face of the hippocampus to the uncus. The septum lucidum (paj;e 1 159J, a sickle-

shaped partition which lies between the lateral ventricles, the c(jrpus calhjsuni and
the fornix, is also a constituent of the olfactory path, as are also, perhaps, the taenia
semicircularis (page 1162) and the nucleus amygdalae (page 1172J.

In the foregoinu: ck-scription of tht- rliinencc'phal<jn only such parts liavc Im-cu intliuk-d as

seem warranted on morjjhoiojjical grounds (Turmr, IClliot .Smith and Cunningham). It sliouid

be pointed out, ht)wever, tliat tlie (ierman and I""rencii anatomists include also the limbic lobe,

the division and constitution of the rhinencephalon accordingly Ijeing as follows :

RHINKNCEI'HALON.

I. Peripheral Portion

. Atilerio) part

:

1. I'julbus olfactorius
2. Traclus olfactorius

3. Tuberculum olfactorium
4. Area parolfactoria

Posterior part :

5. Substantia perforata anterior
6. Gyrus subcallosus

II. Central Portion

1. Gyrus callosus
2. Gyrus hippocampi
3. Gyrus unciiiatus

4. Hippocampus
5. Gyrus dentalus
6. Gyrus supracallosus

Architecture of the Cerebral Hemispheres.

On drawing apart the walls of the great longitudinal fissure, it will be seen that,

while in front and behind this cleft completely separates the hemispheres, the latter

are connected in the intervening part of their length by a robust commissure, the

corpus callosiim, which fioors the fissure along the middle part of its course. On
making sections of the hemisphere above the level of this bridge, either in the frontal

or transverse plane, the hemibrain is found to be composed of the thin reddish brown
sheet of cortical gray matter (substantia corticalis), which everywhere constitutes an

unbroken stratum, and the enclosed large tract of white matter, the centrum ovale.

Beneath the corpus callosum lies the lateral ve^itricle, the cavity enclosed within the

hemisphere, in w'hose lateral wall and floor appears the mesial division of the corpus

striature, the caudate nucleus, whilst further outw^ard is lodged the lateral division of

the nuclear mass of the end-brain, the lenticular nucleus. Attached to the under

surface of the posterior half of the corpus callosum is the arched layer of fibres known
as the fornix, and below the latter, covering to a large extent the upper surface of

the thalamus which forms a part of the floor of the lateral ventricle, lies the thin

highly \'ascular sheet, the velum interpositum. These and the other structures more
or less closely related to the lateral \'entricle claim fuller description, which may now
be undertaken.

The Corpus Callosum.—This structure is the great commissure which con-

nects the hemispheres and, in addition, affords passage to fibres that arise from the

thalamus and, probably, other nuclei outside the hemisphere and proceed to the

cerebral cortex. It lies considerably nearer the anterior than the posterior end of

the hemisphere and occupies approximately one half of the hitter's length. Seen in

mesial sagittal section (^Fig. 996), the corpus callosum appears as a robust arched

structure, white in color and composed of nerve-fibres transversely cut, whose ends

are considerably thicker than the intermediate portion, the body ftruncus corporis

callosi ). Its upper surface is convex, partly free and parJily covered by the overlying

hemisphere, and its lower one is concav^e and, where not attached to the fornix and

the septum lucidum. clothed by the ependyma lining the ventricle. Its length is

about 7 cm. (2^ in.) and its greatest thickness, at its posterior extremity, is about

8 mm. It is widest behind, where it measures about 20 mm., and somewhat

narrower in front. The thickened front end, the genu, bends backward and is
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prolonged into the sharply recurved and tapering rostrum, whose thin edge is

continued backward and downward into the lamina cincrea, the attenuated anterior

wall of the third ventricle (page 1132). The rounded and massive posterior end of

the corpus callosum, known as the splenium, overlies the ])ineal body and the

superior coUiculi, and above bounds the cleft through which the pia mater gains

the \clum interpositum (page- 1162).

The convex upper surface of the corpus callosum, w here it forms the bottom of

the longitudinal fissure, is free, except behind where in contact with tlu- posterior

part of the falx cerebri ; laterally it is partially overlaid by the callosal gyrus, which,

Fio. 996.

Term
o
Anterio;

commissure
Lamina cinerea

Optic chiasm, cut

Infundil'ulum
Pituitary body
Tulier rinereum

Interpeduncular space
Maiinnillary l)ody.

Oculomotor nerve
Splienoidal sinus

)ral pet

Pineal botiy

Basilar artery
Corpora quadrigemina

Pons
Aqueduct of Sy

Superior medullary
F*'ourth ventricle

Choroidal plexus
Right vertebral artery

)pening of cere-
liral vein

Splenium

Great vein of Galen

^Trabecula

I,obulus centralis

Culmen

Lingula

ralx cerebri, cut

Straight sinus

I olumi cacuminis

Mesial section of brain in situ, showing relations to skull and dura; cerebral falx has been parllv removed, but

aiachiioid and pia are still in place.

however, is separated from it by the inter\ening ca//osa/ sii/cus (sulcus corporis callosi).

Although consisting practically exclusively of transversely coursing nerve-tibres,

which produce a corresponding cross striatum, the upper surface of the corjnis

callosum (Fig. 997) is covered "by a thin atrophic layer of gray matter (induscum

Kriseum) which laterally is continuous with the cortical substance of the callosal

gyrus and contains rudimeptary strands of longitudinal nerve-fibres. These are

arranged on eacli side of the slight groove marking the mid-line in two strands ; the

one, the stria medialis, is i:)laced close to the strand of the opposite side and with

it constitutes the so-called firrz'cs of Lancisi. The other strand, the stria lateralis,

or ticnia tccta, lies farther outward and is covered by the overhanging callosal g\rus.

These rudimentary structures, including the thin sheet of gray matter and thv two
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•striae, represent an atrophic convolution, the i^yriis supraial/osus. Traced forward

and around the recurved genu and rostrum, the mesial stria is prolongeil int(j the

gyrus siidca/Zosus, a small crescentic cortical tract on the mesial surface of the

hemisphere immediately below the rostrum (Fig. 994); while the lateral stria is

continued into the area parolfactoria (page 1153) and into the anterior perforated

space. When followed backward antl around the splenium, the stria- and gray

matter of the corpus callosum become continuous with the gyrus dentatus and, by

way of the latter, willi the uncus.

The under surface of the corpus callosum (Fig. 99^) exhibits a very

evident transverse striation and forms the roof of the anterior cornu and body of

both lateral ventricles. With the exception of a strijj of varying width ^long the

mesial plane, where attached to the septum lucidum in front and U) the triangular

Fig. 997.
Frontal i)ole

Mesial longitudinal
striit

Upper surface
of corpus callosum

Lateral longitudinal
stria

Forcei>s anterior

Transverse fibres

Tapttuni

Forceps posterior

Spleniuni Occipital pole

Cerebral hemispheres from which upper and median parts have been removed to expose corpus callosum
; O"J^f^

side longitudinal striae and thin layer of gray matter cover upper surface of corpus callosum ;
on right side these

have been scraped away to expose transverse fibres and anterior and posterior forceps.

body of the fornix behind, the corpus callosum is free and covered with the

ependyma which lines the ventricular spaces. In consequence of the bridge being

shorter than the length of the hemispheres, from most parts of which it recei\'es

fibres, the latter are consolidated at the ends of the corpus callosum and give rise to

the genu and the splenium. On gaining the lateral margins of the corpus callosum,

its fibres are no longer restrained but radiate in all directions (radiatio corporis cal-

losi) towards the cortex and intersect the fibres of the corona radiata ^ page 1186).

Those traversing the thinner body and upper part of the splenium of the com-

missure pass laterally and in each hemisphere from a thin but definite fibre-sheet,

known as the tapetum, which extends over the lateral ventricle, especially its

posterior horn, and constitutes the lateral wall of its posterior cornu and of the

adjacent part of the descending horn. The fibres composing the fore-part of the

genu turn forward as a distinct band, the forceps anterior, towards the frontal
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pole of the hemisphere, whilst those constituting the i;R aicr part of the splenium
are consolidated into a robust strand, the forceps posterior, which sweeps
abruptly backward into the occijMtal lobe and in its course produces a curved ridge
on the lore-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 lonj^itudinally coursin<^ nerve-fibres.'
The two ends of these narrow crescents are free for some distance, but alon^-^ their
medial borders the interveninj,'^ parts are connected with the under surface of the cor-
pus callosum and with each other (Fig. 998), thus producinu: 'i triany^ular field, the
body (c(>ri)iis fornicis ), whose apex is directed forward and is prolonged into two
slender di\eri4ino stalks, the anterior pillars, and whose lateral angles are con-
tinued into the downwardly arching posterior pillars. The u])per surface of the
body is subdi\ided into an attached and an unattached area. The former is a small

Fio. 99S.

Body of fornix

MaiiiiniUary bodies'

Splenium of
corpus callosum

I.vra

Free margin of
fornix

Vnder surface of
corpus callosum

Cut surfaces of
hemisphere

Septum lucidum

N Anterior pillar of fornix

T'nder surface of peiiu 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 aU^ig which the arching fornix is blended

with the septum lucidum, the sickle-shaped partition that fills the iiiter\al Ix'tween

the corpus callosum and the fornix and separates the anterior horns t)f 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 floor 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 splen'um behind, exhibits transverse striation due to the

presence of bundles of commissural fibres connecting the ]i!])])ocanipi of the two sides.

This part of the fornix constitutes the commissura hippocampi, also known as the

psalterIum or lyra. A narrow horizontal cleft, the so-called ventricle of I en^a ( cavura
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psaltL'tii), sometimes intervenes as the resvilt of imperfect union, between the under
surface of the corpus callosum and the middle part of the b(;dy of the fornix. It

should be understood, however, that this cleft is not a part of the series of true ven-
tricular spaces. The under surface of the fornix rests upon the velum interpositum,

which thus separates it from the third ventricle and the upi)er surfaces of the two
thalami which it oxerlies.

The anterior pillars of the fornix (coiumnae tornicis; are two slender cylin-

drical strands, which, sliu^htly diveri,nn.ir as they leave the anteri(jr angle of the body,
arch downward and forward, then somewhat backward, and descend to the basal

surface of the brain, where they end in the mammillary bodies. In their descent
they lie in the extreme front part of the lateral walls oi the third ventricle, where
they show as ridges (Fig. 976), and form on each side, the upper 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 (Fig. 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 lowjr levels, a very considerable strand, known
as the bundle of Vicq d\-l.zvr, 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 ventricles and arch downward along the dorso-mesial 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 Vicq d' Azyr to the thalamus.

The fornix may be considered, in a sense, as a tract of white matter representin.s^ 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 psaiterium. The peculiar

course of the fornix is referable to the backward and downward exj^ansion 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 \entricle.

The Septum Lucidum.—The septum lucidum (septum pellucidum) is the thin

median vertical 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 callosum.
upper surface

Aiilt-rior

pillar of
fornix

of the fornix. The septum consists of two thin layers (laminae sepli pclliicldi
),

between which lies a narrow cleft (caviim septi pcllucidi) to which the niisleaciiiig'

name, ///'/// zrntn'iie, has loni^ been applied. This space, very \ariable in extent

and width, is usually so narrow and contains such a small quantity of moditied

lymph, that the laminae forminsj^ its walls are in apposition. It is entirely closed and,

therefore, cut off from the true ventricular system ; neither is it lined with ependyma.
The septum lucidum in man is the rudimentary representation of what in many
of the lower ( niacrosmatic ) 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 ner\e-fibres, (2) an

uncertain layer of gray matter containing numerous nerve-cells of i)yramidal form,

and, next to the lateral ventricle, (3) a layer of ner\e-tibres, the \entricular surface

of which is clothed with

the usual ependyma. It

is probable that axones
proceeding from 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 t.enia

semicircularis (page
1162), terminating in

the amygdaloid nucleus

(page 1 172).

The Lateral Ven-
tricles.—T he lateral
ventricles (vcntriciila 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 fully

dex'eloped brain are represented by the small apertures, the foramina of .l/onfo,

which maintain communication between the lateral and third \entricles, the last-

named space representing the primary ca\ity of the fore-brain.

When viewed from above, after remo\al of its roof, the corpus callosum and its

lateral extensions, each lateral ventricle appears as an elongated, irregularly curved
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 \entricles, with a delicate ejiithelial 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 seemingly 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 anterior horn enters the frontal lobe.

The anterior horn (cornu 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
Hippocampus I'ucus. partially

cut away

Dissection showing fornix in front and above ; drawn from preparation and
Stejrer model.
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1007) appears tnan,o;ular in outline. The ii|)pei- side or base of the triani^le, slij,Mitly
curved towards the xeiitricle, is the lower surlace of the archeil corjius callosuin and
Its antero-lateral radiations

; the mesial side is approximately vertical and formetl
by the septum lucidum

; the lateral side bul^rcs stron}.,dy towards the ventricle in
correspondence with the convexity of tiie massive head of the caudate nucleus. The
floor of this part of the ventricle is narrow, often a mere j^roove alonij the junction of
the slopino- lateral and vertical mesial wall, and in front i)asses insensibly into the
concave anterior wall, formed by the lateral part of the hind surface of the m-nu of
the corpus callosum.

The body (pars centralis) of the lateral ventricle includes that part of the space
which extends from the foramen of ^b)nro to the bifurcation of the ventricle into its

Anterior horn i>f

lateral \entricle

Caiulate nucleus, head

r«)raiiien of Monro

1-enticula nucleu

Hippocampus

Collateral eminence

Collateral protruber-

ance in trigonum
ventriculi

Bulb of forceps
posterior

Calcara\is

Posterior horn of

lateral ventricle

Cavity within septum

I'ornix, anterior pillar

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 is attached to the under surface of the corpus callosum.
A distinct lateral wall is wanting, the ventricle being here closed by 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 nucleus ; (2) an oblique
^ryoove (sulcus intermedius ), 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 ner\'e-fibres known as the tccnla

semicircularis ; (3 ) a narrow portion of the upper surface of the thalamus, which is
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Anterior horn

almost completely masked by the overlyiiiju: choroid plexus; (4) the choroid plexus

of the lateral ventricle ; and (5) the lateral edj^c of \\-\(i fornix. Tiie caudate nucleus

will be subsequently 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 ridye. Receiving: tributaries from the adjacent

parts of the thalamus, the caudate nucleus and the walls of the anterior horn, includ-

ing the sei)tum lucidimi, 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, the band-like tract of ner\e-fibres which occupies

the sulcus intermedius, is probably a part of the complex pathway by which the pri-

mary and secondary olfactory centres are united. Its component fibres arise partly

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
Y\G. looi. 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 1172).

The choroid plexus
( plexus chorioidcus ventriciili

lateralis) is a conxoluted
vascular complex which
occupies the lateral margin
of the pial sheet, the ^•elum

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 ventricuH tcitii) 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. 1102) it is triangular in outline, its apex lying at the

foramina 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

continuous beneath the splenium of the corpus callosum with the j^ia mater in\esting

the external surface of the hemisjihcre. This relation readily gives rise to the

impression that the pial tissue has gained entrance to the ventricles by growing

fonvard 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

cavities 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 afii.va) narrows

in front and behind, and where broadest measures from 5-7 mm. Along the

Lateral
recess

Posterior
horn

Cast of ventricles, viewed from above. X 73. (Retzius.
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inner margin of this zone the ependyma leaves the surface of the thalamus and
passes ontt) the villous projections (Fig. 1003) of pia mater containing the convolu-
tions of blood-vessels of which the choroid plexus is composed. Each projection,

(glomus chorioidcuin ) consists of: (i) a capillary complex ff)rmed by the terminal

twigs of the anterior and posterior choroidal arteries, which gain the interior of the

hemisphere through the choroidal fissure in the inferior horn of the lateral xcntricle ;

(2) the connective tissue of the pia ; and {3) the ependymal layer (lamina chorioidca

epithclialis), which everywhere invests the jiial plications antl, therefore, excludes the

vascular tissue from actual entrance into the ventricular cavity. While inconspicuous

and often overlooked, this ependymal layer is of much morphological significance,

since it represents all that persists in certain localities of the true wall of the hemi-

sphere. After leaving the surface of the thalamus and investing the vascular pro-

ic. 1002.

Septum luciiiuiu ^^

Anterior end of fornix, cut

Hippocampus

Velum interposituui

Choroid plexus in inferior
horn of lateral ventricle

Splenium, under surface

Posterior horn of lateral
ventricle

Lateral parts of fornix,
under surface

Corpus callosum

Caudate nucleus

Choroid plexus, overlying
foramen of Monro

Vein of corpus striatum

^ .Choroid vein in plexus

_Veins of Galen

Crus of fornix and posterior
forceps of corpus callosum,
cut

I'nder surface of fornix,

Lvra

Cut anterior end of fornix

Dissection of brain, showing velum interpositum 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,
exposing 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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tliL- iiitire choroid plexus of the lateral \eiitricle, the ependyma is torn away and an
artiticial opening is produced, which may l)e followed, as a curved narrow cleft, from
the lower end of the inferior horn u])ward al)o\e the hi])pocanipus and over the

dorsal surface of the thalamus, beneath the fornix and the si)lenium, to the exterior of

the heniisijhere. When traced forward from its attachment ahjnjj^ 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. 1031), where it is joined by the similar

line of the ojiposite \entricle. From this point the choroiilal line of epindymal
reflection is continuous with the taenia thalami, the sharp ridge which marks the

junction of the superior and mesial surface of the thalamus (page 1119J. Leaving
the surface of the latter along this ridge, the ei)endymal layer covers the under side

of the velum interpositum, as well as the tlouble row of vascular \illous 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 much smaller and less conspicuous than that within the lateral

ventricle.

It is evident from the foregoing description, that conmuinication between the third and
lateral ventricles is completely interrupted by the attachment of the ependymal layer and that

at only one i)lace, the foranit-n of Monro (page 1161), does such communication exist. It is

of interest to note that these several lines of ependymal reflection—the taenia chorioidea, the

tienia thalami and the taenia fornicis and its prolongation, the ta-nia fimbria.'—form a contin-

uous line which morphologically marks the transition of the thicker nervous part of the wall of

the hemisphere into the thin and atropine area, which early undergoes an invagination leading

to the production of voluminous vascular structures later seen in the definite choroid |)lexuses

of the lateral and third ventricles. Along the margin of the choroidal fissure, at which such

invaginatit)n 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.

Fig. ioq-!

C C

TiLMiia chorioidea
Ta.'nia fornicis

The inferior horn (cornu inferius), also called the c/csa'/idi/ijr /ion/, begins abo\e

at the hind-end of the body of the ventricle, thence curves backward and outward

around 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 very abrupt, but limited

for the most part to almost a

vertical plane ; hence this part

of the ventricle does not diverge

to any considerable extent be-

yond the plane of the gyrus hip-

j:)ocampi, just to the outer side

of which the lower end of the

inferior horn lies. The roo/' of

this cornu is formed chiefly by
the tapetum of the corpus cal-

losum, and within it descend the

recurved attenuated tail of the

caudate nucleus and the tienia

semicircularis to join a rounded
mass of gray matter, the amyg-
daloid nucleus (page 1172),

which lies embedded within the

temporal lobe, slightly aboxe

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 ])art <>f this field is

occupied by a low convexity, the collateral protuberance ( triiioinim collatorale),

which is continued into a rounded ridge, the collateral eminence (ominentia

Trcnia tlialaiiii
Choroid plexus
of III ventricle

Diagram showinj^ relation of pial tissue in velum interpositum to
ependyma in lateral and third ventricle; ependxnia is represented by
red line; c, c, corpus callosuni ; /", fornix; tv. so-called ventricle of
Verga ; C, T, caudate nucleus and thalamus.
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collatcM'alis ), that extends for a varial:)le distance alony; the outer part of tlie floor

of the inferior horn. This elevation is uncertain as to prominence and length, but
even when well developed does not reach the lower extremity of the ventricle.

It results from the invagination of the wall of the early hemisphere l)y the anterior

part of the collateral fissure.

A second longitudinal elevation, constant and much more conspicuous than the

collateral eminence and separated from the latti-r by a groo\e, forms the inner part of

the floor and the adjoining nusial wall of the inferior horn of the lateral ventricle.

This elevation, known as the hippocampus, is the most prominent feature of the

horn and curves downward and inward to the extreme lower limit of this j)art of the

ventricle. It is due to the early invagination of the hemisphere by the hippocampal
fissure. The lower end of the hippocampus is distinctly broader and somewhat
flattened and marked by a number of oblique shallow furrows and intervening low

radiating ridges ((li<i;itati(»nes hippocampi). These confer on the upper surface and
especially on the outer rounded border of the elevation, a corrugated and notched
appearance, ( F'ig. 1004 ) which suggests a fancied I'esemblance to a {)aw, the lower

end of the j)rojection being

known as the pes hippo- Fig. 1004.

campi. The upper 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 intimate 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 (fimbria

hippocampi), which, although

bearing a special name, is

the direct prolongation of the

posterior crus of the fimbria,

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 gives 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 abrupdy- 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 \-entricle are viewed

in their undisturbed relations (Fig. 1004), 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

Pes liiiigjoLainpi

Gyms liipiwcampi

I'iinbri>T

f.yrus dentatus

Hippocampus

Forceps posterior

Inferior horn of left lateral ventricle, viewed from above.
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horn of lateral

"

ventricle

Caudate n\iclens, tail

/ Taenia seniicircularis

horn to its lower end. On turning aside the \ascular friny^c, its relations to this

part of the ventricle will be ftnuid to be identical with those exhibited in the body
of the ventricle, since here, as there, the vascular comj^lex is everywhere covered
by the thin layer of reHected 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
choroitlal 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 fimbria
within the body of the ventricle. Passing from this line of attachment (taenia
fimbriae) over all the villous projections of the choroitl plexus, the reflected

ependyma returns to the thicker ventricular wall, which it joins along the mesial

border oi 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 i)ortion 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 atroj^hic convolution belong-

ing to the rhinencephalon (page 1151), and as such belongs systematically to that

division of the hemisphere.
Fig. 10.05. 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 jxirts of the thala-

mus and cerebral crura are

removed. On cutting away
these structures and drawing
downward the hi]:)pocampal

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 ])ushed to the

surface just below the choroidal fissure through which the pial tissue inxaginates 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 sii/ais finibrio-dentatus, 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

2~- Fimbria
Fimbrio-denlate
fissure
vrus dentatus

\ Hippocampal fissure

Alveus

Hippocampus
Gyrus hippocampi

Collateral fissure

Frontal section of )iart of left hemisphere passiiij,' through lower end of
inferior horn of lateral veiitiicle. • 2.
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the under surface of the uncus and then winds over the inner aspect of the latter, from
within outwards, as a narrow j^rayish hand, the frenulum of Giacomini, which,
continuing upon the upper surface of the uncus, for a short distance passes slightlv
backward and disappears (Eig. 1006).

F"ollo\ved backward, the gyrus dentatus accompanies the fimbria towards the
splenium, at the lower border of which the two structures part company, the fimbria
passing to the under side of the corpus callosuni, whilst th(; gyrus dentatus, losing its

corrugations and becoming a smooth band, known as the fasciola cinerea, bends
backward and curves around the splenium (Eig. 992) to sj^read out o\ er the up|)er
surface of the corpus callosum as the thin atrophic sheet of gray^ matter, the
induseum griseum in which are embedded the fibre-strands of the longitudinal
striae (page 1156). The structure of the gyrus dentatus is described with that of

other parts of the cerebral cortex (page 1182).

Fig. 1006.

Spleiiiuni of corpus callosum

-Uncus

Frenulum of Giacomini

Fasciola cinerea Gyrus hippocampi \ Collateral fissure

Gyrus dentatus

Part of left gyrus 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 olfacton.- 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 afi'ect the position of the hippo-

campus during development. Reference to Figs. 1030, 1032, will recall the origin of the hemi-

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-brain. 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 o\er-

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. When a definite mesial surface of the hemisphere becomes developed, an area

along the inferior margin of this aspect becomes marked of? by two priman,- grooves, which are

the early choroidal fissure below and the hippocampal fissure abo\e. 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\Tus, or its

equivalent, the hippocampus, being united with the thalamus by a forni.x-tract which sweeps from

the lower and posterior part of the pallium (hippocampus) over the roof of the third ventricle

forward and downward to the basal surface of the brain (mammillary body) and thence by

the bundle of Vicq d'Azyr to the thalamus. These primary relations are changed by the future

expansion of the hemisphere, which grows not only upward and backward, but also downward

to form the temporal lobe, in consequence of which the dentate .gyrus 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 gyrus dentatus is carried into the temporal lobe, where it becomes the hippocampus and
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the (letinite dentate jfyrus, a part of it, ji;reatly attenuated and reduced, retains its connection witli

the anterior basal surface of the brain plater the anterior perforated substance) and follows the

upper surface of the corpus callosuin, which likewise has extended backward, into the descend-

inj^ horn of the lateral ventricle. These parts—the gyrus subcallosus, the lonj^iludinal stria-,

the fasciola cinerea and the .uyrus dentatus of the adult brain—constitute the supracallosal gyrus,

whose gray matter is an atrophic outlying part of the primary gyrus dentatus and whose con-

nections with the basal olfactory centres are retained by the fibres of the longitudinal stria.'.

The forni.x shares the displacement of its cortical area, the hippcjcampus, and is C(jnse(iuently

carried with the latter into the descending horn of the lateral ventricle, in this manner parts

which at (irst lay in proximity and were connected by short paths, become widely separated,

with corresponding lengthening of the fibre-tracts uniting them, as illustrated in the long

course of the fornix in the adult brain. I'urther, since the path of migration of the fornix

and associated structures of the inferior horn of the lateral ventricle describes a curve,

it follows that the relations of these parts beconle re\ersed, those originally Ijing

above, in regard to adjacent structures, witiiin tiie descending horn being below and
vice versa.

The posterior horn of the lateral ventricle (cornu posterius), nuich smaller

than either of the others, is an elon<.jated divertictihun which curves backward from

Siiijerior frontal g^yrus

.Micldlt frontal gyms

Loniiitiuliiial fi.ssure--

Genu of corpus
callosuni.

Lateral ventricle,
anterior horn-

-Inferior frontal gyrus

Caudate nucleus, head

Orbital gyri

Frontal section of hrain passing through genu of corpus callosum.

the body of the ventricle into the occipital lobe. In frontal sections ( Fiq-. 1034) its

form is irregtilarly crescentic, the conve.xity of its outline including- the roof and the

lateral wall and the concavity 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 11 23). The lower part of the mesial wall is modelled (Fig.

looo) by a narrow but well marked crescentic elevation, the calcar avis, also

called the hippocampiis minor, which is produced by the early in\agination 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 postcrioris ), marks the course of the fibres of the

forceps posterior as they encircle the parieto-occipital fisstire in their journey to the

occipital lobe.
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The Intkknal Nrci.Ki ok thk Hemisphere.

Einbedclcd within tlic white matter of each heniisi)here and, for the most part,

conii)letely separated from the cerebral cortex, he certain masses of ^ray matter to

whicli the name basal ganglia is often apphcd. Tliese include: (i) the caudate

nucleus, (2) \\\^ lenticular nucleus, (3) the </«/^v//7^^^/ and (4) \\\ii amyi>;daloid nucleus.

The first two, the caudate and lenticular nuclei, are parts of the corpus striatum,

one of the three fundamental di\isions of the end-brain or telencephalon. AltlKJUgh

almost completely separatetl by the interveninjj; tract of white matter, the internal

capsule, the cautlate and lenticular nuclei are continuous for a limited distance below

and in front (Fiy. lOoS), and together constitute a larj^^e mass composed chiefly of

gray matter, that extends from the lateral ventricle almost to the corte.\ 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

amvi^daloid nucleus.

The Caudate Nucleus.—This mass (nucleus caudatus), the inner division of

the corpus striatum, is well seen from the lateral ventricle, where it appears as the

large and conspicuous elevation 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-shaped mass of gray matter, whose bulky

rounded anterior end or head (caput nuclei caudati) raj)idly 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 temporal

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),

the caudate nucleus appears as an ovoid area of gray 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, w-hilst, 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 side 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 respectiv^ely 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. loii) this surface is

replaced by an antero-mesial and a postero-mesial face in correspondence with the

limbs of tlie internal capsule. Its slightly convex lateral surface is approximally
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f"lG. lOOS.

Tliahimiis

Caudate nucleus

vertical and in immediate contact with a thin sheet of white matter, the external
capsule, which separates the nucleus from the claustrimi. Its \entral surface is hori-

zontal and only feebly curxed 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 mattrr, the ex-
ternal and internal medullary laminae,
into three sei^ments. Tlie outer of these, the
putamen, is much the larjj^est and occupies

the base of the nucleus, being^ bounded bv
the external capsule laterally and by the

external medullary lamina niesiallv. 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 (pag-e 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 corresjionds with the caudate nucleus. This contrast depends
less upon the actual pigmentation of the cells of the putamen than uj)on 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

I Tail of caudate nucleusLenticular

nucleus

Reconstruction of corpus striatum and thala-
nius ; lateral aspect

; probe lies in s|)ace occupied
by internal capsule. Drawn from Steger model.

Fic;. 1009.

Superior frontal g>Tus

Corpus callosuni

Septum luciduin

Right lateral ventricle.
anterior horn

Middle frontal gA'rus

Inferior frontal gyrus

Caudate nucleus

Internal capsule

Lenticular nucleus

Temp)oral lol>e

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.

Internal orbital gA-rus

readily separated. This condition influences the course taken by extravasations of

blood, which are fretjuent 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



THE TELKNCKPHALOX. 1 171

by the internal nieduUary lamina- and from the e(l|u:e of the uedj^e, lyin^ in contact
with the internal capsule. Althouijh composed chiefly of j^ray matter, all these
segments of the nucleus, hut particulary the inner two, are traversed by numerous
strands of nerve-fibres which break the continuity of the gray substance and jjroduce

an appearance of ladial striation.

The structure of the corpus striatum varies in its several ijarts, that of the

caudate nucleus and the putamen being almost identical, whilst that of the globus
pallidus, although similar in both zones, differs from the histological make up of the

other parts. The close resemblance of the caudate nucleus and the putamen corre-

sponds to their early common origin, since at first they constitute a single mass and
become partially separated by the ingrowth of the fibres forming the anterior part of

the internal capsule.

The caudate >i!<r/ri(s is invested througliout the greater part of its periphery

by a dense layer of fibres, the stratum zonale, which includes fibres passing both to

Fig. loio.

Corpus callosuiv.

Choroid plexu.s

Fornix

Thalamus,
mesial nucleus

Thalamus,
lateral nucleus

Mamniillo-
thalamic tract

Third ventricle

Anterior pillar
of fornix

Optic tract

Caudate nucleus

Internal capsule

Lenticular
nucleus, pulameii

Insula

Globus pallidus

Claustrum

Amygdaloid nucleus

Pituitary body Optic nerve

Frontal section of brain passing through caudate and lenticular nuclei and thalamus, showing relation of intenial

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-fibres (Kolliker).

The putamen is invested on its two sides, particularly on the mesial one, with a

fibre-layer derived from the external medullary lamina and the external capsule, the

fibres being chiefly such as enter the nucleus from other centres by way of the rned-

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 bvit 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 ner\'e-fibres which

traverse its substance, especially its inner zone. The nerve-cells are niosdy 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 |)arts of the corpus striatum and little is known rej^ardinj; the

function of these nuclei, notuithstandinji their size ; certain jj^eneral principles, however, may l>e

accepted as establislied. The comparative studies of (ieluichten, Sala and others, and esjiecially

of Kdinger, emphasi/.e that the corpus striatum is to he considered as supplemental to the

cortical substance, in the lower vertebrates in which the cortex of the cerebral mantle is feebly

developed constitutin.u: the chief mass of cortical j(ray matter, and in the mammals and man
beinij subservient to the overshadowinj^ cortex of the hemisphere. Such beinj; the warranted
presumption, it is to be anticipated that the striate body l)oth receives fibres conveying sensory
impulses and gives off fibres (perhaps motcjr in function) originating from its cells, these latter

tracts constituting tlie slrio-thalatnic radiation.

The centripetal or afferent paths probably include : (i) the tegmenio-striate fibres, which
are continued chietly from the mesial lillet, 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) the thalauw-striaie fibres, already mentioned in ccjnnection with the

thalamus ( page 1 123), which pass from the thalamus either by way f)f the internal capsule directly

to the caudate nucleus, or by way of the ansa lenticularis to the putamen or, traversing

the medullary lamina", to the caudate nucleus. No 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-ihalaniic fibres, passing from the major di\isions of the striate body, which
comprise {a) those from the caudate nucleus to the thalamus direct \(b) those which traverse

the internal capsule and the medullary laminie and, joining fibres from the putamen, pass by
way of the ansa lenticularis to the thalamus

;
(r) those from the putamen which reach the

thalamus by passing partly by way of the globus pallidus and partly, in greater numbers, by
means of the ansa lenticularis. (2) Strio-pedimcular fibres, well represented in the brains

of the lower animals as the continuation of the basal tract of the fore-brain (Edinger), which

pa.ss 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 ccjrtico-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 bimdles

as established.

The Claustrum.—The claustruni is a thin lamina of gray substance embedded
within the white matter intervening between the lateral surface of the putamen and

the corte.x of the island of Reil. Its mesial surface is smooth and parallel with the

outer aspect of the putamen, fmrn 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 extrenia. Seen in horizontal sections (Fig. loii), the claustrum

fades away both in front and behind ; in frontal sections f Fig. loio), however, whilst

it gradually disappears above, below the claustrum materially thickens and mesially

becomes continuous with the anterior {)erforated .substance. Upon comparative and

developmental grounds, the claustrum must be regarded as a sej)arated 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 fFig. lOio) which occupies the

fore-part of the temporal lobe and lies in close pro.ximity 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. The nucleus

approaches, if indeed it does not touch, the anterior perforated sul)stance, 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 corte.x (Dejerine).
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The Internal Capsule.—Repeated mention has been made of the important

tnct of white matter l)cariiii; the name of internal capsule (capsula interna;; its

description, therefore, may be appropriately undertaken at this place. It is a broad,

compact band of nerve-t^brcs which passes between the three lar^^e basaU^angha,

namely the caudate and the lenticular nuclei and the thalamus. Althout^di the details

of the internal capsule \arv w ith diilcrencc-s both of direction and (jf position of the

Fig. 101 1.

Lateral
veiitrkli

Spleniu
of corpus'
callosuin

Corpus callosuin

Choroid
plexus in
inferior

horn of
lateral

ventricle

Calcarine fissure

Horizontal sections of brain A at higher level than 5. which passes through lower part of corpus striatum where

"uda^fa^ld fenUcular nuc^ei'are co.uifiuous; relations of limbsof internal capsuleto internal nucle. seen on nght side.

planes of section, its general relation to these three masses of gray matter is con-

stant the caudate nucleus and the thalamus ahvays 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 passinjj^ stjnie distance behind the preceding section,

whilst the cajjsule is limited laterally by the lenticular nucleus, its mesial boundary
now includes the caudate nucleus, the taenia seniicircularis and the thalamus. Still

farther back ( Fij^. 968), the internal capsule is bounded internally in addition by
the subthalamic structures and becomes continuous below with the crusta i)i the cere-

bral peiiuncle. An ujiper and a hnver part of the ca])sule are therefore recojjni/.ed,

the former—between tiie lenticular nucleus on the one side, and the caudate nucleus

on the other—is known as the thalamic region ( rcyio thaUimica capsiilac intcrnae),

whilst that between the lenticular nucleus and the subthalamic structures is termed
the subtliahnnic region ( rcnio suldlialamica ).

X'iewed in horizontal sections (l"ij4. 101 1, .i), the caj)sule ajjjjears ncjt only

much more extensive, but is seen to consist of two nusially converj^in^ jjarts, 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 seniicircularis, 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 corte.x 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 uin\anl

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 ) inchides the front third of the tract and extends from the

genu forward and outward. It contains fibres passing botli

toward and away from the cortex. Its corticipetal fibres are :

(i ) the thalamo-frouial, wliich pass from the tlialanuis by way
of its frontal stalk through the anterior limb of the internal cap-

sule and the corona radiata to the cortex of the frontal lobe
;

(2) the tJia/aiiio-sfriaie, which also pass from the thalamus into

the internal capsule and jiroceed to the caudate and lenticular

nuclei. The corticifugal fibres include : {i)\hi; /ron/o-po>ititu\

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 jieduncle and the ventral

tracts of the pons to end around the cells of the pontine nucleus

as links in the connection between the cerebral and the cere-

bellar cortex (page 1094); (2) \.h& fron/o-t/ia/aniic, which

extend from the cortex of the frontal lobe to the thalamus ;

and (3) the sfrio-thaiainic, which proceed from the caudate and

lenticular nuclei to the thalamus.

The posterior limb of the internal capsule (pars lenticulo-

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

Ictiticular and a retroleiiticular portion. As does the anterior limb, so also does the posterior

limb of the capsule contain both corticipetal and corticifugal fibres.

The lenticular portion includes corticipetal fibres: ( i ) the thalamo-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 iiilern.-il cap-
sule {A) and in crusta of cerebral
peduncle (/?); F-T, fronlo-lhala-

mic ; F-P, fronto-pontine ; T-O-P.
lemporo-occipito-pontinc; C-F,cor-
lico-bulbar; C-S, cortico-spinal ; S,
teRmental sensory; ORy optic rad-
iation.
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number, the lenticular nucleus and the external capsule and proceed to the cortex of the hintl

part of the frontal anM ol the parietal lobe; and (2) probably some lluilamo-loiticular fibres

which pass from llie thalamus to the lenticular and, perha|)s, the caudate nucleus.

The corticifugal fibres include: (i) the important motor curtUo-bulbar ?i\v\ coilicospiiia/

tracts, collectively often called the pyramidal tracls, which descend from the precentral

(Rolandic) cortical re<,Mon through the corona radiata and the fore-part of the posterior limb of

the internal capsule into the crusta of the cerebral peduncle and thence to the appro-

priate levels of the brain-stem or of the spinal cord. A tract supplementary to the pyramidal
motor paths, the corlico-riibral fibres, must be mentioned. 'Ihese arise from the cortex

(perhaps of the parietal lobe) and de.scend through the lenticular portion of the |Josterior

limb to the miil-brain where they end in relation with the red nucleus. (2) The corticu-

thala)iiic fibres, which converge from the cerebral cortex to the thalamus. The retro-

lenticular portion of the posterior limb is traversed by important corticipetal fibres con-

cerned in conveying impressions of special sen.se, as (
i ) those of the oplic radialiutt,

which, issuing as the occipital stalk, comiect the thalamus and the lateral geniculate and
the superior (juadrigeminal body with the occipital cortex; and (2) those of the atidilor}'

radiation, which link together the mesial geniculate and the inferior fiuadrigeminal body
with the auditory cortical area in the temporal lobe. The corticifugal fibres are represented

by (i) the teuiporo-occipito-[>o)i(ine tracts, which pass from the cerebral cortex through the

retrolenticular portion of the cajisule into the crusta of the cerebral peduncle and thence

to the pontine nucleus within the ventral part of the pons; and (2) cortico-thalamic fibres,

which course in reverse order through the optic radiation to end within the thalamus and
lateral geniculate btxly.

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-pontine 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-

pontine tract occupies a small area, the last part of tiie 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 continuotis

stratum of cortical gray matter, which encloses the white medullarv substance com-
posed of the interlacing tracts of nerve-fibres. 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 Extemaigray stratum
; . , . , T Outer stripe of

regions of the hemisphere, its average Baiiiarger.^—^ :

thickness is about 3 mm.
,
but where it intlmafgr^aV^s'traTum-/-

borders the upper end of the Rolandic Medullary fibres_L
fissure, particularly in the paracentral

lobule, this increa.ses to over 5 mm.

,

whilst over the frontal and occipital poles

the thickness of the cortex 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
Caicarine fissure

being sunken. Frontal section of hemisphere including cortex sur-

On examining sections of the fresh rouncllng caicarine fissure; stripe of Gennari (outer stripe

.

=• of Baillarger) 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 zonaie; (2) a thicker layer of

grayish hue, the external _g;ray stratum ; (3 ) a thin lighter band, the outer stripe

of Baillarger ; and (4) a somewhat broader, yellowish-red zone, the internal gray
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stratum—four layers beini; more or less clearly recognizable. In certain localities,

as in the jjrecentral convolution, the inner gray lamina is subdi\iclecl by an
additional white line, the inmr stripe of Baillargcr. In the vicinity of the
calcarine fissure, particularly 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 receixes the name of the stripe of Geunari, 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 disco\'erer, is known as the stripe of Bechterew.

The essential histological elements of the cerebral cortex are the ner\e-cells and
the ner\-e-tibres. The importance of the former is evident when their three-fold

acti\ity is recalled—(i) as receptors of

Fig. 1014. corticipetal imj)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 ner\-es. 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,

con\ersely, 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 jjrocedures ex-

hibiting the fibres. Among the latter,

the well known method of Weigert, or

its modifications, has been of great

ser\-ice 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. ha\e materially advanced our

knowledge concerning the form of the

cell-bodies and the number and extent

of the processes of the neurones.

Whilst var>-ing as to details in

different regions, the cerebral cortex

presents a general plan of structure which niav be considered : {a) in relation to

the nerve-cells and ( b) in relation to the ner\-e-fibres.

The Nerve-Cells of the Cortex.—When sections cut perpendicular to the

surface of the convolution are stained with basic stains CFig. 1015) or prepared

after silver impregnation (Fig. 1016), the cerebral cortex exhibits four layers.

Subpial layer

Tangential fibres

Stratum zonale f>

Layer of small
pyramidal cells

Outer stripe of
Baillarger

Layer of large
pyramidal cells

Layer of poly-
morphic cells

Medullary fibres

Diagram showing
cells in the right halT i

constituents of cerebral cortex

;

_ fibres in left half of figure; A. li.

large and small pyramidal cells ; C. polymorphic cells ;

/>, cell of Martinotti; £. cell of type IT; F. association
cell; /, /, corticipetal fibres; 2, 2, corticifugal fibres

(axones of pyramidal cells) ; N, N, neuroglia cells.
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which, fnim without inward, arc: (i) tht- stratum zonale, (2) the layer of small
pyramidal cells, (3) the layer of lar^^e pyramidal cells, and (4) the layer of jxjly-
morphic cells. Although each presents characteristics which are distinctive, with
the exception of the junction between the tirst and second layers where the chanj^^e
is well tletined, no sharp demarcation separates the strata, each passinjr insensibly
into the adjoining; layer. Neither are the modifications which distinj^niish the
corte.\ of certain rei^nons abruptly assumed, one tyi)e of cortical structure beini,^

gradually replaced by another without sudden transition.

The stratum zonale, also known as X.\\c mohrn/ar stniluiii, underlies the pia
and measures about .25 mm. in thickness. The layer contains few nerve-cells and
appears subdivided into (a) a narrow peripheral ;ione, from .010—.030mm. in width,
composed of a subpial condensation of neuroglia

and ( /^ ) a deeper zone characterized by numer-
ous fibres or processes, which course parallel to

the surface, and a meagre number of nerve-cells

whose most distinctive representatives are small

fusiform elements (Ca/a/'s ir//s ) provided with
long tangentially directed processes. The latter

give oti' short collaterals, which ascend towards
the surface, and intermingle with the number-
less terminal filaments derived from the ])eriph-

erally coursing processes 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 \ery 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 corte.x. 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 which is continued into a long

tapering dendrite, the apical process, which
e.xtends 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-comple.x of the outer layer. During its journey to the surface, the apical

dendrite gives off an uncertain number of branches that continue horizontally and,

;^'' ,

rt

A ^^

I M
'^r^

'
-'[f '- Polymorphic
•4-''' cell's

Section of cerebral cortex. X 90.
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Fig. ioi6.
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With the collaterals and similarly directed processes from other cells, take part
in producing the felt-work t^ixin^ rise to the outer strijie of Haillarj^er. Prom
the deejjer 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 ner\e-fibres.

The axone 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 directetl a[Mcal dendrite and the centrallv

coursing a.xones, a \ariable number—from four to twelve—of secondary lateral

dendrites spring 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 fibrillie which aid in j)rcducing

an intricate felt-work of finest

threads. Each pyramidal cell con-

tains a conspicuous spherical or

ellipsoidal nucleolus, within which
a distinct nucleus 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

l)yramidal 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
j)yramidal cells are also often seen

within this layer. In contrast to

dendrites of the tvpical pvramidal
cells, those of the polvmorphic
elements, although j^eripherallv

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

polvmorphic cells chiefly to the

interfascicular areas, within which the cells consequenth' appear arranged in a

somewhat columnar order.

Within the deeper lavers 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 horizontallv in the felt-work of tanyfential fibres. As

: nc pyra-

:u»)i i<liic

Xen-ecells of cerebral cmtex as seen after silver im-
pregnation. X <3f>. Drawn from preparation made bv Pro-
fessor T. G. Lee.
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in Other jxirts of the central nervous system, so too in tlie cerebral cortex there is

fountl a sprinkling; of Golgi' s cells of type II. Althouj^di both dendrites and
axones oi these cells undergo elaborate arborization, the axone is confined to a
limited territory in the vicinity of the cell and, therefon-, never reaches the
stratum zonale.

Neuroglia cells are present in ill ])arts of the cerebral cortex and, whilst in

a o-eneral way they send fibrils in all directions between the nervous elements,
which they then support, the arranj^ement of the fibrilhe is fairly definite in certain
strata. Thus within the subpial condensation oi the neunjglia, the jL,dia cells send
most of their processes as inwardly directed brushes. The cells within the deeper
part of the cortex give off their processes in two chief groujjs, one extending
towartls the ])eriphery and the other ttnvards the white core.

The Nerve-Fibres of the Cortex.—When viewed in suitably stained sections
cut ]xu-allel with their general course, the cortical nerve-fibres do not a])pear as a uni-

form layer, but as radially disposed bundles which gradually become less distinct as

they traverse the cortex and finally disappear

at about the level of the outer border of the

layer of large pyramidal cells. The radial
fibres are partlv alTerent and partly efferent.

The corticifui^al coniponents, 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 composing the subcortical white

matter. The peripherally coursing axones of

the cells of Martinotti also contribute to the

production of the fibre-radii. The
constituents of these tracts includ

fibres which are derived from ce

more or less remote from the convol

which the fibres (their axones) end. Such, j\\\W;!/, .m> -if n.- i'fc ','/.'

for example, are the thalamo-cortical and the '\'V\r',\^\\
, \

'
' ' ri ,

*.' .i^liU .",

tegmento-cortical fibres, as well as the many
commissural fibres that arise in the opposite

hemisphere and cross by way of the corpus

callosum. Although 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 fibrillae, 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
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 bv a second delicate interlacement of processes
and collaterals, the supraradial felt-work of Edinger ; whilst iiumediatelv

beneath the narrow subpial neurogliar zone innumerable delicate terminal fibrillae

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.

fibres

Section of cerebral )i le\ staiii

X 21.

show fibres.
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The evident purpose of the horizontally directed processes and collaterals being to bring

into relation dilYerent cortical cells, such association tracts become evident only after the neces-

sity for the exercise of the corresponding psychic functions has arisen. Hence in the corte.x 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 foregouig- description of the structure of the cerebral corte.x, that,

whilst in the main certain features are common to the corte.x 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 nerve-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 pvramidal cells. The layer of the large pyramidal cells, on the contrary,

e.xhibits consideral)le \ariation, 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 corte.x are prob-

ably correlated with dif-

ferences in the function

of its various regions.

Fig. ioiS.
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Frontal section across left hippocampus and gyrus dentatus. X 2%.

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 varia-

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 CRolandic) 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 g>rus. 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 collectively tend to larger size as the

upper end of the precentral convolution is approached and, in addition, cells of extraordinar>-

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 .l^s mm. or almost
double that of the pyramidal elements 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
Getinari or of ]'icq 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
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dendritic processes, one passinj; outward and the otlier toward the subjacent third hiyer, on
enlerinj; wliicli it divides and gives oil the axt)ne. At about the junclii^n between tlie layer of

small and large pyramidal cells, the stripe of Ciennari is produced by a close felt-work of

meduUated libres, beneath which the pyramidal cells very gradually increase in size. In the

deepest part of the third and ailjacent part of the fourth layer, pyramidal cells of unusually

large dimensions occur singly or in small groups. The layer of polymorphic cells is well

represented.

The cortex of the hippocampus aiul of the gyrus dentatus is a prolongation of that of the

gyrus hipi)ocampi, modified 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 bottom

of the deep groove (the hippocampal lissurej above the hippocampal convolution lies the corru-

gated free surface of the dentate gyrus and above this the rounded mesial border of the hippo-

campus. Viewed in cross-section (I'ig. iot8), the corte.v of the hippocampal convolution is seen

to bend laterally and pass into that of the hippocampus, which arches upward, mesially and

Stratum •*:

luciduni'<

Stratum .^^

oriens

-^ss^^

Part of frontal section across left hippocampus and gyrus dentatus, showing arrangement of cell-layers. X 15.

then, turning sharply laterally, blends with the dentate gyrus, which recurves mesially to reach

the free surface of the hemisphere and fill the recess between the hippocampal g>'nis and the

under surface of the hippocampus. The corte.x of the hipi:)ocampus, therefore, is folded upon
itself somewhat like the curve of an interrogation mark. On approaching its upper convexity,

the corte.x of the hippocampal convolution, here called the subiciiluut, 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 pvramidal cells at the same time

becoming the sole representatives of the third stratum. The layer of tangential 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 gyrus. The two fibre-

layers are so blended that a differentiation between the two is impracticable. Beneath (i) the

layer of tangential fibres lies a second stratum of medullated fibres, (2) the lamina mediillaris

circumvoluta, which is probably an intracortical association tract limited to the hippocaiupus.

The zone succeeding the medullary lamina is penetrated by innumerable long dendritic pro-

cesses of the large pyramidal cells and in consequence presents a radial striation, the layer
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being ajipropriately termed (3) the st)atu)n radiadnn. P'ollowing this comes {4) the layer

of pyramidal cflls. Tiiese are uniformly of large size and closely packed within a clear

ground-work which confers a light apiJearance upon the winding lamella, which is therefore

sometimes known as the slratitiu lucidiim. JJeneath the pyramidal cells lies a layer of fibres,

(5) the siralion onens, which pass to and from the hippocampus; 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 U> 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 consi)icuous layer of fibres called

^6) the alveiis. It is this sheet, covered by (7) the vciilricular epcjtdynta, in C(jnnecti<jn with the

stratum oriens, which confers the white color to tiie hippocampus, as seen within the ventricle.

On reaching the recurved itnd of the hippcjcampus, the layer of pyramidal cells of the latter

is not continuous with that of tiie 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 acc<jrd with the typical

structure of the cortical substance than that of the hipp()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 opj^osed. Witliin the gyrus dentatus

may be recognized (
i

) the slraluin zonule, relatively narrow and meagre in fibres. The surface

of the gyms is paralleled by a narrow layer of small and densely packed cells, (2) the slralum

graftulosKtn. These almost, but not quite completely, surround the gyrus and, therefore, leave

an interval, the hilion, through which the fibres gain and leave the deeper parts of the convolu-

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 atyi^ical 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, eitlier of the hippocampus or of the fimbria.

The White Centre of the Hemisphere.

The extensive medullary stibstance enclosed by the cerebral cortex appears,

above the level of the corpus callosum, as a grayish white tract (centrtim seniiovale) of

seemingly homogeneous structure,

I'k;. to2o. 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

stiitable i)reparation, the aj^parently

homogeneous subcortical tissue is

resolved into an intricate maze of

medullated ner\-e-fibres, sujiported

by neinoglia, 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 assoa-

atioii fibres, (2) the comviissural

fibres, and (3) \\\^ projection 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 A?;/^'- and sJwrt association binid/es.

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 passing through hemispheres in

front of cf>rpus callosum ; core of white matter is everywhere
enclosed by cortical gray matter.
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Diagram showitiR association fibres, lateral surface;
part of left lu-mispliere removed to expose sliort fibres

;

loiiK fibres arc supposed to show throuj^h tratisparctil

hemisphere; S/,/-\ superior lonjjiludinal fasciculus; ('/',

uncinate fasciculus.

Within the early months after birth, liowcver, the myehnation of these, as well as

of other tracts, progresses rapidly, although this process is not even moderately com-
pleted until after the lapse of several years. Indeed, there is sufificient evidence to

believe that myelination of additional

fibres continues so long as intellectual

effort is progressive, the demands made
by e d u c a t i o n and special mental
exercise being met bv a corresponding
completion of additional association

fil)res.

The short association fibres

pass in great numbers from one convo-
lution to the next, bending in U-like

strands around the inter\'ening hssure.

Some of these loo[)s are confined to the

deeper layers of the gray matter and
constitute the i)itracortical association

fibres^ whilst others occupy the adjacent

white matter. These latter are known
as the subcortical association fibres. In

addition to the innumerable fibres which
unite the adjoining convolutions (^ fibres pi'oprice) and occupy the white matter

immediately below the cortex, 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

cortex 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 : (r) the

uncinate fasciculus, (2) the cingidum, (3) the superior loyigitudinal fasciculus, and

(4) the inferior longitudinal fasciculus.

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 limbic 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 cur\es 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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Fig. 1023.

radiation and tlie posterior and inferior horns of the lateral ventricle to the fore-part

of the temporal lobe. It is probably an ini|)ortant j)ath by which visual impressions
arc transmitted to olhti- p.irls of the C(jrtex ( Dcjerinej.

Anion,:.; thu adiiitioiial association trails which have been described may be mentioned :

The fasciculus occipitalis perpcndicularis, which extends from the upper part of the
occipital lt)be and the upper part of the inferior parietal convolution to the occipito-tempora!
convolution.

The fasciculus fronto-occipitalis, which courses sajjittally and lies in intimate relation with
the lateral veiUricle and the ( aiidate nucleus, and to the mesial side of the corona radiata.

The fasciculus temporo-parietalis, wliich unites the temporal convolutions with the cortex
of the parietal nijion.

The fasciculus fronto-parietalis, which runs between the l)ase of the lenticular nucleus and
the claustruni anil coiiiu-cts tlie frontal and |)arietal cortex.

The fasciculus lobi lingualis, which is a bundle passinj? from the ventral boundary of the

calcarine fissure to tlie occipital cortex of the lateral surface of the hemisphere.

The Commissural Fibres.—Under this heading are included the fibres

which 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.

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 corpus callostan^ (2) the anterior

comynissiire and (3) the hippocaiupal

com7mss7i7'e.

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

eorpus eallosuni Cradiatio 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\erse 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 tonporalis and the

pars occipitalis reach respectively the hind-]iart 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 11 58) into the occipital

cortex.

The fibres composinjj 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 by no means always the same, since they may arise: ( 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

Diagram showing commissural fibres passing between
cerebral hemispheres by way of corpus callosum (CC) an-
terior commissure {AC), and hippocampal commissure
(HC).
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strictly commissural ones. Iiuiced, with tlic more exact ami extciuleil study iA the corpus
callosum, it becomes more and more evident that the composition and relaticjns of tiiis j^rcat

bridge are very intricate and complex, and that it receives contributions frou) a nuuii larger

number of and more diverse sources than was formerlv recognized.

The observations of !•",. A. Spitzka upon the si/e and sagittal area of the corpus callosum
have conferred additional

interest upon this struc-

ture as a possible index

as to intellectual develop-

ment. The examination

of a series of brains

which included .some from
men of acknowledged
intellectual superiority,

demonstrated a corpus
callosum of unusual area

as a constant feature in the

brains oi the more higiily

endowed i n d i v i d u a 1 s.

And, further, that the

size of the corpus callo-

suiTi 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

Tapetuiii

Choroid plexus

Hippocampus,
citt obliquely

Fasc. long, inferior

Frontal section of right hemisphere, passing just behind spienium of corpus cal-

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 fornix, 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 1 130). Laterally it arches backward and downward, the entire commissure

forming a Il-shaped tract, with the convexity presenting forward, whose ends

broaden as they sweep backward into the temporal lobes (Fig. 968). In

addition to uniting the fore-parts of the last-naiued lobes, the anterior commis-
sure connects the olfactory bulbs and consists, therefore, of a temporal and an

olfactory part.

The olfactory part 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 of one side with the cortex of the 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 temporalpart inclucies the greater portion of the commissure. After pass-

ing almost horizontally outward beneath the lenticular nucleus (Fig. 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.

Tile fundamental and archaic cliaracter of the rliinencei^lialon, tliis division of the hemi-
sphere ap|iearin>; in animals in which the pallium is only feebly develojjed, early led to the
establishment of a sjK-cial connection between the olfactory lobes of the two sides. When to

this necessity was added that of linkinj^ to.ijether the fore-|)arts of the temporal lobes, which are
to a considerable dej::ree isolated, the establishment of a commissure supplementary to the

corpus callosum was elTected.

Fig. 1025.

Corpus callosum

Lateral ventricle

Septum luciduiu

Anterior end of
fornix, cut

Foramen of Monro
Anterior pillars of

Caudate nucleus

Striate or terminal
vein

Internal capsule

Tlialamus, anterior
nucleus

Lenticular nucleus,
putaniau

Clanstrnm

Globus pallidus

Anterior commissure Olfactorj' strands

Krontal section of brain passing through anterior commissure.

The hippocampal commissure connects the two hippocampi by means of

fibres which cross in the psalterium
( ])at^e 1158), in addition, some fibres thus under-

going decussation join the longitudinal strands of the fornix and proceed towards the

thalamus.

The Projection Fibres. — These fibres connect the cortex of the cerebral

hemisphere with the lower lying parts of the brain— the thalamus, the corpus
striatum, the tegmental region, the pons and the inedulla— 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 objecti\e jioints and collectively form the extensive 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, relati\-ely few isstiing from the frontal,

parietal and latero-infcrior 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 1 158).
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 coin'eniently considered uiukr two m()ui)S, the short and the long tracts, accord-

ing' to the j)ositii^n of the nuclei with which they are associated.

The short projection tracts inckide the following : i. Thit cortico-t/ia/ainic

tracts, the fibres of which j^ass from all jxirts of the cortex of the hemisphere to the

thalamus. The components of these tracts are : (a) fibres passing from the cortex

of the frontal lobe to the anterior extremity of the thalamus ; ib) fibres passing from

the cortex of the Rolandic region and the adjoining part of the parietal lol)e to the

lateral and mesial nuclei of the thalamus
; (c) fibres passing from the occi])ito-tem-

poral lobe to the medio-ventral part of the thalamus ; and {(t) fil)res passing from the

posterior part of the parietal and from the occipital lobe to the pulvinar.

Associated with the foregoing

corticifugal paths are the thalamo-

cotiical tracts \\ hich, coursing in the

opposite direction (corticipetally),

proceed by way of the stalks or

peduncles of tiie thalamus (page
1 122) to all parts of the cortical

sheet of gray matter investing the

cerebral hemisphere. The thalamo-

cortical tracts (Fig. 966), 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 cerebellum to the great sensory

internode, the thalamus. These
include, on the one hand, chiefly

the median Jillct, the spina-tha-

lamic tract and, probably, a part of

Gozvers' 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 cercbcllo-

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 radiation of which the occipital

stalk of the thalmus is a part.

2. The cortico-geniculate and

Cerebcllo-poutiue

—Rubrospinal

Lateral
pyramidal Direct pyramidal

Diagram of long projection fibres; nuclei of cranial ner\-es are
indicated by Roman numerals ; R, red nucleus.

the cortico-qiiadrigeminal 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 quadrigeminal and geniculate bodies and

the pulvinar.

3. The auditory radiation comprises both corticipetal and corticifugal fibres

which, in proceeding outward, pass from the inferior quadrigeminal and the niedian

geniculate body through the retrolenticular portion of the posterior limit of

the internal corpuscle 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.



ii88 HIMAN ANATOMY.

4. T\\c coftico-i'ubra/ trad constitutes a supplemental motor ])ath. The exact

location of its cortical origin is uncertain, but may he assumed, at least pro\isionally,

to lie within the parietal l()l)e.

The long projection tracts eml)race two important groups, the cor/ico-potiline

and the motor tracts, the former contributing the first link in the chain ccninecting

the cerebral and the cerebellar cortex, and the latter constituting the bond between

the cortical g^ray matter of the hemisphere and the motor nuclei of the cranial and
of the sj)inal nerves. The long' projection fibres arc important constituents (jf the

internal caj)sule which they all traxerse.

1. The cortico-pontine tracts inchule two chief subgroups, the fronto-

poiitiuc and the tc)nporo-occipito-po?itiin\ which below end around the cells of the

j)ontine nucleus, whence the impulses are transmitted to tlie cerebellum by the

])onto-cerebellar strands of the same and opposite sides.

a. The frouto-pontine 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 enils within the ventral part of the

pons around the nerve-cells constituting the pontine nucleus.

b. The tcmporo-occipito-pontinc tract proceeds from the cortex of the temjjoral

and the occi[)ital lobes through the hindermost segment of the posterior limb of

the internal capsule. On reaching the cerebral peduncle, its position corre-

sponds approximately with the lateral fifth of the crusta. It ends within the pons

around the cells of the pontine 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 \ari-

ous cell-groups gix'ing 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 vicinity 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 1212.)

a. The cortico-bulbar 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 ad\ance 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 nerves 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 medium position and at appropriate levels bend dorsally and cross the

mid-line to end in relation with the cells of their objecti\'e motor nuclei, some few

fibres probably ending in the nuclei of the same side.

b. The cortico-spijial 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
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nerves, may traverse the entire tliickness of the brain and the lenji;^th of the spinal

cord. They arise from the pyramidal cells of the Rolandic cortex, follow the corona
radiata into the internal cajjsule, within which they occupy approximately the front

half of the posterior limb, those destineil for the cervical nerves lyin^ in ad\anc(j of

those for the trunk and lei^ nerves. Within the i)etluncle, the cortico-spinal tract

appropriates ajiproximately the middle third of the crusta, haxini^ the sensory p.iths

to its outer side. The further course of these fibres leads through the ventral part

of the pons and of the metlulla. 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 antl thence descend within the lateral pyramidal tract to their appropriate
levels where they end in relation with the radicular cells of the anterior horn (page
1043). The fibres which do not cross in the pyramidal decus.sation exchange their

lateral position for a median one and continue within the cord as the direct i>yramidal

tract at the side of the median longitudinal fissure. Before gaining their final 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.

Development of the Parts Derived from the Fore-Brain.

It has been pointed out in the j^eneral sketch of the development of the brain (page 1060),

that the fore-brain very early undergoes subdivision into two secondary cerebral vesicles, the

anterior of which is the telcttcephalon^ or end-brain, and the posterior the diencephalon. Each
of these secondary vesicles

gives rise on each side to Fig. 1027.

two general regions, an
upper and a lower, wliich

in the telencephalon are

the heniisphccriuni and the

pars optica hypothalavii

and in the diencephalon

are respectively the ihala-

vienccfihalon and the pars
inaiiiillaris fnpo(haIa»ii.

These two parts of the

hypothalamic region to-

gether constitute the hypo-

thalamus, 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). This tract

gives rise to the structures

situated along the floor of

the third ventricle— the

mammillary bodies, the

tuber cinereum, the in-

fundibulum and the posterior lobe of the pituitary* 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 \entricle. The anterior wall of the fore-brain is the thin median partition

known as the lamina lerminalis, which, whilst giving rise to the rudimentary sheets of gray

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 hemisphcrrium, 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 : («) \\\iipallium, (f)) the rhinenccphalon 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

i' nerve

Pons

Reconstruction of brain of human embryo of four and one-half weeks (10.2

mm.), inner surface of the fore-brain and mid-brain exposed by mesial section.

(Exterior of same brain is shown in Fig. 1141.) ,< 12. Drawn irom His model.
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iiitcrjjrowth of tlie fibre-tracts (later tlic while matter), wliicli arise partly from the yoimj;
nerve-cells witiiin 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 anil conversion of the cavity of the pallium to the irregular lateral ventricle. Its

once wiile connnunication (Fig. 1030) with the cavity of the fore-brain is retained as the
proportionately narrow foramen of Monro. The pallium expands in all directions save
directly downward, where increase concerns chiefly the rhinencephalon, but the lines of its

growtii are particularly backward and downward, in coiiseiiuence 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 sujierior position tcjward the

basal surface of the brain. This process is already marked during the third nu^nth (Fig. 1031),

by the end of which period the pallium covers the diencephalon. By the beginning of the fifth

month the mid-brain is ct)mpletely overlaid, and by the eighth month the entire upper surface

of the cerebellum is covered.

Development of the Sulci and Gyri.—The modelling of the surface ni the cerebral hemi-
sphere begins towards the end of the fifth month of fcetal 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. 102S.
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Frontal section of brain of rabbit embryo showing invajjiiiation of mesial wall of hemisphere along hippocampal and
choroidal fissures; thin roof-plate of third ventricle stretches between Ihalanii. , 13.

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 (I'i.g. 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 tiie fissures on the outer aspect of tlie pallium, the

mesial surface of the latter is early marked by two grooves, the choroidal and the hippocanipa/

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 l)ackward and downward by the expansion 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 mesoblastic tissue forces before

it the attenuated cerebral wall and expands into a voluminous mass, the choroid body, \s hich

on becoming supplied with blood-vessels, forms a vascular complex that for a time almost

completely fills the early lateral ventricle. With the subsetjuent 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, wliere its remains are seen as the tlelinite choroid plexus. The second furrow, the
hippocampal fissure, appears shortly after and above the choroidal on the mesial surface of the
pallium. Its primary position is marked by an invagination affecting the entire thickness of

the cerebral wall (Fig. 1028), uiiich, therefore, appears on the inner aspect of the wall of the
pallium as an arched longitudinal ridge, the later hijjpocampus. At first open on the mesial
surface, the fissure subsecjuently becomes almost entirely filled by the dentate gyrus and in the
fully developed brain is scarcely seen.

The central sulcus or the fissure of Rolando is usually the first of the |)ermaiient furrows
to appear on the outer surface of the hemisphere. As a rule, it is recogni/abie during the last

week of the fifth month, although its appearance may be delayed until a month later (Cunning-
ham). When laid down as two separate furrows, as it not infretiuently is, the lateral one is the
longer and usually the dee|)er. Siibse(|uently the two parts become united into a continuous
sulcus, although ver>- rarely the primary condition may persist and the Kolandic fissure be
interrupted by a superficial gynis. During the fifth month, on the mesial surface of the hemi-
sphere, also appear the calcariue a.nd the parieto-occipital fissure. The first of these is often
mapped out by two or 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
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Reconstruction of brain of human embryo of five v^'eeks (13.6 mm.); external lateral aspect. X U-
Drawn from His model.

other parts subsequently unite to form the posterior limb of the calcarine .<issure. 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 i?iferior and the superior precentral sulcus may
usually be distinguished, the lower slightly in advance of the upper, during the early weeks of

the sixth month, and about the same time the superior temporal and the olfactory sulcus. The
middle of the sixth month marks the appearance of the postcentral and occipital limbs of the

interpaj'ietal 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-case 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, the 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 the
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development of secondary f^yri and sulci, although the definite brain-pattern is nut 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
es.sentially with those occurring in the cord-segment of the neural tube (page 1049). The wall
of the pallium early differentiates into three zones : an inner layer, at first crowded with
closely packed and radially disjwsed proliferating cells ; an intermediate or matttle layer,
composed of more loosely and less regularly arranged cells ; and a narrtnv marginal 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 a.xones are prolonged. A second process later grow s from the young neurone in

the opposite direction, that is, towards the e.xterior 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
ner\'e-fibres for a time are unprovided w ith medullarv' 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 senson,- 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 Rhinencephalon.— The rhinenccphalon, usiiij^ the term as includinfj; the various parts

of the hemisplicre concerned with receivinj^ and distriUulinj; the impulses ol smell, cumprises an
anterior division, tlie olfactory lobt\ and the \>(i'^\.ktx\()X (\x cortical division. The olfactory lulie

is su^jjested in einl)ryos of the sixth week (l''ig. 1029) by an elonjjated oval area, imperfectly

defined from the under surface of the pallium by the rhinal furrow, and partially suljdivided

by a faint transverse j^roove into a fore and a hind part. From the anterior division are

developed the olfactory bulb, tract, tubercle and stri;e and the |)arolfact<)ry area; from the

posterior, the anterior perforated space and the subcallosal j^yrus. 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 correspontlinj^ but much larjjer olfactory lobe of

the osmatic animals which remains hollow. In the human brain, however, this cavity, the

olfactory veutriclc, is only transient and later entirely disappears, its former position beinj^

indicated in the adult structure by the central area of modified neuroj^liar tissue (page 1152).

TXvi posterior or cortical division includes the uncus, the hijipocaminis, the g^yrus dentatus

with the associated supracallosal }j;ray matter and nerve-strands. The orijjinal position of the

olfactory cortical area in the early human hemisphere corresponds with the permanent location

of the similar reijion in animals in which the expansion of the pallium never leads to the

formation of a well-marked occii>ito-temporal lobe. The early ajjpearance of the primary
hippocampal and choroidal fissures defines an intervening tract ujxjn the mesial surface of the

pallium. This is \.\\<i. primary gyrus dentatus And, with the hippocampal invagination, repre-

sents the earliest differentiation of the olfactory cortical area. Connection between the latter

and the region of the mammillary body is subsecjuently established by the advent of the

cortico-manmiillary strand, later the chief part of the anterior column of the fornix. In

consequence of the migration of the hippocamjius 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 anlage 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 corresponds 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 the surrounding parts of the hemisphere, that leads

to its envelopment by the opercula and the permanent covering of the insula. The subse(}uent

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 claustnim, is eflected

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 differentiation into an upper and a lower part. The former is the thalanien-

cephalon and the latter the pars Dianiniillaris hypothalami, which correspond to expansions from

the dorsal and ventral laminae 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 cpithalamiis 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 roof of the diencephaloti is thin from the first and remains so. In front it is directly

continuous with the correspondingly attenuated plate which connects the hemispheres and,

arching over the foramen of Monro, joins the lamina terminalis that closes the cavity of the
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fore-brain, tlic- later third ventricle, and contributes the anterior wall of this space. Attention
has l)een called to the invajjination of the mesial pallial wall alonjj the primary choroidal fissure

immediately above the line of attachment of the roof-plate to the hemis|>here ( I-ij^. 1031 ). The
latter is connected with its fellow oi the opposite side by means of this thin laniina, upon
whose upi)er surface the mesoblastic sheet of the young pia is spread, (^n 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 clioroid 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
suljsequently, separated l)y the attenuated invaginated wall of the iiallium. This displaced
wall, with the enclosed pial tissue, afterward becomes the choroid i)lexus 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 roc^f of the fore-brain
it becomes the velum interpositum, which, it is evident, is continuous on each side with the
choroid ple.xus. 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. io-?i.
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the intervening velum interpositum, it follows that the plexuses converge towards and meet
over \\\tt 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 diencephaion, 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 si)lenium and fornix. That such,

however, is not the case is evident from the developmental history of the velum interposi-

tum. The secondary invagination oi the brain-roof on each side along the median line by
the vascular tissue of the i)ia 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 disturl)ed l)y 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 terminalis.
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About the fourth moiiih, the last-nauK-cl structure, wliicli until tliis time is of uniform \vi(hh,
exhibits a local thickenini; in its upper part just in front of the foramen of Monro and ii'i

advance of the front-end of the choroid fissure. This thickeninj; of the lamina terminalis,
at first oval in section, soon becomes pear-shaped with the |)(jint directed downward (Fig!
1032). The point enlarges and, after its later invasion by an inj^^rowth of transverse fibres^
forms the anterior commissure. The upi)er 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 elon.i,^ated and
slightly arched form, but does not appropriate the entire enlar<ced upper part of the origi-
nally pyriform area. The antero-inferior portion, covered above by the corpus callosum,
remains thin and is converted into the septum lucidum. With the later growth of the cal-
losum forward and downward, and the establishment of the anterior pillar of the fornix by
fibres which pass from tiie g\Tus dentatus and the hippocampus to the basal surface of the
brain, the septum lucidum becomes enclosed on all sides. At first it is solid although thin

;

subsequently it is i>artially separated into two lamelke by a narrow cktt, tlie so-called fifth ven-
tricle, which is completely closed, is devoid of an ependymal lining, and, therefore, is no part of
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the system of true ventricular spaces. Concerning the manner and reason of its formation
opinions differ. The older view, that the space represents an isolated portion of the longitudi-

nal fissure cut off during the development 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 stride found upon the upper surface of

the corpus callosum.

MEASUREMENTS OF THE BRAIN.

The brain fits within the cranial case so accurately that its form is modifiecl by
the general shape of the skull, being relativ^ely 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^ in.) in male subjects and from 150-160 mm. (6 in.) in female. Its greatest

transverse diameter is about 140 mm. (5^^ in.) for both sexes and its greatest verti-

* Archiv f. Anatom. u. Entwickelung., 1903.
^ Archiv f. mikros. Anatom , Bd. xxxvii., 1891.
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cal dimension throuj^li tlie hemisphere is alnnit 125 mm. (5 in.). The female l)rain

is commonly somewhat shorter than that of the male, and, therefore, relatively

broader and deeper.

The weight of the brain has been tiie subject of repeated in\ eslii^ation w ilii

results that fairly a^-^ree. Tiie conclusions of Handmann', based on recent examina-
tions of 1014 brains (546 male and 468 female) from persons ranj^in^ in a^e from
fifteen to eighty-nine years, are of interest since they confirm in the main the results

obtained from prexious observations. The averaii^e weii(ht of the adult brain (from
15-49 years), without the dura but surrounded by the arachnoid and pia, is 1370
tiranis (4.S.60Z. ) for men and 1250 grains (44.4 oz. ) for women. The weight of

these membranes, includinii;- the enclosed arachnoid fluid, has been estimated at 56
j4'm. and 49 j^ni. in male and female brains respectively ( liroca). The brain usually

attains its maximum weij^ht about the eighteenth year, perhaps .somewhat earlier

in wonun, no increase taking place after the twentieth year. Subsequent to the
sixtieth year in both sexes a i)rogressive diminution occurs, by the age of eighty the
brain having lost approximately one-fifteenth 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
])er cent, possess a weight over 1450 gm. Correspondingly, about 84 per cent, of

female brains weigh between 1 100-1400 gm.
; 44 per cent, between 1200-1350 gm.

;

and 46 per cent, below 1 200 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 by 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-zvcigJit 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-iveight, 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
pro])ortion 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 1:50 (Ober-
steiner). In the new-born child this ratio is much greater, being, as determined by
Mies, I :5.9. 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 (Meyncrt).
The extent of the superficial surface of the cortex has been determined, at lea.st

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 scjuare meter. Of this

entire area about twice as much lay along the sides and bottoms of the fissures,

therefore sunken, as upon the exposed surface. The estimate of the .same observer
concerning the brain of a workman placed the area at 187,672 scj. mm.

The sia^nificance of brain-weight as an index of intellectual capacity has lon.y; excited inter-

est. Accumulating data prove beyond (jueslion that, as applied to individuals, the weight of

the brain is an untrustwortliy index of relative intelligence. For wliilst in a number of consjiic-

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 and of Art havu possessed a weij^lit little above, or soiiietinies even below, the avcr-

ajie. In this connection it must be renicnibcred that it is not improbable that the cortical cells

of different brains vary in their capacity for activity and in their power of retaining; impressions;
that, in short, differences of (iiiaiily exist, l-'urther, that notwitlistanding the possible low gen-
eral weight of a brain, the amount of the cortical gray matter, especially of certain regions con-
cernetl in some particular phase of mental activity, may exist in unusual abundance. Moreover,
it is probable, from the investigatit)ns of Kaes ', that actual increase of the functioning associa-

tion fibres takes place in response to the stimulus induced by excessive exercise of certain parts

of the cortex. It is evident, therefore, that as applied to the individual, brain-weight alone
affords little dependable information as to intellectual power, and that l)rains which, judged
frt)m tlieir weight, apparently have been ordinary, may have been exceptional in the annnuit ni

cortical gray matter and, perhaps, in the unusual capacity of their neurones.
Considered, however, in relation to great groups, as to peoples or 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. Bean concludes that the .smaller size of the negro brain is i)rimarily 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 of 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 tlifferences 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 infre(|uently

such brains are from individuals of ordinary or even of low intelligence, as exemplified by the

cases of Bean, among which 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, tlie brain is enveloped by three membranes, or meninges,
which, from without inward, are: (i) the dicra mater, (2) \\\e aracluioid ?i\\A (3)
the pia 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

ser\'es to support and guard from undue pressure the enclosed mass of ner\-ous 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 trabecuhe 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 Majendie 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.



iigS HIMAN ANATOMY

ventricle (patje iioo). The p;Uhs l)y wliieh the Hiiids collected within the brain-

meniljrane are carried off. thereby insurin_y;^ vuuler normal conditions the prevention
of excessive intracranial tension, will be consitlered with the description of the dura
and arachnoid, suffice it here to mention the sheaths contributed by these envelopes

alouii' the nerve-trunks as tlu'\- lea\e the cranium anil tlie Pacchionian b(jdies as the

most imj)ortant.

The Dura Mater.—This structure (dura mater enccphali ) is a dense and inelas-

tic fibrous membrane, 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 applied 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.
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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 conspicuous ridges produced by the meningeal
blood-\esscls, 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 shinny and clothed with a layer

of endothelium which lines the outer wall of the subdural sjxice. As the nerves enter

the foramina in their exit from the cranium, they receive a tubular j^rolongation of

the dura which accompanies the ner\'e-trunk for a short distance as the dura! sheath,

separated from the nerve by the underlying subdural cleft, and finally becomes con-
tinuous with the epineurium, whilst the subdural sjiace communicates with the

lymph-clefts within the connective tissue envelopes of the nerves. The dural sheath
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surniiiiKlIny- the c)i)lic ncr\c ihioiimh its t-iiliic length is noteworthy on account
of its uiuisual thickness and completeness (paj^^e 1223).

The two layers of which the dura is coinposeil are, for the most part, so closely

unitetl that only a sini^de membrane is demonstrable. The divisi(»n into two layers,

however, is exicK-nt in certain localities, particularly in the middle fossa at the base ai

the skull. Here, on each side of the body of the sphenoid bf)ne, the layers separate

to form the cavernous sinus and, within the sella turcica, enclose the pituitary body.
Over the ape.x of the petrous portion of the temj^oral bone they include between
them a s[)ace, the cavum Mcckrlii, which lodti^es the ( iasserian ^ani;lion, whilst (tver

the acpiedurtus vestil)uli the dilated end of the endolymphatic duct, the saccus
endolymphaticus, continued from the membranous labyrinth, lies between the two
layers of the dura. Further, alonji^ the lines of its attachment to the skull bene.ith

the sai^ittal suture, to the crucial ridges on the occipital bone and to the ridj^es of

the petrous bones, the inner layer of the dura separates from the outer and forms
partitions, which project inward and imperfectly subdivide the cranial cavity into

compartments occupied by the larger divisions of the brain, as well as enclose the

blood-spaces, known as the dural sinuses. These spaces have been described with

the veins (page 867) and will be here only incidentally mentioned in connection with

the ])artitioiis in which they lie. On either side of the superior longitudinal sinus, the

layers of the dura exhibit local areas of separation, which prolong laterally the lumen
of the venous cliannel. These parasinoidal spaces, the laciince vowsce latcralcs, are

of consecjuence as receiving many of the cerebral veins and as afifording 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

falx cerebri, (2) the tentorium cerebelli, (3) \k\^ falx cerebelli, and (4) the dia-

phrap^ma 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

loyigitiidinal sinus. The latter channel appears triangular in cross-section ( Fig.

1034), the upward placed base being the outer or parietal 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 longitudiyial 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 margins of the

posterior cranial fossa, and the shorter concave anterior border curving backward

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 dowmwardly directed convexity

in both the sagittal and frontal planes. The peculiar curvature of the under surface of

the tentoriumis reproduced, in reversed relief, by the upper aspect of the cerebellum

which is accurately applied to the partition.

"W^it posterior border oi the tentorium is attached to the horizontal ridge crossing

the occipital bone ; farther outw^ard, 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 teni])()ral hone, and thence to the posterior clinoid pro-
cess. From the internal occipital protuberance as far as the parietal hone, this line of

attachment corresponds with the course of the enclosed lateral .s/w^i- ( pa^e -SOy;; but
beyond, the venous channel leaves the tentorium in its descent to the jugular fora-

men, the farther attachment of the tenti^rium enclosinj^ \\\ki superior petrosal sbuis.

Since the anterior border of the tentorium springs, on each side, from the anterior

clinoid jjrocess, it follows that the two margins of the crescentic septum intersect in

advance of the ape.x of the petrous 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 sella-, defmes an
arched opening, the incisura tentorii, through which the mesencephalic portion of

the l)rain-stem is continued intcj the C('rel)ral hemispheres, the highest jjoint of this

aperture lying just behind the splenium of the corpus callosum.

Fk;. 1034. »Skin
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The falx cerebelli is a small sickel-shaped dural ft)ld w hich descends in the

mid-line from the under surface of the tentorium, with which its broader upper end
is attached, towards the ff)ramen 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, tjr sinus when these channels are fused. The narrow crescent jirojects into

the posterior cerebellar notch and thus interx'cnes between the; hemisj)heres of the

cerebellum.

The diaphragma sellae is an oval septum of dura, which roofs in the })ituitary

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 aj)erture, the forameti 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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thelial plates whicli constitute the immediate outer wall of the subdural lymph-space.
Patches of endothelium sometimes seen on the external aspect of the membrane are
regarded as indications of uncertain epidural /ynip/i-spaccs. The outer or periosteal

lamella is less compact antl richer in cells than the inner layer and contains a wide-
meshed net-work of capillary blood-vessels. The larg^er bundles of fibrous tissue are
disposed with some ortler so that a defmite radiation friMii the two ends of the falx

cerebri may often be recoj^nized. Within the last-named f(jld, from the point where
the free border of the falx and that of the tentorium meet, the fibres radiate towards
the convex attached margin, some, therefore, arching far forward. From the same
point the fibres within the tentorium pass laterally.

Minute calcareous concretions, also known as brain-sand or accrvulus, are
not infrequently found in the otherwise normal dura, especially in subjects of

advanced years. They consist of aggregations of particles of calcium carbonate and
phosphate 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.
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Portion of injected cerebral cortex, showing capillary supply of gray and white matter. X i8.

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 pcr/oratitig 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 twigs 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 cervical spinal nerves and sympathetic filaments from

the cervical 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. 1036.
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the cominunications which these cranial nerves have with the plexuses surrounding

the arteries or with the superior cervical u^anj^lion. The sensory ner\es 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 expansions.

The Pia Mater.—This membrane
(
pia mater encephali) lies ne.\t the nervous

substance and, bcin<;' the vascular tunic sujijiortiny; the blootl-vessels for the nutrition

of the brain, follows accurately all the inec|ualities of its exterior. It not only closely

inxcsts 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 at!orded in the relations of the velum interi^ositum

and the choroid i)lexuses to the lateral and third ventricles (page 1162) and of the

similar plexuses in the roof of the

fourth ventricle (page 1 100). 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 di\ide 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
capillary net-work within the cortical gray matter is much closer than that within the

subjacent white matter (Fig. 1035), in which the vessels are comj)aratively 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 supj)ly 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 interpositum (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 1194), and to the

Portion of injected dentate nucleus of cerebellum, show-
ing capillar>- supply of internal nucleus. X 20.
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Fig. 1037.
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fact that the apparent ingrowth of the pia beneath the spleniuni and the fornix to

reach its final jjosition over the third and within the Literal \enlricles never occurs,

the «^ro\vth actually takintj place in iIil- opposite direction, that is, from before

backward (pai^e 1194).
The structure of the pia mater jiresents little for special mention. The

membrane consists essentially of a delicate connective tissue envelope in which inter-

lacing bundles of white fibrous tissue, interminj^^led with elastic fibres and containinj^

numerous nuclei, are the chief features. As the arteries leave the i)ia to enter
the brain, they receive sheaths of pial tissue within which are jKolonged the lymph-
spaces enclosed between the trabecuheof the pial meml)rane. Alont;- the basal surface
of the brain, especially on the \entral aspect of the medulla, the j)ia freciuently contains
deeply pionicnted branched connective tissue cells. These may be so numerous,
particularly in aj^ed subjects, that the membrane appears of a distinct brownish hue.

The numerous nerves encountered within the pia mater are chiefly sympathetic
filaments destined for the walls of the blood-vessels 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

endinc; is uncertain, althoutj;'h terminal bul-

bus expansions and tactile corjiuscles have
been observed.

The Arachnoid. — This covering

(arachnoidea encephali), 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 follows 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 trabeculae 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 trabeculae are reduced in number to relatively few-

long, cobweb-like threads that extend from the arachnoid to the pia mater. Over
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 cerebelhnn 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 ( cisterna cerebelloraedullaris ), the largest of these spaces,

overlies the dorsal surface of the brain-stem and is continuous through the foramen

Velum inter-
posiluni

Small portion of injected choroid plexus of lateral
ventricle; surface view.
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mai^num with the posterior part of the subarachnoid space of the cord. The arach-

noid i)asses from the back i)art of the under aspect of the cerel)elhini to the i)osterior

surface of the niechiUa and thus encloses a considerable space which at the sides of

the medulla is continuous with the ujjward prolonti^ation 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 enveUjped 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 subdivisions

may be recoonized. From the upper ventral border of the pons the arachnoid

passes forward to the orbital sin-face of the frontal lobes, coverini,^ the corpora mam-
millaria, the infundibulum and the optic chiasm, and laterally to the adjacent project-

in"- temporal lobes antl thence, covering in the transverse stem of the Sylvian fissures,

Fig. 1038.

Extension along
longitudinal fissure

Extension along
Sylvian fissure

Cisterna basal is

istenia pontis

Vertebral arteries

Cisterna magna

Inferior aspect of brain covcreil \n illi iiia ^ukI arachnoid, showing larye subaiathnoid 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 w-hich lies

between the peduncles (cisterna intcrpeduncularis), another l)ehind the optic commis-

sure (cisterna chiasmatis) and a third above and in front of the chiasm (cisterna

laminae terrainalis). 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 vascular membrane to become pial vessels.

The arachnoid also contributes sheaths to the cranial nerves as they pass from

their superficial origins to the points where they pierce the dura, these sheaths o\-er-

lie those derived from the pia and, as do the latter, accompany the nerve-trunks for a
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variable but usually short distance beyond their emergence from the dural sac. The
arachnoid sheath is especially well marked along the optic nerve, which it follows ;is

far as the eyeball, and completely subdivides the space between the pial and dural

Fui. 1039.

Pacchionian l)ody

Dnia, reflected nicdiallv

Cerebral vein

Cerebral vein

I'acchionian body

Portion of superior surface of right hemisphere covered by pia an<i arachnoid ; dura has been parti) 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 1100)—^into the subarachnoid space. After

filling the cisterna magna and the other large spaces on the basal surface of the brain

and surrounding the spinal cord, the fluid finds its way into the smaller spaces on
the exterior 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 fic. 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 (gran-

iilati(>nes arachnoidales) are numerous
cauliflower-like excrescences of the

arachnoid, for the most part small but

occasionally reaching a diameter of

5 mm. or over, w^hich 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 indirecdy related

through the lateral diverticula, the laciince laterales or b/ood-lakcs, in some instances

Diagram showing relations of Pacchionian bodies to

blood-spaces and dura; B. bone, S, longitudinal sinus;

/-, lacuna; P, Pacchionian bodies; l', cerebral vein

emptying into lacuna; SD, subdural space; dura is blue

ana pia is red, intervening tissue is arachnoid; A.
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they encroach upon the lumen of the main channel itself, within which they appear
as irregularly rounded projections on its lateral \valls. 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 dura!
wall. Over the summit of the elevation the dura becomes greatly attenuated, but
ne\er entirely disapjjears, so that only a thin membrane and the subdural cleft,

theoretically present but jiractically more or less obliterated, inter\ene 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 frequentlv lodged in depressions
within the calvaria, whose inner surface is sometimes so deeply pitted that the bone
in j)laces is translucent.

THE BLOOD-VESSELS OF THE BRALX.

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 \'eins (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 ofT, 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

sup{)ly 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 supplied 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 ner\'e-

roots and, just before reaching the sujjerficial origins of the nerves, divide into peripheral and
central twigs, the former being distributed superficially and the latter following the root-fibres

to their nuclei. The median bratiches 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 ner\es situated within that region. Those
supplying the nuclei of the hypoglossal and the bulbar portion of the spinal accessory- ner\'es

are derivations from the anterior spinal arteries ; those to the nuclei of the vagus, the glosso-

pharjngeal and the auditon,- 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 hemispheres. In the mid-brain the

interpeduncular space h provided with branches from the basilar and the posterior cerebral arter-

ies ; the cerebral peduncles with those from the posterior communicating and the terminal part

of the basilar; and the corpora quadrigemina with those from the posterior cerebral, additional

twigs passing from the superior cerebellar to the interior 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 mammillaria, the tuber cine-

reum, the infundibulum and the pituitary body, receive twigs from the posterior communicating

arteries. The optic chiasm and tract are supplied with branches from the anterior cerebral, the

anterior communicating, the internal carotid, the posterior communicating and the anterior

choroidal arteries.
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The corpus striatum, Ijotli the cuuilateaiul knlit iilar luu lii, arc siipplieil tliiefly by hraiulies
from tile iniiltlle ccr<.l)ral artery, w hicli pierce the anterior perforated space and, as the lenticular,

lenticulo-striate antl lenticulo-lhal.iniic vessels, all end-arteries, traverse the lenticular nucleus
and the internal capsule and terminate in the caudate nucleus and the thalamus. One of the
lenticulo-striate arteries, which pierces the outer part of the putamen, was named by Charcot
the "artery of cerebral hemorrhaj^e" since it is fretiueiiliy ruptured.

The choroid plexus of the lateral ventricle receives its blood-supply from the anterior and
posterior choroitlal arteries. The I'lrst of these, j^iveii off by the internal carotid artery, enters

the anterior and lower part of the choroidal fissure and takes part in forminj^ the most de|)end-

ent portion of the vascular comple.x which overlies tlie hippocampus. The posterit)r choroidal

artery, usually represented by a nimiber of small twij^js, is derived from the posterior cerebral

and enters the upper part of the fissure. After sui)plyinj? the velum interpositum, it completes
the choroi'.l i)le.\us in the tlescendin.y; horn and in the body of the lateral ventricle.

The cerebral hemispheres are supplied by the cortical Ijranches of the anterior, middle and
posterior cerebral arteries. Of these the middle one is the larj^est and is distributed to the

most extensive area, which embraces the greater part but not all of the external surface of the

hemisphere. This vessel also supplies the 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 adjoininj^ 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-temporal region, and in addition an adjoining

strip along the postero-inferior margin of the hemisphere. It follows, therefore, that, with the

exception of the occipital lobe, which is entirely supplied by the posterior cerebral artery, all of

the conventional divisions of the hemisphere 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 supplied by the anterior cerebral artery. The occipital lobe is supplied e.xclusively

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 gyrus 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 conve.x 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 COxNSIDERATIONS : THE BRAIN AND ITS

MEMBRANES.

Congenital Errors of Development.—Various defects of development of the

brain and its membranes are not uncommon. The brain may be absent (anen-

cephahis), it may escape from the skull {exencephalus), the brain, membranes and

vessels may be only rudimentary {pseiidencephalus), or there may be arrest of

development in any limited portion { porencephaliis—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 (^tnicrocephalus) , or it may be abnormally large (jnacrocephalus)

.
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The most common eiilarq;emcnt of the head, liydrocrphalus, is ckie to a retention

of cerebro-spinal tliiid within the cranium, t)rdinarily w ithin the \entricles, l)ut some-
times in the subarachnoid space. It is usually a con^^enital condition ; its cause

is not clearly known. It is believed by many that it is due to a jjrenatal inflam-

mation of the ventricular ependyma, and by others to a disarranjj^ement of the orifices

of communication between the ventricles (Luschka, Monro, and Neurath). The
aqueduct of Sylvius has been found obliterated, and inflammatory processes have
been seen about the foramen of Monro.

Con_i^enital defective ossification of the skull may result in a ti^ap throuj^h which

may protrude a portion of the meniiiijes with or without brain substance. If such a

protrusion consists of a meningeal sac containin,*^ only fkiid, it is called a meningocele.

If it contains a portion of the brain also, it is an cnccphalocele, and if the protruded

portion of the brain encloses a portion of a ventricle, a Jiydrenccphalocclc. Such

tumors may be concealed from view 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 pachymenmgitis, of the pia and
arachnoid together Icpto-meningitis.

External pachymeningitis 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.

Internal pachymeningitis is apt to be associatetl with effusions of blood into the

subdural space ; they may cover a considerable area without producing marked symp-
toms, or they may be encapsulated (haeniatomata 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, w^hen 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 reco\ery 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 \ariety.

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 inflammation, as does any tendency of the arachnoid
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 considered as one layer, the lepto-meninx.

Inflammation of this layer

—

/epto-mini)iiritis—may attack the convexity or the
base of the brain, and may be primary or may be secondary to other diseases, usually
jnirulent infections. It is asserted that the jirimary disease attacks, as a rule, the
Ixise, the secondary, the coiuexity of the l)rain ; but this is not beyond dispute.

Tuberculous meningitis is frecjuently found at the base, but miliary tubercles are

not uncommon on the convexity of the brain. The exudate which is deposited at

the base frequently leads to irritation or paralysis from pressure on the cranial nerves
in close relation to the under surface of the brain. Tumors j^^rowin^ at the base of

the brain produce localizing symptoms early by pressin<( on the adjacent cranial

nerves. A sing^le nerve may be involved, but more commonly a combined paralysis

from involvement of several nerves results.

The ccrcbro-spiual 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 fossae, it is

abundant, forming an excellent support and protection 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 the 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 i)art

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 comj:)ression ; and
\'ice 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

hvdroccphalus, 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. (i^
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^-3 in.) vertically above the external auditory 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.
Lionbar piinchire 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 vertebne, at the le\'el

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, he)>ior?-/ia{^c 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.
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The CDrtex is supplied by pial vessels distinct fnjiii those supplying the basal

ejanglia and adjoininii^ rei^ions. The latter come directly iumi the branches of the

circle of Willis at the base. The cortical vessels anastomose
; those in the rej^ion

of the basal ganglia do not. The latter are '

' end arteries,
'

' so that when one is

plugged by an embolus the part supplied 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 ana.stomosis

may furnish a sufiftcicnt collateral circulation to prevent 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-

terval of some days 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

li\ed 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 laiticulo-striate, or artery of Charcot (page 1207J. 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 varv 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 comparatixely recent date and have 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 medullated.

According to Flechsig, the sensory paths in the brain first become medullated,

and may be observed 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 which 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.

Olfactoryfibres are found to end mainly in the uncinate gyrus. Usual 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 observed 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 it iIk- sonucsthctic area. It includes the prcccntnil and postcentral
convolutions, the paracentral lobule. The sensory tibres jiassing from the periph-
ery to this area would appear to excite sensations of touch, pain, temperature,
muscle- and tendon-sense, equilibrium, etc. This cortical region probably repre-
sents a complex mass of sense centres rather than a sinp^le sensory area, and in

addition to bein«i^ a sensory field, the souKesthetic area is the i^rcat niolor rei^ion

of the brain.

When this sensory- motor area and the various sensory areas are fully taken into
account, there still remain about two-thirds of the cortex which appear t(j ha\e noth-
injT to do with the peri[)hery. Flechsig calls these re.i,nons of the cortex "associa-
tion centres,'" as he believes they furnish arranj^ements for unitinj^ the various central
sense areas.

The best known cortical areas are the motor, speech, visual, and auditory, al-

though new contributions to our knowledge are 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 precentral convolution and the en-

FiG. 1041.

Left cerebral hemisphere illustrating diagramniatically 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 directlv 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 i\\Q/ac€ and tofigiii\ that is, for the facial and hypoglossal nerves. In the middle

third or half are the anu centres. In the upper part of the region and paracentral

lobe, are the centres for the lower extretnity. 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.

Fk;. 1042.

Diagram illustrating probable relations of physiologicai 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

e.xact, 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 Broca's convolution is j)rol)al)ly tlie centre for motiyr spicc/i, and a lesion

here y^ives motor aphasia, an ir.ahility to transform concei)ts into worils, allhou^di

the jKitient is conscious and the tongue can he moved. A minor part in speech is

played by the posterior part of the rij^ht third frontal conxolution, l)ut in the left-

lianded it is probably the chief centre.

In the first left temporal conxolution is the aiuiiiorv ccnlrc for speech, a lesicjii

of which leads to a loss of memory for word-sounds, though the hearings may be
undisturbed.

The centre for memory of pri)ited -cords is probably in the left an_i,'^ular i^yrus
;

and a lesion tliere probably causes a loss of the ability to read or tf) understand
written lanouatie, though ordinary sij^ht is undisturbed. The existence of a motor
writing;- centre is doubtful (Oppenheim). If it exists, it is probably located 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 decided,

although it is probably near the centre for smell.

Fig. 1043.

Diagram illustrating probable relations of physiological areas and centres of mesial aspect of right cerebral
hemisphere. {Mills.)

The auditory ce7itre, 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 thefrontal 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-psychic area, containing sub-areas or centres concerned with

higher visual processes. Mind blindness, for instance, results from destructive 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 latL-ral portion of tiic occipital U>\>l\ if it extends inwards

sutViciently to interrupt the optic radiations.

In spite of extensi\e researches the functions of the coitral ^am^^lia are very

little known.
Lesions of the cerebellar hemispheres may not produce distinct jjlienoniena

until the median lobe or \ermiform ])rocess is involved, when tw(j especially charac-

teristic svmptoms will almost certainly develop. These area jjcculiar disturbance of

e([uilibrium with a stani^erinii^ ^ait ( cerebellar ata.xia I, and a troublesome vertitjo.

Although the patiiiit can scarcely stand alone he may possibly be able to perform

the most tlelicate movements with his ujjper extremities. The vertij^o occurs only

in standing^ or walkinj^, and is then almost always jjresent. Nystagmus is also a

frequent symptom. \'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 ventricle,

that is, along the cerebral j)eduncles, pons and medulla, we find the nuclei of origin

of the motor fibres of the cranial verves. It should be Ixjrne in mind that the con-

trolling centres of these nerves are in the cerebral cortex. Many automatic centres,

as of circulation, resjiiration, sweating, and regulation of heat, as well as the motor
and sensoi'v 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 accurate!)' mapped out.

The upper 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 lo'iver limit is represented by a transx'erse 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. (one-half inch) behind the mid-point between

the glabella and the inion, and 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.

Chiene s jnethod Q.oxv^xsX.s o\ folding an ordinary 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

22y^°. The paper is then so unfolded that one of the angles of 22 14 ° is added to that

of 45°, making a new angle of 671/°
; this will be sufficiently near that of the fissure

of Rolando for all practical purposes.

HorslcY s cvrtometer consists of two strips, either of thin, flexible metal 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 fissuFe.
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Anderson and Mackins sU|L(j^c'St : ( i; a median sagittal line from the tjlabella 10

the init)n ; (2) a frontal line from the mid-sa^ittal point to the depres.si(jn just in front

of the ear at the level of the upper border of the meatus
; (3j a squamosal line from

the most external point of the external angular process, at the level of the superior

border of the orbit to the junction of the middle and Ujwer thirds of the frontal line,

and prolontjed for about 3.7 cm. (13/2 in.) behind the frontal line. The uj)per ex-

tremity of the central fissure was found by them to lie between the niid-saj^ittal jjoint

and a point 18 mm. (3;^ in. ) behind it, and the lower extremity of this fissure they

located near the squamosal line, about 18 mm. (3/^ in. ) in front of its junction with

the frontal line. The commencement of the lateral portion of the Syhian fissure is

not at a definite fixetl point, but will usually be hit at a point from 3.7-5 cm. ( i y2-2

in. ) behind the angular process, the course of the horizontal portion of this

fissure corresponding closely to the squamosal line (Mills).

Fissure of Rolaii'.lo

Fig. 1044.

Bregma Line for Rolaiidic fissure

f
Interparietal fissurt
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Ivian fissure

Vertical limV)
of Sj'lviau fissure

Horizontal limb
of Sylvian fissure

Glabella

Xasion

Semidiagrammatic view of head, showing relation of Rolaiidic and Sylvian fissures and lines.

The fissure of Sylvius begins anteriorly, approximately, 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. (3/^ 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 fissiire is most marked on the mesial surface of the brain.

The external 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.

T\\&frontal lobe is divided into three main convolutions by the superior and in-

ferior frontal sulci. The line for the superior frontal sulcus passes direcdy backward
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from the supraorbital notch, and parallel to the longitudinal fissure to within i8

mm.
(^ ;?4 in. ; of the fissure of Rolando. Tlie inferior frontal sulcus is represented,

appro.ximately, by the anterior end of the temporal ridge.

In the parietal lobe the most imjjortant 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.
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Semidiagrammatic 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 extends 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 18 mm. ( 3/j; in.) 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 the same sick-. We have already seen that lesions of the cortex produce mono-
plegia, unless large enough to involve the whole motor zone, but cortical hemij>legia
is much more commcMi than cortical monoplegia. In the internal capsule the motor
fibres are gathered together so compactly that a small lesion, as an apoplectic hemor-
rhage, will frequently interrupt the whole tract and give a hemiplegia (A the opposite
side of the body.

In the medulla and cord the tracts of both sides are so close together that a
lesion may easily paralyze both sides ( paraplegia) ; indeed, diseases of the cord fre-

quently involve the whole transverse section, paralyzing sensatif)n as well as motion.
Hemiplegia is, therefore, the common form of cerebral j)aralysis

;
paraplcfria the

common form of spinal paralysis ; while monoplegia 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 lirain and filled with fluid permitting

considerable movement 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 Hewettj. 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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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 body and the thoracic and abdominal viscera. The somatic nerves

are subdivided into (a) the cranial nerves, which are attached to the brain and pass

through foramina in the skull, and {h) the spinal nerves, which are attached to the

spinal cord and traverse the intervertebral foramina. The visceral, or splanchnic

121S
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nerves, altliough directly or indirectly connected with the cerebro-sjiinal axis, pre-

sent peculiarities and, as the sys/c/n of syntfyatlutic nerves, are accordetl, at least for

convenii'nce of tlescription, a certain tlei;rre of independence. While by no means
all of the spinal nerves contribute splanchnic branches—such branches beinj^ ^iven
off esiK'cially by the thoracic ami upper lumbar nerves—they all receive sympathetic
I'llaments, which form, therefore, intei^ral parts of the somatic nerves. From the

sympathetic neurones of the j^anjj^liated cords a.xones pass, by w'ay 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 supply 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 ner\e may be axones thrived from anterif)r hf)rn root-cells and destined for

voluntr.ry 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, fjeing found to con-
tain sensory and sympathetic hbres as well as efferent ones.

THE CRANIAL NERVES.

The cranial nerves (iicrvi cerebrales) include twelve pairs of symmetrically
arranged ner\e-trunks, which are attached to the brain and, traced peripherally,

escaj)e 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 are 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 cerebrospinal 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 neurones 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 are 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 by no means always 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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Number.
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than the mesial surfarc- ni ilu- supfiior tuil)inalc \nnn; aiul a somewhat larjii^cr field

on the adjacent uijper part of the nasal septum. The olfactory nerves ( Fii(. io4S\

Fk;. 1047.
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Right nasal fossa showing distribution of olfactory and nasal nerves on lateral wall ; mucous membrane has
been partly removed to expose nerves.

whose fibres are nonmedullated, exhibit a ple.xiform arrangement within the deeper
part of the nasal mucous membrane, pass upward through the cribriform plate of

Fig. 104S.
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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 producdon of the peculiar

olfactory glovieruH.
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Central and Cortical Connections.—The impulses conveyed by the olfactory' nerves and
receivetl l)y tlie initr.il cells of llu- olfactory bulb, which cells may be rej;arcleti as conslitutinjj

the eiul-slalion or rcccpliou-nuilciis of the peripheral path, are carried to neurones situated either

within the j;ray matter of the olfactory tract, the anterior perforated space or the adjacent |)art

of the sei)lum lucidum (I'ig. 1049). Fibres conneclinj; the olfactory centres of the two sides pro-

ceed from the cortex of the tract by way of the anterior conuiiissure, forming the /><;;-.? oljacioria

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 dilTerent paths to the secondary or cortical

centres situated in the anterior part of the hippocami)al couNolution in the vicinilv of its uncus,

including the hippocampus major and the nucleus amygdake.
I. The most direct path is by way of the lateral root of the olfactory tract (page 1 153), by

which fibres from cells within the trigonum olfactorium pass, skirting the Sylvian fissure, to the

anterit)r part of the gyrus hipi)ocampi to terminate in relation u ith the cortical cells of that

convolution.

Fig. 1049. 1

Diagram showinor most important connections of olfactory tracts ; LC lamina cribrosa ; /?, olfactory bulbs : TV,
olfactory tract ; 7^-, olfactory trigone : A,v, A/j, lateral and mesial striae : W, anterior commissure : CC. corpus callo-

sum ; SI., septum lucidum: Fx, anterior pillar of forni.x; M. mammillary body; m-t, manimillo-thalamic tract

;

y^P, anterior perforated space ; Tif/w.ta-niasemicircularis; 7", thalamus: 7^;;/, fimbria descending on hippocampus;
U, uncus; AN, amygdaloid nucleus; 7X, 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 sejHum lucidum and, reinforced by others from cells of the
septum, enter the forni.x ; 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 \^\ 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 stri:e and descend by way of the dentate gyrus to reach
the anterior end of the hippocampus major.

4. Fibres from cells within the anterior perforated space and septum lucidum, joined by
accessions from the opposite olfactory tract by way of the anterior commissure, converge to the

tccnia 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 thalaintis, as well as those between the olfactory centres of the two
sides, by way of the fornix, are de.scribed on page 1167.

Practical Considerations.—Lesions of the uncinate |n;^yriis may cause loss

of the sense of smell on one or both sides. Paralysis of tlie olfactory nerve with loss

of smell may also occtir in fractures of the base of the skull in the anterior fossa,

involvint^ the criiM'iform plate.
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THE OPTIC NERVE.

The optic 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 impul^js received by the retina to the primary centres within the jJuKinar
of the optic tiialamus and tiie external geniculate and superior quadrigeminal bodies.

The retina, the ner\ous tunic of the eye (page 1462), comprises three fundamental
layers

—

{a) the percijjient visua/ ccl/s, {b) the receptive ^^rt;/^//^« rdincc and (fj the
cerebral layer. The latter contains the neurones, the axones of which constitute the
nerve-hbres that converge towards the optic disc and, piercing the vascular and
fibrous coats, form the greater part of the optic ner\'e, commissure and tract.

In addition to the fibres of retinal orit^in, which alone carry visual impulses, the optic

nerve contains a considerable number of supplementary fibres, which are only indirectly con-
cerned in sij^lit. Some of these fibres, distinguished 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 reflex pupillary movements.

The optic nerve fFig. 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 converges towards the nerve of the opposite side with which it

joins to form the major part of the optic commissure 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 by the meeting of the converging
optic nerves in front and the diverging 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 of the brain. It divides posteriorly into the two optic

tracts. On reaching the commissure, or chiasm, 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 nerves 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 \ertebrates, 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, liowevL-r, is not composed t>{ optic fibres, since its posterior part
is formed by a bundle, known as Gudden's commissure (commissura inferior) (page mo;, wliich

passes forward along the mesial side of the optic tract, loops around the posterior angle of the
commissure and enters the opposite tract. These fibres have no connection with the path of

sight-impulses, but are probably chielly related with the median (jr internal geniculate bodies
and the inferior corpora (|uadrigemina (page iiioj.

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. By some they are regarded as continuations of the mesial fillet that, after decussa-

FlG. lOSO.

Diagram showine course of retinal fibres fn optic pathway and their comiection with basal ganglia and primary
cortical centres; smaller figure illustrates path of light-ray and resulting impulse through retina : A", retina : OJV, OC,
OT, OR, optic nerve, chiasm, tract and radiation , P, pulvinar ; Eg, SQ, lateral geniculate and superior quadrigem-
inal bodies; Oc Cx, occipital cortex ; ///, IV, VI, nuclei of eye-muscle nerves.

tion, 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 1128).

Additional commissural fibres (commissura ansaia) descend from the floor of the third

ventricle and from the peduncle of the septum lucidum, by way of the lamina terminalis, to the

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 cfjmmissure. Although regarded as in a way constituting a ventral optic

root, their connections and significance are not understood.

The optic tract (Tig. 993) is the continuation of the optic nerve, its chief

constittients being^ the crossed and uncrossed retinal and the supplementary fibres.

On leavinjy the commissure, the tract diverges in front f)f 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 end the tract exhibits a furrow that indicates a subdivision into a mesial
and a /a/era/ roo/ (F\ir. 915). The latter, the visual portion of the ojitic tract, is

traceable into the prominent overhanging^ pulvinar of the optic thalamus, the ill-

dehned lateral geniculate bodyantl, by means of the superior brachium, into the supe-
rior (luadrigeminal body. The mesial root, on the other hand, contains the fibres

forming (nidden's commissure (page 11 10) and is related to the distinct median
geniculate body and, by the inferior brachium, to the inferior (juadrigeminal body.

Central and Cortical Connections.—Arising as axones of the retinal neurones, the optic
nerve-fibres are continued backward throu.fiih the commissure and tract and end in relation witli

the neurones of the primary centres situated in the pulvinar, the lateral geniculate and the
superior quadrigeminal body. It is, however, within the lateral <;eniculate body that the greater
number (80 per cent, according to Monakow) of the visual fibres terminate, relatively few pass-
ing to the pulvinar and the superior quadrigeminal body (.Spiller). The cortical connections are
established by fibres which pass from the cells of these primary centres and, as the op/ir radia-
Hon (page 11 23), sweep outward and backward into the occipital lobe to end in the cortex of the
cuneus in the vicinity of the calcarine fissure. It is probable that a limited number 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 quadrigeminal bodies, but also establish 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, such impressions being capable of affecting 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 pupillse and the ciliary muscle within the eyeball.

Its deep origin is from the oculomotor nucleus 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 length and extends from opposite the upper end to the

caudal pole of the superior quadrigeminal bodies. Below, its posterior end comes 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 most 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 and the vejitral cell-group. 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 arise. 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 posterior longitudinal bundle.

Dorsal to the chief nucleus and partially overlying its postero-median 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 fibres of the third nerve are still unde-

termined, and, indeed, even its close association with ihese has l)een (juestioned. The assumed

importance of the nucleus as a centre for inipillary reflexes (Hernheimer) 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 cautlally 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, tiiis nucleus is now
regarded as having no direct relation with tiiat 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.

I

e
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fibres end within the latter nueleus around the eells h'om vvhieh the decussating- fibres

proceed, or are actually prolonged as certain of the decussating fibres is uncertain
;

their pur|)()se is to bring into coordinated action the internal rectus of one side with

the opposite external rectus when the two eyes are directed laterally, as in conjugate
deviation.

Cortical and Central Connections.—As in tlie case of all otht-r motor cranial nerves,

the nucleus of llie tliird nerve stands in direct relation to tiie ceretjral corte.x. Fibres

from tile cells of the cortical centre—a.xoiies from tiie neurones within the posterior part

Fio. 1052.
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Base of skull, 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 way of the corona radiata, the internal capsule and the cerebral peduncle to the oculo-

motor nucleus, around who.se 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 cortex 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 nerves (the fourth and

the si.xth) and also with the vestibular (Deiters') nucleus of the eighth; (4) with the facial

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 paljiebrarum 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 oculomotor tihrc-s sweep in ventrally tlirected curves ( F"ig. 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 (Pig. 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 j^eduncle 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 CFig. 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 branch, which enter the orbit by passing between the two heads of

the e.xternal rectus muscle, in company with, but separated by, the nasal branch of

the trigeminal nerve, the sixth nerve lying below.

Branches and Distribution.—The superior branch Tramus superior) (Fig.

1051), the smaller of the two, pa.sses upward, over the optic nerve, to the superior

rectus muscle, which, together with the levator palpebra; superioris, it supplies. In

both cases the nerve enters the ocular surface of the muscle.

The inferior branch (ramus inferior; (Fig. 105 1) is directed forward and,

after giving off 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. 1051 ), 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 pupillte and ciliary muscles.

Sensory fibres from the ophthalmic division of the fifth ner\-e 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 ple.xus on the internal carotid artery.

Variations.—These con^;ist, for the most part, of unusual branches which at times seemingly
replace one of the other motor orbital nerves. Thus, the third ner\e may give a branch to the
external rectus, either in addition 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 ciliar>- ganglion, have also been recorded.

THE TROCHLEAR NERVE.

The fourth or trochlear ner\e (n. trochlcaris), 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 nucleus, 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 distinct, being separated by a narrow interval 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 ner\'e-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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Leaving' the uppir and lalcial part of the nucleus as axones of the trochlear neurones,

the strands of fibres pass outward and backwartl within the gray matter of the floor

of the aqueduct until they near the inner concave surface of the mesencephalic root

of the fifth nerve, which, after being condensed into one or two bundles, they follow

downward as far as the superior extremity of the fourth ventricle. Then bending
shar])ly medially, the fourth ner\e, so far as the great majority of its fibres are

concerned, enters tlie superior medullarv velum, in which it decussates with its fellow

of the opjiosite side and crosses fhe mid-line to emerge at its superficial origin on
the dorsal surface of the brain-stem (Eig. 957 j jnst below the inferior corjjora quad-
rigemina, between the frenum of the velum and the mesial border of the superior

cerebellar peduncle.

Cortical and Central Connections.—The troclilear nucleus is directly connected with the

cerebral cortex by fibres which descend from the inferior frontal convolution through the corona
radiata, the internal capsule and the cerebral peduncle and cross to tlie nucleus of the opposite

I'lG. 1053.
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side. By means of the posterior Iong;itudinal 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.—Emerging at its superficial origin, the ner\'e is

directed outward o\'er 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 (Eig.

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
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the external rectus imiscle aiul, directed medially, crosses above the le\ator palpebrae

superioris and superior rectus and reaches the superior oblique, which it enters on
the upper surface close to the external border (Fig. 1056).

The communications of the trochlear nerve, as it courses in the wall of the

cavernous sinus are : (i) lilaments from the carotid symi)ath(.-lic plexus; (2) libres

of common sensation from the ophthalmic division of the liflh.

•« Variations.—The ctmrse of the troclilear nerve is so'nielinies llir(niii;li instead of ()\er the
levator palpehne superioris. Unusual branches to sensory nerves, as tiie frontal, sui)ratroch-

lear, the infratrochlear and the nasal, are probably due to the aberrant course of sensory fibres

from the trifacial. The fourth nerve occasionally sends a branch to the orbicularis palpebrarum.

Tin-: TRIGEMINAL NERVE.

The fifth, trigeminal or trifacial nerve ( n. trifjcminus), the largest of the cranial

series, is a mixecl nerve and consists of a large scyiso)y part (i)ortio major) and a

much smaller motor portion (portio minor). The former suj)j)lies 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-i)harynx 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 convey 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 sensory fibres soon come into relation with the extensive trigeminal reception-

nucleus, a columnar mass of gray matter within the lateral part of the tegmentum (Fig. 935).

This nucleus extends from the middle of the iwns through the entire length of the medulla and

into the spinal cord as far down as the level of the second cervical 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 the 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. irigemini), 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 gives o(T collaterals aiui lil)res tiiat bend medially, enter the adjacent substantia j^el-

atinosa and end in arborizations around the recei)tion cells of that nucleus. Since the number of

fibres is thus progressively reduced durinjj^ the descent of the spinal root, the tract is tajiering,

becoming smaller and smaller as it approaches the spinal cord until within the u|)per part of the
latter, at abt)Ut the level of the second cervical nerve, it linally disai)pears. \n its descent through
the brain-stem the spinal tract becomes more and more superficially jjlaced, in the lower part of

the pons lying to the inner side of the restiform body, separated from it by the vestibular division

of the auditory nerve, and lower, in the lateral area of the medulla, occui^ying a position close

to the surface as it rests upon the expanded gelatinous substance of the tuberculum Kolandi.
The central connections of the sensory part of the trigeminus (l""ig. 1054), by way either of

the ct)llaterals of the lii)res of the si)inal root or of the axones and collaterals of the axones of

the reception neurones, are undoubtedly very extensive, since tlie impulses collected by this

important nerve are widely dispersed. The most important paths for such distributions are :

1. By axones that pass, as arcuate hbres, from the cells of the receiHion-nucleus across the

raphe to join the opposite mesial fillet

and ascend to the optic thalamus and FiG. 1054.

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 nuclco-cerebellar 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

Diagram showing relations of trigemiii.-il root-fibres to nuclei

within brain-stem; GG, Gasserian ganglion with divisions (/,

//, ///) of sensory part of nerve ; SR, MR, sensory and motor
roots ; 5', sensory nucleus ; SG, substantia gelatinosa : Sp.R, spi-

nal or descending root ; F, mesial fillet ; Cb, nucleo-cerebellar

fibre : M, motor nucleus ; MsR, mesencephalic root ; Sf, sub-

stantia ferruginea ; CB, cortico-bulbar fibres.

placed nuclei of the motor parts of

the other mixed cranial nerves—the facial, the glosso-pharyngeal and the vagus.

1. The largest contingent of the motor fibres of the trifacial nerve arise as axones from the

neurones within the chief motor nucleus (nucleus masticatorius) (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 tlie mesencephalic root is

joined by numerous fibres which have tlK-ir orij^in in the pijjmented cells of the substantia ferru-

ginea (paj^e 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 consohdated into the motor root of

the trii^eminal nerve, whose superficial origin (V'l^. 1046} is just above that of the

sensory root, from whicli it is sci)arated by some of tlie superficial transverse fibres

of the ]M)ns. Leaving*- the side of tiie pons, the motor root follows the same course

to and through the dura mater as does the sensory, to the inner side of which it lies.

It eventually passes beneath the (iasserian c^ani^lion to become exclusively an

inteecral portion of the mandibular division of the trij^eminal.

The cortical connections of the motor root are established by filires that arise from cells

within the cortical jjray matter of the lower third of the precentral convolution. Thence, as

constituents of the pyramidal tracts, they descend throu.y;h the corona radiata, the internal cap-

.sule and the cerebral peduncle into the pons, where, for the most part after decussation, they

terminate in end-arborizations around the radicular cells of the motor trif^eminal nuclei.

The Gasserian Ganglion.—The Gasserian ganglion (ganglion semilunare

[Ciasscri]) (Fig. 1055) is an important complex of nerve-fibres and cells, which lies

in a slight depression on the

apex of the petrous portion of

the temporal bone. In shape
it is a flattened crescent with its

convexity forward, measuring

Fig. i<js=

Optic
nerve

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 McckeV s space (cavum
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 of? from the anterior margin, tlie

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.

Gasserian
ganglion

Gasserian ganglion of left side viewed from above; sensory and
motor roots and three divisions of trigeminal nerve are seen.

Communications.—At its inner side the Ciasserian 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-

thahniCy the viaxillary and the mandibular ner\es. They arise from the anterior
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nianrin of the Gasserian j^aiij^lion, tlic formation of the niaiulihular nerve heinj^ com-

pleted by the accession of the motor root of the trijL,aininal.

I. The Ophthalmic Nerve.—The o])hthahiiic nerve (n. oplitlialniicus) (¥i^.

1056), the smalKsl of the three cH\isions, is ])urely sensory and suppHes the upper

evcHd, the conjunctiva, the eyeball, the lachrymal t^land, caruncle and sac, the fore-

head and anterior part of the scalp, the frontal sinus and the root and anterior i)or-

tion of the nose. It arises from the anterior mar^^in of the Gasserian ganglion and

passes upward and forwartl for about 25 nun. in the external wall of the cavernous

sinus, lying below the fourth nerve. Reaching the sphenoidal fissure it breaks up

into its terminal branches, whicli pass through the fissure into the orbit.

Branches and Distribution.—The branches of the o])hthalmic nerve are:

(i) the recurrent, (2) the eo)U)uj(uicatini^, (3) the lachrymal, (4) \.\\Kt frontal, and

(5) the nasal, of which the last three are terminal branches.

Fig. 1056.

Supratochlear iicrvf

Nasal nerve

Olfactorj- bulbs

3Uoerior oblique muscle

IV. nerve

Cut edge of bone

Optic nerve

\ /

Optic chiasm— '7

»ntemal carotid arteo'

Optic tract M^
VI. nerve' 'i^-

III. nerves

Cerebral peduncles

Supraorbital nerve

Lachr>-mal f,Oancl

Levator palpebra: superioris

Superior rectus

Frontal nen-e

External rectus

Lachrymal ners'e

Ophthalmic di\-ision of V. ner\"e

Maxillary division of V. nerv'e

Mandibular division of \'. r4er\-e

Gasserian ganglion

Meatus auditorius internus

VII. ner^-e, motor part

>^Pars intermedia

VIII. nerve

Roof of right orbit has been removed to expose bratiches 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 shordy 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

of? before the ner\e 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 ner\-e 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 orbital muscles 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 lachrvmal 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 communicatifjns between the

terminal tibres of the fifth and seventh nerves.

Variations.—Occasionally the lachrymal nerve seems to be partly derived from the troch-
lear ; tlic true source of such fibres, ht)u ever, is i>robabIy the ophthalmic nerve, by way of its

communicating branch to the fourth. Considerable variation is foiuid in connection with the
temporal branch of the temporo-malar nerve. 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) (Vig. 1053; is the larj^est branch of the

ophthalmic. It enters the orbit, invested by its own dural sheath, through the

sphenoidal fissure and above the orbital muscles and pa.sses directly forward between
the periosteum and the levator palpcbrce superioris. At a variable point, usually

about the middle of the orbit, it divides into its terminal branches, the (a) supra-

trochlear and {b) 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 upj>er inner

angle. Near the pulley it gives off a branch which joins the infratrochlear (Fig. 1057) and at

the edge of the orbit supplies filaments (nn. palpebrales superiores) 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 (n. supraorhitalis) (Fig. 1056) 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 e.xtends 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 nerve 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,
tiamed by Henle Xht::frontal 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 e.xternal rectus and between
the superior and inferior divisions of the oculomotor nerve. 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 ca\ity, 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) ihe gang-lion ?'r, (b) the long ciliary, (c) the infra-

trochlear, {d) the internal nasal, (r) the external nasal and (
/') the anterior nasal, of

which the last three are terminal branches.

a. The ganglionic branch (radix longa) (Fig. 1057) usually leaves the nerve between the

heads of the external rectus and pa,sses forward along the outer side of the optic nerve to enter

the upper posterior portion of the ciliary ganglion, of which it forms the sensor}- or long root.

b. The long ciliary brandies (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

nerxes, pierce the sclerotic coat of the eye to be distributed to the iris, ciliary muscle and cornea.
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c. The ittfratrochhar ncric (n. iiifniiniclilcaris) (Fiji. 105S) runs forward along the inner

orbital wall and beneath the superior obliciue muscle and its pulley to the inner end of the pal-

pebral fissure, where it terminates. Near the pulley it receives a filament (the supratrochlear;

from the frontal nerve. It supplies the skin of the upper eyelid and root of the nose, as well as

the conjunctiva and the lachrymal caruncle and sac.

(/. The internal 7iasal or septal branih (rr. incdiales) [V'v^. 104.S) supjilies the mucous mem-
brane of the anterior portion of the septum.

c. The external fiasal branch (rr. laierales) (Fig. 1047) supplies the front part of the middle
and inferior turbinate bones and outer wall of the nasal fossa.

/" The anterior nasal braneh (r. nasalis extremus) passes downward in a groo\e in

the under side of the nasal bone and then between the lower end of the nasal bone and the

Kic. 1057.

Superior obliq\ie niiiscle,

.menial rectus imiscle.

iiilratrochlear br. of nasal-

Xasal nerve

Olfactory bulbv

Levator palpebrte superi-
oris, inverted

III. nerve, superior
division'

frontal nerve

Optic ner\-e

Internal carotid artery-

III. nerve

Pons displaced backward

f^ "V'^'S-
"Lachrynial gland

Cerebral peduncle-

Levator palpebnt siiperioris

Superior rectus

'T^'erve to inferior oblique

^External rectus muscle

Ciliarj" ganglion

-Nasal nerve

Lachrynial nerve

-Maxillary division of V.

t^'iiW
—
YT^ Ophlhalniic division of V

' ':/'' J .; Mandibular division of V

a-sserian ganglion

VII. nerve

VIII. nerve

Deeper dissection of right orbit, viewed from above ; branches of nasai nerve shown

upper lateral cartilage of the nose, finally emerging from under cover of the compressor naris

muscle. It supplies the skin of the fore-part and tip of the nose.

Variations.—The nasal nerve may send branches to the superior and internal recti and
levator palpebree superioris muscles. In one case a small ganglion connected with the nasal
nerve sent fibres to the third and sixth nerves. Instances are recorded of absence of the
infratrochlear branch, the deficiency being supplied by the supratrochlear. Branches to the
frontal and ethmoidal sinuses are described as being given off in the anterior ethmoidal fora-

men, and a branch has been found which passes through the posterior ethmoidal foramen to

supply the sphenoidal and posterior ethmoidal sinuses. The latter has been called by Luschka
the spheno-ethmoidal and by Krause \hQ posterior ethmoidal branch.

The Ganglia associated -with the Trigeminal Nerve,—Four small g^anglia

are connected with the extracranial portion of the, fifth ner\e. They are the ciliary, the

spheno-palatine, the otic and the submaxillary. The ciliary ganglion is associated
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with the ophthahnic nerve, the spheno-pahitine with tlie maxiUary and the otic and

submaxillary with the mandibular. Each is the recipient of three roots—a motor, a

sensory and a svinpat/niic—antl from each tranglion branches are ^ix'en ofT 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 sIkjwu by the

investigations of Retzius, KoUiker 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 deri\ations of the early Gasserian ganglion is in accord with the mode

of origin of the symi)athetic ganglia elsewhere (page 1013).

Fig. 105S.

Internal carotid artery

I\'

Cerel'ral peiluncle

Levator paljielirae siiperioris

Superior oblique muscle

Laclirymal gland

Superior rectus muscle

Long ciliary branches c.f nasal nerve

Ext. rectus, insertion

Inferior oblique muscle

Middle cerebellar
peduncle

Gasserian ganglion

Ext. rectus muscle

VI. nerv

Ganglionic branch of nasal

Ciliary gangl;

Short ciliary nerves
Rrnmhtr, inf. oMi.ii.e

Inferior rectus nuis<.le

Dissection of riglit orbit after lenioval of its lateral wall; external ami superior eye-muscles have been cut and
displaced to expose ciliary ganglion and nerves.

The Ciliary Ganglion.—The ciliary, oplitliahnic or Iciiticula) ganglion

(n. clliare) (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 orbit on 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 chief!v 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. The motor

or short root (radix brevis), the thickest of the roots and sometimes double, is an off-

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 sensory or hns;- root (radix lonya) 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. '\\\c. sympathetic root {x\y.^vs.
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media) is a liny tilaiiu'iit which arises from the- caxernous plexus and runs forwartl to

enter, either alone or with the sensory rocjt, the upper posterior an^le of the j^anjji^licjn.

Branches.—These are the short ciliary nerves (nn. ciliarcs breves). They
nunilier from four to six and by division are increased to twelve or twenty before

reaching the eyeball (Fig. 1058). They arise as two fasciculi from the upper and
lower anterior angles of the ganglion and pass forward above and below the oijtic

nerve. The lower set is the more numerous and on its way forward is j(jined 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 and the

other above the entrance of the optic nerve, they pass forward in grooves on the

inner surface of the sclerotic to supply the choroid, iris, ciliary muscle and cornea.

The short ciliary nerves incliule three sets of filires : (i) Sympathetic fibres destined for

the walls of the blood-vessels and tlie radial (dilator) muscle of the iris ; these are links in the

chain made up of {a) white rami conuuunicantes from the ui:)per thoracic spinal nerves to the

cervical gan;4liated cord, and {d) the axones of neurones within the sympathetic gan}j;lia. (2)
Fibres supplyin.^- the ciliary muscle and the circular (sphincter) muscle of the iris, which, while

in a sense the continuations of the oculomotor nerves, are immediately the axones of the stellate

sympathetic neurones within the ciliary s;ano;lion. (3) Trigeminal fihres which transmit sensory

impulses from the interior of the eyeball, in conjunction with the long ciliary nerves.

Variations.—The motor root occasionally bifurcates hefore it reaches the ganglion. As
noted abo\e, the sensory and sympathetic roots frequently form a common trunk of entrance
into the ganglion. Occasionally the ganglion is very small, due possibly to tlie scattering of its

constituent neurones among the nerves connected with it (Ouain). 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 ganglion. The sympathetic root may be multiple, a condition held by some to be
normal, some of the fibres accompanying the oculomotor nerve.

II. The lAaxillary Nerve or s2(perior 7nax///ary ^z^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

convex 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 off 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 reciirrc7it ; within the

spheno-maxillary fossa, (2) the spheno-palatine, (3) the posterior superior

dental ixwd (4) the teniporo-malar ; in the infraorbital canal, (5) the middle

superior dental and (6) the a?iterior siiperior 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. raeninseus) is given ofl[ 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.

106 1) 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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inlet 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. alvcolaris superior posterior)

(Fig. 1060) is frequently double. It passes downward and forward with the posterior

dental artery through the plerygo-ma.xillary fissure to reach the zygomatic surface of

the ma.xilla. 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 ple.xus (plexus deiitalis siiperidr; (I'ig. 1059; with the middle and anterior

superior dental nerxes.

Variation.— In tlie absence of tlie buccal Ijiaiicli of tliu filili, the posterior sui)erior dental
has been observed to be of large size and to assiinit- the distribution of the buccal.

4. The temporo-malar or orbital nerve (n. zy^omaticus) (Fig. 1053) after

arising from the ma.xillary passes from the spheno-ma.xiliary fossa into the orbit

I"iG. 1059.

OiaKraiii sliowiiiK plan and connections of second and third divisions f)f triKeniinus and their KanKlia.

through the spheno-maxillary fissure. It courses along the e.xtcrnal orbital wall and

divides into a temporal and a malar branch. The temporal branch (n. zygomaticotcm-

poralis) after inosculating with the lachrymal nerve passes through the sjjheno-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 malar branch (n. zyuomaticofacialis) 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 nerve may pass throusjh the malar bone before it divides, both branches

may pass separately tiirough canals confined to the malar bone, or the temporal branch may pass
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through the spht-no-niaxillary fissure. Either branch may be absent or smaller than normal, the
other branch sup[)lyinj; the deficiency. The malar may be replaced in its distribution by the

infraorbital and the temporal may be substituted or augmented by the lachrymal.

5. The middle superior dental nerve (r. alveolaris superior mcdius) leaves

the ma.xillary in the posterior part of the intraorbital canal. It occasionally arises

from the anterior superior dental. It passes down in a canal in the outer wall of the

maxillary antrum and after forminm' a plexus witli tlie otlier two dental nerves supplies

the premolar teeth.

6. The anterior superior dental nerve (r. alveolaris superior anterior) is the

largest of the three suj)erior denial nerves. It arisi'S from the maxillary just before

the exit of the latter at the infraorbital foramen and descends in a canal in the

anterior wall of the antrum. It gives of^ a nasal bratich, which enters the nose

Fig. 1060.
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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 plexus, 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 I 'alentin, 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 enlargements is a true ganglion, being without nerve-

cells and consisting of interlacing bundles of nerve-fibres.
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7. The inferior palpebral branches (rr. i>al|»cl)ialcs infcriorcs) (I'i^. 1060)
usually two in number, arc the suialk-st of the terminal branches. They pass upward
from the infraorbital foramen, pierce the orij^in of the lexator labii su])erioris, jiass

around the lower margin of the ori)icularis palpebrarum and sup])ly tin- conjunctiva

and skin of the lower eyelid.

8. The lateral nasal branches (rr. nasalcs cxtcrni; (Fig-. io6o), from two to

four in number, pass inwartl untlc-r the le\ator labii suj^erioris aUecjue nasi and supply
the skin of the side of the nose.

9. The superior labial branches (rr. labialcs supcriorcs) (P'ig. 1060), two to

four in luunber, are the largest of the terminal l)ranchcs. They pass downward
under the le\ator labii superioris antl, after supplying the anterior portion of the

skin of the cheek, terminate in the mucous membrane and skin of the upjjcr lij).

The last three branches inosculate freely under the lex-ator labii superi<jris with
the infraorbital branch of the facial, formings the infraorbital plexus (Fig-. 1068).

The Spheno-Palatine Ganglion.—The spheno-palatine ganglion (y. sphcno-

pulatinutn), alst> knt)wn as Mcckti' s, the sphctw-maxillary or the nasal gajiglion, is a

small triangular reddish-gray body, with the ape.x directed posteriorly, situated in

the upper portion of the spheno-ma.xillary fossa. It is fiat on its mesial surface,

and convex on its lateral, and measures about 5 mm. in leng^th. 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-fibres in which
are embedded numerous stellate sympathetic neurones.

Roots.—The soisory 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 nerve 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 i^ass to a limited extent 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 (n. pctrosus 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 F'allojiii 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 pterygoidci [Vidii] ) (Fig. 1061J, which traxerses 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 Vidian nerve 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 k'vator palati

and azygos uvulie muscles, some of the facial fibres are especially destined for glandular struc-

tures. Such fibres are prol)ably interrupted around the stellate cells of the spheno-palatine

ganglion, the axones of which then complete the paths for the secretory imjiulses. The sensory

constituents of the great superficial petrosal ner\e are, perhaps, of two kinds : {a) fibres from

the cells of the geniculate 'ganglion of the facial to tiie 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 S])heno-paIatine ganglion. Many of its fibres end in ar])orizations around

the stellate spheno-palatine cells, from which, in turn, axones pass to l)]ood-vessels and glands

by way of the ganglionic branches of distribution.
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Branches.—The hraiKhcs of distribulion of the sijhcno-palatine ganglion are
conveniently s4rou[)etl into tour sets : (i) the ascou^ins^-, ( 2j the (irsccndhiir, (3) the
iiitirna/wwiX (4 J \.hv poslirior.

1. The ascending or orbital branches (rr. orbitalcs) {V\y[,- 1059) arc two or

three liny tihunents, which jxiss into the orbit throuj^h the spheno-niaxillary fissure and,

after traversini>; the i)Osterit)r ethmoidal canal or a small special ajierture, are distrib-

uted to the sphenoidal and posterior ethmoidal air-cells and the periosteum of the orbit.

2. The descending branches ( nii. palatini) (Fij^^ 1059) are three: (a) the

largt posterior palatiiu\ (/;j the s)nall posterior palatine, and (c) the accessory pos-

terior palatine nerves.

a. The largeposteriorpalatine nerve (n. palatinus anterior) leaves the spheno-maxillary fossa

by means of the large jjosterior palatine canal, liiroui^h which it descends to the inferior surface

of the hard palate. While in the canal it gives of? one or \.\\o 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 nerz'e (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 uvulte 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 supcriores) (Fig. 1059) pass

from the spheno-maxillary into the nasal fossa throupfh the spheno-palatine foramen.

They are : (a) the posterior superior ?iasaI a.nd (d) the naso-palatine nerve.
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a. The posterior superior nasal itcrvc (rr. l.itenilcs) siii)i)lii.s iIk- nuiccjus iiiL-ml)raiiL- of the

posterior superior portion of the outer wall ot the nasal fossa.

b. The naso-palatiuc nerve (n. n;iso|)alaiinus) (Fij^. 1059) crosses the roof of the n:isal

chamber and passes clownuard and forward in a jjroove in the vomer and septal cartiiaj^e to

reach the anterior palatine canal. It then passes throuj^h the foramen of Scarpa, tiie left nerve

throuij:h the anterior and the right one throuj;h the posterior canal, the two nerves forminjf in

this situation a fine plexus. Havinu; reached the inferior surface of the hard palate, the naso-

palatine inosculates with the larj^e posterior palatine nerve. It supi^lies the roof and septum of

the nose and that portion of the hard palate which lies posterior U> the incisor teeth.

4. The posterior branch (Fi^'. 1059J also known as the pharyns;tal or

ptcrygo-palatinc , leaves the spheno-maxillary fossa throuj^h the pteryg^cj-palatine

canal and supplies the mucous membrane of the naso-pharyn.x in the region of the

fossa of Rosenmiiller.

Variations.—Branches of the gan.u:lion have been described as passing to the al)ducent
nerve, to the ciliary .^anj^lion and to the oi)tic nerve or its sheath. The accessory posterior
palatine nerve is sometimes absent. Ouite frecjuently the left naso-palatine nerve passes
throui^h tlie posterior foramen of Scarpa and the right nerve through the anterior.

III. The Mandibular Nerve.—The mandibular or /;(/r;7(?r wa,r///a;3' branch
(n. maii(lil)ularis) of the trigeminal nerve is the largest of its three divisions and, being a

mi.\ed nerve, consists of two jxtrtions, 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 motor part 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 -a 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 internal pterygoid 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. ptcrygoideus internus) (Fig. 1059)
passes downward on the mesial side of its muscle and, in addition to supplying the

pterygoid muscle, gives of? the motor root of the otic ganglion and filaments to the

tensor tympani and tensor palati muscles.

The Anterior Division of the mandibular nerve (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: (r) the masseteric, (2) the external pterygoid
, (3)

the deep temporal and (4) the buccal nerve.

I. The masseteric nerve (n. massctericus) (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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iiiilch of tlu' iiiandihK' lo t'liU-r tin- posterior portion of tlio mesial siirfarc of the
massctcr. It supplies one or two lilaiiunts to the teinporo-niaiulihular articulation.

2. The external pterygoid nerve (n. |itcrv«oi(lcus cxtcrmis) (Vi{r, 1063),
usually takes its orij^in as a coninion trunk with the buccal ner\e. It enters tlu'

deep surface of the external pteryyoicl.

3. Till' deep temporal nerves (1111. Icmporalcs profundi anterior ct posterior)
(Fig. 1063), are usually three or two in number. The a/z/cr/or accompanies
the buccal nerve between the heads of the external pterygoid, after which it passes
upward to sup])ly the anterior i)ortion of the temporal muscle. The viiddle passes
outwartl across the ujjper margin of the external pterygoitl and then upward close
to the bone lo enter the deep surface of the temporal muscle. It often fuses with
either the anterior or posterior deep temporal, thus reducing the number of temj)oral

Fig. 1062.
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nerves to two. The posterior frequently accompanies the ner\'e to the masseter for

a variable distance, after which 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. 1063) is purely sensory. It

arises in common with the external pterygoid and anterior deep temporal nerves
and is accompanied by the latter between the heads of the external pterygoid.

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 lyin.i? 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
tlie Gasserian gan.i^lioii and emerge from the cranium through a special foramen situated between
the foramina rotuiidum and ovale.

The Posterior Division of the mandibular nerve is sensory, with the exception

of tile mylo-hyoid nerve. It pa.sses downward beneath the e.xternal pterygoid and,

after t!:i\ing of! the two roots of the auriculo-tcmporal nerve, terminates by di\iding

into the lingual and the inferio} dental nerve.

Branches.—These are : M) the auriculotemporal, ii) the lingual and (3)
the inferior dental.

1. The auriculo-temporal nerve ('n. auriculoteraporalis) (Fig. 1063) arises just

below the foramen ovale by two root.s 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 upward
through the parotid gland between the temporo-mandibular articulation and the external

ear. Emerging from the upper margin of the gland, the nerve passes 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 ineatal, (d)

the anterior auricular and {e) the superficial temporal. The last three are

terminal branches.

a. The articular branches 1 rr. ariiculares) are one or two delicate filaments which enter

the posterior portion of the tempcjr-maiidibular articulation.

b. The parotid branches i rr. paroiidei) pass to the gland; they arise either from the

auriculo-temporal or from its communicatin.^ filaments with the facial nerve.

c. The meatal branches (nn. meatus audiiorii extern!) are two in number, an upper and a

lower. They enter the 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. memhranae tympani to the tympanic membrane.

d. The anterior auricular nerves fnn. auriculares anieriores) , usually two in number, supply

skin of the tragus and of the upper anterior portion of the 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. lintjualis) (Fig. 1079) is the smaller of the

terminal branches of the mandibular ner\e. Lying internal and anterior to the

inferior dental nerve, it pa.sses 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 ner\e 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. linc;ualcs> pass upward through the muscles of the tongue to supply the mucous
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nu'UihraiK- of the anterior two-thirds of the (lorsiiin. Its flhres have their main
termination in the tihform and liuii^iform j)ai)ina'.

The lingual nerx-e communicates with the chorda tympani and tlie inferior

dental and in its anterior jjortion f(jrms loops with the hypoglossal.

3. The inferior dental nerve (n. alvcolarls inferior) (Fii;. 1063) is the larger

of the terminal branches of the mandibular. Lying posterior and external to the
lingual, to which it is connected by a small nerve strand, it passes downward and
forward under cover of the external pterygoid. Leaving the lower margin of that

muscli', it runs between the ramus of the mandible and the spheno-mandibular
ligament and enters the inferi(jr dental canal, along which it courses in company
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with the inferior dental artery, and supplies filaments to the teeth, as far as the mental

foramen. Here the ner\'e 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, (r) the vicisor

and (d) the vicnfa/, 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 subma.xillary 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 dental branches {xr. 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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(Iciualis inferior) wliich supplies filaineiits (u tlie molar aiul premolar leelii. one filament to each
fang, and the adjacent portion of the j^um.

c. The incisor branch (ii. alveolaris inferior anterior) is the smaller of the terminal divisions

and continues forward within the mandible the course of the inferior dental nerve from the

mental foramen to the mid-line. It supplies the canine and incisor teeth.

d. The menial nerve ( n. nientalis) (Fi<;. 1063) is much the hirger teniiiiKil

branch of the inferior dental. Emerginj^ from the mental foramen, it breaks up under
cover of the depressor anguli oris muscle into a nimibcr of filaments which supply the

skin of the chin and the inteti^ument and mucous membrane of the lower lip. It forms

a free commiuiication with the supramandibular branch of the facial nerve.

The Otic Ganglion.—The otic or Arnold' s i^auirlion (
o. oticum) (Fijj^. 1064 ) is

one of the two yaniilia associated with the mandibular nerve. It is a small flattened

l-"iG. 1064.

Ophthalmic division,V. nerve
Maxillary division. V. nerve

Gasseri.m nanylion, inf. sun'ace

nerve, sensory root

Otic ganglion

Br. to auriculo-temp. nerve

Int. pterygoid nerve

Br. to tensor palati—

—

Tensor palati. cut

Palate process of

palate bone

Int. pterygoid.

Hamulus of int.

pterygoid plate

nerve, motor root

Mandibular division, V. nerve

I. cut (tensor tympani
Br. from otic ganglion to

Cartilaginous portion of
lach. tube, cut
I'etrosa of temporal

Small snpcrf.
[Jftrosal nerve

Br. from ganglion to
chorda tympani

.Miildle meningeal
arter>- and plexus
Carotid canal outer,
Auriculotem- [wall
poral nerve

Lingual nerve

^ / Int. maxillary artery

Temporal artery

lixt. carotid artery

Styloid process

Otic fcaiiKlion and branches seen from mesial aspect, section of skull being not sagittal, but approaching
plane of long axis of petrosa.

body, of irregularly oval or stellate outline and reddish -i^ray color, and measures
about 4 mm. in its long'est or antero-posterior dimension. It lies just below the

foramen ovale on the mesial side of the mandibular nerve and covers or even 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 with 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 nerves fn. pctrosiis supcrficialis minor). The latter

establisli connection between the otic ganglion and the petrous ganglion of the glosso-

pharyngeal nerve l:)y 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

leaves 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 pe.ro-sphenoidal

fissure or through a special canal in the sphenoid bone, and joins the otic ganglion.
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Ry iiicans of tliesc connections and the l)ranches of distribution from the otic gang-
lion, secretory fibres are carried along with those ul the auriculo-teniporal (page

1244) to the parotid gland. The small superficial petrosal nerve also contains taste-

fibres, which pass either tt) 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 branch from the internal pterygoid nerve. The syvipathetic

root is represented Iiy one or two nerve-filaments from the plexus on the middle

meningeal artery. The ganglion also receives the spluiioidal branch from the Vidian

nerve.

Branches.—A number of delicate strands pass from the otic ganglion to adja-

cent nerxes. These so-called branches of distribution include : {a) two or more fila-

ments which join the roots of the auriculo-teniporal nerve and so convey secretory

fibres from the glosso-pharyngeal to the parotid gland, {b^ a communicating branch

I-^k;. 1065.
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to the chorda tympani and {c) another to the buccal nerve, {d ) a branch to the

internal pterygoid nerve, and {e) and (/) branches to the nerves supplying the

tensor palati and tensor tympani muscles.

The Submaxillary Ganglion.—The submaxillary ganglion (g. siibmnxillare)

(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, apparendy 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 sensory root is contributed by the lingual nerve ;
the vtotor root

proceeds from the facial by way of the chorda tympani and contains secretory fibres :

and the sympathetic root is derived from the adjoinin.g plexus on the facial artery.
_

Branches.—The branches of distribution include: (a) a number of fibres which

pass to the submaxillary gland, {b') others which are distributed to the submaxillary

duct and the mucous membrane of the floor of the mouth and (r) filaments which join



1248 HUMAN ANATOMY.

the linj^ual nerve ami, alter accompanying' it fur a short distance, are distributed to

the sublingual gland. The sensory fibres, processes of the (iasserian neurones, tra-

verse the subma.xillary 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 a.\ones pass to the ah'eoli of the sulima.xillary and sublingual

glands ; while other sym|xithetic filaments proceed, as the axones of stellate cells

either within the submaxillary or a more remote sympathetic ganglion, to suj^jjly the

glanthilar tissue antl ducts, as well as to accompany 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 involve all three di\'isions

of the nerve. It rather attacks one or two divisions, or only a l)ranch of one, the

first and second divisions being most frecjuently 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 di\ision 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
excised 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 di\'ision, 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 difficulty 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 mav 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 off.

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 piimarily shifts from one branch to an-

other, indicating an extensive central involvement, the Gasscn'a)! t^anglion must be
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removed or the sensory root resected. The skull is opened in the temporal rej^ion

and the unopened dura (unless unavoidably torn) is separated inward from the floor

of the skull until tlie ganglion, lying on the ape.x of the petrous portion of the

temporal bone between the two layers of the dura, is exposed and removed. The
middle meningeal artery is especially exposed to rujjture as it comes through the

foramen spinosum. A possible source of even more dangerous hemorrhage, how-
ever, is the cavernous sinus, with which the ganglion is intimately associated.

Trophic changes in the eye are liable to occur from damage to the first division of

the nerve.

The lingual nerve is sometimes divided in jiainful conditions of the tongue, as

in cancer. It is easily reached in the floor of the mouth as it is i)assing 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 part 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 abducent 7iticleus

(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 striae acusticae, 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 controlling 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 flat 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. Leaving 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 cavernous

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 al)sent on one side, the external rectus being siii)phe(J by
a branch fruin the oculomotor. It may have its superficial orij^in 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 NKRVE.
The seventh or facial nerve (n, facialis) is ;i mixed ner\e and consists of two

parts, a lar<L,^er motor and a smaller sensory. The former siii)plies with motf)r fibres

the muscles of expression, the extrinsic and intrinsic muscles of the external ear,

the stvlo-hvoid, the jiosterior belly of the diijastric, the jilatysma mvoides and per-

haps also the levator jxilati and the azy^os uvuhe. Certain of the motor fibres are

peculiar and as secretory fibres are destined for the supply of the submaxillary and
sublin_t:;^ual glands. The sensory part of the facial conveys i^ustatory fibres to the

anterior two-thirds of the tongue.

The sensory part is commonly known as the pars intermedia of Wrisber^ (n.

intermedins) which, instead of beinij a distinct nerve, may with i)ropriety be reg^arded

as the sensory portion of the seventh—a view stroni^ly supported upon morpholo^^i-

cal grounds. The sensory fibres are processes of the cells situated within the

''^ ^ Fig. 1066.

V 1

Brain-stem with nuclei of cranial nerves shown diaKrammatically ; motor nuclei and fibres are blue: sensory
nuclei and fibres are red. a, oculomotor nerve; <!>, trochlear nerve; c, motor part of trigeminal nerve; rf, sensory
part of trigeminal nerve; <", spinal root of sensory part of trigeminal nerve ;y", facial nerve; g, abducens nerve; A,
vestibular portion of auditory nerve; i. cochlear portion of auditory nerve; j, glosso-pharyngeal nerve; k, vagus
nerve, showing also the nucleus ambiguus in black; /, hypoglossal nerve; ni. vagus portion of spinal accessory
ner\-e. (Posey and SpilUr.)

enlargement on the facial nerve known as X\\e genieulate gang/ion, which is situated

within the facial canal at the so-called kfiee. Passing through the proximal part

of the facial canal, the axoncs of the geniculate ganglion cells enter the craniuin

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 ner\'e.

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 the nucleus of reception,

which it shares with the glosso-pharyngeal and vagus nerves (page 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 pass to the mesial fillet of the opposite side, and
eventually, to the cerebral corte.x.



THI-: FACIAL i\I-:i<VE. 1251

The motor partis b\- tar the larger nf the two aiul constitutes Ijoth anatom-
ically and functionally the more important jjortion of the nerve. The deep origin
of the motor root is from the facial nucleus (Fig. 933), Jin oval collection of some
half dozen groups of large multipolar neurones, which measures about 5 mm. in

length, and is situated in the jiosterior pt)rtion of the tegmentum of the pons. It

lies within the formatio reticularis medial to the s]:)inal root of the trigeminal nerve

and, in its lower part, close to the fibres of the corjius trapezoides ; higher up it is

tilted dorsally and separated from these fibres by the superior oli\e, t(j the upper
and outer side of which it lies. Although the facial nucleus is situated close to the

superficial origin of the seventh nerve, the root-hbres instead of taking a direct

route to the \'entral surface of the brain-stem follow a devious course. The intra-

cerebral part of the nerve has been divided for convenience of description into a

radicular, an a.scending and an emergent portion.

The radicular portion consists of numerous loose fasciculi of root-fibres whicli arise from
the dorso-lateral aspect of the nucleus of origin and pass backward and slit^htly inward. Tlie

upper fibres stream over the dorso-lateral surface of the nucleus of the alxlucent nerve and then,

with the other fibres of tiie motor root, bend mesially along the floor of the fourth ventricle.

As they near the mid-line they turn sharply upward and assemble to form a solid strand, the

ascciidina^ pordoti of the seventh nerve. This upward course continues for about 5 mm. and in

this situation the nerve is separated from the floor of tlie fourth veiUricle, beneath which it runs

within the funiculus teres, only by the lining ependynia and lies immediately dorsal to the pos-

terit)r longitudinal bundle and mesial to the abducent nucleus. The nerve nt)w bends abruptly

outward at a right angle and enters upon the cinergeiit 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.

{a) While not beyond dispute, it is probable that a limited number of root-fibres are connected

with the facial nucleus of the opposite side, {b) The evidence adduced from clinical observa-

tions and pathological findings points to the e.xistence of a special group of cells from which

arise the fibres supplying the orbicularis palpebrarum and frontalis muscles. These fibres,

sometimes called the superiorfaciat nerve, may retain their functional integrity notwithstanding

the occurrence of paralysis of the other muscles supplied by the seventh nerve, {c) 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

tlie lips with those of the tongue, {e) 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 o\\\Q 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

se\'enth and eighth nerves part company, the facial entering the facial canal, whose

course it foUow^s 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 abrupdy 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 the 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 through
the parotid gland, and divides, just posterior to the ramus of the mandible, into

its terminal branches, the temporo-Jacial and the cervico-facial. The filaments of

these branches freely join with one another and form the fan-like parotid plexus
(plexus paroti(lcus), also called pes anserituis.

The geniculate ganglion
( jj;. };ciiicuU) is a small oval or fusiform thickening on

the facial nerve, at the point where it turns backward (jjcniculum n. facialis), and
contains unipolar neurones, whose axones form tlie sensory root of the facial nerve
and whose dendrites form the sensory fibres of dislribulioii of the se\enth.

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
appropriately regarded as branches of the facial nerve.

Branches and Distribution.—Within the facial canal, the facial nerve gives

off: (i) \\\it great superficial petrosal, (2) \\\q. branch to the tympanic plexiis, (3)
the external superficial petrosal, (4) the stapedial, (5) the chorda tympani and

Fio. 1067.

Diagram showing branches and connections of facial nerve within facial canal.

(6) the communicating branch to the vagus. The first three are closely connected

with the geniculate ganglion. Outside the facial canal arise: (7) ihe posterior auric-

ular, (8) the digastric, (9) the stylo-hyoid, (10) the temporo-facial ^nd (11) the

cervico-facial nerve. 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. pctrostis supcrficialis major) (Fig.

1062), 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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glosso-pharyngeal to form the small superficial petrosal and proceeds to the otic

Uanelion, which it enters as the sensory root (patje 1246). The fibres from the tym-

panic plexus, probably secretory in function, are distributed from the otic ^^anglion to

the parotid gland.
. ,, .

.
1

3. The external superficial petrosal nerve is very small and is not always

present. It joins the sympathetic plexus on the middle meningeal artery.

4 The stapedial nerve (n. stapedius), for the supply of the stapedius muscle,

is eivJn otT as the facial passes downward behind the pyramid in the posterior wall of

the tymi)anic cavity, the nerve gaining access to the muscle by passing through a

minute orifice in the base of the pyramid.

FlG. 1068.
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5. 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 postenus

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 chordae anterius to reach the pterygo-maxiUary

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 and probably eventually

end as secretory fibres to the submaxillary and sublingual glands. The sensory
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fibres of tlic cliorda tyinpani, on llic other haiiil, arc distributed to the mucous
membrane covering the anterior two-thirds of the side and dorsum of the tong^ue,

and are ]>robablv concerned in transmittiiisj;^ taste-impulses.

6. riie communicating branch to the auricular branch of the vagus
(r. anastoiiioticiis c. raino auriciilari ii. va<»i ) is i^iven off just above the stvlo-masttjid

foramen .iiul joins the auricular at the point where the latter crosses tlie facial canal.

7. The posterior auricular nerve 1 11. auricularis posterior) arises just outside

the stylo-mastoid lorainen. It passes backward and upw.ird between the external

ear and the mastoid process and divides into {a) an occipilal 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

antitray^icus of the intrinsic muscles of the auricle.

The posterior auricular nerve communicates with the auricular branch ol the

vagus, the small occipital and the great auricular nerxc.

8. The digastric branch (r. di^astricus) ari.ses from the facial below the pos-

terior auricular nerve and breaks up int(j 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. teraporofacialis) (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 e.xternal 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 temporal, (b) the wa/^rand (c) the infraorbital.

a. The temporal branches ( rr. temporales
)
pass upward and forward over the zygomatic

arch and supply the frontalis, the corrugator superciiii, 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 tiia/ar 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 with the parotid duct and supply

the lower part of the orbicularis palpel^rarum, 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

i7ifraorbital plexus (P'ig. 106S). The nasal and infratrochlear nerves communicate with the

infraorbital at the side of the nose.

11. Tlie cervico-facial division (r. ccnicofacialis) (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 fmally breaks up into three branches.

Branches.—These are : (a) the buccal, {b) the supraniandibidar and (r) the

inframandibular.

a. The buccal branch (rr. buccales) may be single or multiple, h 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 ner\'e.
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b. The siipra>nandibHlar hramh (r. inarKinalis niaiidiluilaris) passes foruarci between the
lower lip and the chin and snpphes tlie muscles of the lower li|).

Its tilanunts communicate wilii those from the mental branch of the inferior dental.
c. The iujnxmaudibular branch (r. colli) emerj^es from the lower margin <jf the parotid

gland and takes a downward course behind the angle of the jaw. Piercing the deep cervical
fascia, it passes forwartl in the neck and forms a series of loojis beneath the platysma myoides
as far down as the hyoid bone. It supplies the platysma myoides.

The nerve communicates witli the suiK-rlicial cervical branch of the cervical plexus.

Transverse facial artery

Branches of the facial nerve

Superficial
temporal artery

Practical Considerations.—The facial nerve may be the .seat of spasm (tic

convuLsif ) or of paralysis. The lesion may be central ov peripheral, the latter being
more common. When the spasm is confined to certain branches it usually invcjlves

the muscles about the eyes. If only the orbicularis is involved it is called blrbharo-
spasm ; if the adjacent muscles also are involved, spasmus nictitans. The facial nerve
is more frequently associated with sjjasm than any other in the body, except the
spinal accessory.

Facial paralysis is relatively common. If the central lesion—as a tumor, abscess
or hemorrhage— is limited to the facial centre in the corte.x, a monoplegia 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 escaping

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-

craiiial 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

atmospheric 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
flow 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 remain'^ 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, and whistling is impossible

because 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

ner\'e 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

auditorv nerve separates into two divisions, of which the superior and larger is the

vestibular nerve fn. vestibuli) and the inferior and smaller is the cochlear
nerve 1 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 Tfila 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 above the falciform crest and supply: (i) the tdricle,

(2) the superior ?a\A (3) the external semicirctdar canal. Not all the fibres of the

vestibular root, however, are included in vhese branches ; of the three branches given

off by the cochlear nen-e two, (4) those to the saccule and (5) to the posterior semi-

circular canal, are vestibular fibres incorporated with the cochlear, although seem-

ingly derived from the cochlear ner\e. The remaining branch of the cochlear nerve
contains the cochlear fibres proj^er, 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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Although the auditory nerve as a whole may be conveniently followed from the
brain to the ear, as has been done in the j^receding sketch, it is evident since its

fibres are sensory and therefore afferent, that they are the processes (axones) of

nerve-cells situated somewhere along the course

of the nerve. It is necessary, consequently, to '''^- '^''^

seek the real origin 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

impulses conveyed by each of these comjionents.

Peripheral, Central and Cortical Connections of

the Cochlear Nerve.—The true cochlear fibres arise

within the internal ear (cochlea) as axones of the

cells of the spiral ganglion or gatis^lion of Corli (g.

spirale) (Fig. 1071). This structure consists of a
series of bipolar neurones wliich occupies the spiral

canal in the base of the lamina spiralis. The dendritic

processes of these cells l^egin as fine fibrils which lie

in close relation with the neuroepithelial cells compri.s-

ing the inner and outer hair-cells of the organ of Corti.

Leaving the hair-cells as nonmedullated fibres, they

traverse the foramina nervosa of the labium tympani-
cum, at which point they become medullated. 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 parts 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 nucleus (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 irapezoides, 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 strict

(Fig. 918).

The corpus trapezoides, the conspicuous transverse tract that separates the tegmental from
the ventral region of the pons in its superior part, is formed 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 principally 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 bhie ; vestibular
rami are seen passing to ampullae of semi-
circular canals and to maculje of utricle and
saccule. X 20. (Streeter.)
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origin (Fig. 1079). Not all of the tihrts 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 reflex paths are established by
which the motor nerves, including probably the facial, are bnjught under the intluence 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 tillet are received from these 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 within the tuberculuni 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,
restiforni 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 : W^, auditory radiation ; TC,
temporal cortex; 7", thalamus; SC, semicircular canal; J^-', vestibule ; VG, vestibular ganglion; MV, median
vestibular nucleus; DN, lateral (Deiters') vestibular nucleus; Ki/, vestibulo-spinal fibre ; CiJ, cerebellum.

extent also of the axones of the ventral cochlear nucleus, which wind over the latero-dorsal

surface of the inferior cerebellar jieduncle, 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 stride follow the lateral fillet, since some after decussa-
tion turn brainward, possibly joining the mesial fillet, whilst others may enter the posterior

longitudinal fasciculus to assist in establishing reflex 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, which send their axones : (^) 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 ; {b) by
way of the striae 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 ia) to the cells within the inferior colliculus, or {b) without interruption

through the inferior brachium to the cells within the median geniculate bodv.
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Fig. 1072.

Floor of IV. ventricle

Superior cerebellar
peduncle

Inferior cerebellar
peduncle

Lateral vestibular
(Deiters') nucleus
Median vestibular
nucleus
Cochlear fibres

Dorsal cochlear nucleus

Descending vestibular
root

4. Neurones of the interior eoilic iilus ;iiul ot tiie median ti;eniculate body, whose a.xones

pass, as the aiiditoiy nniiaiioii, to tlie auditory cortical area within the temporal l(jbe of tlie

cerebnun. Altiiouijli the exact extent of the auchtory area is still uncertain, the most imjiortant

part of this centre incluiies the sui)erior temporal and tin- subjacent part of the middle temporal
convolution.

The cochlear fibres that ilo not iniderjjo decussation ascend through the lateral lillet of the

same side and eventually establish cortical relations with tlie corresi)ondin^ hemis])here ; from
the precedinj;- accoimt, however, it is manilVst that the aiulitory area is connected chielly with

the cochlea of the opposite side.

Peripheral, Central and Cortical Connections of the Vestibular Nerve.—7 he fibres f)f the

vestibular i)ortion of tiie autlitory nerve are the axones of tiie bipolar nerve-cells situated within

the small vestibular ganglion («. vestibulare) or Scarpa s gaiig/iuii, which lies at the bottom
of the internal auditory canal. The dendrites of these cells constitute the five branches of dis-

tribution of the vestibular nerve and pass throiit;h the various openint^s in the inner wall of the

bony labyrinth, in the manner above
described (page 1256), to reach the

specialized areas, the fnaculo' actisticcc,

within the saccule, the utricle and the

ampulK'e of the semicircular canals, where
the nerve-filaments 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 \\-ithiii 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 floor 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,

(a) 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 (rt) is known as the spinal vestibular nucleus (niic. spinalis n. vestibularis),

the .second i^b) as the median vestibular nucleus (nuc. mediali.-i n. vestibularis) . also as the chiej

nucleus or the triangular nucleus and the third {c) as tiie superior vestibular nucleus or the

Nucleus cuneatiis

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 corresiioncls with tin.- lateral vestibular nucleus (niic.

lateralis n. vesiibiilaris) or nucleus of Deitcrs. Thi- fibres of tlie (itscciidiii^ root end aroiiiui the

neurones within tiie spinal nucleus in a manner similar to that in which the C(jnstiluenls of the

spinal root of the tritjeminus terminate in relation with the neurones within the substantia

gelatinosa, whilst those of the ascendinjjf vestibular root end around the cells within the remain-
injj vestibular nuclei.

Althouijh nuich uncertainty and conllict of opinion exist as to the details of the secondary
paths by which the impulses carried by the vestibular lil)res are distributed, it may be accei)ted
as established that fibres pass from the nuclei of reception : (d) io the cerebellum (chiefly to the
roof nucleus ui the opi)osite side and, jjossibly, also to the nuclei jjiobosus and emboliformis)
as constituents of the nucleo-cerebellar tract, by which the impulses of ecjuilibration are carried
to the great coordinating centres, (/;) as arcuate fibres ventro-metlially 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 jc^n the median fillet to ascend to the optic thalamus. Other
connections of the nuclei include: (r) commissural fibres between Bechterew's nucleus of the
two sides, {(/ ) 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 that 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 coiirdinating infiuences 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 im]:)ortant contributions to the posterior longitudinal fasciculus

(page 1 1 17), by which the ve.stibular impulses impress tlie nuclei of the motor and, perhaps to a
limited degree, also those of the sensory nerves.

Practical Considerations.—The auditory nerve is rarely the seat of primary
disease. It is most frequently affected 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 ])crformed for relief frtim persistent

and annoying tinnitus.

THE GLOSSO-PHARYNGEAL NERVE.
The ninth or glosso-pharyngeal nerve (n. glossopharyngeus) is a mixed ner\e,

containing motor and sensory fibres, the latter including those transmitting the
impulses of the s]:)ecial sense of taste. The motor element is quite small and sup-
])lies only the stylo-pharyngeus muscle and secretory fibres to the ])ar()tid gland,
while the sensory fil)res are distributed to the mucous membrane of the middle ear,

fauces, tongue and ])harynx.

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, ninth, tenth and vagal part of the eleventh, which, with the exception of

the last named, are mixed nerves. The motor fibres of these ner\es differ from those
of the series of median motor nerves—the third, foin-th, sixth and twelfth

—

(a) in the
more lateral situation and less compact groujjing of their cells of origin and (fi) 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, vagus, and accessory part of the eleventh nerve will be here described.

The Motor Nuclei.—These include the root-cells within the dorsa/ nucleus
and those constituting the nucleus ainbii^uus. 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 elongated 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 jjart of the
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medulla to the level of the nueleiis gracilis. It lies iinmediately lateral to the lower
part of the median \-estibular nucleus and the upper part oi the hy|)oglossal nucleus,

its upper third Ix-inin covereil by the spinal vestibular nucleus and its lower third

overlyinj^- the hypoglossal nucleus. Its middle tiiird corresponds to thc/ozra vaj^i

(Fig. 949) and comes into intimate relation with the ventricular floor. When
examined in cross-sections (Fig. 928) the nucleus appears prismatic in outline and
is seen to consist of subgroups of cells, of which the median contains the larger and
more conspicuous elements and corresponds to the dorsal motor nucleus. The
remaining groups, the dorsal sensory nucleus, are comi^osed for the most part of

small irregular and often spindle cells, that receive end arborizations of afferent fil)res.

The nucleus ambiguus (nucleus vcntralis) consists of an ill-defined slender

column of large multi])olar cells, which extends from the level of the entrance of the

cochlear nerve at the upper border of the medulla to about the level of the beginning
of the pyramidal decussation, and
is best developed in its upper part. ^' '^- ^°73-

In transverse sections of the

medulla (Fig. 927), the tract is

distinguishable within the formatio

reticularis grisea, midway between
the dorsal accessory olixary

nucleus and the substantia gelati-

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 preced-

ing from the dorsal motor nucleus

to form the emergent root strands.

The Sensory Nuclei.—
The nuclei receiving 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, however, 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 the third, the vagus, adds fibres

that course within the lowest segment of the tract.

Diagram showing connections of root-fibres of glosso-pharyngeal
and pneumoicaslric nerves and of sensory fibres of facial ; sensory
fibres are black, motor ones red; y//, geniculate ganglion; /,V,
A', ganglia of ninth and tenth nerves; DN, dorsal nucleus; /^S,
fasciculus solitarius, accompanied by column of gray matter; /VA,
nucleus ambiguus; ^cK, accessory vagus (bulbar portion of AY);
AfJ^, 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 axones of the motor neurones situated
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uilliin lliL' dorsal nucleus and tlic nucleus ambiguus. 'I'lic iiiiuli nurvc shares lliese motor
nuclei to only a limited extent, such of its tihres as are elTerent arising from the uppermost part

of the cell-colunnis. Those taking (jrigin from the nucleus ambiguus pass at first toward tlie

floor of the fourth ventricle ; they then al)rui)lly change their direction jjy bending outward and,

joining the fibres arising from tiie dorsal motor nucleus, proceed ventro-lalerally through the

gray reticular formation, just ventral to or across the spinal root of the trigemiiuis, to emerge
at their superficial origin along the bottom of the postolivary sulcus, incorporated with the

afferent lii)res in the live or six root-fasciculi forming the entire ninth nerve. The cortical con-
nections of the motor fibres are established by cortico-bulbar lil)res that arise from cells situated

within the gray matter of jjrobably the lower part of the precentral gyrus. After traversing
the motor path 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 chiefly of the opposite side.

Fig. 1074.
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Spinal portions ofXL nerves

Interior aspect of base of skull, viewed from above and bebiiid, showiiijj particularly 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-jiharyngeal 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 afTerent 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 nirc/ia/ and a lateral. The
first and smaller of these continues its course to the dorsal sensory nucleus, around the cells

of which its fibres end. It is probable that the cells constituting the upper groups of the dorsal

sensory nucleus are particularly concerned in receiving the iminilses giving rise to gustatory

impressions, since the glosso-pharyngeal is recognized as the nerve of taste. Considering the

fact that the afTerent 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 seventli nerve may be regarded, at least functionally, if not from a morphological

standpoint, as an aberrant strand of the glosso-pharyngeal.
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The second and nuicli lai<;er j;roui) tnrns oulward and abruptly downward to form the
chief constituent of the spinal tract, the fasciculus solitarius. hi transverse sections (Fig. 927)
the hitler ai)pears as a conspicuous, compact, rounded l)undle, that hes lateral to the dorsal
nucleus and behind the strands of root-fibres. The solitary fasciculus is accompanied throuj^di-

out its course by a slender column of gray matter, which lies partly on the surface of the bundle
and partly amongst its fibres and contains numerous nerve-cells of small size which constitute
the recei)ti(.)n-station for the greater number of the afferent fibres of the ninth nerve. Since these
fibres are continually ending at dilTereiit levels in their descent, it follows that both the fascic-

ulus and its nucleus gradually diminish in size, until, at about the level of the sensory decussa-
tion, they are no k)nger distinguishable.

Course and Distribution.—Lea\'ing the superficial orlQ^in alon^ the groove
separatin«;- tlie olivary eminence from the inferior cerebellar peduncle, the isolated

root-fasciculi, about half a dozen in number and in series with those of the vagus,
assemble to form a single trunk, which passes outward in front of the flocculus of the

cerebellum to the jugular foramen. As it traverses this foramen, the glosso-pharyn-

FiG. 1075.

Diagram showing tympanic 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, x!i\&jugular 2a\^ petrous ganglia.

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, w'ith

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 nerve

tw^o 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 nerve.

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 nerve but only the

inferior portion, the fibres of the superior portion passing uninterruptedly over it.
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The petrous ganglion (y. pctrosum) is larj^er than the jui^uhir and involves

the entire nerve. It is oval or fusiform in shape, measures from 4-5 mm. in length,

and is lodged within a shght depression in the lower part of the groove for the

nerve in the jugular foramen.

The communications of the petrous ganglion include filaments (a) from
the superior cer\'ical ganghon of tlie sympathetic, ( /> ) to the auricuhu' branch of the

vagus and sometimes (c) to the ganglion of the root of the vagus.

Branches.—The branches of the glosso-pharyngeal nerve are: (i) the /j'm

-

panic, (2) ihc p/iarviii^fa/, (3) the niiiscii/ar, (4) X\\q fonsi/Ia)' Tiwd (5) the //f/q-ua/.

1. The tympanic nerve (n. tynipanicus) 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 antl forward in a groove on the promontory and breaks up in this situation

to form the tympanic plexus (plexus tynipanicus [Jacobsoni] ). After distributing

filaments to the mucous membrane lining the tympanic ca\'ity 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) \\\e small superficialpetrosal nerve^ (b) the branch

to the fenestra ovalis, (c) the branch to the fenestra rotnnda, (d) the bratich to the

Eustachian tube, (e) the branch to the mastoid cells and {/) the branch to the great

superficial petrosal nerve.

a. The small superficial petrosal nerve (n. petrosus superficialis minor) (Fi.u;. 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 branch to the Eustachian tube supplies the mucous membrane linuig the osseous
porti(jn of that canal.

e. The branch to the mastoid cells supplies the mucous lining of these cells.

f. The branch to the great supetficial petrosal nerve )o\ws the latter in the hiatus Fallopii.

2. The pharyngeal branches (rr. phar)'ngei) number two or more, of \vhich

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 u]:)per portion of the pharynx.

3. The muscular branch (r. stylophar)ngeus) 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. tonsillarcs") are given of? near the base of

the tongue. They are slender filaments which form a plexiform ramification, the

circidiis 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 supj^ly the circumvallate papilke and the mucous membrane covering
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the posterior part of the dorsum of ihc tonj^ue, the glosso-epij^lottic and pharyngo-
epiglottic folds and the Hnijual surface of the eiM.glottis. The smaller anterior branch
supplies the mucous membrane of the side of the tongue half way to the tip.

Fig. 1076.
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Deep dissection of neck showing ninth, tenth, eleventh and twelfth cranial nerves and their hranches.

Variation.—Instances are recorded in which the mylo-hyoid nerve was absent and a
branch of the glosso-pharyns^eal supplied the mylo-hyoid 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 accessorins vagi, the so-called accessory part of

the spinal accessory nerve. 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 the

exception of the rectum), and to those of the larynx, trachea, and bronchi and their

subdivisions. It distributes sen.sory fibres to the dura mater, external ear, pharynx,
oesophagus, stomach, larynx, trachea, bronchi and subdivisions and pericardium.

80
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Special fibres are furnished to the heart, liver, spleen, pancreas, kidneys, suprarenal

bodies and intestinal blood-vessels.

It is j^enerally admitted tliat tlie Ijulhar or accessory portion of tlie eleventh nerve forms an
integral ])art of llie motor division of tlie vagus, and, hence, should l)e inchided with tiie efferent

fihres of the tentli. As Xa tiie ultimate distribution of these accessory fibres, and conversely <jf

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 experimental. 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 tiie heart nor to the stomach.
The efferent vagus fibres jiroceeding to the heart are inhibitory in function ; whether they directly

reach the cardiac muscle is doubtful, since, reasoning from analogy, it is jiroljable that the vagus
fibres end around symi)athetic neurones whose axones are the filaments coming into inmiediate

relations with the muscle-fibres. Of the efferent fibres of the vagus dislril)Uted to the stomach
and other parts of the digestive tract, some are secretory, while others, jiossibly, 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 oi 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 fiu-

clciis ambigtius and the dorsal vwtor nucleus, in series with the motor fibres of the

ninth nerve ; the accessory fibres arise from the nucleus junbiguus 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 cf)mpact 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 postcro-latcral groo\'e 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 micleus ; those of the smaller set bend downward
and enter the fasciculus solitarius\o terminate in arborizations around the cells of

the spinal nucleus of reception. (P'or details of these nuclei see page 1260). As in

the case of the other mi.xed 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
fb ) 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 w'hich emerge
from the surface of the medulla along the postero-lateral sulcus between the olivarv

eminence and the inferior cerebellar peduncle. These fasciculi lie in series with

those of the ninth ner\e 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 xX^it ganglion of the root. Emerging from the jugular

foramen, the vagus bears a second thickening, ihe ganglion of tlie 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 between the common carotid artery and the

vein, occupying the posterior groove between these vessels. At the root of the

' Anatomie du Syst^me Nerveux, 1906.
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neck it Icaws tlu- caiolitl sheath and becomes an occupant ()f tin- thorax. Enterinjj;

the thoracic cavity the ner\e traverses first the sui)eri()r and then the posterior

mediastinum, its course differing' widely on the two sides.

The right vagus (Fig. 1090), after pa.ssing in front of the first portion of the

subcla\ian artery and behind the right innominate vein and the superior vena cava,

descends along the right side of the trachea to reach the posterior aspect of the root

of the lung. Here the entire nerve breaks up to form the posterior pulniouary

plexus^ which assembles at its lower border to form two cords. These pass inward

across the \ena azygos to the oesophagus and again break up to unite with a

similar contributit)n from the left side to form the cvsopha^^cal plexus (Fig. 108 1).

On approaching the oesophageal opening in the diaphragm, the fibres of the ple.xus

become reunited to form the continuation of the trunks of the two vagus nerves.

The right vagus, somewhat larger than the left, follows the posterior aspect of the

oesophagus and, after entering the abdomen through the oesophageal opening, is

Fio. 1077.

Diagram showinj; 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 plexus 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. jugulare) 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 ganghon include filaments which pass between the ganglion

and (a) tlie facial ami {d ) spinal accessory nerves, (<) the superior cervical ganglion of the

sympathetic nerve and u/i the petrous ganglion of the glosso-pharyngeal.

The ganglion of the trunk (14. nodosum) or lower ganglion (V\g. 1077)

is a redtli^h, tlatltned, fiisiforin .uroiip of nerve-cells. 1 1 lie-, l)cneath 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 passes over the ganglion on its way to fuse with the vagus, which it does

usually immediately beyond the ganglion.

The communications <»f this ganglion include filaments which pass between the ganglion

and (a) the hyjioglossal and ( /> ) spinal accessory nerves, ic) the IcKjp between the first and

second cervical nerves and 1 cf) the superior cervical ganglion of the sympathetic.

Branches.—The vagus nerve gives off the following branches: from the

ganglion of the root, (i) the meningeal and (2) the auriadar ; from the ganglion

Fio. 1078.
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Diagram of upper part of right vagus nerve, showing its pharyngeal and laryngeal branches with connections.

of the trunk, (3) the pharyngeal and (4) the superior laryngeal ; in the neck, (5)

the superior cervical cardiac, and (6) the inferior cervical cardiac ; in the thorax,

(7) the inferior laryngeal, (8) the thoracic cardiac, (9) the anterior pulmonary,

fio) the posterior pulmonary, (11 ) the cesophageal and (12) the pericardial : and

in the abdomen, (13) the abdominal.

Q^ 1. The meningeal branch fr. mcninucus) 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 (v. auricularis) is given of? from the ganglion

of the root. It recei\es a tilament of communication from the petrous ganglion

of the ninth ner\e 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 e.xternal auditory meatus.
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Leaving the canal the nerve supphes the skin of the posterior part of the auricle and
of the posterior inferior portion of the external auditory meatus.

While traversing the temporal bone the auricular nerve communicates with the facial and,

after reaching its area of distribution, witli the posterior auricular nerve.

Variations.—The auricular nerve may be al)st-nl or may fuse with the main trunk of the
facial, its fibres under these circumstances probably reaching their destination through the pos-
terior auricular nerve. Its branch of connnunication with the facial may be al)sent.

3. The pharyngeal branches ( rr. pharvnuci), usually an up] )er and a lower
hut sometimes more or only one, are given off from the upper portion of the gang-

fIG. 1079.
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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 ner\'e and from the superior cervical ganglion of the sympathetic to form the

pharyngeal plexus (plexus phaiynKeus) (Fig. 1078). This plexus contains one or
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more minute sympathetic j^aiiglia and ramifies over the middle constrictor of the

pharynx. It supphes motor fibres to the muscles of the jjharynx and of the soft

palate, w iih the exception of the stylo-pharyngeus and the tensor palati. From the

plexus ])rc)ceed sensory filaments to the mucous membrane of the pharynx. A
filament from this plexus, the liniiual branch of Ihc vagus ( r. liiiffualis vaui), com-

posed of fibres from l)()th the ninth and tenth ncr\'ts, joins the hypcjglossal as it

hooks around the occipital artery.

Variation.—A sleiKlcr hriuuli, the iiiiifd/e /aryn.i^i'a/ nrn'C, is descrilx-d as arising tiom llie

pliaryni^L-al plt-.xus and siiiiplyiii,"; llie crico-tliyToid muscle, after which it pierces the crico-

tliyroicl membrane and s;upi)lies the mucous membrane of the lower part of tlie larynx.

4. The superior laryngeal nerve ( n. laiyii<icus 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 cartilag-e. It dixides terminally into (a) \.\\q cx!cr?ia/ wnd (l>) internal

/arvntira/ branches.

Communications.—before cli\ idiii!^, llie superior lary>ii:;eal iicri'c receives filaments from

the superior cervical sympathetic cardiac and from tlie pharyno^eal plexus.

The cardiac twiij given (jfF by the external laryngeal nerve joins with the sujierior cervical

cardiac branch of the sympathetic. In the lower ])art of the larynx the external laryngeal nerve

inosculates with the terminal fibres of the internal laryngeal.

At the inferior portion of the larynx, the internal laryngeal nerve communicates with the

terminal filaments of the external laryngeal, and in this way supplies sensory fibres to the

nuicous membrane lining the lower part of the larynx and to the muscles.

Variation.—bistead of passing to the inner side of the internal carotid artery the nerve may
lie external to it.

a. The external laryngeal branch (r. cxtcrnus ), much smaller than the in-

ternal, passes downward uj)on the inferior constrictor of the pharynx 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 cerxical cardiac branch of the sympathetic.

Variations.—The external laryngeal has been seen to send filaments to the thyroid gland,

the pharyngeal ]:)lexus, the sterno-hyoid, sterno-tiiyroid. thyro-hyoid and crico-arytenoideus lat-

eralis muscles and to the mucous membrane of the vocal cord and lower portion of the larynx.

h. The internal laryngeal branch (r. internus), larger than the external,

passes downward and inward between the middle and inferior constrictors of the

pharynx and enters the larynx by piercing the thyro-hyoid membrane. By means
of its epiglottic, pharyngeal, descending and communicating branches, it supplies the

mucous membrane covering the internal and pharyngeal surfaces of the larynx and

the mucous membrane of the base of the tongue.

Variation.—bistead of ]>ierring tlie tiiyro-hyoid membrane the nerve may obtain entrance
to the larynx through a small foramen in the thyroid cartilage.

5. The superior cervical cardiac branch (rr. canliaci supcriorcs—both cervi-

cal cardiacs) arises from the vagus in the upper i)art 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 dec]5 cardiac plexus (Fig. 1132).

6. The inferior cervical cardiac branch leaves the vagus at the root of tlie

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 nerx'es, 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 j^lexus

(Fig. 1 132).

7. The inferior or recurrent laryngeal nerve (n. rccurrens) (Fig. loSo)

differs on the two sides in the early part of its course. The right nerve is given of? at
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the root of ihc neck as the vastus crcjsses the anterior surface f)f the subclavian artery,
from Avhich point it passes under and behind the artery and ascends. The left nerve
takes its orij^in as the vaijus crosses the anterior asjiect of the aortic arch, and after

passin_y below and behind the arch, lateral to the obliterated ductus arteriosus, ascends
in the superior mediastinum to enter the neck. After entering- the neck the further
course of the nerve is the same on both sides. It jiasses upward posterior to the
carotid sheath, either anterior or posterior to the inferior tlu'roid artery, occujjies the

1"k;. 1080.
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Dissection showing cardiac branches of pneumogastric nerves and of sympathetic cords ; aortic arch and branches*
and pulmonary artery partially removed ;

pericardium laid open.

groove between the oesophagus and the trachea, and, dipping 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 tlie two sides is

secondary and referable to the chano;es incident to the development of the large arterial trunks.

In the fietus both nerves hook around the fourth aortic arch of the corresponding sides and

are, therefore, for a time symmetrically disposed. Since, however, 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 primary 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 gi\es of? : {a) the

cardiac, {b ) the tracheal, (c) the oesophageal, (d) the muscular and {e) the terminal

branches.
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a. The cardiac branches i rr. c.'irdi.ici inferiores) are g^iven off in the superior mediastinum
and enter the deep cardiac plexus.

f) and (". Tracheal and oesophageal branches i rr. tracheales et oesophanei ) are given off as

the nerve ascends in the luck liLtueen the trachea and (esophagus.

J. Muscular branches enter tlie inferior constrictor of the pharyn.x.

e. The terminal branches ( n. larynncus inferior) are formed at the point where the ner\'e

breaks up on the inner side of tlie thyroitl cartilage. They supply the intrinsic muscles of the

laryn.x, with the exception of the crico-thyroid.

As it turns to ascend, the inferior laryngeal nerve communicates with the inferior cervical

ganglion of the sympathetic, its terminal filaments joining with those of the internal laryngeal.

Variations.—The inferior laryngeal nerve has been seen to supply twigs to the crico-thyroid
muscle. In cases in which the subclavian artery arises dorsally, the right recurrent
laryngeal passes directly downward and inward from the vagus to the larynx.

8. The thoracic cardiac nerves ( rr. cardiaci infcricircs) of the rii,^ht 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 e.xclusively from the inferior laryngeal. They
help to form the deep cardiac plexus.

9. The anterior pulmonary branches irr. hronchialcs anteriores) are two
or three small filaments which, on the right side, receive communicating fibres from

the deep cardiac plexus and, on the left side, are joined bv 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

lx)3tenor plexuses, and ramify over and supply the anterior aspect of the bronchus

and root of the lung.

10. The posterior pulmonary branches (ir. hronchialcs posteriores) are

several large twigs which join with filaments from the secc)nd, 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 i)lexus, bearing tiny ganglia,

follow the subdivisions of the bronchi to supply the ultimate units of the lung.

11. The oesophageal branches (rr. ocsophauci) are gi\en cjf? in two situa-

tions : in the superior mediastinum, where the right vagus and the left inferior

larvngeal distribute oesophageal branches, and in the posterior mediastinum, where
the oesophagus is surrounded by branches from the oesophageal plexus or plexus
gidcB (Fig. loSi). This plexus is composed of the two \agus 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 inner\'ated from this source.

12. The pericardial branches (rr. pericardiac!) are given off to the upper
anterior portion of tliat membrane by either \agus and to the posterior portion by
J;he oesophageal and frequentlv the posterior pulmonary plexuses.

13. The abdominal branches come from both nerves. On gaining the pos-

terior surface f)f the stomach after following the corresponding asjject of the oesopha-

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 cccliac 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 pneumoga.stric 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 Ixcn (it-lihcrately removed with success. In those cases in

which the nerve was cHxicled, cHfficulty in breathint^ and swallowing^, slfjwinjj^ of

the respiration, laryntjisnius, chanjj^es in the voice, diminished inspiratory murmur,
asthma and pneumonia were noticed (Park). In cases of pressure by tumors on
the pneumogastrics of both sides, lung cHsturbances, dyspnoea, weakening of the

pulse, and a ravenous appetite were observed.

Fig. 1081.
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Lesions of the recurrent laryngeal 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 larynj^eal muscles, with brassy cough and stridulous

breathing. The tendency to cl<«ure of the glottis is sometimes so threatening

as to demand immediate tracheotomy or intubation. I^aralysis causes hoarseness
or loss of voice (aphonia). In a bilateral paralysis both cords fall into the cadaveric
position. Loss of voice results and marked inspiratory dyspneea, which may demand
tracheotomy or intubation.

THE SPIXAL ACCESSORY NERVE.

The eleventh f)r spinal accessory nerve (n. acccssorius) is j)urely motor. It con-
sists of two portions, a spinal and an accessory, which differ widely in origin, course
and distribution. The spinal portion or acccssorius spinalis (r. e.\tcrnus) is so termed
because it arises from the spinal cord and the accessory portion or accessorins vagi
(r. interniis) receives its name in recognition of the fact that it is accessory to the

vagus. As emphasized in connection with the last-named ner\e (page 1266), the
so-called accessory portion of the elex'enth 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 nerve 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 ner\'e 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 cervical segment of the spinal cord. The cells of this column,
known as the accessory nucleus, occupy a dorso-lateral position in the horn, King
posterior to the cells from which arise the fibres of the anterior roots of the cervical

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 nerve
is marked by the emergence of a series of fasciculi along the lateral surface of the

spinal cord between the anterior and posterior roots of the cervical 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 ner\e-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. L'pon
reaching the side of the medulla, the spinal accessory 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 comi)artment 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 nerve. 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 of? filaments which unite with a branch from the second cervical

nerve to form the sterno-viastoid plexus (Tig. 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 \arving degrees
of intricacy with the third and fourth cervical ner\'es. This is called the

subtrapezial plexus ( Fig. 1082 ), its fibres of distribution supplying solely the

trapezius muscle.
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Variations.—Coiisickraljlf cleviali<Jii from llic- iiorinal has been described with regard to
the spinal iiortioii. Tlie lower limit ot its origin lias i)een observed as high as the third cervical
nerve and irom that level as far down as the lirst thoracic. in one instance the nerve left

the subdural space below the hrst cervical nerve and re-entered at a higher level. Quite fre-
quently it fails to pierce the sterno-niastoid muscle. In one reported case the nerve ended in
the sterno-niastoid, the trapezius being supplied only by tiie third and fourth cervical nerves.
Two similar cases have been observed in the dissecting room of the I'niversity of Pennsylvania.
Rarely it gives off a lilanieiit u hich joins tlie n. desceiidens cervicalis.

Practical Considerations.—Tlic spinal accessory ncr\e supplies the sterno-
cleido-iiKistoid and tiapc/ius imisclcs. A few fibres of the second and third cervical

nerves enter into the siippl\- of the sterno-niastoid, but the nniscle is almost com-
pletely under the control of the sj^inal accessory. The cerxical nerves take a greater
part in the supply of the trapezius, so that ])aralysis of the sjjinal 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 scapula toward the spine. In spasm of the sterno-niastoid, as

in "wry neck," the chin will be turned to the opposite side and elevated, while the
ear will look forward. If both sterno-mastoids are in contraction the chin will be in

the median line and will be drawn toward the sternum. Paralysis of one muscle will

produce a condition somewhat similar to that i)roduced by a spasm of the o{)posite

one.

The spinal 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 along 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 hypoglossal nerve (a. 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 trigotimn hypoglossi in the floor of the

fourth ventricle. The entire nucleus, however, is more extensive than the trigonum and
extends from the level of the strice acusticae 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 spina! 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 hvpoglossal 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 \entral portion

of the olivary nucleus ( Fig. 927).

The central connections of the hypoglossal nucleus include: («) crossed fibres from the

nucleus of the opposite side
;

{b^ 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 cranial nerves ; and (r) fibres which join the dorsal bundle of Schiitz, a system of

longitudinal fibres underlying the floor of the fourth ventricle and traceable upward beneath

the Sylvian aqueduct, but concerning whose destination and connections little is known.

The cortical centre of the hypoglossal nerve probably lies within the lower or opercular

extremity 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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nuciulla. The cortico-nuclear fibres tlan htiul dorso-medially and, f(jr tlic most i)art but
not entirely, cross the- raplie to enter tlie venlro-lateral surface of tlie liy|)ojjlossal nucleus of
the opposite side and end in arborizations around the root-cells.

Course and Distribution.—The hyiio.ulossal takes its superficial origin
from the siirhice of the Ijrain-stem in the form of from ten to fifteen slender fascicuh,
which emerge from the ventral surface of the medulla in the groove between the
oli\'ary eminence and the pyramid (Mg. 1046).

Fig. 1082.
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Deep dissection of neck sliovving branches of vagus, spinal accessory and hypoglossal ner\-es.

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 ]:)laced hypoglossal nerve
descends and hooks around the ganglion of the trunk of the vagus, to which it is

closely attached l)y connective tissue. It then takes a downward and forward
course between the internal carotid artery and the internal jugular Aein. Arri\ing
at the inferior margin of the posterior belly of the digastric, the nel^•e 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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uiuk'r the stylo-hyoitl and in\lc)-h)-()itl musck-s aiul (i\cr ihc h\-o-glossus (Fie. 1082).
It terminates by ijieicin^- the genio-hyo-glossus and breaking up into a number of
fibres fi>r the supply of the lingual muscles.

Communications.— Iinimciialtly after einerj;in^ from llic anteri<jr condyloid fcjrameii, (</)

a tiny l)ranch connects with the superior cervical j,^i"Jil'()n of the sympathetic, '^Zi) one or t\v(j

filaments jiass to tiie loop between the first and second cervical nerves and (r) several fibres
associate the nerve with the j;anglion of the trunk of the vaj^^us. At the jioint where the hypo-
glossal nerve and the occipital artery cross, (c/) the lingual l)ranchof the vagus joins the twelfth ;

and as the nerve lies beneath the mylo-hyoid and upon tiie hyo-giossus muscle, it communi-
cates with (e) the lingual brancii t)f the mandibular nerve.

Branches.—The branches of the hypoglossal nerve are : (i) the luaiingeal,

(2) \\\ii dcscaiding, (3) the ///iw-Z/twrtf and (4) the lijigual.

1. The meningeal branch (r. menintjeus) consists of one or two minute
hlanients which supply the dura mater of 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 by the loop between the first and second cerxical
nerves.

2. The descending branch (r. descendens;, or r. dvsccfidois /lypoir/ossi, 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 nerves are not the
e.xclusive 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 occii)ital artery and runs downward
and inward in front of or within the carotid sheath. It gives of? 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 71. commiinicans hypoglossi, from the second and third
cervical nerves. A loop or ple.xus, termed the ansa 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 cervical
plexus. It is given of? 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. linguales) with one exception, comprise the
real distribution of the hypoglossal. A.s the nerve lies beneath the mylo-hyoid
muscle filaments are given off to the hyo-glossus, the stylo-glossus and the
genio-hyoideus. The fibres going to the genio-hyoid are in alt probability de-
rived from the cen-ical plexus and are not of true hypoglossal origin. After giving
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 ganglion. This condition is to be regarded as a persistence of the temporary embryonal
stage during which the nerve is provided with a posterior root and a ganglion of F"roriep
(page 1380). bi one case the superficial origin was located at the posterior jispect 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-h\oid, the 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 sympatlietic ; 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 nerve, usually

together with other cranial nerxes 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 tlie muscles of the opposite side. The nerve may be
injured by operati\e or other wounds in the submaxillary region or in the mouth, as

in gun-shot wounds. It can be easily reached in the subma.xillary region by the

same incision as that used for ligating the lingual artery (page 736). It passes for-

ward to the tongue, just abo\e the hyoid bone, and forms the upper boundary of the

small "lingual triangle," which is e.xposed when the subma.xillary gland is elevated.

THE SPINAL NERVES.

The cranial division of the somatic nerves having been considered, the spinal

group ne.xt claims attention, the visceral or sj^lanchnic (symj^athetic ) nerves being
reser\'ed for a final and separate description.

The spinal nerves ( nn. spinalcs ) include a series of usually thirty-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 motor root, 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 tnmk, 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 ])r. ijonged to become continuous with the epineural sheath of the nerve.

Nomenclature.—The spinal ner\es are designated not relative to the position

at which they arise from the cord, but according to their point of emergence from the

\ertebral canal. They are dixided. therefore, into the cervical, thoracic, lumbar,
sacral and coccygeal groups. With the exception of those in the cer\ical 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 se\en cervical vertebrae, this arrangement necessarily can not
prevail in the neck. The first cervical nerve, often called the suboccipital nen'e,

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.—Ever\' spinal nerxe arises by two roots, a posterior sensorv

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 sensorv' 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, aftords 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 sjjinal nerves are

distributed. It is evident, therefore, that the terms "motor" and "spnsory," as

applied to the somatic branches of the spinal ner\es, are relative and not absolute,

since in all cases the nerves passing to the muscles contain sensor\- 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 sensor^'

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 efferents, or to the oudying involuntary

muscle along the somatic nerves in the manner above described.

The sensory, posterior or dorsal roots ( radices postcriores) 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 raflicularia ). The fas-

ciculi which form the sensory root are attached to the cord along the jiostero-lateral
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j^roove as a coiitinuDiis scries, lallrd tlu- posterior root zone (Hj^. 884). These
rootlets are sometimes so numerous and so crowded, that those of adjacent nerves
overh\p and adhere to one another. Where more tyj)ically disposed, as in the
thoracic rei^ion, the cord-sej^nients (pame 1024) are distinct. The fascicuH for any
one nerve usually collect int(j two bvuidles which pass to the proximal asi)ect of the

spinal yanylion.

The spinal ganglia ( y^. spinalia) are aj^^yreijations f)f ner\e-cclls foun<l on the

posterior roots of all the spinal nerves ( I"'i^-. 852 ). They are usually ovoid in sliape,

from 4-6 mm. in len^y^th, and are occasionally bifid at their proximal ends. They
consist of a cluster of unipolar neurones, whose centrally directed axones form the

sensory root of the spinal nerve and whose dendrites extend peripherally as the

sensory distribution. The ganglia are usually situated in the intervertebral foramina,

but exceptions to this rule are presented by the ganglia of the first and second cervi-

cal ner\es, which lie upon the neural arches of the atlas and axis respectively, and
by those of the sacral and coccygeal nerves, which are lodged within the vertebral

canal. Although situated beyond the dural sheath of the cord, with the excei;)tion

of the ganglion of the coccygeal nerve, they are invested by a })roIongation of it.

Variations.—The first cervical nerve may either have no posterior root or may derive it from
or siiare it with the eleventh cranifl nerve. Its g;ano:Iion may he very rudimentary or entirely
absent. Considerable variation is found in the thoracic re.y^ion, where either the anterior or pos-
terior or both roots of one of the nerves may seemin_ii;ly be absent, hi 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 (tila radicularia), the anterior root-zone, with a tendency
to form two groups which vmite 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, four 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

cervical, 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 nerx'es are comparatively small.

Divisions.—The common trunk formed by the union of the two roots emerges
from its intervertebral foramen and almost immediately gives off a menijigeal or

recurrent branch (r. meningcus). This tiny ner\-e is joined by a filament from a

gray ramus communicans and enters the vertebral canal through the foramen to be

distributed to the \ertebrae 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 anterior and
posterior primary divisions (rr. anterior et posterior), each of which is composed
of fibres from both roots (Fig. 1085), as well as of sympathetic filaments.

THE POSTERIOR PRIMARY DIVISIONS OF THE SPINAL NERVES.

The posterior primary divisions (rr. posteriores) of the spinal nerves 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. Tlu-y turn dorsally ahnost immediately and divide into
an mternal ( r. niedialis) and an external branch (r. lateralis), which sui)ply the

Fic. 1083.

Great occipital nerve

Cutaneous lirs. of III.

cervical, <lor.sal div.

Occijiitalis major iierv*

Cutaneous brs. of IV. and V.J .

cervical, dorsal division I

"

VII. cervical spinous process

Cutaneous brs. of dorsal
divisions of :

—
I. thoracic

II. thoracic

III. thoracic

IV. thoracic

V. thoracic

VI. thoracic

VII. thoracic

VIII. thoracic

IX. tlioracic

X. thoracic

Spinous process
of XII. thoracic

vertebra

Cutaneous brs. of dorsal
divisions of :

—
XI. thoracic

XII. thoracic

I., II. and III. lumbar
nerves, ext. brs. of

dorsal divisions

Cutaneous brs. of dorsal
divisions of sacral

nerves

III., IV., v., VI,, VII
VIII., IX.,X.andXl!
thoracic nerves, lateral
cutaneous branches

XII. thoracic, lateral cu-
taneous br.
Iliac br. ilio-hypogastric
nerve

XII. thoracic, lateral cu-

Superficial dissection, showing: cutaneous branches of posterior divisions and lateral cutaneous branches of
anterior divisions of spinal 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 aiitl t'lllh sacral and llic coccygeal nerve faihnj^- in tliis respect. Down to

and inchidini^ 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 for some distance throuj^h

the muscles before reachiuL;' their cutaneous distribution.

THE CICRVICAL NERVE.S.

The first cervical nerve (n. suhoccipitalis), the first of the spinal series, is

atypical in several respects. Its posterior root is either insij^nificant or entirely absent,

and its jjosterior division, which does not divide into internal and external branches, is

larger than the anterior and usually does not send off any direct cutaneous branch.
The nerve passes dorsally between the occipital bone and the posterior arch of the
atlas and traverses the suboccipital triangle, occupying a position below and posterior

to the vertebral artery. Superficial to it is the complexus muscle.

Branches.—These are : (i) the muscular, (2) the comnuinicating and (3) the

cutaneous.

1. The muscular branches supply the superior and inferior oblicjuc, the com-
plexus and the rectus capitis posticus major and minor muscles.

2. The communicatiuir branch forms a loop with the second cervical nerve. 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 nerve.

In the neck and close to the vertebrie 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 and from it filaments are distributed to the neigh-

boring muscles.

3. The cutaneous bratich 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 complexus,

obliquus inferior, semispinalis colli and multifidus spinae muscles, and its internal

portion (r. medialis). 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 2-3 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 with the small and least occipital and the posterior

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 hxzxvc^ (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 cervical regions (Fig. 1083).

81
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In addition to assistinj^ in tin- formation of tlic posterior (ervical plexus it communicates
with the great occipital nerve.

The fourth, fifth, sixth, seventh and eighth cervical nerves Uam- (jiiite

small jiosterior primary divisions ( rr. postcriorcs ). The fourth, lilth and sixth
di\ide into the usual external and internal branches ( rr. latcralcs ct mcdialcsj. 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 filaintiu from tlu- loiirtli may aid in llie formation of tlie p<jsterior

cervical plexus.

Variations.—The cutaneous branches of the fifth and sixth may lie verv small or absent
entirely.

THE THORACIC NERVES.
The posterior primary divisions (rr. posteriores) of the thoracic or dorsal nerves

(nn. thoracalcs) 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 contrary, the external
branches are jjrincipally cutaneous and the internal entirely muscular.

The external branches ( rr. laterales) gradually increase in size from above
downward. They pierce or pass under the longissimus dorsi to reach the interval

between that muscle and the ilio-costalis, eventually reaching and suj^plying the
erector spina-. Those from the lower half of the thoracic nerves distribute sensory
fibres for the supply of the skin o\'erlying the angles of the ribs (Fig. 1083).

The internal branches (rr. medialcs) of the upper six or seven pass dorsally
between the multifidus spiucC and semispinalis muscles. After innervating the trans-

verso-spinales they become superficial close to the median dorsal line and supplv the
skin of the back, sometimes extending laterally beyond the vertebral border of the
scapula. The internal branches of the lower nerves traverse the inter\al between
the longissimus dorsi and the multifidus spinie 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 luml)ar nerves ( nn. lum-
bales) divide into the usual external and internal branches.

The external branches (rr. latcralcs) of all five lumbar nerves enter and sup-
ply the erector spiutC, those of the lower two terminating there. F"rom the external

branches of the first, second and third arise cutaneous offshoots (nn. cluniuni supe-

riores) of considerable size (F"ig. 1083). These pierce the ilio-costalis and the

aponeurosis of the latissimus dorsi above the crest of the ilitmi 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. medialcs) turn directly backward and supply the
inultifidus spince 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 spince and divide into external and internal branches.

The external branches ( rr. latcralcs ) of the first, second and third sacral nerves

unite over tlie uj:)per i)art of the sacrimi with a similar branch of the fifth hmibar and
with the fourth sacral nerve to form a series of loops, the posterior sacral plexus
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(Fig. 1084). From this structure branches pass laterally till they reach the inter-

val betw'een the great sacro-sciatic ligament, which they pierce, and the deep surface

of the gluteus maximus, where they form a second series of loojxs. F"rom the pri-

mary loops branches are supplied to the multifidus spinas and from the secondary

loops proceed two or more filaments, usually two (nn. cluniiim mcdii), which pierce

the gluteus maximus on a line connecting the posterior superior spine of the ilium

I-iG. 1084.
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Dissection showing left posterior sacral plexus.

and the tip of the coccyx. One is usually situated near the lower portion of the

sacrum and the other at the side of the coccyx. They pass laterally and supply the

skin of the buttock f Fig. 1083).

The internal branches (vr. raediales) of the first, second and third sacral

nerves are small in size and are distributed to the multifidus spinae.

The posterior primarv divisions of the fourth and fifth sacral nerves are of small

size. They pass below the multifidus spinae and continue as single trunks, not

breaking up as do the others, into two branches. They are connected with each

other and with the coccygeal nerve by loops which form the posterior sacro-

coccygeal nerve. From this structure fibres which pierce the great sacro-sciatic

ligament are given of? to be distributed to the integument in the coccygeal region

(Fig. 1084).
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THE COCCYGEAL NERVE.
The posterior primary tlivision (r. posterior) of the coccygeal nerve (n. coccy-

gcus) does not divide into internal and external branches. It unites with the fourth

and fifth sacral to form the posterior sacro-coccygeal nerve, whose course and distri-

bution are described above.

THE ANTERIOR PRIMARY IMVISIONS (JF THE SITNAL NERVES.
The anterior primary divisions (rr. antcriores) of the spinal nerves, like the

posterior (rr. postcriorcs), contain fibres from both the anterior and ])osterior 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 tiie 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 7'amns

communicans (page 1357). Branches to the sympathetic system are given off from
some of the thoracic, lum-

iG. 10S5.
I^.^j. ^j^J sacral nerves, in the

shape of small fasciculi of

meduUated fibres, called the

ivhite 7'ami communicantes.
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

the fibres are supplied to

the body wall and ex-

tremities and constitute the

somatic distribution of the

nerves.

In the case of the

cervical, first and some-
times second thoracic, lum-
bar, sacral and coccygeal
nerves, plexuses of a greater

or less degree of intricacy

are interposed between the

origin and distribution of

the nerves. This renders the tracing of any set of fibres a matter of extreme difficulty,

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 gives off a lateral cutaneous 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 anterior (r.

anterior) and a smaller posterior (r. posterior). Having given off 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 terminal cutaneous branch (r. cutaneus anterior).

Diagram illustrating- constitution and division of typical spinal nerve;
.SC, spinal cord ; AH, 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; 6>, sympathetic ganglion and cord.
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The intc^unK'nt is therefore supplied, from dorsal to \cntral 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 jjrimary

division. The muscles derive their nerve-supply from both the anterior and the

posterior ])rimary di\isions.

THE CERVICAL NERVES.
The anterior primary dixisions (rr. anteriorcs) of the eight cervical ner\es (nn.

cervicales), assisted by the iirst and second thoracic, supply the head, neck, upj)er

extremity, thoracic intefjument and diaphraj^ni. The first, second, third and

fourth communicate freely and form the cervical plexus for the supply of the head

and neck and the skin of the ujjper pectoral and shoulder regions, whilst the fifth,

sixth, seventh, and eighth, aided by the first and sometimes by the second thoracic,

form the hracliial plexus, which supplies the upper extremity and the lateral

thoracic wall.

THE CERVICAL PLEXUS.

The cervical plexus (plexus cervicalis ) is formed by the union of the anterior

primary divisions { rr. anteriores) of the upper four cervical nerves (Fig. 1086;.

After traversing the
I" IG.

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-

transversales 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

nerves are connected to

form the cervical plexus.

The second, third and
fourth each divide into

an ascending and a

descending branch ; the

first does not di\'ide.

These branches are connected in

1086.

Diagram illustrating; plan of cervical plexus.

an irregular series of loops that constitute the

cer\ical plexus, which lies opposite the first four cervical vertebrae and upon the sca-

lenusmedius and levator anguli scapulae 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
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and the diaj-jhray^ni, whilst others CDmiiuiiiicate with ihr nintli, lU-vc-iitli and twelfth
cranial ami the sympathetic nerves.

Thk Ckkvicai. Pi. i:\rs.

I. Superficial Branches. II. Deep Branches.
A. Ascendinij branches : I). I-Lxternal branches:

1. Small occijMtal 7. Muscular
2. Great auricular <S. Communicating,'

B. Transverse branch : E. Internal branches :

3. Superficial cervical 9. Muscular
C. Descendiui,' branches : 10. Phrenic

4. Sui^rasternal 11. Communicatini^

5. Supraclavicular

6. Supraacromial

I. The superficial branches are purelv scnsorv. Thev 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 ( I'ig. 10S7).

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 : (^) the auricular, (c) the mastoid
and {d) the occipital.

a. The cervical branches are tiny twigs which supply the skin over the upper jxirt of the
occipital triangle.

b. The auricular branch supplies the integument over the cranial aspect of tlie posterior
part of the pinna.

c. The mastoid branch supplies the scalp overlying and above tlie mastoid process.

d. The occipital branch is distributed to tlie area of scalp of the occiput lying between the

mastoid process and the distribution of the great occipital iier\-e.

The small occipital communicates w ith the posterior and great auricular nerves and witli

the great occipital.

Variations.—The small occipital varies in size and may be so small as to he distributed
only to the integument in the neck. \w such an event, and usually in case of any deficiency,
the unsupplied area receives fibres from the great occipital. It sometimes jiasses backward
instead of upward and pierces the trapezius near the upper border before reaching the scalp.

2. The great auricular nerve (w. auricularis niatinus) (Fig. 1087) is the larg-

est of the su])erficial set and arises, usually with the su])erhcial cervical nerve, 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 {b) auricular and (r) 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 jiinna. One filament passes through the cartilage by means of a cleft between the
concha and the antihelix 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-
terior 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 tiie 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. cutancus colli) usually arises in com-

n.on with the ,^reat auricular iron, the second and third, the thu'd cnly, or f-m the

Sirdandfourthcervicalnerves(Fi<,Mo87). ^^^ ^^^firTlTn^^^Z
mastoid it passes almost direcdy forward over the nuddle of that muscle and under

iMC. 1087.
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Communication between
cervical nerves and

spinal accessory

Supraacromial branch

Supraclavicular branch

Supraorbital nerve

Supratrochlear
nerve

Malar branch of
firial nerve

ifraorbital

nerve

nfraorbital

branch of facial
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buccal branch of
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Supramandibular
branch of facial

Spinal accessory

Inframandibular branch
of facial

Superficial cervical nerve

Superficial descending branch
Suprasternal branch

the platvsma myoides and the external jugular ^•ein It perforates the deep cervical

fascia near the anterior border of the sterno-mastoid and divides into {a) an icpper

and (^) a /oTfer set of branches.

a. The upper branches ( rr. superiores) form an extensive inosculation witli ^'^^''^f
"^i];-

ular branch of the facial nerve, after which they pierce the platysma and ^"Pfl^
'^

'';\^2Se
of the neck as far forward as the median line and as far up as the interior

"^^Ff;" ^^.^^,%";^^7,^^^^

b The lower branches ( rr. inferiores ) after piercnig the platysma are distributed to the skm

of the lower part of the neck to the mid-line as tar down as the sternum.
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Variation.—The superficial cervical, instead of a single nerve, may arise as two or more
filaments from the cervical plexus.

The descending branches ( nn. supraclaviculares) (Fig. 1089) arise from the

third and fourth cervical nerves and pass downward in the anterior margin of the

occipital triangle along the posterior edge of the sterno-mastoid. On nearing the

clavicle they break up into three distinct sets : (4) the suprasternal, (5) the supra-

clavicular and (6) the supraacroviial.

Fig. 10.S8.

m

Third occipital nerve

Great occipital nerve

Branch from III. cervical,
dorsal division

"

Branches trora IV. cer-
vical, dorsal di\'isioii

Inosculation between facial nerve and
small occipital and great auricular
ntrves

Sterno-cleido-mastoid muscle

Great auricular nerve

Small occipital ners-e

_^ Superficial cervical nerve

.Superficial descending branch of cervical plexus;
the leader crosses the suprasternal br.inch
Spinal accessory nerve

Muscular branch to trapezius

Supraclavicular branches
Supraacroniial branches

Dissection showing superficial branches of cervical plexus and posterior cutaneous branches.

4. The suprasternal branches (rr. supraclaviculares antcriores) 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 medii) pass across

the middle of the clavicle and supply the integument of the chest as far down 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. The supraacromial branches (rr. supraclavicularcs postcriorcs) cross the cla-

vicular insertion of the trapezius and are distributed to the skin over the anterior, external

and posterior aspects of the shoulder as far down as the lower portion of the deltoid.

II. The deep branches are divided into two sets, an external and an internal.

Both arising" beneath the sterno-mastoid, the former pass away from and the latter

toward the median line of the neck.

7. The external muscular branches are clistril)uted as follows:

—

a. The sterno-mastoid receives a l)ranch from tlie second cervical which enters the deep
surface of the nuisclc and interlaces witli a branch of the spinal accessory nerve to form the

sterno-mastoid plexus.

,
Fig. 1089. \

.1

">^

Small occipital

Coniplexus

Muscular brs. to complexus and
biventer from occip. major

Third occipital nerve

Fascial septum from ligamentum niichne

Great occipital nerve

Rectus capitis posticus major

Branch to obliquus inferior

Spine of II. cervical vertebra

Cutaneous br. from in. cervical

Part of complexus and biventer

Third occipital nerve

Branch to complexus from 11. cervical

Branch to complexus from III. cervical

II. cervical nerve, uorsal di

Levator anguli scapulas

Branch to trachelo-mastoid

III. cervical nerve, dorsal division

Communication between II. and III. dorsal division

External brs. of III. cervical, dorsal division

IV'. cervical nerve, dorsal division

Ext. branch of dorsal division \'. cervical ner\e

ot atlas

Ant. division I. cervi-

cal, cutaneous br. of
dorsal division passing
backward

VIII. cervical, dorsal division

Internal br. of post. div. of V. cervical nerve

Spinous process of \TI. cer

Transverse process I. thoracic vertebra

Transverse process II. tlioracic vertebra

Levator anguli scapul.'e

Dissection of right side of neck, showing deeper relations of cer^'ical nerves.

b. The trapezius receives fibres from the third and fourth cervical nerves which arise with

and accompany the descending branches of the superficial set through the occipital triangle.

They dip under the anterior margin of the trapezius, before and after which tliey form a more

or less complex inosculation with the spinal accessory, called the subtrapezial plexus, from

which filaments are distributed to the trapezius muscle (Fig. 1088).

c. The levator anguli scapulae receives two branches which take their origin from the tb.ird

and fourth nerves.

d. The scalenus medius and (c) scalenus posticus also receive fibres from the third and fourth.

8. The communicating branches form points of contact and union with

the spinal accessory nerve (a) under the sterno-mastoid and {b') in the occipital

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 arc distrihuted to (a) certain j)rfvcrtoI)ral muscles
and to (d) the j4ciii<)-h\()id and llu- inlrahyoitl muscles.

a. Tlie rectus capitis anticus major and minor and IIk- rectus capitis lateralis are siip]ilied

by a filanunt arising fmni tlie looj) bc-tucen the fnst and second cervical nerves. Tlie intcrtrans-

versales, the longus colli and a portion of tlie rectus capitis anticus major receive their su|)ply

from the second, third and fourth, and the ujjper part of the scalenus anticus receives a twig
from tile fourth cervical nerve.

d. The genio-hyoid and the four muscles of tlie 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. Tliese fibres for a time form an integral portion (jf the hypoglossal and eventually

escajie from it as the nerve to the genio-hyoid, the nerve to the thyro-hyoid and the n. descen-
dens hypoglossi (F"ig. 10.S2). The last-mentioned nerve leaves the hypoglossal at the point

where the latter crosses tlie internal carotid artery and then descends in the anterior cervical

triangle. In front of, or .sometimes within, the carotid sheath it forms a loop of communication,
called tlie hypoglossal loop or ansa cervicalis (ansa iiypoglossi ) by inosculation with the

descending cervical nerve (n. descenders cervicalis) (Fig. iO(S2). This descending cervical nerve

is derived iroiu the second and tiiird cervical nerves and at finst 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

simple loop or a plexus and is situated anterior to the carotid sheath at a variable point in the

neck. From it branches are given ofT to the sterno-hyoid, the sterno-thyroid and the posterior

belly of the omo-hyoid (Fig. 1076).

10. The phrenic nerve (n. phrcnicus), although an internal muscular branch

of the cervical plexus, 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 nerve

to the diaphragm, the lower thoracic nerves aiding in its innervation. The phrenic

arises mainly 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 thorax it passes

over the root of the internal mammary artery from without inward and backward,
occupying a position behind the sterno-clavicular articulation and the point of junc-

tion of 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 artery and accompanies

the right innominate vein and the superior 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 cro.s.ses the anterior face of the left vagus ner\e

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 />/eura/,(d) the pericardiac and

(r) the terminal.



THE CKRXICAL PLKXl'S. 1 29
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a. The pleural branches, two in number, are almost microscopic in size, and are given
off as the nerve crosses tin- ajKx of the pleura. One supplies the costal pleura and the other,
which sometimes accomjjanies the internal mammary artery, is distributed to the medias-
tinal pleura.

d. The pericardiac branch (r. pericardinciis ) is a tiny filament which is usually given off

opposite the lower mariL^in of tiie thirtl costal cartilage. It is sometimes absent on the left side.

r. The terminal branches arise uiukr cover of the pleura anti differ to some e.xtent on
the two sides.

The riffht phrenic divides antero-lateral to the opening for the inferioi' vena cava into (aa)

an anterior and (bb) a posterior branch.
aa. The anterior branch l)reaks up under the pleura into five or si.x fine twigs, \\ hich spread

out antero-laterally in the sternal portion and the anterior part of the right costal portion of the

Fig. 1090,

Scalenus incdius muscle

Vagus nerve-

V. cervical nerve
Scalenus anticus muscle

I'pper trunk of brachial plexus
VII. cer\-ical nerve

Superior intercostal a
Vni. cenical nerve '

I. thoracic nerve
Clavicle

Phrenic nerve

Internal mam-
mary artery

Innominate veins

Vena cava superior

l.ung, mesial surface

Pericardium

Sterno-cleido-mastoid

Vagus ner\-e

Internal jugular vein
Subclavian artery
Omo-hyoid muscle

Subclavian vein
Clavicle

Subclavius muscle

-'Lrib

Manubrium sterni

Vagus ner\-e

Phrenic nerve

Lungr. mesial surface.
^^^' ' sho^^ing hilum

— IV. rib

Diaphragm, up-
per surface

Dissection showing phrenic nerves; parts ot sternum and rihs have been removed ; lungs are pulled aside;
pericardium 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 of the

diaphragm and to the falciform ligament of the liver in the direction of the umbilicus.

bb. The posterior branch pierces tlie central tendon at the outer margin of the quadrate

opening and divides into a niuscu/ar branch and the right phrenico-abdoinina/ branch { r. phrenico-

abdominalis dexter ). The former supplies the lumbar portion of the musculature of the diaphragm.

The latter traverses the quadrate foramen and first gives off a recurrent branch which accompanies

the inferior vena cava back to the right auricle. After giving off this branch, under cover of the

peritoneum some of its fibres enter the diaphragmatic ganglioji and others unite with filaments

from the cceliac plexus to form at the inferior surface of the diaghragm the diaphragmatic

plexus, which is joined by twigs from the diaphragmatic ganglion. From this plexus fibres

are distributed to the coronary ligament and peritoneum of the liver and to the right supra-

renal body.

The left phrenic pursues a general antero-lateral course and pierces the diaphragm at the

junction between the musculature and the central tendon. Under cover of the peritoneum it

splits up into an anterior, a lateral and a posterior branch. The antenor branch supplies the

muscle of the left sternal portion and the antero-lateral part of the left costal portion. The
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lateral branch supplies the corresponding part of the left costal portion. '\\\it posterior branch
(r. phrenicoabdominalis sinister) is distributed to the left lumbar |)ortion of the muscle of the
diaphragm and usually either a filament j>asses to the left semilunar ganglion or several small
threads to the ccL-Iiac 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 symi)athetic. At the inferior aspect of the diaphragm it ccjmmunicates,
on the right side, with the diaphragmatic ple.\us of the sympathetic and, on the left side, with
the semilunar ganglion or the cceliac plexus.

Variations.—Tlie })lirenic may receive additional roots from the nerve to the subclavius,
the nerve to the sternohyoid, the second or the sixth cervical nerve, the n. descendens cer\'i-

calis or the ansa hy|X)glossi. It m.ay arise exclusively from the nerve to the sulxlaviusor, aris-
ing normally, may give a branch to that muscle. It .sometimes |)asses along the lateral border
of or 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 ner\es 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,
(i) the vagus and kc) 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 cer\ical ner\es.

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 sensor}- fibres to the hypoglossal ner\e 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

phrejiic 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 le\el 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 S2iperjicia/ 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 respectively in the direction of

the sternum, clavicle and acromion. They give rise to little or no disturbance

when wounded.

THE BRACHIAL PLEXL'S.

The brachial plexus T 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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\n^ this plexus cmcrg^e in the interval between the scalenus antlcus and medius and
from the side of tlie neck pass beneath the clavicle and into the axilla through its aj)ex.

The plexus is dixided, therefore, into two portions, a cervical ox siipraclaviculay \yaxX.

(pars siipraclavicularis) and an axillary ox infraclavicular \yaxX. (pars infraclavicuiarisj.

In the posterior cervical triangle the plexus lies first above and then to the outer side

of the subclavian artery and vein, is crossed by the posterior belly of the onio-liyoid

muscle and is frequently threaded by the transverse cervical or the posterior scapu-
lar artery. After entering the axilla its component parts, while lying mainly to the
outer side, forma close fasces around the axillary artery, whose sheath they occupy.
In the u[ii")er part of the axilla the plexus is overlain by the subclaxins and pectoralis

major muscles and before dividing into its terminal branches it lies enclosed between
the pectoralis minor and subscapularis muscles.

Constitution and Plan.—In the various weavings of the component elements
of the plexus five stages can be recognized : (a) anterior primary divisions of

the spinal nerves, (3) trunks, (r) divisions, (at) cords and (c) terminal branches
(Fig. 109 1 ).

I-'lG. I09I.

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 slightly 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 differently 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

trunks 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 anotlier, while the cords are denominated accordint^ to

their relation to the axillarv artery, the outer lying lateral to, the inner mesial to, and
the ])osterior behind, the artery.

Variations.—C<>nsideral)lc variety exists as rejjards the length of the coniixjnent nerve-
hundlfs in their several portions, division and iniion taking place at ditlerent levels in different

individuals. The fifth cervical nerve may pass in fnjnt of ur through the scalenus anticus. The
si.\th, tiiough not so fre(|uently as the fifth, may traverse the scalenus anticus. The seventh
cervical nerve, as the middle trunk, may hreak 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, seventii and eighUi cervical ner\es. IMexuses 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 ner\-e

II. cervical ner\'e

III. cervical nerve

IV. cervical ner\-e

Vertebral artery

V. cer\-ical iien-e

Scalenus niedius muscle
VI. cer\ncal nerve

VII. cer\Mcal ner\"e

VIII. cer\'ical ner\-e
I. thoracic ner\-e

External anterior thoracic nen.e
Suprascapular ner^'e

Cpper subscapular ner\'e

Outer cord of plexus

Posterior cord of pie
Circumflex nerve
Deltoid mtiscle

Musculo-cutaneoub nerve

Median ner\-e

I'lnar ner\-e'

Mu>culo-spiral ner\-
Internal cutaneous

Lesser internal cutaneous nerve

Internal anterior
thoracic ner\-e

Insertion of
scalenus anticus
Posterior
thoracic ner\-e

I. rib

n. rib

Inner cord of plexus

Middle subscapular nerv-e

Lower suljscapular nen*e

Deep dissection of neck, showing constitution of right brachial plexus.

Practical Considerations.—Sensor>- 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. Suprascapular 4. Muscular
2. Posterior scapular 5. Communicating to the phrenic

3. Posterior thoracic nerve

II. Infraclavicular Branches

A. From Outer Cord

:

\\. From hincr Cord

:

6. P2xternal anterit)r thoracic 9. Internal anterior thoracic

7. Musculo-cutaneous 10. Lesser internal cutaneous
8. Median (outer head) 11. Internal cutaneous

12. Ulnar

13. Median (iniu:r head)

C. F?om Posterior Cord

:

14. Subscapular

15. Circumflex

16. Musculo-spiral

I. The Supraclavicular Branches.—These are gi\en 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 suprascapular notch, under the suprascapular ligament, and enters the supra-

spinous fossa. After gi\'ing 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 surface of the

levator anguli 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 longus), 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. Enterintr the axilla the ner\e descends on
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the inner wall, lyinj^ posterior to the brachial plexus and the axillary vessels, and upon
the lateral aspect of the serratus magnus. It gives 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 se\enth the lower part of the muscle.

Variations.— Tlie contril)Uti()ii from the fifth nerve sonietiiiies fails to join tiie main nerve
and goes directly ti) its distrilnition to the upper digitations. Tlie root from tlie seventh nerve
may be absent. An additional root may be contrilnited by llie 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 upon 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

Axillary artery

lot. cutaneous ner

Pectoralis minor, stump

Outer cord of plexus
Coracobrachialis - ^

Musculo-cutaneous nerve
MeHian nerv

Fig. 1093.
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Pectoralis major, stump
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Lesser internal

cutaneous nerve'

Long thoracic artery

Intercosto-humeral nvs

Subscapular artery
Latissimus dorsi
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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 sui)i)ly 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 nerves 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 pa.sses 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.—Tlie phrenic nerve may give off a branch to tlie subclavius or may receive a fila-

ment from tlie nerve to the subclavius. A branch of comnumication with the external anterior
thoracic and a l)rant:h to the clavicular head of tin- sterno-cleido-mastoiil have been noted.

5. The communicating branch to the phrenic nerve (F\ir. 1090) arises

usually from the tifth ccrxical nerve, sometimes from the fifth and si.xth. Originatiniq;

at the outer margin of the scalenus anticus it passes inward and joins the phrenic. If

this ner\e is not present the nerve to the subclavius usually supplies the deficiency.

II. The Infraclavicular Branches.—These branches comprise those g^iven

off by the three cords of the j)le.\us after the latter has j)assed beneath the cla\'icle

into the axilla.

6. TlIK E.XTKRNAL ANTERIOR THORACIC NeRVE.

The e.xternal anterior thoracic nerve ( n. thoracalis anterior lateralis) (Fig. 1093)
receives its fibres from the fifth, sixth and seventh cervical nerves. Leaving the outer

cord beneath the clavicle, it passes mesially over the axillary artery and, after giving

Fig. 1094.
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Subclavian arterv Subclavian vein

Dissection of right axilla, showing relation of brachial plexus to subclavian and axillary vessels

with arm abducted.

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 ner\'es gives off a filament which pierces

the pectoralis minor and ends in the sternal part of the pectoralis luajor, 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-CiTAXEous Nerve.

The musculo-cutaneous nerve (n. musciilocutanciis) (Fig. 1098) derives its fibres

from the fifth and sixth, and sometimes the seventh, cervical 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. Lea\'ing 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 nerve pierces the deep fascia and passes under the median-cephalic vein. It then

becomes superficial (n. cutaneus antebrachii lateralis) and divides into its terminal

cutaneous branches.

Branches.—These are: {a) the muscular, {h) the humeral {c) the articular and (d) the
terminal

a. The muscular branches supply the coraco-hrachiaiis, the biceps and the brachiahs amicus.

The nerve to the coraco-brachialis, which commonly lias an independent origin, is usually double,

one filament goinu; to eacii portion of the nuiscle. The nerves to the biceps and brachialis anticus

are g^ven off while the niusculcj-cutaneous is in transit between those muscles.

b. The humeral branch accompanies the nutrient branch of the brachial artery into the

humenis.
c. The articular branch aids in the supply of the elbow joint.

d. The terminal part (n. cutaneus antebrachii lateralis) (Fig. 1103) of the musculo-cutaneous
divides into two branches, [aa] an anterior and (bb) a posterior.

aa. The anterior branch descends in the antero-Iateral portion of the superficial fascia of the

forearm (Fig. 1104). It inosculates above the wrist with the radial nerve and supplies the in-

tegument of the antero-Iateral part of the forearm. It also distributes fibres to the skin over the

thenar eminence, to the wrist joint and to the radial artery.

bb. The posterior branch passes downward and backward and supf)lies 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-

spiral.

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 through 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 oft' of

dorsal digital nerves to both sides of the ring finger and the adjacent side of the little finger.

8. The Median 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 nerve passes down the arm in close relation with the brachial

artery, usually lying lateral or antero-Iateral 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 arterj- (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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whicli separates the ner\e from the ulnar artery. It follows a straight course down
tlie forearm, accompanied by the median artery, lying upon the flexor profundus

Fig. 1095.
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digitorum and covered by the flexor sublimis digitorum. Near the wrist the

median becomes more superficial, with the tendons of the flexor sublimis digitorum
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and jxilmaris longus lyings mesial and that of the flexor carpi radiahs 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 retldish gangliform swelling, which lies

upon the Hexor tendons. Below this j)oint it i^reaks up into its terminal branches.
Branches.—The median, as is the case with the ulnar, gi\es of! no branches

in the arm. In the forearm the branches are : (a) the articular, (b) the jnitscu/ar,
(c) the anterior interosseous and {d) \\\q. palmar cutaneous, and in the hand : {e) the
muscular and {/) the digital.

a. Tile articular branch consists of one or tw(j tiny tui.ijs which supply tlie anterior portion
of the elbow joint.

Radial vein

Radial arterj',

Fig. 1096.
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Superficial dissection of right arm, showing: relations of nerves to blood-vessels on front of elbow.

b. The muscular branches ( rr. inusculares) (Fig. 1095) consist of a fasces of nerve-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 fle.xor

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 antebnichii voiaris) (Fig. 109S) arises

from the posterior aspect of the median a short distance below the elbow. It passes down
the forearm, accompanied by the anterior interosseous artery, on the anterior surface of the

interosseous membrane between the flexor longus pollicis and the flexor profundus digitorum.

At the upper margin of the pronator quadratus muscle it dips under that muscle and continues
down for some distance, finally entering the deep surface of the pronator quadratus.
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It supplies tlie ficxnr loiij^iis pollicis, tlie radial half of the flexor profundus digitorum
and the pronator c|uadratus. It distributes filaments to the interosseous membrane, the anterior

interosseous vessels, the shafts of the radius and ulna ( the Iwij^s to these bones entering

them with the nutrient arteries), the periosteum of the radius and ulna and the radio-carpal

articulation.

(i. The palmar cutaneous branch (r. cutanciis (lahiiaris) (Fig. 1097) leaves the median
at a varying distaiue al)o\e the wrist. It becomes superficial near the upper margin of the

anterit)r annular ligament by piercing the deep fascia between the lle.xor car])! ratlialis and the

])almaris longus. It sui)plies the skin of the palm and inosculates with the palmar cutaneous
branch of the ulnar and with filaments of the radial and musculo-cutaneous nerves.

e. The muscular branch in the hand ( r. miiscularis) ( Fig. 1097) is a short ner\'e which
arises below the anterior annular ligament and curves outward toward the base of the thumb.
It breaks up into filaments which supply the abductor pollicis, the opponens pollicis and the

superficial head of the tkxor brevis pollicis.

/'. The digital branches (Fig. 1097) are five in number and, with the exception of

the twigs suiii^lying the two outer lumbricales, are purely sensory. They arise from the

median a short distance below the anterior annular ligament of the wrist (nn. (Jij{itales volares

communes) and pass c'istally beneath the superficial palmar arch and over the flexor tendons.

As they apprtiach the interdigital clefts they pass between the primary divisions of the median
portion of the palmar fascia and become more superficial as they continue along the borders of

the fingers (nn. dijiitales volares propril).

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.
The third gives oflf 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 nerve by a stout filament (r. anastomot-

icus cum n. ulnare), divides for the supply of the adjoining aspects of the middle and ring

fingers.

In the fingers these nerves lie anterior to the vessels and in their course toward the tip

of the finger they give ot? 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 sensitive

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 1298. 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 artery. In those instances, many of which have been found in the anatomical rooms of the

University of Pennsylvania, in which a single large branch of the axillary- arter^' gives off the

two circumflex arteries, the subscapular and the two profunda arteries, this trunk, instead of the

axillary artery, is embraced by the heads of the median ner\e. The inner head, the outer head
or the median itself may pass behind the axillary artery instead of in front. The outer head has
been seen to arise in the middle of the arm and pass behind the artery to join the inner heacl.

One instance has been reported in which the median entered the forearm over the pronator radii

teres instead of between the heads of that muscle. It has been seen lying on the superficial

surface of the flexor sublimis digitorum. The median may be cleft for a short distance in the

forearm, giving passage to the ulnar arter^• 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 ner\'es has been noted in one instance. A similar connection

in the forearm, occurring in numerous ways, is found in from 20-25 per cent, of cases examined.
A connection with the ulnar in the hand may pass either from the ulnar to the median or from
the median to the ulnar. The anterior interosseous has been seen to receive a filament from
the musculo-spiral through the interosseous membrane, and inosculation between the two
interosseous nerves has been noted at the lower part of the forearm ; according to Rauber,
this is the normal arrangement. One case has been described in which the abductor indicis

was supplied by the median. During the exchange of position between the digital branches

of the median nerve and the digital arteries the former are often pierced by the latter. The
fifth digital branch maj^ arise in the forearm and enter the hand independently.

Practical Considerations.—A pure paralysis of the median ner\e is rare, and

is ahnost always traumatic in origin. The paralysis is more commonly a part of a

more extended invoh'ement 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



130: HUMAN AXA'IOMW

pronators and all the Hcxors except the tlexor carpi ulnaris aiul 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 i)halanges of the little and ring fingers can be accomplished by
the ulnar iialf of the flexor profundus, w hich is supplied by the ulnar nerve. The

I'lc. 1097.
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thumb cannot be flexed or abducted, although it mav be adducted. One of the
most characteristic features of the hand is lost—that is, the ability to ajipose 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 artery, the guide to
which is the biceps tendon which in turn lies just to the outer side of the artery.

At about the middle of the wrist the ner\e lies under the palmaris longus tendon.
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9. TnK Intkrnai. Axtkkiok Thoracic Nerve.

The internal anterior thoracic nerve ( n. thoracalis anterior mcdialis; (Tig.

1093) arises from the inner cord and consists of hf)res derived from the eighth
cervical and first thoracic nerves. It passes forward between the axillary artery and
vein and, after s:i\ini^ of? a branch which forms a looj) with a similar branch from the
external anterior thoracic, pierces the pectoralis minor, in which some of its fibres

terminate. The remainder enter the deep surface of the pectoralis major to supply
the lower part of the sternal jjortion of that muscle.

Variations.—The fibres which supply the pectoralis major may wind around the lower
border of tiie pectoralis minor. Filaments from both of the anterior thoracic nerxes may supply
the integument of the a.xiilary and mammary regions.

10. The Lesser Internal Cutaneous Nerve.

The lesser internal cutaneous nerve (n. cutaneus hrachii medialis) (Fig. 1093),
also called the nerve of Wrisberg^ can be traced to the first thoracic nerve. It

arises from the inner cord usually in common with the internal cutaneous. After

leavinj:^ its point of orio^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 supplies

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 eitchth cervical or the second thoracic nerve. There may be present a communication
between the lesser internal cutaneous nerve and the lateral cutaneous branch of the third thf)-

racic. The inosculation with the intercosto-humeral may be either simple or plexiform and
either nerve may be deficient, the other usually recompensing for the deficiency.

II. The Internal Cutaneous Nerve.

The internal cutaneous ner\e ( 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 artery and
the basilic vein and at about the middle of the upper arm breaks up into its terminal

branches, id) the anterior and i^b) \\\q. 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 uith 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 cer\ical and first thoracic nerves and
sometimes, by a root from the outer cord, to the seventh cervical. Arising from

the inner cord between the axillary artery and vein and posterior to the internal

cutaneous nerve 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 between the heads of the flexor carpi

ulnaris muscle, a situation the \\^x\& shares with the inferior profunda and po.sterior
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ulnar recurrent arteries. From this jjoint the ner\e follows a straight course to the
wrist, lyini^ in the forearm upon the flexor jirofundus 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 llic ulnar artery, it pierces the deep fascia just above the

annular lijj;^anient, to the outer side of the pisiform bone, and enters the hand by
passint,^ superficial to the anterior annular ligament (V\^. 1097). After crossing

the ligament it divides into its terminal branches, the super/it ial wnd the deep.

Branches.—None are given off in the arm. In the forearm they are : (a)

\.\\(t arlirii/a>\ (b) the muscular, {c) \\\{i cutaneous -muX (d) the dorsa/ branch to the

hand. The terminal branches in the hand are : {e) the superjicial and (/) the deep.

a. The articular branch consists of one or two filaments which leave the ulnar as it lies in

the interval between the olecranon and the internal condyle. They pierce the internal part of

the capsular li.>;anu-iit and siipjily tlie elbow joint.

b. The muscular branches arise from the ulnar in the immediate neiji;hborhood of the

elbow and supi^ly the flexor carpi ulnaris in toto and the ulnar half of the flexor profundus
di,y: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. ciitanens palinaris) (Fig. 1097 ), lies superficial to the ulnar artery, which
it accompanies to the hand almost as far as the superficial palmar arch. It sends filaments to

the ulnar artery and breaks \\p 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 of¥ 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 little 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. 1102). 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 little and ring fingers. The ultimate distribution of these filaments is

similar to that of the digital branches of the median nerve (page 1301).

A twig of communication passes between the branch for the little 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 (rr. 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 interlacing is paralleled by their similarity 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 j:)alm 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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Furtlier description of the conimuniratioiis of tlie ulnar nerve, in addition to tliose 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 be derived from the eighth cervical only or from the seventh and eighth. It may
pass in front of the internal condyle or lie behind the condyle and slip forward during flexion of

the elbow. Connecting twigs have been seen ])assing from the ulnar to the internal cutaneous,
to the median in the upper arm and to the musculo-s|)iraI. Frec|uently there is an associating
branch in the forearm between the median and the ulnar. l\hiscular twigs have been noted as
passing to the inner head of the triceps, the flexor sublimis digitorum, the first and second
lumbricaks and the sui^erficial head of the fie.xor brevis pollicis. Deficiencies in the branch to

the (.lorsum 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 cutanecjus. 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 tlie ulnar nerve, flexion of the wrist

is impaired, and also (on account of the ile.xor carpi ulnaris paralysis) lateral motion
toward the ulnar side (adduction). There is difficulty in spreading the lingers, 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 ; consecjuently the hypothenar eminence dis-

appears and the thenar eminence shows atrophy in ulnar paralysis. This ner\'e 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 frequently 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 ner\'e

being compressed between the internal condyle and the olecranon. It is the structure

most frequently damaged in excisions of the elbow. In the lower two-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. siibscapulares ) (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 a.xillary 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 nerv^es, 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 (,U)\vinvaixl and outward bcncalli the axillary artery and the circumliex
and musculo-spiral nerves. It sends fibres to the inferior portion of the subscap-
ularis muscle and terminates in the substance of the teres major.

Variations. As rei;arcls orii^iii llic uiJpLT may arise from either tlie lit'lh or tlie si.xlh cervi-
cal iier\e, tlie micklle from tlie st-vtiuli alone or from llu- sevenlli aiul ei.^lilh or rarely by an
additional lilameiit from the tifth, and the lower from the liftli, sixth and seventh or from the
fifth or sixth alone. As regards distribution, the nerves to the lower |)urt of the subsca]Hilaris
and to the teres major may proceed separately from the brachial plexus or the latter nerve
may be a branch of the circumliex,

15. Tme CiKCt'Mi'i,i;x Nkrvk.

Tlie circunitlex or axillary nerve (n. a.villaris) (Eii,^ T092) is one of the terminal
branches of the i)osteri()r cord and contains fibres whicli are derivatives of the fifth

Fa;. 1099.

Median nerve

Flexor longus pollicis

Palmar cutaneous hr. of median nerve

Opponens poUici

Adductor obliquns poUici

Flex. brev. poll.,

inner head
Flex. brev. poll.,

outer head

Adductor pollicis

Adductor transversus
poll.

An articular branch

I'lex. prof, digitorum,
in part

Ulnar nerve

Flex, carpi ulnaris

Pi.siforni bone
Deep br. of ulnar nerve

Articular br. of ulnar
Unciform bone i

nerve
Articular br.s. of ulnar
nerve [everted
Abductor minimi digiti,

Opponens minimi digiti
Second palmar inter-
osseous
Third dorsal interosseous
Third palmar inter-
Fourth dorsal [osseous
interosseous
Flex, brevis minimi
digiti

u

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 artery 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 around the surgical neck of the humerus and reaches the outer
aspect (if the shoulder.

Branches.—These are : {a) the ar/icu/ar, (b) the cutaneous and (rj the
muscular.

a. The articular branches are usually two in number. The upper arises near the origin of

the circumllex and the lowt_r chiriui; llie passage of tlie nerve througli the cpiadrilateral .space.

They supply tlie anterior inferior portion of the capsular ligament of the slioulder. A third

articular l)rancli is described as passing up the bicipital groove, supplying a twig to the upper
end of the lunuL-rus and one to tiie neigliboring portion of the capsular ligament of the shoulder.

b. The cutaneous branch ( n. cuiantus bracliii lateralis) arises as a connnon trunk with the

nerve to the teres minor. It becomes sui)erficial i)etween tlie 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 dc-koid 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 nerve.
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 ner\e is fre(juently 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 di\ided
;

paralysis of the deltoid is thus

prevented.

i6. The Musculo-Spir.vl Nkrve.

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 a.xillary artery and over the surface of the latissimus dorsi and teres

major muscles. Accompanied by the superior profunda artery, ft turns backward on
the inner aspect of the arm and, entering the musculo-spiral groo\e 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,

iht. posterior interosseous and the radial (Fig. 1095).
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Branches.—These are : (a) ihi^ cutaneous, { /> } the )fius(u/a)\ (r) the Jnancrai,

(d) the articular aiul (^<') \\\q. terminal.

Fu;. 1 100.

Scapular head of triceps

Superior profunda artery ,

Portion of external head of triceps, everted

.

Muscular branch •

-Musculo-spiral nerve

Upper external cutaneous nerve

External head of triceps

Brachialis anticus

• Lower external cutaneous nerve

Olecranon -

Anconeus

Extensor carpi ujnaris

i^
-External condyle

-Extensor carpi radialis longior

-Extensor carpi radialis brevior

-Supinator brevis
-Posterior interosseous nerve

P
Extensor longus pollicis.

-Extensor communis digitorum

-Extensor minimi digiti

Extensor indicis-

-Extensor ossis metacarpi pollicis

-Extensor brevis pollicis

T -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 external.

The internal cutaneous branch frequently arises from the musculo-spiral in common with
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the branches to the lonj; and inner heads of tlie triceps. It passes backward, posterior to the
intercosto-hunieral nerve, and alter piercing the deep fascia, spreads out to be distributed to tlie
inte^nmient over the inner head of the triceps to within a short distance of the elbow ( Kij;. iioi ).

It is accompanied by a small artery.

The superior external cutaneous branch ( ii. cutanciis Itrachii |Histerir>r) (Imj^. iioi) arises
from the musculo-spiral posterior to the e.xternal internniscular septum and pierces the deep
fascia below the middle of the arm, between the external head of the triceps and the brachialis
anticus. It j^asses down with the cephalic vein and is distributed to the intej^ument of the
external anterior portion of the arm down to or slightly below the elbow.

The inferior external cutaneous branch (n. cutaneiis .inteltr.ichii dorsalisi (Fig. 1102) ari.ses

and becomes superficial similarly to and in common with the superior. After passing down the

Fig. iioi.

"Cutaneous branches of circuiiinex ne

Branch of intercosto-
hunieral nerve

Int. cutaneous branch of mus-.
culo-spiral ner\'e

Lesser internal cutaneous. -

joined below the leader by
branch of intercosto-hu-
nieral ner\-e

Sup. ext. cutaneous branch of mus-
culo-spiral nerve

Inf. ext. cutaneous branch of mus-
culo-spiral nerve

Post, cutaneous
branch of musculo-
cutaneous ner\-c

From post, branch of internal cutaneous nerve

Superficial dissection of right arm, showing cutaneous nerves of posterior surface.

arm it enters the 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 the forearm as far down as the wrist or even onto the dorsum of the hand.

It is distributed to the skin of the posteri<jr portion of the arm between the areas snjiplied by
the other cutaneous branches of the nnisculo-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 mu.sculo-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. mnsculares) are given off {no) br-fore the musculo-si>iral

enters the musculo-spiral groove and {bb) 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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1

htaiich of inns- ^'^\~

—

-nlo-spiral nerve ""v

I,esscr int. cn-
laneons nerve

*^- ".A.
Inf. exl. cntaneons
1 'ranch of niii.scnlo-

•>l)iral nerve

Int. cntaneon.s
nerve, po.st.

branch

Post, cutaneons
br. of musculo-
cutaneous nerve

The hrancli for tlu* long head of the triceps, before its entrance into the muscle, breaks up
into four or live tilanients.

The nerve supply of the inner head of the triceps is usually efTected l)y two branches, an
upper and a lower. The upper is short and enters the nui.scle soon after leavinj? the inusculo-

spiral. The lower, called the collateral ulnar branch, is longer and extends for a consideral)le

distance aU>ni;- the inner surface of the triceps in close association with the ulnar nerve.

Posterior to the internal intermuscular

septum it enters its muscle. Tiny I'u;. 1102.

filaments accompany the collateral

ulnar artery to llie capsular li};anienl

of the elbow.

The nerves to the outer head of the

triceps and to the anconeus take their

orii;in as a single trimk. The former

passes directly to the inner surface of

the outer head, while the latter leaves

the nuisculo-spirril ti^roove and tra-

verses the outer portion of the internal

head of the triceps until the anconeus

is reached.

hb. After leaving the groove and
while lyiuLV in the cleft between the

brachialis anticus and the brachio-

radialis, twigs are given of? 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 of 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 interosseous

and {bb) the radial.

Inf. ext. cutaneous
branch niuscnlo-spiral

Dor.sal branch
of ulnar nerve

From ulnar nerv( —

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 sixth, seventh and sometimes the eighth cer\'ical

nerve. Shortly after its origin it approaches the supinator brevls, through a fissure

in whose substance it makes its way to the lateral side of the radius, in this way reach-
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mg the posterior aspect of the forearm. Here it lakes a position between the two
layers of the extensor muscles and rapidly decreases in size by j^nvin^^ od in quick
succession branches to the neij^hborinij muscles. As a much attenuated iier\'e it

reaches the posterior surface of the interosseous membrane at the junction of the
middle antl lower thirds of the forearm. From the interval between the extensores

lonjrus and brevis pol-
FiG. 1 103.

Stipraacromial hrs. cervical i)lcxu.s

Cutaneous brs.
circumflex nerve

Sup. ext. cutaneous
br. of musculo-

spiral nerve

Inf. ext. cutaneous
br. of musculo-

spiral nerve

M uscu lo-cu tan eou.s
nerve, post, cutaneoas

branch
Muscuio-cutaneou.'-

nerve, ant.
cutaneous brand)

Musculo-cutaneous,
post, cutaneous br.

Lesser internal
cutaneous nerve

Internal
cutaneous ner\-e

licis It courses along
the 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 jiresents a small

gangliform swelling.

In the lower fourth of

its course it is some-
times called the ex-

t e r 71 a I uitcrosscoiis

nerve.

B ranches of

the posterior interos-

seous nerve comprise
two sets: those given
of? be/ore and affer
tra^'ersing the supina-
tor brevis.

Those arising be-

fore llie nerve enters

the muscle conipri.se the

nerves for the extensor
carpi radialis brvvior

and the supinator brevis.

The latter receives two
filaments, which sup|)ly

the two .strata of muscle
consequent upon the de-

lamination of the supin-

ator brevis by the pos-

terior interosseous
nerve. Quite fre(]uenlly

the nerve to the extcji-

sor carpi radialis long-

ior arises from tliis por-

tion of the posterior

intero.sseous.

The branches giv-

en of? after leaving the

mu.scle include the sup-

\Ay of tiie extensor car-

pi utnaris, the extensor
communis digitorutn,

the extensor minimi digiti, the tliree extensors of t/ie thumb and the extensor indicis.
The first three of these muscles are sui^plied by a branch whicli leaves the posterior inter-

osseous soon after its emergence from the supinator lirevis. This nerve divides into two
branches, one of which is distributed to the e.xtensor carpi ulnaris and the other to the remain-
ing two muscles. The e.xtensor communis digitorum receives additional innervation from a twig
which arises from the posterior interosseous further down the forearm.

Superficial dissection of right arm,
anterior surface ; cephalic vein is seen

showing cutaneous nerves of
passiii),' up to del to-pectoral

interval ; basilic vein pierces deep fascia at lower inner aspect of arm.
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Inf. fxt. c\itaneous
hr. of imisculo-'
spiral nerves

Musculo-cnta-
neoiis nerve, ant-

cutaneous br.

Musculo-cuta-
neous nerve, jx>st,

cutaneous br

Dirftal brs.

of median

I-ts.ser internal
cutaneous nerve

Internal cutaneous
nerve

Ant. br. internal
cutaneous nerve

The f.v/i'fisor ossis inctacarf>i polliiis and tlie extensor hrcvis pollicis are innervated by a

branch arising below the iireceding. which breaks up into two decurrent twigs, one of which

goes to each muscle.

The extensor lont^us pollicis is the recipient of a small filament, which arises from the

posterior interosseous a short tlistance below the preceding nerve.

The extensor indicis is su|>

plied by the lowermost motor I"i(.. i iu4.

filament arising from the poste-

rior interosseous.

Terminal twigs are distrib-

utetl to tile dorsal portion of the

wrist joint, the intercarjial and
carpo-metacarpal joints, the peri-

osteum of the radius and ulna

and the interos.seous menibrane.

One of the filaments sujiplying

the last-mentioned structure fre-

<iuently inosculates with a branch

from the anterior interosseous.

The filaments to the carpus

are continued through the meta-

carpal spaces and are joined by

twigs 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).

bb. The radial nerve
(r. superficialis n. radialisj

(Fig. 1095) is smaller than

the posterior interosseous

and is purely sensory in its

function. Its fibres originate

from the sixth cer\-ical 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 fle.xor

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 TFig. 1 102 ).

Branches.—The radial nerve divides into two terminal branches, an external

and an internal.

83

Radial ner\-e

Brs. of ant. br. of-c^t"
musculo-cutaneoiis f~^

From radiat
ner\'e

Palmar cuta-
neous br. of ul-

nar nerve

Palmar cutane-
ous br. of me-
dian nerve

Digrital brs. of
ulnar nerve

Digital brs. of
median nerve

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 tlic niusculo-cutaneous nerve and dis-

tributes filaments to the integument of the thenar eminence and the radial side of the thumb as

far out <is the base of tlie nail.

The internal or ulnar branch spVils into two parts. The inner of these likewise under-

goes dichcHomous division and supplies the dorsal juspectof 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 ner\es.

As the ulnar side of the hand is approximated the digital area of distribution of the radial

nerve gradually recedes toward the wrist. On tlie 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 (|uad-

rilateral space. It may communicate with the ulnar nerve in the upper arm. Cases are
recorded in which the dorsal digital nerves to the little 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 tlie opposed surfaces of the middle and inde.x fingers.

Practical Considerations.—The musculo-spiral is more frequently paralyzed

than any of the other branches of the brachial plexus. Its axillary portion often

suffers from crutch pressure ; and the ner\'e is also particularly exposed to com-
pression where it pa.sses 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 e.xtensor 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 f nn. thoracales) (Fig. 1105) consist of twelve pairs of sym-
metrical nerve-cords, the upper eleven of which, becau.se 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 seven

ribs reach the sternum, the upper si.x thoracic nerves alone are continued throughout

their entire course in intercostal spaces. The lower si.x, 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 nerves 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 integument

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 cervical plexus assume a function belonging to the thoracic

ner\-es. At the lower portion of the trunk the usual arrangement is likewise altered.
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the area immediately above Poupart's ligament and the pubes being innervated, not
by the thoracic, but l)y the- hunbar nerves (Fig. 1105). The supj)ly of the cutane-
ous area is proxidcd by two rows of sensory twigs, which become suj)erficial by
piercing the musculature and deep fascia of the trunk. Ivich of the thoracic nerves,

with the exception of tin- first, sends out a lateral cutaneous branch and, with no
exct'ptions, an anterior cutaneous branch. TIk- upper thoracic nerves deviate
variously from this typical arrangement, the first ha\'ing 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 thorax to be distributed

in the upper extremity. The third nerve of the scries is the first to present

a typical arrangement, although it, indeed, sometimes forms a loop with the
lesser internal cutaneous nerve of the arm. The anterior cutaneous branches are

the terminal portions of the thoracic nerves and are constant in their arrangement
antl distril)ution, with the excejjtion 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 primary
divisions of the thoracic nerves, with the exception of the twelfth, enter the inter-

costal spaces by passing betw-een 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 betw^een 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 nerves 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 adaneotis nerves

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 cutaneous

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 betw'een the upper intercostal nerves, but in rare instances

a tw'ig passes from one nerve over the inner surface of the rib next below to the sub-

jacent ner\'e. The lower three or four thoracic ner\'es, 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, tw^elfth, 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 very

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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The second thoracic nerve sonietinics contributes HIm-cs to the brachial jilexus.

The j:)()Sterior ramus of its lateral cutaneous branch is calletl the hitercosto-humeral nerve.
The intercosto-humeral nerve Cn. iiitcrcostobrachialis) (Fij^. 1105) is quite

large and pierces the inner axillary wall between the second and third ribs. Enter-
ing- the axilla, it crosses that space toward the arm and communicates with the lesser

internal cutaneous nerve from the brachial plexus. After piercinj^ the deep fascia,

the intercosto-humeral nerve su[)|)lies the internal and posterior portion of the integ-

ument of the up])er half of the arm, a few of its fibres extending;- slightly beycjnd the
mari4^in of the scapula.

The third thoracic nerve may form an iiiost-ulation witli the lesser internal

cutaneous nerve.

The twelfth thoracic or the subcostal nerve lies below the last rib and
therefore does not occupy an intercostal space, but passes outward below the
external arcuate ligament and anterior to the (juadratus lumborum muscle. It

contributes a t\vi<^ 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 piercing- the internal oblique and sending a filament

to the lower dig-itation of the external oblique, it penetrates the substance of the
latter muscle at a point from 2-10 cm. above the crest of the ilium and supplies the
integument of the gluteal region as far down as the upper margin of the great
trochanter (Fig. 1083).

Branches of the thoracic nerves are : (i) the vinsciilar and (2) the cutaneous.

I. The muscular branches ( rr. imisculares) may be divided into two g^roups: {a) the tJwracic

and {b) the a/nioniifiaL

a. The thoracic muscular branches arise from the first to the seventh inclusive and supply
the external and internal intercostals, tlie subcostals, the levatores costarum, the serratus

posticus superior, tlie triantjularis sterni and the rectus abdominis.
The branches to the intercostal and subcostal muscles are distributed throu.2;hout the course

~>f each nerve. The first to be given off is the largest and courses forward for some distance

along the lower part of the intercostal space. The others vary greatly in number and size.

The branches to the levatores costarum 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 upper four nerves. 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 triangularis 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 se\enth, 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 subcostals, 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 ner\'es.

The branches to the serratus posticus inferior are larger than those to 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 oblique.

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 Xhe pyramidalis are derived from the twelfth thoracic and first lumbar

nerves.

The branches to the diaphragm are supplied to its costal portion and consist of fine

filaments which are given off by the lower six thoracic nerves (Luschka).
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2. The cutaneous branches are larger than the muscular and consist of two

sets : {a) the lateral cutatuous and ( b) the anterior cutaneous.

a. The lateral cutaneous branches (rr. cuianei latcrales) consist of two series, an upper

and a lower, tlie former originating from the first to the sixth and the latter from the sixth to the

twelfth thoracic nerves. Those of the up|)er series pierce the external interccjstai muscles and

those of the lower the external ohlique 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 iatissinuis dorsi and the external obii(|ue. The one arising

from the twelfth pierces the musculature of the external oblique. Each lateral cutaneous nerve

divides into {aa) an anterior and {hh) 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 tlie 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.

bh. The anterior branches ( rr. anteriores [peciorales et abdoininales] ) 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) from 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 integimient 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 anteri(ires) 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 integimient of the thorax.

Filaments frr. mammarii mediales) are distributed to the skin of the mesial portion of the mam-
marv gland. The anterior cutaneous branches from the lower six (rr. cutanei alidominales ante-

riores) var\- in posidon. They consist of the terminal filaments which perforate the anterior

portion of the rectus sheath at a situation anywhere between the line^e 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 sufier most frequently from sensory disturbances, and

the posterior from motor disturbances. Intercostal neuralgia 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 ner\e, which is the lateral cuta-

neous branch of the second interco.stal nerve, or sometimes of the second and third

intercostals. The pain of intercostal neuralgias often becomes intense, especially

after violent expiratory efforts, as in coughing and sneezing ; not infrequently after

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. Mastodynia, or the so-called "irritable brea.st 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 nerv'es 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, and an alKloniinal lesion may be suspected ; this has
occurred more particularly in children. A feeling of tightness is sometimes observed
about the abdomen, correspontling to the course of one or more pairs of the.se

nerves, and may be due to impaired sensation in them. Since the abdominal
muscles are supplied chiefly by the seven lower intercostal nerves, they are
concerned in respiration. When they are contracted as in general peritonitis, the
lower ribs become immobile, and breathing takes place chiefly in the up])c-r portion
of the chest.

Till-: LUMBAR PLEXUS.

The lumbar ple.xus (plexus lumbalis; lies in the substance of the psoas magnus
muscle, anterior to the transverse j:)rocesses of the lumbar vertebrae, and consists of

a series of loops formed by the anterior primary divisions of the first, second and
third 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 di\'ision of the fifth to
form a conjoint trunk, the lumbo-sacral cord (truncus lumbosacralis;, which
passes into the pelvis to become a constituent of the sacral plexus (Fig. 1106).
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 intervertebral foramina to their point of division 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 mm.
Constitution and Plan.—In forming the plexus (Fig. 1106), the first lumbar

ner\e di\ides 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-ijigtihial 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-criiral ner.ve. 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

di\ide 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 an-

terior crural nerve. The posterior por-

tions of the second and third nerves

give of? from their dorsal aspect small

branches which unite into the cxter?ia/

cutaneojis 7ierve. The accessory obturator

nerve, 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.—Tliat portion of llu- fourlli limil)ar nerve-, or v. /urea/is, uiiicli joins the lumbo-
sacral cord, is usually less than half of the parent trunk, hut varies from one-twentieth to

nine-tenths. When larj^e, it may be joined by a branch from the third lumbar, and when
small the fifth lumbar may rontribnte to the lumbar [)lexus, the fibres Jjoinj^ to the ante-
rior crural alone or to the anterior crural and oi)turator 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 sendinj^ fibns to ln)th the lumbar and the sacral jilexiis. It is tluis possible to

have as furcal nerves the third and fourtli, the fourth alone, the fourth and fifth or the fifth

alone, and accordini^ to the hij^h or low position of these there is found a corresp<in(iinji origin

of the branches of the lumbar plexus. In this manner are accounted for the ///i,-// and /en', or

prefixed and postfixed types of ple.xus.

Branches of the lumbar ])K-xiis arc :

1. The Miisnilar 5. The External Cutaneous
2. The llio-Hypo^astric 6. The Obtin-alor

3. The Ili()-Insj;^iiinal 7. The Accessory Obtiirattjr

4. The Genito-Cniral S. The Anteri(jr Crural

I. TiiK Muscular Branciiks.

The muscular branches ( rr. musciilarcs ) su[)])lv the (iiiadratus hnnboruin, the

psoas iiia^nus and the psoas parx'us.

The branches to the quadratus /ii)?iboriii)i arisi- from the upper three or four

lumbar nerves, and sometimes from the last thoracic, and pass directly into the

quadratus.

The branches to X.\\q psoas magniis arise mainly from the second and third lumbar
nerves, there sometimes being- adclitional 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. TiiK Ilio-Hvpogastric Nerve.

The ilio-hypogastric nerve (n. 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 nerve,

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 nerve, outward and downward, posterior

to the kidney and anterior to the ciuadratus 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 inter\'al as far

as the middle of the iliac crest, it di\ides into its terminal branches, (a) the iliac and

(<5) the hypogastric, which corresjiond morphologically with the lateral and anterior

cutaneous branches of the thoracic nerves. There are also son-ie (r) muscular

branches.

a. The iliac branch (r. ciitanetis lateralis) pierces the internal and external obliques about

the middle of the iliac crest and is tlislribuled to the integument of the anterior gluteal region

which covers the gluteus medius and the tensor fasci:u femoris (Fig. 1083). It forms an

inosculation with the lateral cutaneous branch of the twelfth thoracic nerve and maintains an

even balance w\i\\ it] deficiency in the dc-velopment of either being recompensed for by a com-
pensating increase in size of the other.

b. The hypogastric branch (r. cutaneus anterior) continues the direction and course

of the main trunk between the transversalis and the internal oblique almost to the linea 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 obliciue and gain the interval lietween 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 oblicjue and breaks up into fii)res

of termination which supply the integument of the suprapubic region.

c. Muscular branches (rr. 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.— TIk- iliac l)raii<h may he ahsL-iil, its i)lac:(j beiu}; taken by llie lateral ciilaiiei)US

branch of the twcltlli tlioiacic nerve. Tiie liypoj^astric branch may inosculate with the twelfth

thoracic ant! may su|ii)ly llu- pyramidalis muscle.

V Till-; 1 i.i()-I.\(;uiN.\i. Nkrvk.

The ilid-iiii^uinal nerve (n. ili(iin<;uinalis) (l''io-. 1107) is the secxmd branch of

the hnnbar i)K-.\us and is soniewliat smaller than the ili()-hy])().uastric. Its fibres

usually arise from the first luinl)ar nerve, with accessions from the twelfth thoracic.

Fig. 1107.
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Deep dissection, showing nerves arising from lumbar plexus and lower part

of sympathetic gangliated cord.

Sometimes it arises entirely from the twelfth thoracic or from the second lumbar or

from the loop between the first 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 ili<)-hyp<>.i,Mstric, apijcarinj^ at the edj^^e of the psoas
ina^nus, crossing the quatlratus luinboruin behind the kidney and piercing the trans-

versjilis to reach the internuiscular cleft between the transversalis and the internal

oblique (Fig. 1105). While in the last situation it inosculatc-s 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 oi the ili(j-iiij^inal supply the integument of the upper inner portion
of the thi;j:h. Otliers ( nn. scrutales anteriores) are distrilnited to the pubic rejjion and the base
of the penis and scrotum or, in the female (nn. laltiales anteriores), the monsX'eneris and labia

majora. Tiny motor filaments (rr. musculares; are given off in the course of the nerve to the
transversalis, the internal oblique and the external oblique.

Variations.—The ilio-inj^inal may lie small and terminate near the iliac crest by joining
the ilio-hypogastric, which then sends off an inguinal branch with the course and distrif)Ution of
the absent portion of the ilio-inguinal. The nerve may be absent entirely and replaced by either
branch, usually the genital, of the genito-crural. It may give off a lateral cutaneous or iliac

branch for the supply of the integument in the region oi 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 e.xterni'l cutaneous.

4. The Gexito-Crural Nerve.

The genito-crural ner\e ( n. qenitofemoralis ) 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 ner\e 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 ^-efu'ia/ and (b) the crural, takes place (Fig. 1107). 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 {c) muscidar hvigs.

a. The genital branch (n. spermaticus extemus) obtains its fibres from the first lumbar
nerve. Passing downward on the inner margin of the psoas magnus, it crosses the e.xternal

iliac arter)- and l>ends 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 artery- 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 \vith the ilio-inguinal nerve and with the spermatic

plexus of the sympathetic.

b. The crural branch f n. lumboiniruinaiis) consists of fibres from the second lumbar nerve.

It courses down on the anterior surface of the jjsoas 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 u|)per 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 g^ven 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 contained 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-

ratorj' of the University- of Pennsylvania showed unusually extensive distribution of the crural
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branch. It was larji^er than normal, its si/e beinj; that of the normal external cutaneous, and it

emerjjed from the deL|) fascia below Poupart's ligament directly anterior to the femoral vein. It

l-ic. iiu8.

Psoas parv

Genito-crural nerve

Psoas magiius >*

.•\nU-rior crural nerve—

Kxternal cutanCDUS nervi

Geiiila) branch of genilo-crural

Sarlorius, stump

Branch to pectineus

Branch to rectus fenioris

Branch to vastus externus

Rectus femoris

Middle cutaneous nerve

Rectus fenioris *i A

.Accessory obturator

Crural branch of
genito-crural

Ilioinguinal nerve

Pectineus

Adductor longus

Internal saphenous
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Internal cutaneous
ner\e

Muscular branch of
superficial division
of obturator nerve

rom internal sajilienous
to subsartorial plexus

Branch to vastus inlernus

Anterior branch of internal cutaneous

Cutaneous branch of superficial division
of obturator nerve

Posterior branch of internal cutaneous

From posterior branch of infernal cutaneous

Articular branch from nene to vastus
internus

Cutaneous patellar branch of internal
sajihenous nerve

Internal saphenous nerve

Dissection ol right thigh, showing branches of anterior crural nerve.

divided into a smaller mesial and larger lateral branch and was distributed to the integument oi
the thigh as far down as the junction of the middle and lower thirds.
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5. Till-: I",.\ ri:R.\Ai, Ci TAMsors Nkrve.

The external cutamons iur\i- ( 11. ciitaticiis fciiioris lateralis) (Fig. 1109) arises at

the posterior aspect ot the kiinbar plexus from the second and, to a less extent, the

third lumbar ner\ e. It may arise from the first and second, from the second alone

or may derixe a majority of its constituent fibres from the third. It passes obli^iuely

downward and outwartl l)eneath the lateral margin of the i)soas ma^^nus and oyer the

iliacus muscle, throu_L;h the iliac fossa, coveretl by the iliac fascia. After crossing the

deep circumflex iliac artery it enters the thij^h beneath Poupart's ligament, mesial

to the anterior superior s])ine of the ilium, and passes oyer, sometimes through or

under, the pointed tendinous origin of the sartorius. The nerye then descends in

the thigh beneath the fascia lata and soon diyides into {a) an au/ir/or and (6) a

/>(^?.?A77(7/' terminal branch (Fig. iiioj.

(7. Tlie anterior branch (r. anterior) follows a downward course in the thij^li in a tubular

canal in the fascia lata, from vvliicii it enierj^es at a point 10-15 cm. bel<jw the anterior superior

iliac spine. It continues downward anterior to tlie vastus externus muscle and is distributed to

the inteLiunient of the antero-lateral aspect of the thiji^h as far as the knee. Numerous collateral

branches are .u;iven of¥, the majority of which arise from its lateral edi^e and supply the skin ovei

the ilio-tibial band. The main trunk may extend cjuite to the knee and become a particijiant in

the formation of the jiatellar i:)Iexus.

b. The posterior branch (r. posterior) passes ol)]i(|uely backward throus^h the fascia lata

and breaks up into several branches which are distributed to the intei^ument over the tensor

fascice femoris and the lower portion of the ti;luteal rej^^ion. The uppermost filaments are crossed

by twi.y;s 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 iiiLiainent has been passed. A branch of the .<;enito-crural may replace the i)osterior

branch. In one case a branch of tiie ilio-in.i2;uinal took the ]ilace of tiie external cutaneous.
Three si)ecimens found in the anatomical rooms of the University of Pennsylvania showed

decided anomalies, bi one the nerve ])assed l)eneath Poupart's lii^ament at a ])oint midway
between the anterior superior spine of the ilium and the femoral artery, bi another the nerve
of the ris^ht side resembled in ])osition the one just mentioned, while the left was apjiarently

absent, its place beintj taken by a branch of the anterior crural. In the third the posterior

branch emerj^ed from beneath Poupart's ligament 5 cm. to the inner side of the anterior sui')erior

iliac spine. The anterior branch formed a common trunk with the external branch of the mid-
dle cutaneous nerve. From the joint trunk a small branch passed to join the internal branch of

the middle cutaneous after tlie latter had pierced the sarlc^rius muscle.

6. Tin-: Obturator Nkrve,

The obturator nerve (n. ohturatorius) (Fig. 1109) is composed f)f fibres which
arise from the second, third and fourth lumbar nerves, the fotirth sui)plying 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 muscle opposite the brim of the true

pelvis. Lying posterior to the common and lateral to the internal iliac vessels, the

obturator nerve courses along the antero-lateral wall of the peKis below the ilio-

pectineal line, above the obtiu'ator vessels and upon the inner sinface of the peKic
fascia. It escapes from the pehis through the ol^turator canal in the obttirator 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

integimient of the mesial aspect of the thigh.

Branches.—The obturator gives off: (a) a branch to the obturator cxtcryius

vitisde and then divides into its terminal branches^ (^) the anterior and (r) the

posterior.
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a. The branch to the obturator extcrnus arises witliin the pelvis from the inner surface of

the obturator nerve. It accompanies tlie parent trunk throuj^h the foramen, inmiediately after

VWt. 1 109.
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Internal saphenous nerve
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Post. br. int. cutaneous

Internal saphenous

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.xternus muscle. From this situation its fibres pass through the deep surface into the

substance of the muscle.
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b. The anterior branch ( r. anterior ), the more superficial, descends in front of the obturator

extemus and adductor l)revis muscles and between the pectineus and the adductor lonj^us.

Havinj:: reached the interval between the adductores brevis and lon^us it separates into its

terminal branches.

Branches of the anterior division are: («</) the artkular, {(>h) the uiusiular, {cc) the

cutaneous, [t/t/) the lOinjnutiiiating and (fc) the vasiii/ar.

aa. The articular branch leaves the obturator at the inferior marj^in of the obturator

foramen and passes throus^h the cotyloid notch to sui)|)ly the hip joint.

hb. The muscular branches supply the adductores brevis and lonjjus and the gracilis.

The branch \.o the adductor brevis enters the muscle near the upper mar^jin of the anterior

surface.

The branch to the adductor lougus 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 (r. cutaneus) (Fig. mo) is variable in size and maintains an
approximately even balance \\ ith the internal cutaneous branch of the anterior crural. Some-
times arising from the nerve to the adductor longus, it bec(jmes 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 nerves, called the subsartorial or

obturator plexus.

dd. The communicating branches consist of twigs w hich unite in the i)elvis with the accessory

obturator nerve and in the thigh anterior to the capsular ligament of the hip joint with the

anterior crural.

ee. The I'ascular branch enters Hunter's canal along the mesial edge of the adductor longus
and spreads out over the lower portion of the superficial femoral artery.

c. The posterior branch ( r. posterior), the deeper, pierces the anterior fibres of the

obturator externus 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 : {aa) the muscular and {bb) the articular.

aa. The muscular branches supply the obturator externus, the adductor magnus and the

adductor brevis.

The branch to the obturator externus is additional to the 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.

The branch to the hip joint consists of one or two fine twigs which pass beneath the

pectinetisto 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

division. 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 nerve continues downward on the popliteal arter\-, 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 nerve is absent. Branches
are sometimes given of? to the obturator internus and to the pectineus. Tiny branches have
been found going to the obturator artery and to the periosteum of the pelvic surface of the os
pubis. In a cadaver dissected in the anatomical laboratory of the University of I'enn.syl-

vania the obturator of the right side divided into the usual anterior and iiosteri»)r branches, but
both of them pa.ssed posterior to the adductor brevis. On the left side the normal arrangement
was present. In another specimen in tlie same laboratory the branch from the main trunk to

the obturator extemus muscle lay to tiie outer instead of the inner side of the obturator nerve.

7. The Accp:ssorv Obtur.\tor Nerve.

The accessory obturator nerve is an inconstant branch of the lumbar ple.xus.

being;^ found in 29 per cent, of the cadavers examined (Eisler). Its fibres arise from

the third and fourth kimbar 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 nerve may be intimately associated with

either of these two, usually the former.
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The accessory obturator courses downward mesial to the psoas maf,mus and
beneath the iliac fascia, and leaves the jjelvis by passing over the horizontal ramus oi

the i)ul)es and under the pectineus. In the latter situation it breaks up into its

branches, one of which (a) supplies the pectineus, another (d) the hip joint, while

the thirtl (f ) inosculates with the anterior division (jf the obturator nerve. Some-
times it is very small and its fibres pass only to the hij) joint. By means of its in-

osculation with the obturator some of its fibres may reach the adductores longus and
brevis and g^racilis muscles, as well as the intey^ument of the inner region of the thigh.

8. Thk Anikrior Crural Nkrve.

The anterior crural or femoral nerve ( ri. fcmoralis) (Fig. iio8j, the largest

branch of the lumbar plexus, arises from the first, second, third and fourth lumbar
nerves. It passes obliquely downward and outward, posterior to the psoas magnus,
.and emerges from beneath the middle of the lateral margin of that muscle. Thence
it continues its course between the outer edge of the psoas and the mesial edge of the

iliacus, covered by the iliac fascia, as far as Poupart's ligament, under which it passes

to become an occupant of the anterior portion of the thigh. The nerve lies to the

outer side of the external iliac and femoral vessels, in the abdomen being separated

from them by the psoas magnus, but, as the thigh is reached, gradually nearing them
until in Scarpa's triangle the nerve lies in apposition to the femoral sheath. In

the immediate neighborhood of Poupart's ligament, the anterior crural nerve rapidly

splits up into a number of

Branches, which may be grouped into (<5) a superficial division^ principally

sensory, and {c) a deep division, mainly motor. In addition there are (aj branches
arising from the main iriink.

a. The branches from the main trunk consist of {aa) the inuscular branches and {bb) the

nerz'C to thefemoral artery.

aa. The muscular branches sujjply the iliacus, the psoas magnus and the ])ectineus.

The branches to the iliacus consist of two to four filaments which arise in the abdomen,
pass outward and enter the inner margin of the iliacus muscle.

The branch to ^ha psoas i)ia_s^)ius arises in the lower part of the iliac fossa and supplies the

inferior portion of that muscle. It may originate in commtMi with the nerve to the femoral

arter}-.

The branch to the />tr//«^//.y leaves the anterior crural beneath Poupart's ligament, passes

inward posterior to the femoral vessels and enters the anterior surface of its muscle.

bb. The nerve to the femoral artery usually takes origin in the iliac fossa, but frequently

arises higher, sometimes as a distinct branch from the third lumbar nerse. It accompanies the

anterior crural as far as Poupart's ligament, leaving the parent trunk at the lateral margin of

the femoral sheath. At the ligament it gives off fine twigs which ramif}- over the posterior part

of the femoral vessels, and from them tiny filaments pass to the middle of the thigh. Other
twigs are distributed to the deep femoral artery and from this group a fine terminal thread

traverses the nutrient foramen of the femur, after supplying branches to the periosteum.

b. The anterior or superficial division is mainly cutaneous in distribution. It supplies

sensory twigs to the anterior and mesial surfaces of the thigh and motor twigs to the sartorius.

Branches of this division are : {aa) the tniddle cutaneous and {bb) the internal cutaneous.

aa. The middle cutaneous nerve ( rr. cutanei anteriores
)

( Fig. 1 1 lo ) consists of two branches,

an external and an internal, both of which contain motor as well as sensor}- fibres.

The external branch passes downward under the sartorius, to whose posterior surface are

given off a row of fine twigs which enter the upper portion of the muscle. The continuation of

the nerve pierces the sartorius at the junction of the upper and middle tliirds, then pushes its

way through the fascia lata and splits into fine filaments which supply the integument over the

rectus femoris as far as the knee.

The internal branch is sometimes united in the upper part of its course with the external.

It supplies twigs to the sartorius but seldom pierces that muscle, usually passing internal and

anterior. This branch, like the external, is distributed to the anterior integument of the thigh

as far down as the knee and frequently inosculates with the crural branch of the genito-crural.

Variations.—Sometimes the middle cutaneous arises from the beginning of the anterior

crural or from the lumbar ple.xus and replaces in toto or in part the crural branch of the

genito-crural.
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bb. The internal cutaneous nerve (rr. cutanci mediales) leaves the anterior crural in the

neighborhood oi Poiipart's ligaiiKiU ami descxiuls in Siari)a's triangle, at the apex of which it

crosses obliquely tlie femoral vessels to attain tlieir mesial side. It passes sui>ertkial to or

through tlie sartorius muscle and divides, either anterior or internal to tiie superficial femoral

artery, into its terminal branches, the anti-nor and the posterior ( I''ig. 1 1 lu).

Two or tliri-e branc Iks are given of! by the main trunk. One of these pierces the fascia

lata immediately l)eiow the saphem)us opening and accompanies the internal saphenous vein

down to tlie middle of the thigh, sui^plying the integument in its immediate vicinity. Another
branch pierces the fascia lata

Fig. mo. at about the middle of the thigh

and sup|)iies 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 nerve

to the pectineus gives off a
branch which forms a loop at

the linner .side of the femoral

artery with a nerve which passes

anterior 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.

The posterior 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 integument 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 ner\-es to form the

subsartorial or obturator plexus

(Fig. 1 109). At the knee and
in the upjier part of the leg

it again forms connections

with the internal saphenous
nerve.

c. Tiie posterior or deep
division of the anterior crural

nerve consists of a fasces of

ner\e-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 : {an) the muscular, {bb) the articular and (<r) the

internal saphenous.

aa. The muscular branches f rr. musculares) supply the rectus femoris^ the va.stus extemus,

the crureus, the subcrureus and the vastus internus.

I'pperbr. of int. cutaneous
nerve (or twigs from
posterior branch)

Internal saphenous

- .Anterior br. of int.

cutaneous nerve

) From lower 1 posterior)

j br. int. cutaneous nerve

Lower (posterior) br.

int. cutaneous ner\'e

Cutaneous patellar br.
int. saphenous nerve

saphenous nerve

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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The branch to tlie rectus fonoris usually sjjlits into tlirec* lui^s, which separately enter the

posterior surface of tlieir muscle. It furnishes fine twiji^s to the antero-Iateral portion of the

capsule of the hiji joint.

The branch to the vastus extertnis passes over the rectus and, in company with the

descenclini;^ branch of the external circumtte-x artery, reaches the vastus externus, who.se

anterior maru;in it enters in a series of twists. It sends a branch d<jwn to the knee joint.

The nerves to the irureiis number usually either two or three. The upper branch is usually

the shortest and passes directly to the anterior surface of the crureus, where it penetrates the sub-

stance and sui>plies the upper
portion of the muscle. A sec- |,-,, .

,
, ,

,

oud brauc/i pierces the vastus

interims and passes down-
ward under the anterior bor-

der of that muscle. It sup-

plies the lower portion of the

crureus, the subcrureus, the

periosteiun of the lower an-

terior part of the femur and
the capsular ligament of the

knee joint. A thircf branch is

distributed tt) the lateral por-

tion of the crureus and by
means of its terminal filaments

aids in the innervation of the

knee joint.

The branch to the vastus

intermis accompanies the in-

ternal saphenous 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. articuiares)

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 exter-

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

.'Xiiterior cniral nerve
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Kerve to pectineus'
l'"eiiioral artery

Articular branch'
Nerve to rectus,

Ext. circumflex artery-

Middle cutaneous,
nerve

Rectus femoris, cut

A descending branch
of ext. circumfle.x art.

TCerve to vastus
inteniu

Nerve to crureu:
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Pectineus

• Iductor
ngUS

vddiictor
magnus

Int. saphenous
nerve

Post. div. int.

cutaneous
nerve

Aponeurotic
roof of Hunt-
er's canal

A br. of int. sa-

phenous ner\e

.\ muscular br.

of femoral
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internus

Internal saphenous ner\-e

Superficial br. anasto-
motica magna art.

Tendon of adductor
magnus

Dissection of right thigh, showing relation of anterior crural nerve

to blood-vessels and to Hunter's canal.
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internus and the adductor majjnus. At the inner side of the knee it l)ecomes superficial by
passinj; between tlie tendons of the sartorius and jjracihs and by piercinj^ tlie deej) fascia in this

situation. Thence it descends in tlie leg in association with the internal saphenous vein, at the
ankle passing anterior to tlie internal malleolus and reaching the inner aspect of the foot, on
which it extends only as far as the nietacarpo-phalangeal articulation of the great toe (Kig. 1 1 18).

Branches of the internal saphenous are : the coimnuniiaiini^, the infrapatellar, the articu-

lar and the tcrmiual.

The co}mHuuicatiui^ branch 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 ph.vus.

The infrapatellar branch (r. infrapatciiaris) (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 e.xternal cutaneous nerve to form X\\e patellar plexus (l""ig. 1117).

The articular branch (r. articularis) is an inconstant twig which supplies the inner portion
of the capsule (jf 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, involvinp;^ 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 inckided in the sutures. This nerve and tlie ilio-i)iguinal are sometimes
involved in operations in the inguinal region.

The geniio-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 lie

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 obtiu'ator nerve would interfere with adduction of the- thigh as

well as with internal and external rotation. It may be caused by pressure witliin 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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tUMBO-SACXAt
CORD

THE SACRAL PLEXUS.

The sacral or sciatic plexus (plexus sacralis) (Fij^. 1 1 12) is formed by a portion

of the fourth lumbar nerve, all of the fifth lumbar, the entire first sacral and parts of

the second and third sacral nerves. As previously stated (paj^e 1320J the fourth

lumbar nerve or ;/. furcalis splits into two portions, a lars^er ujjper and a smaller

lower, the former contributing^ 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 V\c,. 1112.

two trunks thus formed compris-

ing the lumbo-sacral cord
(truiicus luinbosacralis). 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-

gcminus 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

or peroneal and some n\\noxpos-

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 fl!;z/^rz'^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 frccjiiently inclcpeiiclcnt clt'incnts, the internal i)o])lileal or til)ial and the

external popliteal or peroiual. Typically the sciatic divides into these two nerves

in the lower jxirt of the thi^h : very often, however, they are distinct from the outset,

arising independently from the plexus, being separated in the great sacro-sciatic fora-

men by the inferior fibres of the pyriformis muscle and ])assing through the thigh

as contiguous but ununited structures. Moreover, even when the sciatic ap|)ears to

be a single cord, dissection will re\eal its duality in origin and course. The branches

of the sacral plexus mav be grou])ed as follows :

—

Collateral Branches.
A. Anterior branches :

1. Muscular
2. Articular

B. Posterior branches :

3. Muscular

4. Articular

II. Terminal Branches.
A. Anterior branch:

5. External popliteal

B. Posterior branch:

6. Internal popliteal

COLLATERAL BRANCHES.

Tlie collateral branches comprise two sets, designated according to tlie

portion of the plexus from which they arise as the anterior and \.he posterior.

The anterior collateral branches include : (i) the museiilar branches and

( 2 ) the articular branches.
1113.

Superior gluteal nerve, giving abr. to pyriformis

Psoas magnus, cut'

Ext. iliac artery

Obturator nerve
Pubic bone,'

mesial surface
Obturator iuternus

" White line " of
pelvic fascia

Left corpus
tavernosum. cut

Hr. to (ju-ldratus

;in., gemellus inf.

ami hip joint

Inf. gUiteal
___

nerve

U retina

Levator ani

Nerve to obturator intcrnus and gemellus superior

Anterior
crural nerve

/'

,jf... .^\'. lumbar
jjp»>"^^

—
' vertebra

lumbar nerve

—I. sacral nerve

^r.rs. to
pyriformis

- H. sacral
ganglion
II. .sacral nerve
visceral br. of
II. sacral nerve

111. sacral
ganglion

IV. sacral ganglion
(
\'

. ganglion is seen l>elovv)

Cocc_\ i.;eiis'

Br. to levator ani

Visceral brs. of III. and 1\'. sacral nerves

V. sacral nerve (ventral division)

Coccygeal nerve (ventral division)

Ptidic nerve ; the small sciatic nerve is just in front
Br. to sphincter ani, piercing levator am

Dissection of right half of pelvis, showing sacral and pudendal plexuses : section is not tnesial,
but to left of mid-linc.

I. The muscular branches supply {a) the quadratus femoris, {b^ the obtura-

tor internus, the gemelli aiul (/) 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 plexus, its fibres coniinjj from the fourth and fifth himbar and first sacral nerves, h is

frequently united in the first part of its course with the nerve to the obturator internus. Having
traversed the great sacro-.sciatic foranuii it courses downward anterior to the great sciatic nerve,
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the ol)turator intt-rmis ami the gcmc-lli ami posterior to the capsular lijjament of the hip.

Reacliiiii:: tiie ujiper iiiars^in of the (luaciratus fenioris it passes anterior to that muscle and
terminates ill lil>res which enter the anterior surface of the muscle for which it is destined. In

addition to supi)lyin.i; tlu- (|uailratus femoris it sends twigs to \.\\g geme//us inferior and to the

liip joint.

Variations.—Tlie nerve to tlic (juadratiis femoris may supply the iii)|)er portion of the
adductor magiuis and may send lilanunts to the superior gemellus, either as an additional or
as a sole supply.

b. The nerve to the obturator internus has an origin one step lower than that of the

preceding nerve, with which it is freiiuently associated for a short distance. It arises from the

anterior aspect of the fifth lumbar and first and second sacral nerves and leaves the pelvis through

the great sacro-sciatic foramen, below the pyriformis and the great sciatic nerve and lateral to

the pudic nerve and vessels (Fig. 11 14). Crossing the spine of the ischium it courses anteriorly

through the lesser sacro-sciatic foramen and enters the ischio-rectal fo.ssa, where it terminates by
splitting into filaments which enter the posterior surface of the obturator internus. A small

branch of this nerve supplies the m'iiif//iis superior.

c. The nerve to the hamstring muscles consists of a bundle of fibres which forms the

mesial edge of the gluteal portion of the sciatic nerve. Arising from the anterior aspect of the

ple.xus and deriving its fibres from the fourth and fifth lumbar and first, second and third sacral

nerves, it descends in close connection with the sciatic, lying first anterior to the latter and then

to the inner side (Fig. 1115). In the thigh the nerve breaks up into two sets of fibres, an
upper and a lower. The upper set leaves the sciatic below the tuber ischii and sends fibres to

the upper portion of the seinifendinosiis and the long head of the biceps femoris. The lower

set arises further down in the thigh and funishes twigs to the seiniiiiembratiosiis, the adductor
tiiagtiiis and the lower part of the seinitejidinosiis.

2. The 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 hip joint.

The posterior collateral branches comprise, like the anterior, (3) the
vuiscular and (4) the articular braiiches.

3. The muscular branches include («) the nerve to the pyriformis, {b') the

superior and {^c) the inferior gluteal nerves and (^) 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. 11 14) arises by three roots from
the dorsal surface of the posterior portion of the lumbo-sacral cord and the first sacral nerve,

its fibres being derivatives of the fourth and fifth 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 medius and ahjng the upper margin of the gluteus minimus reaches and enters the

middle of the inner surface of the former muscle, of which it is only the partial nerve supply.

bb. The inferior branch, larger than the superior, is the continuation of the main trunk.

After a forward course between the glutei medius 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 fascice femoris (Fig. 11 14). It supplies the glutei medius and minimus and its terminal

fibres constitute the supply of the tensor fascice femoris.

c. The inferior gluteal nerve (n. glutaetis inferior) (Fig. 11 14) is formed by twigs which ari.se

from the dorsal surface of the posterior jiart of the lumbo-sacral cord and the first, and some-
times the second, sacral nerve. It is frequently fused in the early part of its course wMth 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 maximus about midway
between the origin and insertion.
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(/. Tlic nerve to the short head of the biceps (,1'ig. IXJ5) apparently arises from the lateral
margin of tiie upper i)art of tiie j;reat sciatic nerve. The fibres coniprisinj; it can be traced back
to the liftii lumbar and first and second sacral nerves, sometimes in combination with the roots
iii the inferior gluteal nerve. Leaving the great sciatic in the middle of the thigh, often as a
common trunk with the articular brancii, it enters the substance of the short head of the biceps.

FiG. 1 1 14.
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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 iistially two in number.
The upper arises eitlier in common with the nerve to the short head of the bicej^s or

independently from the lateral i)ortion 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 ligainent of the knee. The lo'wer 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 of^ a tiny thread to the

superior tibio-fibular articulation.

TERMINAL BRANCHES.

The terminal branches of the sacral plexus are the iwtcnial and the hiternal

popliteal, and these are usually fused in the upper part of their course into the great
sciatic nerve. ,
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The Great Sciatic Nerve.

The ij^reat sciatic ncrxe (n. ischiadlcus) , the lart^est nerve of the entire human body,

is a thick hundli' of nerxe-fihres ilerixed from botli tlie anterior and posterior pcjrtions of

KiG. 1 1 15.

Ghiteii-i iii:ixiimis-

Great scialic nerve

Great sacro-sciatic ligament

Small sciatic nerve

Tuber ischii

Great sciatic nerve

Brs. to semitcmlinosus

Adductor magnus

Biceps, long head

Semitendinosus

Semimembranosus

Br. to adductor magnus

Br. to semimembranosus

Semimembrano.sus

Popliteal artery

Articular branch

Popliteal vein

Communicans tibialis

Gluteus medius

Pyriformis

Gemellus superior

Obturator internu.s

Gemellus inferior

Obturator externus

Trochanter major

Quadratus femoris

Gluteus maxiraus

Br. to biceps

Biceps, short head

Int. popliteal nerve

External popliteal nerve

Articular branch

Azygos articular branch

Femur, popliteal surface

\ Muscular branches

Gastrocnemius

Communicans fibulans

Deep dissection of posterior surface of right thigh, showing great sciatic nerve dividing

into external popliteal (peroneal) and mternal popliteal (tibial) nerves.

the sacral plexus (Fig. 11 12). Properly it consists of two elements only, the 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 filires bein^ derivatives of

all of the spinal nerves contributing to the sacral plexus. Hound up with it and
apparently inte.i^ral portions of it, are the nerve to the hainstrini^ muscles and the
nerve to the short head of the bicejis. From within outward, the four components
are arranged in the follow ing order: the ner\e to the hamstrings, the internal liojili-

teal ner\e. the external popliteal nerve and the ner\e to the short head of the biceps.

Arising from the ajK-x 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 pyi'iformis 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 sviperior, the tendon of the
obturator internus, the gemellus inferior, the quadratus femoris and the ujjper portion
of the adductor magnus, beuig accompanied in the uj^per part of its course by tliQ

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 nerve lies under
cover of the hamstrings and at a varying position in the thigh it splits into its terminal
divisions: (5) the externalpopliteal ^^\^i (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) (P'ig. 1 1 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 cutaneous and the terminal.

The cutaneous branches are: («; the sural and {b) the peroneal communi-
catitig.

a. The sural branch (n. cutaneus surae lateralis) (Fig. 11 19) consists of one or more,
usually two, filaments which arise in the popliteal space, frequently in coninion with the peroneal
comniunicatini^ nerve. Becominij 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. conununicans fibularis, is larger than the preceding. Lea\ing 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 iiead of the gastrocnemius to the middle of the leg. Here it is

usually joined by the tibial communicating branch from the internal j^opliteal and the joint trunk

.so formed (Fig. 1125) is called the external or short saphenous nerve (page 1,142).

The terminal branches comprise: (<?) the recurrent articular, (d) the

anterior tibial and {c) the musculo-cutaneous.

a. The recurrent articular or recurrent tibial branch f Fig. 1 1 16) is the smallest of the three.

Given of? a short distance below the head of the fibula it passes forward under the peroneus

longus and the extensor longus digit(jrum, courses upward in the musculature of the tibialis

anticus and divides into filaments which supjily 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.

h. 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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externally around the head of the tihula beneath the peroneus longiis, the extensor

proprius'hallueis and the extensor lon^us dij^itorum it reaehes the anterior aspect of

Vic. 1116.

Extensor longus digitoruin

Anterior tibial artery-

Anterior tibial nerve—
Musculo-cutaneous nerve

Peroneus longus, laid open

Tibialis anticus-

Extensor longus digitorum-

Head of fibula

Peront-al nerve

Recurrent liliial branch
Branch to extensor longus digitorum

Muscular branch to peronei

Peroneus brevis

External branch of musculo-cutaneoui

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

tibial and musculo-cutaneous nerves.

the leg. Lying on the anterior surface of the interosseous membrane it joins the

anterior tibial %'essels 8-12 cm. below its origin and accompanies these vessels
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down the front of the \e^ as far as the ankle, lyinj.^ first to their outer side, then

anterior to them ami at the ankle to the outer side ajujain ( I'iju. 1 1 16).

Branches of the anterior tibial nerve are : (aa) the i)iitsinla>\ ( bb) the articular,

{cc) the external and {^dd) internal terminal.

aa. The muscular branches arc distributed to tlie tibialis aiiticus, the extensor lonj^us

dij»:itorum, the extensor proprius lialhuis and the peroneus terlius.

The nerves to tiie tibialis antic iis consist of two tu ij^s, an upper and a lower. The upper
arises at the oriijin of tlie anterior tibial, passes beneatli the peroneus lon};iis and the extensor

lont;us dijijitorum and enters the upi)er |)ortion of tlie muscle. The lower arises in the interval

between the tibialis amicus and the extensor loiiijus dij^itorum and passes oblicjueiy d<jwn\vard

inti) the substance of the tibialis anticus.

The nerve to the extensor lon<fus dii^itoridn arises immediately below tlie precedinj^ and
enters the inner surface of the muscle which it supjjlies.

The nerves to the extensor prof>riiis liallueis, usually two in numi)er, arise in the middle of

the le^ and enter the substance of their muscle.

The nerve to the peroneus tertiiis is usually derived from the nerve to the extensor

longus di^itorum.

bb. The articular branch leaves the anterior til)ial al)ove tlie anterior annular ligament and
is distributed to the forepart of the ankle-joint.

cc. The internal terminal branch (Kig. 1117) courses forwartl 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. diuitales dorsales hallucis

lateralis et digiti sectindi medialis), which supi)ly the C(jntiguous sides of the great and second
toes and inosculate with branches of the musculo-cutaneous nerve. \n the region of the tarsus

it sends off the Jirst dorsal interosseous nerve, which sujiplies 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 ( I"'ig. 1118) passes laterally over the tarsus undercover
of the extensor brevis digitorum, to which muscle it sends branches. From it are given ofT 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 |:)robably 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 tcjes. In one case tlie 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 ai)pearance as a single nerve

or as two branches.

Branches of the musculo-cutaneous are: {aa) the muscnlar, {bb) the internal

and (cc) the external terminal.

aa. The muscular branches (rr. musculares) are destined for the peronei longus and
brevis.

The ner\'es to the peroneus longus are two in number, an upper and a lower. They are
given off 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 Xhe peroneus brevis arises with the lower branch to the peroneus longus and
enters the musculature of the peroneus brevis.
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bb. The internal terminal branch K\\. cutJiiicus (Icirs.ilis mcdialis) ( Ki^. 11 17), larger than the

external, passes ol)lii|uely iiiu.ird in front i>f the ankle and tlieii forward over the dorsimi of the

foot. Cutaneous twigs are tlistributeil

to the anterior aspect of tlie lower third

of the leg and the dorsum of tlie foot.

Just below the anterior ainiular ligament

the nerve breaks up into an hnicr, a

iniddle and an outer branch.

The iinicr braiuh inosculates with

the internal saphenous nerve, from which

it receives an accession of fibres, and

p;»sses forward to supply the integument

of the mesial aspect of the foot and great

toe. The middle branch follows the first

metatarsal space and inosculates with the

inner branch of the anterior tibial nerve.

The outer braiuli courses down the

second metatarsal space and divides into

the two dt)rsal digital nerves (iin. dinitales

dorsalcs pedis) which supply the ct)ntig-

uous sides of the second and third toes.

This branch is sometimes derived from

the external terminal part of the musculo-

cutaneous.

cc. The external terminal branch

(n. cutaneus dorsaiis inieniiediiis) (Fig.

1 1 17) courses down the leg anterior to the

ankle and lateral to the inner branch,

giving off twigs to the antero-lateral 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 \\\^ 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 toes. 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 pojiliteal 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.

6.

V\v,. 1 1 17.
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and first, second and third sacral ner\cs. Lcaxiii^^ the pelvis throiit,rh the jjreater
sacro-sciatic foramen below the pyriformis, and j)assin.i,^ through the gluteal re,i,Hon
and upper part of the thit^di as the inner portion of the t,n-eat sciatic nerve, it becfimes
an independent trunk at the point of bifurcation of the sciatic. Emerj^ing from
beneath the hamstring muscles and descending vertically through the middle of the

I-'k;. 1118.

Musculo-cutancous nerve-

Extensor loiigiis

(ligiloruni tendon

rcroiiciis tertius tendon u r
'

—
\ i

Anterior tibial nerve '
KferS ?—

5

Articular branches to ankle joint

F'eroneus longns tendon

External saphenous nerve
Musculo cutaneous nerve

—

external division
External division of anterior

tibial nerve
Extensor brevis digitorum

Metatarsal branches of external
division ui 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, musculo-cutaneous, and internal and
external saphetious 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 i)opliteal becomes
the posterior tibial nerve (Fig. 1119J.
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Branches of the iiUcrnal popliteal are : (a) the articular, (b) the muscu/ar,
(r) the cutaneous aiul (</) i\\Q posterior tibia/.

Fic;. iiig.

r.ratili- -
'

Semitendinosiis

Seminietnbranosus

Sartorius

Superior internal articular nerve

Inner head of gastrocnemius

Inferior internal articular nerve

Muscular branch

Articular branch

Tibialis posticus tendon

Inner malleolus

Abductor halhici^
External plantar ner\e

Internal plantar nerve

Abductor hallucis and fascia

Flexor longus digitorum—

r

Posterior tibial nerve

Posterior tibial artery !_

Tibial (internal popliteal) nerve

Peroneal (external popliteal; nerve

Superior external articular nerve

Biceps tendon

Azygos articular nerve

Plantaris muscle

Ext. head of gastrocnemius
Tibial coniinunicating

-Popliteus muscle
Infenor external articular branch s„„, b^nch
Peroneal nerve „ , ...

Peroneal communicating

Til>iaiis posticus

Peroneal artery

-External saphenous nerve

-Tii>ialis posticus

. Fibular orij^in of soleus

.Flexor longus hallucis

Peroneus longus

Peroneus brevis

Internal calcanean branch

Tendo Achillis

Flexor brevis digitorum, cue

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. articulates) supply the hip and knee joints. The
one destined for the hip has been described on page 1333. The branches to the knee are of
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small size and of xaryinj^j mitulx-T. There are usually two, an upper and a lozver, and these

break up into small tiiaments which inosculate with the lower articular fibres of the external

popliteal, forming the popliteal plexus of Kudinjjer. The upper or azyi^os branch usually

pierces the posterior lii^ament of the joint, while the loxver accompanies the inferior internal

articular artery. When a third is present it accompanies the superior internal articular artery.

From the popliteal ple.xus a luunber of fine lilanients are furnished to tiie i)osterior portion of

the knee joint and an occasional twi.s^ enters the popliteus muscle by piercinj.; its posterior

surface.

h. The muscular branches ( rr. imisculares) comprise two sets, those given off from the

part above the division of the sciatic nerve and those given off below. The former have been

described on page i.i33- ' '^^^ latter consist of a series of five twigs which innervate the

gastrocnemius, the soleus, the plantaris and the popliteus.

The nerves to the [lastroeueiiiius, soleus and plantaris consist of two stout nerve trunks,

an upper and a lower. The upper arises in the middle of the popliteal sjiace and enters the

lateral aspect of the inner head of the gastrocnemius. The loiuer arises a short distance below

the upper and, fre(iuently combinetl 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

nerve 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. Another, the interosseous branch (n. interosseus

cruris ) courses first posterior to and then between the layers of the intero.sseous 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 co))n)iunicatinff nerve.

The tibial communicating nerve or n. tibialis co)iuiiunicans (n. cutaneiis surae medialis)

(Fig. 1 1 19) 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. siiralis). This joint nerve (Fig. 11 19) courses down tiie 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 oblicjuely downward and forward along the

lateral margin of the foot to the dorsal aspect of the outer side of tlie 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 laterales), the dorso-lateral

portion of the foot (n. ciitaneus 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 uUle 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. conmiunicans 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 fihularis arose in the middle of the thigh and the n. communicans tibialis

in the popliteal space. rnit)n 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 saj^henous. 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 gastrocnemius before joining the n.

communicans fibularis. X'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 Postkrior Tibial Nerve.

The posterior tibial nerve {w. tibialis) (Fiii:. 11 19) 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^ imisclcs and posteriorly lie the soleus and gastrocnemius

in the up])er ])art of the leg. Above the ankle the nerve becomes superticial, and is

covered onlv l>y integument and the fascia-. Owing to the inward inclination of the

posterior tibial \'essels the nerve, while pursuing a straight course, changes its rela-

li\'e position to the vessels, in the upjjcr jiart 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 below the internal malleolus, the posterior

tibial nerve divides, under cover of the internal annular ligament, into its terminal

branches, the internal and the external plantar.

I'k; 1120.

Internal calcaiiean branch a
of posterior tibial nerve ^^

Digital branches of
internal plantar nerve

External saphenous nerve

External saphenous nerve

•iL -\
"3> Digital branches of external plantar

nerve

1/

Superficial dissection of right foot, showing cutaneous nerves on plantar surface.

Branches of the posterior tibial nerve are : (aa) the vniscular, {bb) the internal

calcanean, {cc) \.\\(i articular, {dd) the internal plantar and {ee) the external plantar.

aa. The muscular branches (rr. musculares) supply tlie tibialis posticus, the soleus, the

flexor longus hallucis and the flexor longus dio:itorum.

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 ofT a long slender branch which accompanies the peroneal artery nearly to the

ankle, supplying twigfi to the artery, to the periosteum of the fibula and a branch which enters

the nutrient canal of the fibula.

The nerves to \\\^ flcxores longus hallucis 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. calcnnei mcdi.ilcs) arises from the posterior tibial at

the lower part t>t tlie lej^ ami l)ec-oiiK'S sii])erti(-ial by traversinj^ an openin;^ in the internal

annular ligament. l)iviclin_<; into two sets of twi<;s, internal calcanean and calcaneo-plantar, it is

distributed to the integument of the internal aspect of tlie luel antl iH)Sterior portinn of the sole.

cc. The articular branches are two tiny twigs, given off beneath the internal annular
ligament, which supply llie ankle joint.

dd. The internal plantar nerve (n. plantaris mediaiis) (Fig. Ii2i), larger than the external,

resembles in its distribution the median nerve in the 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 lle.xor brevis digitorum. Passing thence for-

ward between the flexor brevis hallucis and the flexor brevis digitorum it divides into two ter-

FlO. II2I.

Calcaneo-plantar
cutaneous br. of til)ial ner%"e

Articular br. (usually a br.

of tibial ner\'e)

Br. to abductor hallucis

Int. plantar ner^'e

Brs. to flex, brevis digitorum

I. and II. lunibricales

Digital brs. of int. plantar nei^-e

Flexor brevis digitorum

Ext. plantar nerve

Br. to abductor minimi digitl

.Abductor minimi digitl

Flexor accessorius

Br. to flex, accessorius
Superficial br. ext. plantar nerve

Brs. to flex. brev. minimi dig^ti

Deep br. ext. plantar nerve
Digital branch
Hrs. to interossei of fourth space

Digital branch

111. and I\'. lumbincales

(r h '

Dissection of right foot, showing internal aud e.xternal plantar nerves and their branches.

minal branches, an /««<'/' and an outer. In addition to the terminal branches it gives off certain

collateral twigs.

The collateral branches are muscular, cutaneous and articular in distribution. The
muscular supply the 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. 1 121 ) courses forward upon the under surface of

the abductor hallucis, pierces the plantar fascia posterior to the tar.so-metatarsal articulation of

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 (Fijj. 1121) is larger than the inner and is situated
below the distal portion of tlic tk'xor hrevis di.ijitoruni and above the deep plantar fascia. After
a short forward course it splits into two brandies, the lateral of which soon divides into two.
There are thus formed three plantar dijjilal nerves (nn. di^itales plaiitares communes), each of

which at the distal end of its metatarsal space divides into two dij^ital nerves (nn. dit^itales

plantares pmprii), the inner supi)iying the contiguous sides of the great and second toes, and the
middle and outer being distril)uted similarly to respectively the second and third and third and
fourth toes. The inner of the three sends a filament to the first lumbricalis, the middle some-
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 the mesial three and one-half toes, each of the digital nerves sends tiny filaments toward
the dorsum for the supply of the nails and the tips of the toes.

ee. The external plantar nerve (n. plantaris lateralis) (Fig. 112 1 ) is a smaller nerve than the
internal and corresjionds in its arrangement and distribution with the palmar branch of the ulnar
nerve. After separating from the 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 of

the fifth metatarsal bone into superficial and deep terminal branches.
Branches of the external plantar, like those of the internal, include : collateral and tcrvihia/

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 accessorius and the

abductor minimi digiti. The cutaneous 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 o"f 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 supply 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. From
the convex aspect of the arch are given of? 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 plexus (plexus pudendus) is the downward continuation of the

sacral plexus, 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 gi\ing rise

to the sacral plexus.

The pudendal plexus (Fig. 1122) 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 ple.xus receive gray rami
communicantes from the gangliated cord of the sympathetic, which join f.hem shortly
after the nerves emerge from their inter\'ertebral foramina.

S5
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Fig. 1 122.

Branches. —The branches of the pudendal ple.xus are : (i) the visceral, (2)
the muscular, (3) the per/orating cu-

taneous, (4) the small sciatic, (5) the

pudic and (6) the sacro-coccygeal.

1. The visceral branches are

really white rami c<jinmunicantes. 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 ple.xus of the sympathetic.

The details of these nerves are des-

cribed with the pelvic plexus of the

sympathetic (paej^e 1374).
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-fibres, formed by
the third and fourth sacral nerves, with

sometimes the addition of fibres from the

second. The ner\'e to the external

sphincter pierces the great sacro-scialic

ligament and the coccygeus muscle,

sending filaments to the latter, and enters

the ischio-rectal fossa, Iving between the

edge of the gluteus ma.ximus and the

sphincter ani externus. It supplies the
Diagram illustrating plan of pudendal and coccygeal

plexuses.

Fig. 112^

From III lumbar
nerv-e

From II. lumbar ner\-e

From I. lumbar nerve

' Iliac brs. of ilio-

hypogastric

Cutaneous brs. post
divisions of
sacral nerves

Coccygeal nerves,
posterior divisions

Coccygeal nerve,
anterior division

From ant. V. sacral

From ant. IV. sacral

Inferior hemor-
rhoidal nerves

luteal brs. of
iiall sciatic nerve

Inferior pudendal
nerve

Superficial dissection of right buttock and adjacent regions, showing cutaneous nerves.
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posterior portion of the extenial sphincter

integument over the

base of the ischio-

rectal fossa and the tip

of the coccyx.

Variation. — T li i s

nerve, insteatl of pierc-

ing tlie coccygeus, may
pass bet\vet*n that nius

cle and the levator ani.

The nerve to the

levator ani is derived

usually from the third

and fourth, sometimes

the second and third,

sacral nerves and en-

ters the muscle by
piercing its mesial
surface.

3-

rating

and distributes sensory fibres to the

l'"iG. 1124.

The perfo-

cutaneous
nerve (Fig. 1126J 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 nerves 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-sciat ic

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.

Cutaneous brs. from
post, sacral nerves

Itif. pudendal
tiei-^'e, and a glu-
teal cutaneous br.

of small sciatic

Small sciatic nerve

I rom lateral cutane-
ous hr. ofX 1 1 . thoracic

From I. lumbar
nerve

A gluteal cuta-
neous br. ofsmall
sciatic nerve

From lateral cuta-
neous br. of XII.

thoracic

From ext. cutaneous
nerve

An ext. femoral br.
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Superficial dissection of right buttock and thigh, showins
nerves of posterior surface.

^^ , _ _ ---„-, „ cutaneous

Variations. — I n
stead of piercing the
ligament it mav accompany the pudic nerve or pass between the ligament and the gluteus

niaximus. It may be replaced by a branch of the small sciatic or by a nerve, called by Eisler
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the n. perforatn coccy.^eus major, which arises from the third .iiul fourth or fourth and
fifth sacrai and pierces tiie coccygeus muscle.

Fui. 1I2S.

From obturator nerve f-~

From internal cutaneous

Internal saphenous nerve

' l-'rom small sciatic nerve

Small sciatic nerve

Sural from peroneal nerve

Peroneal communicating

Hart of sural branch

Tibial communicating

j|i

•

—

^jt External saphenous nerve

Inner malleohis

External calcanean branches

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. culancus fcmoris posterior) (Fig. 11 14) 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 tliird, sacral nerves, the upper root usually being- associ-

ated with one of the roots of the inferior gluteal nerve, and the lower root with the

perforating cutaneous or the juidic nerve. Leaving the pelvis through the great

sacro-sciatic foramen below the i)yriformis, it descends in the gluteal region between
the tuber ischii and the great trochanter, posterior to the great sciatic nerve and
anterior to the gluteus maximus, accompanied 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 thrf)ugh the roof

of the popliteal space and through the upper part of the calf, in the latter situation

accompanying the external saphenous vein and inosculating with the external

saphenous nt'r\e. It rarely extends beyond the middle of the calf, tapering off into

tiny threads which are distributed to the skin of the posterior surface of the upper
half or two thirds of the leg (Eig. 1125.)

Branches of the small sciatic nerve are : (a) the inferior piidoidal, (l>) the

gluteal^ (c) the femora/ and (d) the sura/.

a. The inferior pudendal or perineal branch (rr. perineales) (Fiu;. 1126) leaves the parent

nerve at the lower niars^in of tlie i;luteus maximus, curves mesially below the tuberosity of the

ischium and over tlie orif^in of the hamstrings and courses through tlie 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 tlie scrotum and base of the penis, or of the labium
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 perineal and inferior hemorrhoidal brandies of the pudic nerve. It may
pierce the great sacro-sciatic ligament.

b. The gluteal cutaneous branches (rr. clunium inferiores) (Fig. 11 24) consist of two,
three or more stout lilaments 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 varj'ing extent the 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 e.xtenial saphenous.

Variations.—In 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 ofT 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 artery,

the nerve traverses this opening and enters the ischio-rectal fossa, where it gives off

the inferior hemorrhoidal nerve. 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. 1 126), at whose anterior portion the nerve approaclies the base of the tri-

angiihir hgament and tH\icles into its terminal branches, the j)erineal and the dorsal
ner\e of the penis or chtoris.

Branches of the pucHc- ner\e are : ( <? ) tlie i)ifirior hcniorrlioidal )icrvi\ ib) the
perineal nerve and {e) the dorsal nerve of Ilie penis or eliloris.

a. Tile inferior hemorrhoidal nerve (nn. hemorrhoid.ilcs infcriores) (Fig. 1 127) is usually
given otT by the piulic upon entering the ischio-reclal fossa, but it may be derived directly from
the plexus, its fibres being qlTshoots of the third and fourth sacral nerves, hi company with the
inferior hemorrhoidal vessels it passes mesially across the base of the ischio-rectal fossa toward

Coccygeal nerves, posterior divisions

Coccyx—

Fig. 1 126.

Coccygeal neire. anterior division

Cutaneous branches from loops jf V. lumbar
and I. II. and 111. sacral nerves, posterior
divisio

^

Branch of IV. sacral nerve
(perforating ctitaneous)

Levator ani and anal
fascia

Pudic iieri-e

Cut edge of obturator
fascia

Inferior henior-
^rhoidal nerve
Internal pudic
arterj'

Perineal division of
pudic nerve

Dorsal nerve ot

clitoris

Interior
pudendal
Dcrve

Vulva

Superficial dissection of right side of female perineum and adjacent region, showing cutaneous nerves; obturator
fascia has been partly removed to expose pudic nerve and accompanying blood-vessels in canal on outer wall of

ischio-rectal fossa.

the anus, on approximating which it splits into a number of filaments, which sui:>ply 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. 1126) is one of the terminal branches of the pudic

and arises at the bifurcation of that nerve near the pt)Sterior margin of the triangular ligament.

Soon after its origin it splits into: {aa) a superficial and {bh) a deep branch.

aa. The superficial branch is entirely .sensory 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 (>x 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 sjilits into two or more branches

(nn. scrotales vel labiales 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 nerve and with the inferior liemorrhoidal.



THK PUDENDAL PLEXUS. 1351

bb. The deep branch uf tlie pL-riiical lurvo is mainly muscular and consists of a single

trunk which breaks up into several branches, whose main destination is the muscles of

the [)erineuni. Passing;; forward from the ischio-rectal fossa it enters the deep perineal

interspace ami sends filaments to the external sjihincter ani, the levator ani, the transversus

perinei, the ischio-cavernosus, the bulbo-cavernosus or sphincter vajjiuie and the compressor

urethne. One branch, the nerve to the bulb, accompanied by the artery of the same name,

enters the bulb, supplying its tissue ami that of the cori)us si^ongiosum, and innervating the

urethra as far forward as the glans i)enis.

c. The dorsal nerve of the penis (n. dors.ilis penis) ( Mg. 1 127) a terminal branch and the

most deeply situated of all the branches of the inidic, accompanies the dorsal artery of the penis

through the deep perineal interspace. It lies beneath the crus penis, the ischio-cavernosus

muscle and the inferior layer of the triangular ligament and over the compressor urethra;

V\r,. 1 127.

Dorsal nerve
of penis

Crus penis,
detached

Ischio-cavernosus.
detached

Nerve to ischio-
cavernosus

Ner\'e to bulbo-
cavernosus

Nerve to bulb
Nerve to trans-

versus perinei

Muscular br. of perineal
division of puilic nerve

Dorsal nerve
of penis

Cutaneous br. ofperineal
di\ision of pudic nerve

Pudic nerve

Inferior hemor-
rhoidal nerve

Colles' fascia,
reflected

Crus penis and
ischio-cavernosus

Anterior (internal)
superficial
])crineal nerve

Inferior pudendal
nerve
Transversus
perinei
Posterior superfi-
cial perineal ner\'e

Dorsal nerve of penis

Perineal divi.sion
of pudic ners-e,
muscular portion

Pudic nerve

Inferior hemor-
I hoidal nerve

Sphincter ani ^
\ \\ Gluteus maxinius

externus —
From IV. sacral

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 suspenson,' ligament of

the penis it reaches the dorsum of the penis, along which it courses as far as the glans. It

gives oflf the tierve to the corpus cavernosum, which pierces the triangular ligament and supplies

the erectile tissue of the crus penis and corpus cavernosum. The main ner\'e 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 cHtoridis)(Fig. 1128), while much smaller than

the dorsal nerve of the penis, has a corresponding course and distribution.

The dorsal ner^'e of the penis or clitoris communicates with the inferior pudendal branch

of the small sciatic.

Variations. The pudic may 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 1'i.exus.

6. The sacro-coccygeal nerves (nii. anococcyyei) are derived from a small

nerve inosculation called the coccyj^eal plexus (plexus c()cc\ncusj, 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 nerve, 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 jjlexus, the great
sciatic ne>"i^e is the most important, owing to its size, its extensive distribution and
its exposed jiosition. The greater part of the sacral plexus is continued into the

I'lG. 1128.

Bulbo-cavernosus

Ischio-cavernosus

Inferior jjutlendal nerve

Posterior superficial

perineal nerve

Anterior superficial

perineal nerve
Transversus perinei
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pudic nerve

Inferior heniorrhoidal
nerve

Sphincter ani

Deep fascia of l>uttock

Clans clitoridis
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Dorsal nerve <>f «litoris
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Dissection of female perineum, showing nerves; anal fascia in position on right side of hociy, removed on
left ; Colles' fascia removed on ri^ht side, exposing superficial perineal interspace; superior layer of triangular
ligament, denuded of muscular tissue, seen on left side.

nerve. Except in complete lesions of the spinal cord this nerve 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 hij), since the head of the femur in the most frequent

varieties sweeps backward against this nerve. In the reduction of these posterior

dislocations the nerve has been hooked up by the head and made to pass across the

front of the neck of the bone. F"rom 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 pelvis 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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between the ^t^reater trochanter and llie tuberosity of the iscliiuni above to the middle oi

the popliteal space below. At about the junction of the middle and lower thirds of

the thii^h it di\itles into the internal and external popliteal nerves. Below the gluteus
maximus muscle it is comparatively superficial, so that tenderness of the nerve, as

from sciatica, is easily elicited by j)ressure. At the point where it emerges from
under the gluteus maximus it is readily reached for ()i:)eration. After a vertical in-

cision through the skin and fascia at this level, the bicejjs muscle is exposed. The
lower margin of the gluteus maximus is raised and the biceps drawn inward, when
the nerve can be easily hooked up with the finger. Because of the great 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,

although the results obtained are often disappointing, and the operation may cause
acute neuritis. According to Trombetta, it will require a tension cxjual to the weight
of 183 lbs. to break it, and it is more likely to yield at its attachment to the spinal

cord than elsewhere. It should, therefore, tolerate a stretching force of from 100 to

160 lbs. (Treves). A safe working rule is to use a force sufficient to raise the

affected limb from the table, the patient lying in the prone position.

It has been observed 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 or ex-
ternal popliteal nerve, or is most marked in it. This has been explained by the fact

that the fibres 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 lumbar and first sacral

nerves, which lie directly on the innominate crest, the rest of the plexus lying on the

pyriformis muscle.

In paralysis of the external popliteal or peroneal 7ierve 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 divided 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 involved,

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, which is supplied by the anterior crural

nerve.

THE SYMPATHETIC SYSTEM OF NERVES.
The sympathetic portion (systema nervorum sympatheticum) of the peripheral

ner^'ous system differs 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 afferent 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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the ulandular tissue and ( h ) in consistini^' of at least two, soiiK'timcs of more, links l)c-

tween the source of the impulse (the spinal cord) ami the structure upon which it is

expended. It is these interj)osed links that constitute the sympathetic elements
proper—the sympal/ietic neurones. The cell-bodies of these neurones exhibit a

marked disposition to become aggre^'^ated into larger or smaller collections, which
constitute the innimierable ganglia that form a conspicuous feature of the sympathetic
system, whilst their axones serve to connect the ganglia with the terminal structures

(muscles or glands) or with other neurones. It is e\ident, therefore, that the

symi)athetic system consists of
I-'iu. 1129. 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 a long course

as splanchnic cfferenis, 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 medullated

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 exerj' 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 outlying tracts of involuntary muscle contained within the blood-vessels outside

the body-ca\'ities 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 showitig constitution of sympathetic system ; spinal
efferents are black ; sympathetic efferciits are red; sympathetic (vis-
ceral) aSerents are blue; 6'C, spinal cord; AR, PR, anterior and
posterior root of spinal nerve ; SG, spinal ganglion ; AD, /'Z'.anterior
and posterior primary divisions; li'R, GR, white and gray rami
communicantes. GC, j,'angliated cord; SyG^ sympathetic ganglia;
CG, cervical sympathetic ganglion ; PvG, SnbG', TrG, prevertebral,
subsidiary and terminal ganglia; SpKf, splanchnic efferents; SoEf,
somatic efferents ; V, vessels of the spinal meninges; /, intestine.
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Constitution and General Arrangement.—The sympathetic system serves

to receive, rearrange and clislribule tlie \isceral tilaments of the cerebro-spinal nervei;,

Fig. 1 130.
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d to complete, by the interposition of one or more of its especial neurones, the

th for the impulses brought by such fibres to the objective organs. It comprises
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two principal parts, the a^iDii^/iatid con/s and the p/exuscs, with their associated

ganglia.

The gangliated cord (tninciis sympatlicticus), one of a symmetrically placed

pair of i^angliated trunks situated anterior or lateral to the bodies of the vertebra;

(Fig. 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 inipar.

The plexuses (plexus synipathetici) are a series of more or less distinct col-

lections of groups of ner\-e-cells (ganglia) and fibres, situated mainly in the axial line

and giving oft' 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

may not be connected with a spinal nerve, but it is always linked b\- association

cords with other ganglia. According to their position, three \-arieties of ganglia

are recognized. One group includes the; prevertebral ganglia («,'. trunci sym-

pathetici), those found as nodes in the gangliated corcT"; a second variety comprises

the- collateral or intermediate ganglia
( g. plcxuum sympatheticorum), which

lie either on the peripheral l)ranches of the gangliated cord or in a prevertel^ral

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 sym])a-

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

1
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 nonmedullated, 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

nonmedullated fibres is, however, somewhat indefinite, since the medullated spinal

fibres often become nonmedullated before terminating, whilst the sympathetic fibres

occasionally are medullated throughout their course.

Rami Communicantes.—Where the typical segmental arrangement pre\ails,

as in the thoracic region, each spinal nerve is connected with the adjacent gangliated

cord by a pair of short nerve-trunks, known as the rami connnunieanfcs ( Fig. 1 129).

These are divided into two groups, the 7cliiie rami and the g>-ay rami, 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 direcdy 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



THE SVMl'ATHKTIC SYSTEM OF NER\'ES. 1357

medullatcd nervc-hbrcs derived from both the anterior and the posterior roots of

the spinal ner\es. The fibres arising' from the anterior root are called the sp/anc/i-

nic cjfcrentfibres and those from the posterior root the splajiclniic affcnnt. Not all

of the spinal nerves, however, j>ive ofT white rami, these strands of communication
formini^ a thoraco-lumbar group, from the first or second thoracic to the second
or third lumbar ner\'e inclusive, and a sacral group, derived from the second and
third, or third and fourth sacral nerves. The cervical nerves do not give of?

white rami.

The splanchnic efferent fibres are the axoncs of cells located within the
lateral horn of the gray matter of the spinal cord. They furnish motor impulses to

the unstrij)ed muscle of the vessels and viscera, and secretory ones to the glands of

the sj^lanchnic area ; they also convey motor impulses to the heart. Leaving the

spinal cord by 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 which they first enter, (2) they may pass through this ganglion, thence
up or down tlirough 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 ef?erents may continue without interruption through the several

divisions of its path as far as the terminal ganglia. In any event, whether ending
in the gangliated cord, the prevertebral, the collateral or the terminal ganglia, the

cerebro-spinal fibre as such probably never actually gains the tissue of the organ, the

last link in the path of conduction being supplied by a sympathetic neurone.

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 run centrally, without interruption, through the terminal and
collateral ganglia, through the gangliated cord and the white (or gray) rami to the

spinal nerve, 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 axones 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 medullated 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 ner\'e.

The further course of the sympathetic fibres, after having joined the spinal nerv^es

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 nerve and con\'ey 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 axones of sympathetic

neurones enter the root-ganglia of the spinal nerves to end in arborizations around
cells of type II (page lOoS ).

The association cords (Fig. 1130) 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 axones of sympathetic neurones which
are either passing between 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 fibres 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 rami communicantes ; the vis-

ceral 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 cervico-cephalic portion of the gangliated cord (pars cephalica et cer\'icalis

systematis sympatheticij 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.
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De«p dissection of neck, showing cervical portion of s>-mpathetic gangliated cord and its connections.

carotid sheath and anterior to the prevertebral fascia and the rectus capitis anticus

major and scalenus anticus muscles. Inferiorly it is continued into the thoracic

portion of the gangliated cord, and superiorly, at the base of the skull, it forms an
intricate plexus around the internal carotid artery, in whose company it enters the
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cranium. The small j^anj^lia connected with the trij^eminal nerve—the ciHary, the
splieno-pahitine, the otic and the submaxillary—are reju^arded as outlying nodes be-
longing to the cephalic continuation of the gangliated cord.

The dominant characteristic of this portion is the absence of white rami, the
spinal fibres present reaching the cervical region from the upper thoracic nerves by
way of the association cord between the highest thoracic and lowest cervical gang-
lion, around whose cells, as well as those of the higher cervical ganglia, the processes
of the si)inal neurones end.

The distribution of the cervical jwrtion of the cord includes pui)ill(j-dilator

fibres, cardit)-accelerator fil^res, vasomotor fibres to tiie arteries of the head, neck and
upper extremities, pilomotor fibres to the integument of the head and neck, motor
fibres to the involuntary muscles of the orbit and eyelids and secretory fibres to the
glands. The branches consist, as elsewhere, of two groups, somatic and visceral, the
former reaching their area of distribution by way of certain cranial and s])inal 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 iyifcrior.

The Superior Cervical Ganglion.—The superior cervical ganglion ((,'. cervi-

cale superius) (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 typical 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 com))iunicantes and (2) some of

the com)in(nicati)is; 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 of? 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 ofT from the lower portion of the ganglion (4) a branch which joins the exter-

nal laryngeal nerve.

The visceral branches comprise : (i) Xhe pharyngeal
, (2) the superior cervi-

cal cardiac
, (3) the vascular d>.wA (4) xhe. vertebi'al.

1. The pharyngeal branch or branches (rr. larjngopharyngei) 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. cardiacus superior) (Fig. 1131)
arises as two or three twigs from the ganglion, with sometimes an additional filament

from the association cord betw^een 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 nerve begins to difler 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 nerxe 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 jjlexus ( Drobnik. )

The superit)r cervical cardiac ner\e communicates freely in the neck with the

middle cardiac and other branches of the symi)allKtic, and with the external larynt^eal

and superior cer\ical cardiac branches of the vai(us. In the thorax it inosculates

with the inferior larynijeal nerve.

Variations.— The superior, as well as the other cardiac nerves, presents a considerable
degree of \ariation, sometimes to so grea: an extent 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 external larj-ngeal nerve.

It mav 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 of the common carotid artery. They consist of: (a) the

external carotid branch and {b) the internal carotid branch.

a. The external carotid branch (n. caroticus extcrnus) (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 maxillaris extcrnus) 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 raenincieus), 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 tcjnporal 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 stvlo-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 supplying

fine plexuses which accompany the branches of the artery to their ultimate ramifica-

tions, the following arise from the carotid plexus : (aa) the carotid branches, (bb)

the communicating branch to the abducent Jierz'e, (cc) the communicating branches

to the Gasserian gang/ion, (^dd ) the great deep petrosal rier-ee and {ee) the small

deep petrosal nei~'e.

aa. The carotid branches consist of numerous fine twigs which are supplied to the internal

carotid arten,-.

bb. The communicating branch to the abducent nerve consists of one or two twigs which

join the nerve as it lies in the wall of the cavernous sinus in close proximity to the interna!

carotid artery.

cc. The communicating branches to the Gasserian ganglion comprise several small fila-

ments which pass to the ganglion ; they usually arise 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 I'idian nerz'e (page 1059), finally en-

tering Meckel's ganglion as its sympathetic root.

ee. The small deep petrosal nerve or ;/. carotico-tympanicus joins the tympanic plexus

(page 1075), a structure formed by the t>nipanic branch of the glosso-phar>-ngeal, a filament

from the geniculate ganglion of the facial nerve and the small deep petrosal nerve. In addition
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to furnisliinj; twigs to the imicoiis nieiiihranc of the niidclle ear and vicinity, this plexus con-
tributes a hxrge part of the small supcrfuial petrosal nerve, whicli joins the otic ganglion as its

sensory root (l^aj^e 1246).

The cavernous plexus (plexus cavcrnosusj lies interior and internal to the
internal carolid artery and in intimate relation with the cavernous sinus. Its

branches are: (^aa) the carotid branches, {bb) the communicatins; branch to the oculo-

motor ncrt'c, (cc) the connnnnicating branch to the trochlear nerve, (dd ) the co)n-

n/nn/catini^ branch to the ophthalmic division of the trii^eniinns nerve, {ee) a brajich

to the ciliary gangliofi and {// ) branches to the pituitary body.

Fig. 11X2.
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Dissection showing cardiac branches of pneumogastric nerves and of syinpathetic cords; aortic arch and

branches and pulmonary artery partially removed
;
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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 ple.\us, 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 through the spiienoidal fissure, either as an independent structure

or jointly with the nasal or with the oculomotor nerve. As the sympathetic root (radix media),

it enters the upper posterior angle of the ciliary ganglion (Fig. 1058), either alone or as a

common trunk with the sensory root.

86
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ff. The branches to the pituitary body consist of several tiny filaments which enter the

substance of that body.

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 u])per jjoriion of the vertebral column.

The Middle Cervical Ganglion.—The middle cervical ganglion (g. cenicalc

mcMUum), a structure nijt 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 cer\'ical ganglia.

The somatic branches are : (i) \\vt gray ravii communicantcs ^w<\ {2) the

subclavian 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 si.xth cervical nerves.

2. The subclavian loop (ansa subclavia [Vicussenii] ) 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 ner\'e.

The visceral branches are: (i) the thyroid plexus and (2) the middle

cervical cardiac nerve. In case of absence of the middle cer\-ical 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 mcdius) (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 thora.x 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 gangiiated cord, in the region of the middle ganglion, may lie posterior

to the inferior thyroid artery or may be bifurcated, the arterj- lying between the two portions.

The Inferior Cervical Ganglion.—The inferior cervical ganglion (g. cervicale

infciusj (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 ih 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 communicantes, (2) the

subclavian loop and (3) a commutiicating b?'ancli to the inferior laryngeal 7ierve.

1. The gray rami communicantes consist of two nonmeduUated trunks

which join the anterior primary divisions of the seventh and eighth cervical nerves.

2. The subclavian loop (ansa subclavia [Viousscnii] ) has already been de-

scribed, as a branch of the middle cervical ganglion.

3. The communicating branch to the inferior laryngeal nerve frequendy

accompanies the inferior cerxical cardiac nerve ; it joins the inferior laryngeal pos-

terior to the subcla\ian artery.

The visceral branches comprise : (i) the vertebralpie.xus ^nA (2) the inferior

cervical cardiac nerve.
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I The vertebral plexus ( plexus vcrtclnalis) is a closely woven net-work of

hbres which fc^Uows the ourse and distribution of the vertebral artery in the neck

and cranium.
Imo. 1 133.
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2 The inferior cervical cardiac nerve (n. cardiacus inferior) (Fig. 1132).

sometimes arising from the first thoracic gangUon, descends in the thorax posterior to
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thesubclavain artt^rv, inosculates with the middle cervical cardiac and inferior laryngeal

nerves and terminates in the deep cardiac i)le.\us.

THE THORACIC PORTION OF TlIK OANOLl ATId ) CORD.

The thoracic portion of the gantjliated cortl (pars tlioracalis systcinatis sMiipa-

thetici) consists of a series of eleven, twelve, ten or even fewer irrej^ularly triangular,

fusiform or oval ganglia (gu. thoracalia), situated lateral to the bodies of the thoracic

vertebriE, 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 cer\'ical 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 upi:)er margin of the twelfth thoracic

vertebra.

A characteristic of the thoracic ganglia is the almost um-arym^ presence of 7Vkite

rami comnmnicantes, all of the series, with the possible exception of the first, receiving

these rami from the thoracic spinal nerves. They consist of an 2ipper and a lower

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 given of? a gray ramus communicans to a thoracic spinal nerve.

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 ganglia and their association cords and

consist of gray splanchnic efferent and white splanchnic efferent and afferent fibres.

The splanchnic afferent fibres have no sympathetic connections, and consist

merely of tracts which carry imi)ulses 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 nonmedullated 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, iyi the thorax supi)ly the aorta and lungs with vasomotor fibres.

Belozv 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 ef?erents 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 to join the spinal nerves the spinal efferents course both up and down

in the gangliated cord beyond the thoracic region. In this manner the thoracic

nerves, in addition to giving of? the splanchnic efferents, provide vasomotor, pilo-

motor and secretory filaments for the greater part of the lower half of the body.

The visceral branches comprise : (i) \\\it pulmonary branches, (2) the aort/e

branches and (3) the splanchnic nerves.

1. The pulmonary branches Crr. pulmonalcs) 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. splanchnic!) (Fig. 1133^ are three trunks

which arise from the lower part of the thoracic cord and are distributed to structures

situated in the abdominal ca\itv.
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The great splanchnic nerve ( n. splanchnicus major) arises by a series of roots

from the trani^^liatctl cord from the fifth to the ninth tjani^'^lia inclusive. Descending-

along the anterolateral aspect of the vertebral column, this 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 jti;^iven oil filanients for the supply of the

oesophagus, the thoracic aorta and the vertebra-. .Sometimes in the thorax it is

divided and forms a plexus with the small splanchnic and in this e\ent se\eral small

ganglia are present. This ner\e consists mainlv ( four-tifths, acc(jrding to Rudinger)
of medullated fibres, which are direct continuations of white rami from as far up as

the third thoracic nerve or c\'en higher.

The small splanchnic nerve { ii. splanchnicus minor) arises from the ninth and
tenth, or tenth anti ele\'enth ganglia or from adjacent j)ortions 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 j)ortif)n of the semi-

lunar ganglion called the aortico-nnal i^aui:;lion.

The least splanchnic nerve ( n. splanchniciis 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 comjxmy 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 abdonihialis 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 symi)athetic lies nearer the median line

than does the thoracic, the cords being placed anterior to the bodies of the lumbar

vertebrifi 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 ner\'e,

additional white fibres being derived from the lower thoracic ner\'es by way of the

gangliated cord.

The somatic branches comprise: (i) the tchHc and {2) the gray rami
commiinicantcs. These are the longest to be found in the bod}-, on account of the

distance between the ganglia and the intervertebral foramina. They accompany the

lumbar vessels and pass beneath the fibrous arches from w liich the psoas magnus
takes origin.

1. The whitt rami communicantes are derived from the upper two or

three lumbar nerves and join the upj)er 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 ^•essels, 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 di\iding and joining two luml)ar nerves and sometimes

two to five passing to a single spinal nerve.

The visceral branches vary considerably in their distrilnition, some joining

the hypogastric plexus ( plexus liyposastricus), others the aortic jilexus (plexus aorticus

abdominaiis) 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 qi^ans^hated cord (pars polvina systernatis sympathetici)
consists of four _<j;^an>ilia interconnected by association cords, there beiniLf a consider-

able dej^^ree of \ariation in both the number and the size of the gan^^lia ( Fi^. 1 133).
Lyinu;' anterior to the sacrum and internal to the anterior sacral foramina, it is con-
nected above with the lumbar portion by a single or double association cord which
lies posterior to the common iliac artery, and below it gradually approaches the
median line and is united in front of the coccyx with its fellow of the opposite side by
a loop or fine plexus in which is situated the single coccygeal ganglion or gang-
lion impar.

While this portion of the gangliated cord receives no white rami communicantes,
in the sense of trunks passing from the sacral spinal nerves to the sacral ganglia, the

visceral branches of the pudendal plexus pass directly to the pelvit plexus 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 spinal nerves.

The visceral branches are distributed through the medium of the pelvic
plexus (page 1374 J and 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

erigentes 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 nerv'es to form intricate and elaborate plexuses

(plexus sympathetici) is a marked feature of this portion of the ner\-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 sufficient importance, size and individuality

to merit separate descriptions ; such are the cardiac^ the pulmonary, 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 nerve-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 superficial 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 ganglion 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, whilst its fibres of distribution contribute to (a) the right coronary

plexus, ij)) the left half of the deep cardiac plexus and, along the left pulmonary

artery, {c) 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 j)ortions, a riij^lit aiid a left, united by nuiiK-rtJiis fibres around the lower end
of the trachea. The right portion receives as tributaries all of the cardiac branches

of the sympathetic, vayus and inferior laryngeal nerves of the rimht sitle. The left

portion receives all of the cardiac branches of the left vatjus and sympathetic nerves,

except the two which enter the superficial plexus (the superior cervical cardiac branch

of the left p^ant^liated cord and the inferior cervical branch of the left va^us), with the

addition of hlaments from the left inferior laryngeal nerve and from the superficial

cardiac plexus.

Fig. 1 135.
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From the rio^ht portion of the {)lexus arises the right or anterior coronary
plexus (plexus c(»ronarius cordis anterior), to which fibres are sent from the superficial

plexus. This plexus reaches the heart by coursiny;- alon^i;' the ascending aorta and
then follows the right coronary artery, 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 j)ulmonary plexus.

F7om 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 artery. The left portion

contributes filaments to the superficial cardiac and left anterior pulmonary plexuses.

Thk Solar Plexus.

The abdominal and pelvic cavities are innervated by the solar, hypogastric and
pelvic plexuses, composed of the visceral branches of the lower thoracic, lumbar and
upper sacral portions of the gangliated cord, in conjunction with the central nervous
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axis by means of the rami communicantes of the lower thoracic and upper knnbar
ner\es and tlie xisceral l)ranches of the pudendal plexus.

The solar or ejiiyastric plexus (Fii^. 11 36), the lart^est of the series, is situated

in the upper abdominal res^ion, posterior to the stomach, anterior to the aorta and
the crura of the iliaphrafjm, superior to the pancreas, between the suprarenal bodies
and around the t)rij^ins of the cceliac axis and the superior mesenteric artery. It is

continuous above with the diaphragmatic plexus, laterally with the suprarenal and

Fig. 11^6.
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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 peKic plexuses. Con-
tributory to it are the right vagus and the great and small splanchnic ner\es. The
fully formed plexus consists of two portions: (i) the semilimar ganglia and (2)
the cceliac plexiis.

I. The semilunar ganglia (gg. coeliaca") (Fig. 1136), 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 coeliac axis and the superior mesenteric

artery ; the right one is partially co\'ered by the superior vena ca\'a and the two are
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connectetl by cords which pass transversely alcove ami below the root of the cceliac

axis. The upper end of each is expanded and receives the termination of the i^reat

splanchnic nerve, while the lower portion, the aortico-renal ganglion, is partially

detached and receives the small splanchnic nerve. A third portion, located IjcIow

and to the rij^ht of the root of the superior mesenteric artery, is called the superior
mesenteric ganglion (u. mesciitcricum supcrius). From each semilunar ^^ani^lion

branches eniert^^c in all directions lo join those i)lexuses which are continuous with

the solar.

2. The cceliac plexus (plexus cocliacus ) embraces the cceliac axis and consists

of a dense felt-work of nerve-fibres, in which are embedded numerous small ^^aniLjlia,

and which is joined by branches from both semilunar ganglia and from the right

Fir,. 1T37.
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vagus. Inferioily it is continued into the superior mesenteric and aortic plexuses

and from it arise the coronary, hepatic and splenic plexuses.

The gastric plexus (plexus qastricus 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 ofishoots 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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The diaphragmatic or phrenic plexus ( plexus plirciiicus) is derived from the

upper })orli(in ot the siniihin;ir L;ai)^hon aiul accompanies the phrenic branch of tlie

abdominal aorta to the ihaphravjni, tlie rii^ht being larjjer than the left. After

supplviniLj^ scjme tilanienls to the siijjrarenal body, it enters the musculature of the

dia])hras4in and there unites with the phn-nic nerve from the cervical sjjinal plexus.

At the point of inosculation, on the rij^ht side only, near the suprarenal body and on
the under surface of the diaphrajrm, is a small j^anj^lion called the phrenic ganglion

(«. phrenicuin). From it are given off branches to the suprarenal b(Kly, the inferior

vena ca\a anil the hepatic plexus.

The suprarenal plexus
( |)lcxiis siiprarcnaiis) arises from the lateral aspect of

the semilunar ganglion and is joineil by filaments from the diaphragmatic and renal

Fig. 1 138.
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plexuses. It consists mainly of medullated 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 nerve, 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 \'ena cava.
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The spermatic plexus ( plexus spcrmaticus) follows the course of the spermatic

artery throu^^h the alxloinen, 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 beiny^ situated at the point of orit^in of the fibres contributed by the aortic plexus.

The ovarian plexus (plexus ovaricus), arisiny^ similarly to the spermatic,

accompanies the oxarian artery and is tlistributed to the ovary, the oviduct, the
broad lis^ament and the uterus. In the broad ligament it inosculates with those
pelvic fibres which constitute the uterine jjlexus.

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 cceliac plexus above and with the aortic below. Its fibres are derived from
the semilunar ganglia, the coeliac plexus and the right vagus. Situated in the root

of the plexus and lying below and to the right of the origin of the sujierior mesen-
teric artery is the superior mesenteric ganglion (o, mcscntericuni superius),

from which a number of the fibres of the j)lexus arise. Accomj)anying the superior

mesenteric artery, the plexus gives ofT 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 approach the distal ed^e cf the mesentery some of them leave the vessels

and form minute independent plexuses from which filaments pass to the gut.

The aortic plexus (plexus aorticus alxloniinalis) (Fig. 1136) is the direct

downward extension of the solar. Embracing the aorta, it extends from the origin

of the superior mesenteric artery above to that of the inferior mesenteric below, and

is connected with the semilunar ganglia and with the renal and superior mesenteric

plexuses superiorly and with the hypogastric inferiorly. It consists of a [jair 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 mes-

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.
• J • J

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 drsccndini; and sigmoid colons and to the n])])cr portion of the

rectum.

The hypogastric plexus (plexus hM>o«astncus) (Fi^f- 1140), the continuation
of the aortic, lies on the posterior wall of the pelvis in the antjle between the

common iliac arteries, and enclosed in a tiiin in\estniint of fibrous tissue. In

addition to the fibres derived from the aortic ple.xus, others are contributed by
the lumbar i;ani.,dia, and the resultint^ intricate interlacement, in which there are

no ^;ans^lia, constitutes the hypoj^astric ple.xus. It sujjj^lies the ])el\ic contents

and at its lower end dixides into the two peKic ])le.\uses.

The pelvic plexuses (plexus hyponastrici iiifcriorcs), (Fi^. 1140) the terminal

dixisions of the h)pt)j.;astric, are situated lateral to the rectum and to the vajj;ina

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

branches 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

supplv of the ])t-l\'ic contents.

The hemorrhoidal plexus (plexus hcnioirhoidalis lucdhis) arises from the

u])per porti(jn of the peKic ple.xus and after inosculating with the superior

hemorrhoidal branches (^nn. hcmorrhoidales suporiorcsj of the inferior mesenteric

plexus, 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 supplv
of the bladder, some filaments going to the m^eter, 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 jjrostate 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 cavernostis penis) extends forward through the

triangular ligament and the compressor urethrce muscle to the dorsum of the base of

the penis, where it receives some communicating filaments from the pudic nerve.

After supplying branches to the ape.x of the prostate gland and the membranous
urethra, the plexus terminates by breaking up into (i) the small and (2J large

caverjious nerves of the penis.

1. The small cavernous nerves (nn. cavernosi penis niinores) ])ierce the

fibrous envelope of the crus penis and entl in filaments which sup])ly the erectile

tissue of the corpus cavernosum.

2. The large cavernous nerve (n. cavcrnosus penis major), consisting mainly

of medullated fibres, passes directly along the dorsum of the penis, gi\ing ofT fila-

ments which enter the substance of the corpus cavernosum. At about the middle of

the body of the penis it inosculates with the dor.sal nerve of the penis, both of these

nerves sending twigs to the corpus spongiosum.

The utero-vaginal plexus (plexus titerovayinalis) corres])onds to the prostatic

plexus of the male and consists of two portions : (i ) the uterine plexus and (2) the

vaginalpieXTis.

1. The uterine plexus (plexus uterinus) is derived from the pehic ])lexusandis

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 va<4inalls) 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.—The cervical syinpalluiic iiiiiy l)e injured by deep
wounds of the neck, or may be compressed by tumors, al)scesses or aneurisms. It

suppHes motor fibres to the in\'oluntary 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
followini:^ symptoms will be ]:)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

dilated, and the sweat, nasal secretion and saliva diminished. Section or destruction

of the cer\ical sympathetic will ni\e the oi)[)osite symptoms.
The cervical sympathetic has been remo\'ed for epilepsy, jj;;laucoma and exojih-

thalmic o-i)itre. The greatest success has been obtained in the last condition, espe-

cially by Jonnesco, who advises this procedure in hysteria, chorea, and tumors of the
brain, as well as in the above-mentioned conditions. It may be excised through an
incision anterior to the sterno-mastoid, as it lies posterior to the carotid sheath
on the prevertebral fascia. The superior cervical ganglion is the largest and lies

opposite the transverse j^rocesses of the second and third vertebrae. 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 ganglia of the sympathetic enter

into the supply of the thoracic viscera, but the branches of the lower seven or eight

form the splanchnic ner\'es 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 off 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, tending to ward off

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.

DEVELOPMEXT OF THE PERIPHERAL NERVES.

The manner in which the ner\e-fibres composing the peripheral nervous system develop

from the primarj'^ 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 repeatedly empha-
sized, that efferent or motor fibres are outgrowths from neurones situated within the cerebro-

spinal axis, whilst all afferent or sensory 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

eflferent 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 sensory 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 tlivisioii, iiowevcr, is displayed only by those spinal nerves dis-

tributed to that part of tlie trunk in which the primary se},nnentation is retained, namely, the
thoracic res^ion, where the skeletal muscular, and vascular segments, as well as the nerves,
retain their identity. In the other parts of tiie spinal series, the cervical and tiie lumbo-sacral,
where provision is made for the supply of the highly difTerentiated musculature of the ex-
tremities from a number of cord-segments, the nerves early unite to form i)lexuses from which
the limb-trunks grow out, an arrangement well adapted for the distribution of fibres from
different sources witiiout undue multiplication of nervous patiis. Concerning the factors which
guide tiie young nerve to its destination with such remarkable constancy, nothing is known,
but it may be assumed that these are ]irobal)Iy inlluences 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 tlie 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 tliese 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
14S2). 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 ner\-es, 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 joot, 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 nerves, 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 twelfth nerve. To these groups of cephalic meiameres 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 tulies (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 sensory 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. 901 ).

The olfactory nerve is developed in connection with the epithelial lining of the primarj'

olfactory pit (page 1429). As early as the end of the first f(etal month, in the human embryo,

cells corresponding to neuroblasts appear in the anlage of the olfactoiy organ. I-Vom 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 within the primary epithelium, but deeper and within a cell aggregation known
as the olfactory gaii_s;lion. The neurones, however, retain connection with the olfactory epithe-

lium by means of tlieir peripherally directed processes, which correspond to dendrites, and with

the brain by means of their axones. Witii the thickening of the olfactory eijilhelium whicli sub-

sequently occurs, the peripheral fibres and their nuclei comes to lie entirely within the epitiielial

stratum and persist as the olfactory cells, whose centrally directed processes form the olfactory

filaments that end as arborizations within the characteristic olfactory glomeruli. The first

cranial nerve is peculiar in the sui)erficial position of its cell-bodies and in the extreme shortness

of its dendrites, which are represented by the rod-like fibres of microscopic length extending

from the cell-bodies toward the free surface of the olfactory mucous membrane. This superficial

position of tlie olfactory neurones is regarded as an unusual persistence of the primary condition

of all sensory elements and as evidence of the archaic nature of the olfactory nerves.

Fig. 1 141.
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Reconstruction of brain of human embryo of four and one half weeks (10.2 mm.); outer surface, showing
developing nerves. X 12. Drawn from His model.

The optic nerve is so inherently a derivative of the cerebral and optic vesicle, that its develop-

ment is appropriately considered with that of the eye (page 1482) ; moreover, its morphological

significance being so at variance with that of the other nerves, it may be omitted from further

discussion in the series now being described.

The oculomotor nerve being strictly a motor nerve has much in common in its mode of

formation with the ventral root of a spinal nerve, with which it is homologous. The nerve

originates as an outgrowth from a group of neuroblasts, which occupies the ventral zone about

the middle of the mesencephalon. From these neurones, visible in the fourth week in the

human embryo, the axones proceed as a converging group of fibres which, piercing the wall of

the brain-tube close to the mid-line, appear on the ventral surface of the brain-stem as the fibres

of the third nerve. Although by some regarded as possessing a transient rudimentary dorsal

root that early entirely disappears, thus bringing the nerve of a cranial myomere into close

correspondence with those of the spinal series, it is doubtful whether such structure is usually

present, the suppression of the dorsal portion of the nerve being complete. Soon after its for-

mation, the main trunk undergoes division into a smaller upper and a larger posterior limb,

which foreshadow the superior and inferior divisions of the mature nerve.

The trochlear nerve, although springing from a central group of neuroblasts in close

proximity with those giving rise to the third, is peculiar in the course of its axones. Instead

of maintaining a ventral course, these proceed dorsally and become superficial on the upper

(dorsal) aspect of the hind-brain, piercing the plate which later becomes the superior medul-
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lary velum. As in the case of the lliird, so for tlie troclilear an abortive transient dorsal

ganjiHon and root have been described (Martin). If present these must be regarded as ex-

ceptional and not constant features.

The trigeminal nerve is a mixed nerve antl therefore takes its origin difTerently for its

two roots. The motor one is developed from a series of neuroblasts, which lie at some distance

from tlie mid-line within the wall of the neural tube, at a position corresponding t(j the junction

of the dorsal and ventral zones of the mid-brain and nietencephalon. The ax(ines 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 senstjry fibres are the axones of

neurones located within the dasserian 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 accjuire 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 perijiherally 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. 1142.

Reconstruction of brain and cranial nerves of pig embryo; cranial nerves indicated by figures; CI-C3. cervical

spinal nerves; in connection with seventh nerve.,/ i./J, large superficial petrosal; ch.ty., chorda tympani ; /a., facial

,

7., n.. vagus ganglia of root and trunk ; com., commissural extension of ganglion of root ; I-", Froriep's hypoglossal

ganglion. (/•". T. Lt'wis.)

the mandibular division of the trigeminus from the ganglion ridge. Proxision 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 the 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 metencephaUin.

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 fil)res of the other mixed nerves. Proceeding as the axones of neuroblasts 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 de\ elopment

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 neurol)lasts of the facial constituent, the j;eniculate j;;"iKhon, send their centrally directed
processes to the brain-stem as the pars intermedia, whilst their perii)herally j^rowinjj dendrites
contribute the sensory fibres, passinj^ by way of the chorda tynipani and the j^realer and lesser
superficial petrosal nerves. The jjeniculate jjanj^Iion aiui the pars intermedia corresjiond,

therefore, to a dorsal root.

The auditory nerve, although for a time closely related in ])osition (I'^ij^. 1103) willi the
facial (t^eniculate) t^anijlion, developes entirely inde])endently and at no time has more than an
incidental relation. The primary auditory nucleus is defined in human embryos by the bej^in-

ning of the fourth week as an elon.<,^ated ellipsoidal mass in contact with the anterior wall of the
otic vesicle. Accordinjj to Streeter ', the nucleus very shortly exhibits a differentiation into

a superior and an inferior part, from the latter of which soon appears a third portion. This
third portion, the later ji:ani::lion spirale, early manifests a tendency to coil in conseciuence of

its close relations with the

Fi<;.

Vagus root gang.

11 43-

Accessory root gang.

IX. root gang.

N. tymp.

Gang, petros-

Gang, nodos.

N. iaryg. sup.

XII. with r. descend

~ Kroriep

ductus cochlearis. The
major part of the primary
acousiic complex, including

the superior and most of

the inferior part, becomes
the vestibular ganglion,
from the neuroblasts of which

centrally directed a x o n e s

pass to the young brain-

stem as the vestibular nerve,

while the dendrites become
connected at ce^'tain places

with the semicircular canals,

the utricle and the saccule.

The grouping of the vestibular

rami seen in the adult is early

foreshadowed in the develop-

ing ner\'e, since from the

upper part of the vestibular

ganglion grows out the su-

perior division of the vestib-

ular nerve which, supplies

the utricle and the ampulla?

of the superior and external

semicircular canals (Fig.
1070) . The lower part of the

ganglion, in addition to fur-

nishing the anlage for the

cochlear nerve, gives ofi 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 ax-

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 e.xtending from the

cells of the spiral ganglion to the auditory cells of Corti's organ.

The glosso-pharyngeal nerve is a mixed 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 comple.xity, since it is developed, as shown by Streeter ^, from

two sources. The ganglion of the root (g. superius or jugular ganglion) arises very 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 tnmk (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 subsequently 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.) /' ij. [Streeter.)



1380 HUMAN ANATOMY.

being later closely related, both as to position and fibres. An outgrowth of distally directea

fibres establishes the main trunk of the ner\e, while a forwardly growing strand represents the

later tympanic branch.

The 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

comjirises three elements: ( <? ) a series of motor roots, which arise from the ventral zone of

the hind-brain and extend from near the glosso-i)haryngeal anlage in front as far as the third or

fourth spinal segment below
; (/;) a partially subdivided, but at first continuous, ganglionic

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 gIosso-i)harvngeal nerve, is developed in close relation with the ectoblast of the posterior

branchial furrows. Whilst the motor rootlets persist and become the efferent ro(jt-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 predominatingly

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 the accessory part of the complex is provided with both motor and sensory parts, the

latter are subsequently overpowered by the efferent fibres, so that the presence of the rudimen-

tary ganglionic elements within the accessorius can be demonstrated only by microscopic exam-

ination ( Streeter) . From the jareceding 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 the hind-brain and are in

series with the 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 u]iper 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 spinal 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 upon 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.

From 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 nerx-es

are held to be primarily the ecjuivalents of constituents of a peculiar system of sensory

organs, best developed in fishes, known as the organs of the lateral line. The third, fourth,

sixth and twelfth, the ventral motor nerves, are undoubtedly associated with 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 tnuik-series,

although modified by 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 \entral motor constituents which are wanting, it pos-

sesses as does the typical sjiinal nerve, both somatic (general cutaneous) sensory and visceral

sensory fibres. A further resemblance is found in the character 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-pharyngeal and vagus nerves.



THE ORGANS OF SENSE.

The cells directly receiving the stimuli j)roclucing the sensory impressions of

touch, smell, taste, sight and hearing are all derivations of the ectoblast—the great
primary sensory layer from which the essential parts of the organs of special sense
are differentiations. The olfactory cells— nervous elements that correspond to

ganglion cells— retain their ])rimary relation, since they remain embedded within

the invaginated perii:)heral ejiithelium lining the nasal fossae, sending their dendrites

towards the free surface and their axones into the brain. Usually, however, the

nerve cells connected with the special sense organs abandon their superficial position

and lie at some distance from the periphery, receiving the stimuli not directly, but
from the epithelial receptors by way of their dendrites. In the case of the most
highly specialized sense 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 protective investment, an efificient 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 \h^ skin proper,
with the specialized tactile corpuscles, and its appendages—the hairs, the nails and
the cutaneous gtabids. Its a\'erage superficial area is approximately one and a half

square meters.

The skin T 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 capillar\' loops of which never reach farther than

the subjacent cerium, 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 evelids, penis and nymphse, 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 o\'erlying 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

a.xillse, 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
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Fig. 1 144.
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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.

II45.

epidermis. The amount of skin-i)ijL;inent not only differs permanently amon^ races

(white, yellow and black; and indi-

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

seal]), external ear, jxdms and soles,

the skin is freely mo\able. Its

physical properties include con-

siderable extensibility and marked
elasticity. By virtue of the latter the

temporary displacement and stretch-

ing produced by movements of the

joints and muscles is overcome and
the smoothness c)f 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. 1144).

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 (cristac cutis)

and furrows (sulci cutis). The cutmicous ridges, about

.2 mm. in width, correspond to double rows of papilla:-

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 af?ord a reliable and practical means of identi-

fication. In addition to the \-arious 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 (tonili

tactilcs) are most strikingly developed over the bulbs

of the fingers, where the ridges are often disposed in

whorls rather than in regular o\'als. The markings of

corresponding areas of the two hands are symmetrical

and sometimes identical.

Structure.—The two parts of which the skin is

everywhere composed—the epidermis and the connec-

tive tissue stratum—are derivati\es of the ectoblast and

of the mesoblast respectively. The connective tissue portion includes two layers,

Imprint of palmar surlace of left

middle finger, showing arrangement
of ctitaneous ridges ; transverse in-

terruptions are produced by flexion

creases over joints.
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the coriinn and the tela snhcuta)u-a, w hich, liuwcvcr, arc so blended with each (jtlier

as to be without sharp demarcation.

The corium or derma, the more superficial and compact of the connective

tissue strata, lies inuntdiately beneath the epidermis from which it is always well

tlefined. With the exception of within a few localities, as over the forehead, external

ear and perineal raphe, the outer surface of the corium is not even Init beset with

elexations, ridj^es, or papilke, which produce corrCspc^ndini,'' modt-lling' (jf the opposed
untler surface of the overlying- epidermis. The i)attern resultiniLi- from these elexa-

tions varies in different retjions, beinii^ a net-work with eloni^^ated meshes o\er the

back and front of the trunk, with more regularly polygonal fields over the extremi-

FiG. 1146.

Wu

Portion of corium from palmar
surface of hand after removal of epi-

dermis ; each range inchides a double
row of papillse, which imderlie the
superficial cutaneous ridges and en-
close openings of sweat glands ; latter

appear as dark points along ranges
of papillfe. X 5.

Small portion of ]ireceilini,' specimen,
showing papilla; under higher magnifica-
tion ; orifices of torn sweat glands are seen
between papillse. X 24.

ties and with small irregular meshes on the face (Blaschko). The best developed

papillae are on the flexor surfaces of the hands and feet, where they attain a height

of .2 mm. or more and are disposed in the closely set double row's that underlie the

cutaneous ridges on the palms and soles above noted. The papillae afford fa\'orable

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 vertical sections of the skin appear
as isolated projections, the corium is subdivided into an outer papillary stratum

(corpus papillare), containing the papillae, 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 loosely arranged trabecuke of the tela

subcutanea. These two strata of the corium, however, are so blended that thev
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 closely interwoven. 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 over 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 tlie 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 subipitliclial clastic 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 connective tissue portion of the

skin, varies in its thickness, and in the density and arrangement of its component
bundles of fibro-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 rctiiiacula cutis, are prolonged from the corium to the deepest

parts of the subcutaneous stratum. Here they often blend into a thin but definite

sheet, \.\\e fascia subcutanea, which forms the innermost boundary of the skin and is

Fig. 1 148.

s?^^r^-
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Epidermis

Papillary stratum

Reticular stratum

Hair follicle

Retinaculum

-Fat

Section of skin, showing its chief layers—epidennis. 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

de\oid of fat. Where the latter is present in large quantity, the term panjiiculus

adiposns 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 bursie. These are found in many
localities, among the most constant bursre being those over the olecranon, the patella

and the metatarso-phalangeal joints of the little and the great toe. The bursa; in

the latter situation, when abnormally enlarged, are familiar as bunions.

In addition to the strands of involuntary jnuscle associated with the hairs as the

arrectores pilorum, unstriped muscular tissue is incorporated with the skin in the

mammary areolee 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, tlic outer portion of the skin, consists entirely of

epithelium and, beinj^ partly horny, affords protection to the underlying coriuni with
its vessels and ner\es. The thickness of this hiyer varies in different parts of the

body. Usually from ,08-. lo mm., it is greatest on the flexor surfaces of t\ie hands
and feet, where it reaches from .5-9 mm. and from 1.1-1.3 mm. respecti\ely

(Drosdof?).

The cuticle consists of two chief layers, the deeper stratum }rcr))nnativiim, con-

taining the more active elements, and the stratum corncum, the cells of which undergo
cornification. Between these layers lies a third, the stratum intermedium^ that is

Fig. 1 149.

Stratum corneum

Spiral duct of
sweat gland

Stratum lucidum

Stratum
granulosum

Stratum
germinativum

Portion of section of skin from sole of foot, showing layers of epidermis, v 70.

ordinarily represented by only a single row of cells to which the name, stratum
granulosum, is usually applied. This layer marks the level at which the conversion
of the epithelial elements into horny plates begins and also that at which the
separation effected by 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 strattim germina-
tivum, (2) the stratum granulosum, (3) the sti'atum hicidum and (4) the stratum
corneum. The first two represent the portion of the epidermis endowed with the
greatest vitality and powers of repair and the last tvvo the horny and harder part.

The stratum germinativum, or stratiim Malpighi, rests upon the outer sur-

face of the corium, by the papillae of which it is impressed ahd, 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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Sliatuni corncum

Stratum luciduin

ratuiii

granulosum

Stratum
germinativum

/
Deepest cells

of epidermis

Corium

^}00^t/A^.

Portion of preceding preparation, showing in more detail layers of epidermis;

only deeper part of stratum corneum is represented. X 280.

interjjapillary furrows and the depressions to the papilke. In recojj;^nition of this

reticulation the name, ntf Malpighi, is sometimes apphetl to the deejiest layer of

the epidermis. As in other ejMtiielia of the stratified squamous type, the deepest cells

are columnar and lie with
tiu. 1 150. thtir long a.xes ]>erpen-

dicular to the sujjporting

ccMinective tissue. The
basal ends of the colum-
nar cells are often slij^ht-

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

ff)rm, 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 cvtoplasm of the "cells of the stratum germinati\um contains delicate but

distinct fibrillcE, which, longitudinallv disposed in the deep columnar cells, in the

polvgonal elements (Fig. 1151), radiate from the nucleus towards the periphery

(Kromayer). The fibrillar 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 clcidin and W'aldeyer that

of keratohyalin. Since the nuclei of

the cells in which the deposits occur

always exhibit e\idences of degenera-

tion, it is probable that keratohyalin

is in some way derived from disintegra-

tion of the nucleus (Mertsching) and
represents a transition stage in the

process ending 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

f^r

Fibrilloe

Intercellular .,._-^fe^
cleft ^

Portion of horizontal section of skin, showing intracellular

(ibrillae within cells of stratum germinativum. > 800.
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epidermis
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corium

'\f:i :<^:f/,^'Mr. ,;.-'>-!", Duct of

"sweat gland

granular layer. Witli tlie latter it constitutes the stratum intermedium. As indicated

by its name, the stratum lucidum appears clear and witliout tlislinct cell boundaries,

althoui^h stij^inestions of these, as well as of the nuclei of the compijnent elements, are

usuall)- distinguishable. The cells of the stratum luciilum are uniformly cornified

ami differ, therefore, from those of tiie o\erl)ing la\'t-rs in which the prcjcess is often

confined to a mantle zone.

The stratum corneum includes the remaintler of the eijidermis and consists

of many layers of horny epithelial cells that form the exterior of the skin. Where
no stratum lucidum e.xists, as is usually the case, the corneous layer rests upon the

stratum granulosum. from which its horny elements are being continually recruited.

During their migration towards the free surface, the cells lose their vitality and

become more Battened until the most superficial ones are converted into the dead

horny scales that are l)eing constantly dis])laced by abrasion.

Tlie pigmentation of the skin, which even in white races is conspicuous in

certain regions (page 1381), depends upon the presence of colored particles chiefly

within the epidermis, althougli, when the dark luie is pronounced, a few small

branched pigmental connective

tissue cells may appear within ^"^- ^152.^

the subjacent corium. The dis-

tribution of the pigment particles

varies with the intensity of color,

in skins of lighter tints being

principally, and sometimes en-

tirely, limited to the columnar

cells next the corium. With
increasing color the pigment
particles invade the neighboring

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,

w'hich, 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 connecti\e tissue cells that

penetrate the cuticle, and by others ascribed to an independent origin in sihi

within 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 connective tissue or

migratory cells.

The blood-vessels of the skin are confined to the connecti\e tissue jwrtion

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,

ha\'ing subdivided, they anastomose to form the stibciUaneous plexus (rete artcriosum

cutaneum). From the latter some twigs sink into the subdermal layer and contribute

the capillary net-works that supply the adipose tissue and the sebaceous glands.

Other twags, more or less numerous, pass outward through the deeper part of

the corium and wnthin the more superficial stratum unite into a second, siibpapillary

plexus (rete arteiiosum subpapillare), that extends parallel to the free surface and

Section of skin, surrounding anus, showing pigmentation of deeper
layer of epidermis. X 50.
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Papillarv
loops

beneath the bases of the papilke. Tlie hitter are suj^phed by the terminal twigs which
ascend vertically from the subpapillary net-work and break up into capillary lotjps

that occupy the papillae and lie close beneath the epidermis ( Fig, 1153;. With the
exception of the loops entering the hair-papillie, the capillaries enclosing the hair-

follicles arise from the subpajiillary plexus.

The arrangement of the cutaneous zrins, more complex than that of the arteries,

includes four plexuses (rctes veiiosum) lying at different levels within the corium and
extending jjarallel to the

Fig. 1 153. surfaces. The first and

^^
most superficial one is

'""-'rl formed by the union of

the radicles returning the
blood from the paj:)illie.

The component veins lie

I
below and parallel to the

2 rows of papilke and im-
^ mediately beneath the

r_^ bases of the latter. At
a slightly lower level, in

the deeper part of the

stratum papillare, the ve-

nous channels proceeding
from the subpapillary net-

work join to form a second
plexus with polygonal
meshes. A third occurs
about the middle of the

corium, while the fourth

shares the position of

the subcutaneous arterial

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 lyjtiphatics of

the skin are well repre-

sented by a close super-

ficial plexus within the

papillary stratum of the

corium into which the

terminal lymph-radicles of

the papilke empty. The
relation of these channels to the interfascicular connective tissue spaces is one only

of indirect comnnmication. since the Ivmphatics are provided with fairly complete

endothelial walls. It is probable that the lymph-paths within the jjapilla? are closely

related to the intercellular clefts of the epidermis, according to Unna, indeed, direct

communications existing. Migratory leucocytes often find their way into the cuticle

where they then appear as the irregularly stellate cells of Lanffcrhans seen between

the epithelial elements. A wide-meshed deep plexus of lymphatics is formed within

the subdermal layer, from which the larger lymph-trunks pass along with the

subcutaneous blood-vessels.

Section of injected skin, showing general arrangement ot blood-vessels. >' 40.
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The numerous nerves within the highly sensitive intetjvmient are chieHy the

perij)lieral processess ot sensory neurones which terminate in free arborizations between

the ephithehal elements of the cuticle, or in relation with special endini^s located, for

the most jiart, within the corium or subdermal connective tissue. Scjnie sympathetic

fibres, however, are present to supply the tracts of involuntary muscle that occur within

the walls of the blood-vessels or in association with the hairs and the sweat glands.

On entering- the skin the medullated nerves traverse the subdermal layer, to

whicli thev t^ix'e otT twiys in their ascent, and, passint;; into the corium, within the

papillarv stratum dix'ide into a number of branches. Those destined for the epidermis

beneath tlie latter break up into manv hbres which, losini^ their medullary substance,

enter the cuticle and end in arI)orizations that ramify between the epithelial cells as far

as the outer limits of the stratum "erminativum. The ultimate endin^-s of the fibrilhe,

whether taperingor slightly knobbed, always occupy the intercellular channels and are

never directly connected with the substance of the epithelial elements. According to

Merkel, special iactHe cells, (Fig. 867) occur in the human epidermis, particularly

over the abdomen and the thighs. These cells, spherical or j)yriform in shape and
composed of clear cytoplasm, occupy the deeper layers of the cuticle and, on the side

directed towards the corium, are in contact with the end-plate or meniscus of the nerve.

The nerve-libres ]:)articularly concerned with the sense of touch terminate within

tlie 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 RufTtini, or within the subdermal layer in the Vater-Pacinian cor-

puscles, or their modifications, the Golgi-Mazzoni corpuscles. The structure of these

special end-organs is elsewhere described (pages 1018, 1019), their chief locations

lieing here noted.

Meissner's corpuscles (Fig. 872) are especially numerous in the tactile

cushions on the flexor 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 approxi-

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 occupv 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 nvmphcC.
The end-organs of Ruffini 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.

prepuce and of the nyniphie and the ghins jjenis and clitoridis. With the exception of
those rej^ions in which the i^rowth is suthciently lon^-^ to constitute a complete cover-
inj4—the scalp, bearded i)arts of the face in the male, axilke and mons pubis—the
hairs are for the most part short and scattered, although subject to great indi\'idual
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, trai^i ; of the beard, barba ; of the axilUe, hirci ; of
the pubes, pubcs ; while the line downy hairs that cover other parts of the body are
designated lanugo.

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,

Ejiidermis

Sebaceous gland

Hair-papilla

Inner root-sheath

Outer root-sheath

I'.ulb

Papilla

Paniculus
adiposus

Section of scalp, slu)\\ iiig longitudiiiallv cut hair-follicles. X 14.

on the extensor surface of the forearm 24 and on the back of the hand iS for like

areas. Even where their distribution is seemingly uniform, close insj^cction shows
the hairs to be arranged in groups of from two to five.

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 measur-
ing 150 cm. (108 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 mm. and those on the pubes from .054-. I35mni. (Falck). In a

general way hairs of light color are finer 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 \aries from the lightest straw to ra\en black, is

closely associated with racial and individual characteristics, being usually, but by no
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means always, in harmony with the dcj^ntc of general }Mj^mentation. The latter is

commonly imiform throughout the leni^th of the hair, but in rare cases it may be so

variable that the shaft presents a succession of alternating^- lij^ht and dark zones

(Brunn). The straight and curly varieties of hair depend chiefly upon differences in

the cur\'ature of the follicle ' and the form of the hair. In the case of straight 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 corresponding oval, reniform, irregularly triangular or

indented outlines when transversely cut.

Arrangement of the Hairs.—Since the buried i)art of the hair, the root, is

never \ertical but always oblicjue to the surface of the skin, it follows that the free

part, the shaft, is also inclined. The direction in which the hairs point, 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 peculiar 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 sintjle but

sometimes double; (2) the /aciat whorls surrounding the openings of the eyelids; (3) the

auricular whorls at the external auditory meatus
; (4) the axillary whorls in the armpits ; and

(5) the insruinal 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
u horl-districts, moreover, are irregularly subdi\ided into secondary areas by lines, the hair-

ranges (flumina pilorum), 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 spiral 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 owing to its partial effacenient

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 obliquely within the skin, the deepest

part of the root expanding into a club-shaped thickening know-n as the bulb. The
root is covered with a double investment of epithelial cells, the inner and outer root-

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 (folliculus pilij. 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

connecti\'e 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 may 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

inlands 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 many 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. 1 155.

Portion of shaft of hair; A, shaft
covered with cuticle ; j, cuticle re-

moved to expose cortical substance;
»f, medulla :\ 125. a, A, isolated cells

of cuticle and of cortical substance
respectively. X 240.

The 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 longest diameter placed obliquely

transverse. These lines correspond to the free borders of extremely thin glassy cuticle-plates

that overlie the hair as tiles on a roof, the imbrication involv-

ing from four to six layers. Seen in profile (Fig. 1155), the

contour of the hair-shaft, therefore, is not sm«X)lh but serrated,

the minute teeth fonned by the free margins of the scales

being directed towards the tip of the hair. After isolation by
suitable reagents, the cuticular elements appear as transparent

structureless cells, (jiiadrilateral in outline and curved to con-
form to the hair-sh;iit w liich they cover.

The cortical substance, often indeed constituting practi-

cally the entire shaft, consists of elongated fusiform cells so
compactly arranged that the individual elements are only dis-

I II f I
tinguishable after the action of disassociating reagents. In

L ra '

I 11 ! {
addition to the remains of the shrunken nuclei the kair-

I? Ijj 1^ <; II
' / spiud/es, as these modified epithelial cells are called, possess

fibrilhe that pass between adjacent cells similar to the inter-

cellular bridges in the epidermis. A variable amount of

pigDicnt, 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, somew hat 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 cells—dried and comified 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

Fig. 1 156.referable to the pigment

;

this diminution affects par-

ticular>- the lighter shades,

as in dark hairs the large

amount of pigment masks
the reflex.

Outer root-sheath

^

Hair surrounded by
inner root-sheath

V-
^te.

'-??K,

Adipose tissue

The Hair-Folli-
cle.— Tliis structure

consists essentially of

( I ) a connective tissue I

sheath, the theca, con- fl ^- vt

tributed by the corium ; ;• /

( 2 ) an epithelial lining, ,; -^

the outer root-sheath,
"'

continued from the

deepest layer of the ^" -

epidermis; and T^) the

inner root-sheath, an / <7
epithelial investment Fibrous tissue

probably differentiated /
within the follicle, and
not a direct prolonga-
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
iyuier coat, the (glassy nutnbrane, which represents an unusually well developed

alp
r-fchair-follicles.
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basement membrane separatin*^ corium from euticle. Greatly attenuated, it is

proloUiL^ecl o\er the liair-i)aj)illa, wliich, as a special vascularized thickening of the

connectixe tissue of the follicle, carries nutrition to the bulb of the growing; hair.

The outer root-sheath is the continuation of the stratum j^erminatixum alone,

the other layers of the epidermis thinning;- out and disappearinj^ before reachinj:;- the

neck t)f the follicle. Its cells present the characteristics of those of the germinatint^

la)-er, with exceptionally well marked fibrilhe. On approaching the level of the

pajjilla, the outer root-sheath, which farther above consists of numerous layers,

rapidly diminishes in thickness until, on the sides of the papilla, it is reduced to a

single row of low colunuiar cells.

The inner root-sheath, which is best developed over the middle third of the

hair-root and fades away on reaching the upper third, includes three layers. The
outer, known as Hcnlc s layer, consists of a single row of Hat polygonal cells, often

partially separated by o\^al spaces. Their nuclei are very indistinct or invisible

Fig. 1 157.

Theca folliculi

Middle layer

% Cuticle of hair

V

—

""^ and sheath

Glassy membrane

Hair

/a.*3® a

i"'F I I F<*k ' iFvt^^^Pfr-Li-Huxley-sl.layer
and

A
Henle's layer

of inner root-sheath

Outer root-shealh

Transverse section of hair-follicle, showing hair surrounded by internal and external root-sheaths. X 2S5.

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 eidiele, 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 always 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-pa]iilla, they blend into a still imperfectly differentiated mass of cells. The deepest

elements of this complex, however, are cuboidal or low columnar 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 mav 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 |)apill;i, while those converted into the cortical substance,

cuticle and inner root-sheath occupy the sides of the pa|>illa and deepest part of the follicle.

With few exceptions, the hair follicles are associated with two or more
sebaceous glands, rarely with only one, the ducts of which open into the

sac in the \icinity 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 outgrow ths 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 w ith 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 su])erficial pari of the corium,

passobliquelydownwardto be inserted
Pig. 1 158. j,^j(j j]^g 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 of

the muscles exerts pressure upon the

glands and facilitates the discharge of

their secretion (sebum)—hence these

muscles are sometimes also designated

expressores sebi. The effect of con-

traction of the arrectores pilorum is

often conspicuously seen on the surface

in the condition known as "goose-
flesh' ' {cutis anserina) ,\\\\^x^\!i\^ hairs

and surrounding tissue appear to be
unusually elevated owing to the

upward pull on the hair-follicles and
the 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 follicle immediately outside

the glassy meinbrane. 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 •.. -v ...y.. .

net-works surrounding
papillae. X 20.

':¥_^
injected scalp, show-? j;

hair-follicles and tvigs
capil'.ary

entering
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epidennis and, therefore, may be removed without mutilation when the euticle is

taken oft after maceration.

The entire nail-plate is divitled into the body (corpus uiimiis), which includes

the exposed portion, and the root (radix unuiiis), which is embedded beneath the

skin in a pocket-like recess, the- nail-groove (^sulcus unsuis). The modified skin

supportiniL; the nail-plate, both the boily and the root, constitutes the nail-bed

(solum un.uuis), the cutaneous fold overlying- the root being the nail-wall ( valiuui

unjiuis ).

The sides of the tjuadrilateral nail-plate are straight and parallel and at their

distal entls connected by the convex free margin ( maryo lihcr; thai projects for a

variable distance beyond the skin. The proximal buried border (marijo occultusj is

straight or slightly concave, more rarely somewhat convex, and often beset with

minute serrations (Brunn). Both surfaces of the transversely arched nail are smooth
and even, with the exception of the longitudinal parallel ridges that often mark the

upper aspect. Insj^ection of the latter during life shows color-zones, the translu-

cent whitish crescent formed by the j^rojecting portion of the nail being immediately

followed by a very narrow yellow band that corresponds to the line along which the

stratum corneum of the underlying skin meets the under surface of the plate. The

Fig. 1 159.

A B c

Distal portions of fingers, showing relations of nail ; A was drawn from living subject ; B and C are lateral and
under veiws respectively of inner surface of cuticle with nail ; nothing but the epidermal structures are present, the
cuticle and nail having been removed together, a, f>, distal and proximal borders of nail ; c, under surface of nail

;

d, nail in section ; r, 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 /unu/a, 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 off 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 abo\e 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 dixided into a proximal,

Fig. ij6o.

Suhtutincous tissue

Si r itum gcrtnin itu uin ,

Str ituin (.oriRuni

.

„ . .^ / ^ '5^ Transformation
Conum ^^^^ \ ^ ^ zone

of nail-bed i ^' -^

, / ''" ', ' '-'" ^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 coriiuii of the nail-bed \^x\i:'?> in the different re,<jions in tlie arrangement and size of its

elevations. Within the proxiniai third of the matrix, tiiese elevations occur in the form of low

papiliie, 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 gi\e 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 papilke. Owing to the strong filjrous bands and
the absence of the usual la>er of fatty subdermal tissue, the corium of the nail-bed is cKjsely

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.

\\\ view of its genetic actixity, the relations of the epidennis underlying; the nail are of

especial interest. While the stratum germinativum of the skin covering the finger tip passes

directly and insensibly onto the nail-bed, the entire extent of which it invests (stratum jjermina-

tivnm unjiiiis), 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

genninativum 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 tisual elements of the stratum germinativum, surmoimted 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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Fic. 1 161.

Nail-bed N'ail-plate

Stratum corneiiin

and

Stratum
germiiiativuiii

of nail-wall

Kponvcliium—;-^

Margin of nail— -f—

>

probably accounts for llit- lint distinguishing the white area. Since the transformation of the

cells of the stratum germinat'vum into those of tlie nail-plate is confined to the matrix, it is evi-

dent that the continuous

growth of the nail takes

place along the Hoor and
bottom of the nail-groove,

the last formed increment

of nail-substance pushing

forward the previously dif-

ferentiated material and
thus forcing the nail to-

wards the end of the digit.

The relation of the epi-

dermis of the nail-wall 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

within the most proximal

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 diflferentiated from the

latter by being less dense

and by its response to

stains. As the nail leaves the groove, a part of the stratum germinativum of the nail-wall is

prolonged distally for a variable distance over the dorsal surface of the nail-plate as a delicate

membranous sheet, the eponychium, which usually ends in a ragged abraded border.

Corium

. - 0»yj'

Transverse section of nail-wall and adjacent part of nail-plate and nail-bed. ^ 90.

THE CUTANEOUS GLANDS.

These structures include two chief varieties, the sebaceous and the su'eat

glands, together with certain modifications, as the ceruminous glands 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 derivati\-es of the ectoblast

and, therefore, genetically related to the epidermis.

The Sebaceous Glaxds,

Although these structures (glaodulae sebacae) are chiefly associated with the
hair-follicles, in which relation they have been considered (page 1394), sebaceous
glands also occur, if less frequently, independently and in those parts of the skin in

which the hairs are wanting, as on the lips, angles of the mouth, prepuce and labia

minora. The size of these glands 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 of

larger size the relatively short duct subdivides into several expanded compartments,
which, in the largest glands, may be replaced by groups of irregular alveoli, with

uncertain ducts that converge into a short but wide common excretorv passage.

Structure.—The structural components of these glands include a fibrous
envelope, a mcmbrayia propria and the epithelium, the first two being continuous
with the corresponding coverings of the hair-follicle. The epithelium continued
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Moiitli

Duct

um'
Alveoli

Sebaceous glands from skin covering nose. X 60.

Corium

into the ducts and alveoli of the sebaceous glands is directly j^rolonged from the

outer root-sheath of tlic cpickrmis, where associated with the hair-follicles, or from
the epidermis where the hairs

1'~k;. 1102. are wantinj^. The j)erii)hery

-^^'

.

of the aheolus is occui)i'>_-d by a

single, or incomi)letely double,

layer of flattened and imper-
fectly defined basal cells, that

rest immediately u])on the mem-
brana propria and are distin-

guished by theirdark cytoplasm
and outwardly displaced oval

nuclei. Passing towards the

centre of the aKeolus, 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-
ing the axis of the alveoli, which
are completely filled and with-

out a 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 sebion, 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 (ylandulae sudoriferae), also

called the sudoriparous }^Iands, are the most important

representatives of the coiled glands (glandulae jjlonii-

fornics) often regarded as constituting one of the two

groups (the 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 more 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 between two and three hundred.

Modified simple tubular in type, each gland consists of two chief divisions, the

body (corpus) or gland-coil, the tortuously wound tube in which secretion takes

place, and the excretory duct (ductus sudoriferus) which opens on the surface of the

skin, exceptionally into a hair-follicle, by a minute orifice, the szceat pore (poms

sudorifenis), 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

Cells from alveoli of sebaceous eland,
showing reticulated protoplasm due to

presence of oil droplets. X 700.
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scrotum lies within the sul)dcrinal connective tissue. The coiled portion of the

irland is'not entirely fornu-d by the secretory se-:nient. since, as shown by the recon-

structions of Hubcr, about one fourth is contributed l)y the ((.nvolutions of the lirst

part of the duct.
. . •,,,•, 1 c .u 1 1 .1

On leayintr the gland-coil, in close pro.ximity to the blind end of the gland, the

duct ascends through the corium with a fairly straight or slightly wavy course as

f u- as the epitlerniis On entering 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 and number a dozen or more and terminate on the surface by a trumpet-shaped

orifice, the sweat-pore.
'

Fig. 1 164.
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In its course through

the corium the duct

never traverses a

papilla or ridge, but

always enters the cuti-

cle l)etween 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

doulile rows of papillae.

Structure.—The
secreting portion of

the gland-coil, called

\\vii ampulla on account

of its greater diameter,

possesses a wall of

remarkable structure.

The thin external
sheath, composed of a

layer of dense fibrous

tissue and elastic fibres,

supports a well defined

membrana p rop ria

.

Immediately within the

latter lies a thin but

compact layer of iiivol-

untarv 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, sharing

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 he 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 axillary, includes fat droplets and pigment granules. ihese

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-wax.

The sudden and conspicuous reduction in the size of the tube which marks tne

termination of the secreting segment and the beginning of the dud \s accompamed

by changes in the structure of its wall. In addition to a reduction of its diameter to

%

Section of skin from palm, showing different parts of sweat-

surface into tela subcutanea. X 65.

Fat-cells

Coiled part of

sweat-gland

;rlands extending from
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one-half or less of that of the ampiiUa, the ckict loses the laver of muscle and
becomes fattened, with correspontlini; chanj^es 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 aji homogeneous zone, sometimes described as a
cuticle, next the lumen. On entering the epidermis, the duct not only loses its

fibrous sheath and membrana i)ropria, but the epithelial constituents of its wall are
soon lost among the cells of the stratum germinati\um, so that its lumen is continued
to the surface as a spiral cleft bounded only by the cornitied cells of the cuticle.

Apart from mere \ariations in size, certain glands—the circionaJial, the ciliar}'

and the ccniniinous—depart sulificiently from the typical form of the coiled glands to

entitle them to brief notice. The circumanal glands, lodged chieHy within a
zone from 1 2-

1

M ^.

^-^r

— Muscle-cell

/— Secreting-cells

wide and about the same distance from the anus, are not
all the same, but include,

G. 1 1 65. according to Huber, four

varieties. In addition to (
i

)

the usual sweat glands and
(2) some (Gay's) of excep-
tional size, (3) others have
relatively straight ducts that

end in expanded saccules,

from which secondary alveoli

arise ; finally (4) branched
glands of the tubo-alveolar

tyj)e are j)resent. The cili-

ary glands ( Moll's; of the

eyelid are not typical coiled

structures, but belong to

the branched tubo-aheolar
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 tyjie.

The blood-vessels of

the sweat glands include

arterial twigs given off from

the cutaneous rete, a capillary

net-work outside the mem-
brana propria, best developed

that join the deeper plexus

Parts of duct

Parts of coiled
secreting
segment

Section of deeper coiled portion of sweat-gland. X 325-

within the coiled portion of the tube, and the veins

within the corium.

The nerves are especially numerous and consist of nonmedullated sympathetic

fibres that tra\erse the fibrous sheath and form a close plexus on the outer surface

of the membrana propria. From this net-work hbrilLe 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 nerve fibrillae, without or after division, are beset.

THE DEVELOPMENT OF THE SKIN AND ITS APPENDAGES.

The Skin.—The integument consists of two genetically distinct parts—the

epithcliicm C 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 o\'er the entire surface. This double layer now consists
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Sections of developing-
skin, showing earliest stages
in formation of hair-follicles;

in D epithelial cylinder is

invading inesoblast. X 90.

of a deeper row of cuboid or low columnar cells, coveretl by a superlicial sheet,

known as the cpitrichium, composed of flattened elements often lackin<,( in delinition,

and nuclei. During- the succeeding weeks the epitrichial cells become swollen and
vesicular and diilerentiatetl from the underlying elements, which meanwhile are

ensj^aefed in producing; the epidermis. The epitrichiiim

persists until the si.\lh month, when it becomes loosened and
is cast oil Durino- the third and fourth months the ectoblastic

cells ha\e so multii)lietl, that from four to ti\e layers are

present, those ne.xt the mesoblast beinj.,^ columnar and rich in

protoplasm, while the more superficial are irregular 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 stratum

Cornell III, while the deepest ones represent the stratum germi-
nativuin, with an intervenini>;- transitional zone. About the

sixth month desciuamation of the surface cells begins, the

discarded epitrichial and other scales mingling with the secre-

tion from the sebaceous glands, which meanwhile have been

developed, as constituents of the white unctuous coating, the

vernix caseosa (smegma cmbryonum), that covers the surface

of the foetus, 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-

dently with the appearance of the fibrous fibrillae, 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 papilhe

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 involuntary

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. Very soon solid epithelial

cylinders sprout from the deeper surface of

these areas and invade the subjacent corium

to form the anlages of the hair-follicles. 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-papillce.

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. I 167.

!gji^-

-^—- Hair-follicle

Papil

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. 116S.

from the matrix surmountini,'^ tlic jxipilla. In addition to forminij the outer root-

sheath the peripheral elements contribute the matrix-cells that occupy the fundus of

the follicle and surround the papilla. The cells coverinj^ the summit and adjacent
sides of the papilla are converted into elonj4ated 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 occupying 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 accimuilates kerato-
hyalin within its cells. At first ])resent as minute drops, this substance increases

in (juantity 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 exident 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 cornitiecl plates of the cuticle both of the hair and

of the inner root-shcath. 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

jilace exclusively at the lower end of

its bulb, M'here, 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 foetal month
and on the extremities about a month later.

Sebaceous gland

Hair

Root-sheath

Bulb

Papilla—

->v^.'

Developing skin, showing later stage of hair-follicle; hair
is now differentiated. X 80.

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, axilke 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 tiieir mature growth,

the individual life of the hairs is limited, those on the scalp probal)ly retaining tlieir vitality for

from two to four years and the eyelaslies for only a few montlis ( Pincus).

During the >ears 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 ft^rmation. When frt)m 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 develojiment 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



de\"elopmi:nt of skin and aim^i:ni)ages. 1403

Fig. 1 169.

acconipaiiietl by tlie production of a cliib-sliaped enlarjjenienl of the hair, Ijetween which and

the slirnnken matrix a slranil of atrophic epitiieiial cells for a time remains. Willi the continued

proj;ress of these chans^es, the root of the cliih-luii)\ as the dejjeneratiu}^ hair is termed, shortens

so that the bulbus enlargement recedes from the bottom of the

hair-sac, until it lies just below the narrow neck of the follicle,

where it remains for a longer or shorter period until the hair

is dislodged and (inally discarded. A hair that has fallen out

in consequence of these atrojihic changes jiresents well-marked

ditTerences in the appearance antl structure of its root 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 cortical substance,

which alone forms the terminal bulb 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 replacement are initiated by the

stratimi germinativum of the old hair-sac. WHiether surrounding

a new papilla, as held by many, or capping the revived original

one (Brunn), 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.

Section of foetal skin, show-
ing sebaceous gland developing
from hair-follicle. ,< 90.

Fig. I I 70.

The Nails.—The first aj)pearance of a definite nail-

area on the 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 covering

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 proximally 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 epitrichial cells above,

and the deeper layers of the cuticle below. The overlying epithelial mass, composed
of the epidermal and epitrichial elements, constitutes the eponychiiim, 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 matrix, 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 matrix, from which, after

the initial formation of the primary 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 boundary 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 aniinals.

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 dcvelopnicnt of these, the most important members
of the j^roiip of coiled glands, begins during the fifth fcetal month as solid ei)ithelia)

sprouts from the under surface of the epidermis. At first cylintlrical in form,

these processes soon acquire a club-shaped lower end and for a time resemble
develojiing hair-follicles. The terminal segment of the gland-anlagc enlarges in

diameter and thus early differentiates the later ampulla. With subsecpient increase

in length, the characteristic coils soon a])pear, after which a lumen makes its

ai)i)carance in the anipullaiy segment and gradually extends to the surface.

Practical considerations of the skin find mention in connection with the
various regions, to which the reatler is referred.

THE NOSE.
Although only a small part of the nasal chambers is occupied by the

peripheral olfactory organ in man, the greater ])art forming the beginning of the

respiratory tract, comparative anatomy and embryology establish the primary
signiti-cance 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 grooped with the organs of special sense, notwithstanding its relation

to the proper production of \oice and to taste and the role that it plays in varying

facial e-xpression.

The nose consists of two portions, the outer nose ( nasus externus) and the inner

chamber (cavum nasi), which is divided by the median partition into the right and
left nasal fossre

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 root ( radi.v nasi) sjDrings

from below the glabella 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 (ape.v 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 nares (nares). Just before

meeting the base, each lateral surface expands into the mobile and rounded iving (ala

nasi) that forms the outer wall of the nostril and is limited above by a shallow

groove, the alar stdcus. Under the influence of the attached muscles, the alae are

subject to dilitation, 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 little significance, the relation of its

greatest breadth across the ake to its total length, from root to tip, is of sufiticient

anthropological importance to receive attention in the classification of the races of

, . , ^, . , . , , , . , . , /greatest breadth X ioo\
mankmd. This relation, the cephalometric nasal index I

——

j

7^- )
'

\ greatest length /

varies with different races, according to Topinard the index of the white races being

below 70 (leptorliines), that of the yellow and red races between 70 and 85

(mesorliines), and that of the black races above 85 {platyrhines').

THE CARTILAGES OF THE NO.SE.

The cordiform nasal opening (apcrttira pvriforniis) 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 loiver lateral, and a variable number of smaller
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supplemental pieces (cartiiauiiics niinorcs). The conventional division of the first

tliree, however, is unwairantctl, since cnibryoloiiically and mori>hologically they

constitute one piece (cartilasio incdiana nasi), which even in the adult is represented

1)V the ronnecletl septal ami upper lateral i)lates.

riu' cartilage of the septum ( cartilaj^o sc|»ti nasi) (Fi^. 1171) completes the

median partition that divides the ri^iit and left nasal fossce from each other and

represents the anterior extremity of the primordial cartilaginous cranum. It is

irregularly rhomboidal in form and so placetl that its superior angle lies above,

received between the nasal Ijoncs and the median plate of the ethmoid, and its

inferior angle below, resting upon the incisor crest of the maxilke. The anterior

an'i-le is directed forward antl tlie posterior, much the more pointed, is prolonged

as the sphenoidal process (processus splicnoidalis scpti cartilaj^iiiei) for a variable

distance between the mesethmoid and the vomer towards the body of the sphenoid,

which exceput)nally it may reach. The antero-superior margin of the septal carti-

hu'e, thickest above, is attached to the under surface of the internasal suture for a

Fk;. 1 171.

Frontal sinus

Septal cartilage

Mesial crus of left

lower lateral cartilage

Vomerine cartila.

Perpendicular plate of ethmoid

- Sphenoidal sinus

^^^^ Posterior naris

Sphenoidal process Vomer

Nasal septum \ ieweil from left side ; mucous membrane has been partially removed.

distance of from 12-15 mn^- Below the nasal bones, the margin of the septal

cartilage is continuous with the upper lateral cartilages which form ring-like expan-

sions (al^e) 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.
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TIk- lower lateral cartilages (cartilauincs alarcs majorcs) (Fi^^ 1172) area
pair of thin curved plates that encircle the apertures of the nostrils anteriorly and
constitute the framework of the tip of the nose. Each cartilaj^e consists of an inyur

p/a/c {cvus inc'(lialf). from 6—7 mm.
broad, whicli, with its fellow of

the opposite side, embraces the

lower and anterior part of the

septal cartilajs^e and aids in com-
pletinjr the partition separating

the nares. In front it narrows,

bends sharply outward, and passes

more or less abruptly into a

hvoAdcr outtrp/atc (crus laterale),

which is of \ery uncertain form
and size, although of a general

elongated oval shape and some
12 mm. broad. The triangular

sj)ace between the varyingly

prolonged posterior end of the

lateral plate, the ma.xilla and the

upper lateral cartilage is tilled

out by fibrous tissue in which
are embedded two, three or

more small cartilaginous pieces

( cartilagines alares minores). 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 le.ss 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 partly 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 "^"''- lo'^R' that lie, one on either side, along the

lower border of the septal cartilage

Bony and cartilaginou'- of nose, front aspect.

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

which the organs are well devel-

oped these cartilages form i)rotect-

ing and supporting scrolls ; in

man, however, both organ and
cartilage are so feebly developed
that thev loose their close relation.
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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

alae. With the exception of within the alee and lateral borders of the nostrils, the
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fatty tissue is very meai;ie. The sebaceous glands, on the other hand, are well

developed and open in many instances in conjunction with the follicles of the delicate

hairs that cover all jxuts of the surface. On the aUe the closely placed glands are of

exceptional size and o])en by ducts readily seen as minute de])ressions.

Vessels.— In ortler to compensate for the exposed jiosilicjn, the external nose

is generously supplied with arfirics, derived chiefly from the facial and ophthalmic,

which are united by numerous anastomoses with each other as well as with branches

from the infraorbital. The veins are all tributary to the angular vein, w^hich begins

at the inner canthus and descends along the side of the nose to the facial trunk,

receiving in its course the dorsal, lateral, and alar branches. The angular vein

communicates with the ophthalmic and the veins of the nasal fossa.

The lymphatics are arranged in three sets (Kuttner). The first, beginning at

the root of the nose, passes above the upper eyc-li^l and along the supraorbital ridge

to the parotid nodes. The second group, formed by the sui)erficial and deep lym-
phatics at the nasal root, skirts the lower margin 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 supplying the outer nose include the motor branches of the facial

to the muscles and the sensory twigs 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 septvmi 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 foetal 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 ((^) 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 artery,

which is given of! 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 alci)holisni.

Furuncles and superficial infections are frequent because of the number of sebaceous
and sweat glands present. Lu|uis 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 \ital resistance. Frost-bite of the nose is

also common, csjiccially about the tip, because of its exposed pcjsition and the lack
of protection to the delicate vessels from overlying tissues.

The nerve supply to the nose is likewise very free, as is shown in a practical

manner by the pain which accompanies inflammatory conditions, especially those
invohing 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 have 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 efifort to recognize

an odor or to enjov one to the utmost, is accompanied by a deep insj^ration

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

alse 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 apjjlied to the face. Their chief

importance depends upon the j^rominence 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 low^er 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

comjiound 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 fractmxtl. On the other hand, the rich tjlandular supph' (A

the mucous meml)rane, which makes the usual mucous secretion exceiHi(Mially free,

may, in a post-traumatic coryza, result in a watery discharge of such (|uantity as t(j

suij_i;est the escape of the cerebro-s}iinal fluid. JMnphysema within the orl)it and
under the skin may result from the communication of the nose with the ethmoidal or

frontal sinuses. In the etTort to keep the nose clear of blood by blowing-, the air is

forced into the subcutaiu-ous lissui's.

In fractures at the lower part, the deformity is frecjuently lateral, because of

the greater exposure to side blows, and the tendency of the carlila_i,rinous aUe and
se]>tum to avoid crushin<i-. In the upper part depression is more likely, because of

the tendency to escape anv but forces from in front, the t^reater force necessary to

jiroduce the fracture, and the presence of a bony septiun imderneath, which crushes

rather than bends.

When the deformity has been replaced there are no strong muscles to repro-

duce it, so that little or no effort is necessary to maintain the fragments in position.

The deformity must be reduced early and the reduction maintained, because owing
to the free blood supply, imion is usually rapid, sometimes occurring in a week.

One must bear in mind in reducing the deformity that the roof of each nasal fossa is

not more than 2-3 mm. wide, and that, therefore, a narrow rigid 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 c/wano", 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 fossee is directly continued.

Seen in frontal section (Fig. 1176), 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 oH, 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. (22^-t, 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 lower half of the vestibule, containing numerous sebaceous glands and
hairs. In the vicinity of the nostril the hairs, known as vibrissee, are coarse and
long and curved downward to afford 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 linien vestibu/i, which 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 atriimi tiasi, 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 ag-ger nasi, that represents a rudimentary naso-turbinate, which in many
mammals attains a large size. The space lying in front of the agger, extending

89
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from the limcn to the cribriform plate of tlie ethmoid anil roofed in by the forepart
of the arched upper l)()uiulary of the fossa, is long and narrow in conse(iuence of
the a])pro\imati()n of the median and lateral walls. It leads from the nasal aperture
to the summit of the nasal fossa and to it Merkel api)lied the name carina nasi.

The Nasal Septum.—The median wall consists of the partition formed chiefly

by the perpendicular plate of the ethmoid, the vomer and the septal cartila]i^e, cov-
ered on both sides by mucous membrane. The extreme lower and anterior part of

the septum, consistint;^ of the alar cartila.<>:e and the integument, is flexible, and there-

fore called the nicnihraiious portion^ or septum, mobile ; the terms Iwnv and cartilagi-

nous portions are applied to the remaining jxu'ts of the septum supported by bone
and cartilage respecti\'ely.

While during early childhood its j)osition is median, in the great majority of

adults the septum presents more or less asymmetry and lateral deflection, most often

Superior turbinate
Spheiio-ethmoidal recess

Opening of sphenoidal sinus

Superior meatus

Ventricl

Vestibule

Limen vestibuli

Opening: of
Eustachian tube

Posterior limit of nasal fossa

¥ -^ \ \ \ Middle meatus

\f Inferior turbinate \ Middle turbinate

Inferior meatus

Right nasal fossa, lateral wall ; and naso-pharynx.

to the right. This deviation 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 vomer, in

the vicinity of the spheno-ethmoidal process, or along the union of the vomer and
the septal cartilage. The asymmetry may involve the entire septum, \\hich 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

bv x'ariations in the amount and development of the glandular and vascular tissue.

One such accumulation, the tubcrculum scpti, is relatively constant and on the septum

about opposite the anterior ei,v:l of the middle turbinate. Inuring early life a series

of from four to six or more oblique ridges, pliccc scpti, 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 narcs.

The Lateral Wall.—The lateral wall of the nasal fossa- is characteristically

modelled bv the projecting scrolls ( conchae nasi) of the three turbinates. The latter

partly subdivide each fossa into three lateral recesses, the superior, middle, and
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1

inferior meatuses. Tlicse iire overhung by the concspoiuliiig bony concha, tlic

superior meatus beiny- roofed in by the upper turbinate and the inferior lyin^ between

the lower turbinate and tlie floor of the fossa. That part of the nasal fossa between

the conchie and tlie septum, into which the recesses open nietlially, is sometimes called

the meatus nasi eommioiis. The details of the nasal fossa as seen within the macerated

skull have been described in connection with the skeleton (page 223 j. In the recent

condition, when the soft parts are in place, while their general contour is preserved,

the compartments of the fossie are materially reduced in size by the thickness of the

mucous membrane and the erectile tissue that cover the bony framework.

Tlie Superior Meatus.—Corresponding to the small size of the upper turbinate,

the superior meatus (meatus nasi superior), or etiinioidal fissure, is narrow and
groo\e-like and little more than hilf the length of the middle one. It is directed

downward and backward and is floored by the convex upj)er surface of the middle

concha. When the upper turbinate is replaced by two scrolls (conchae superior

et suprema)—a condition that Zuckerkandl regards as very frequent, if indeed, not

the more usual—the meatus is accordingly doubled. Into the upper and front part

of the superior meatus the posterior ethmoidal air-cells open by 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

mcdhis) is spacious and arched to conform with the contour of the middle and

inferior conchae 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 overhung

by the anterior half of the concha. The crescentic cleft leading from the middle

meatus into the infundibulum is the hiatus semilunaris,^ which extends from above

downward and backward, with its convexity directed forward. Its anterior boundary

is a sharp crescentic ridge due to the uncinate process of the ethmoid co\^ered

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 grooxe. The name is here employed
as indicating the lunate cleft and not the groove (which is the infundibulum), as originally used

by Zuckerkandl, who introduced it. See Antomie der Nasenhohle, Wien, 1882, page 39.
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W'licn the infundihuhmi tlocs not end l)liiully above, which it f)ften docs (page
194), its upper extremity, usually souuuhat expanded, recei\es the ojjening of the

frontal sinus, ostium fronta/e. The siiuis is, however, not dej^endent upon the
infundibuluni for its coniniunication witii the middle meatus, since, as ])ointed out
by Zuckerkandl, between the front of the attachment of the middle turl^nate bone
and the imcinate process of the ethmoid there exists a passajji'c which leads to the

ostium frontale. Into the ujiper part of the infundibulum usually oj^en some of the

anterior ethmoidal air-cells ; lower in the j^rooxe lies the oval or slit-like ostium

viaxillan\ the chief communication of the antrum of Hiu^hmore. When the latter

is pro\ided with an additional orifice, as it is in 10 per cent. (Kallius), the smaller

accessory communication opens into the infundii)ulum a few millimeters Ijehind

the principal aperture. Above the hiatus semilunaris, either on or above the

bulla, is usually seen tlie 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 abruptly expands, not
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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 remo\al 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 vertical, 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. The lower ]).irt of tlie naso-frontal division, below the

nasal bone, is cutaneous and cartilaj^inous. Anteriorly the roof is reduced to little

more than a groove on account of the appro.ximation of the lateral and metlian

walls, but posteriorly broadens towards the choana. The median part of the r(j(jf,

formed by the cribriform plate of the ethmoid, is very thin and makes a sharp angle

with the steeply descending sphenoidal division. Between the latter and the superior

turbinate bone lies the spheno-ethmoidal recess.

The floor of the nasal fossa, much broader than the roof and supported by
the palatal process of the maxilla and the horizontal plate of the [)alate bone, from
before backward is approximately horizontal, but from side to side is distinctly con-

cave. Anteriorly this wall is robust, but rapidly diminishes in thickness as it j)asses

backward. About 2 cm. behind the posterior 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 prolongation of mucous
membrane. This canal converges 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 incisixe ijad

or papilla palatina. Although the two tubes of mucous membrane may join to form
a single incisive canal, they usually retain their independence (Leboucq, Merkel;.
They are often closed and impervious ; sometimes, however, even in the adult
communication is retained between the nasal and oral cavities.

The posterior nares or choanae, the apertures through which the nasal fossa?

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 individual variation is considerable.

Each opening 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. 1 174). Since the turbinates end approximately 12 mm. in advance of the
choaucE, the outlines of these openings are unbroken by the scrolls that model the
lateral wall of the nasal fossae, all three conchae, however, being visible through the
posterior nares.

THE NASAL MUCOUS MEMBRANE.
Beyond the limen that marks the limit of the integument clothing the vestibule

(page 1409), the nasal fossa is lined by mucous membrane continuous with that of the
naso-pharynx through the choanae. 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 olfactory 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 field 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.

iX'SiMratorv mucous membrane, Icmi^ucs cjr c\cn islands of the latter projcclinj^ into

or lx'inj4 surrouiulcd byllu' former. I'pon the evidence derived from careful dissection

of the olfactory mucous membrant-, ho\ve\er, it is ditticult to avoid the conclusion

that lirunn's areas are too limited, as ner\e-fila-

ments clearly attached to the olfactory bulb are

usually traceable onto the upper part of the middle
turbinate bone. In fresh jireparations the olfactory

area usually, but not always, can be aj)i)ro.\imately

ma])])ed out by the yellowish hue, lij^hter or

darker, that distiny;uishes it from the resjjiratory

rej^ion in which the mucous membrane exhibits

a rosy tint.

The epithelium contains two chief con-

stituents—the supporting and the olfactory cells.

The supporting 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 w idth and contain

the oval nuclei which, l)ing a])proximately 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 devoid of

nuclei. The inner part of the supporting cells

is thinner and irregular in contour and often

terminates by splitting into tw-o or more basal processes that rest upon the tunica

propria. Between these ends lie smaller pyramidal elements, the basal cells, that

RiKht 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 Hrunn..

Fig. 1 178.
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Section of olfactory mucous membrane ; epithelium displays outer nuclei-free and nuclear layers fornie<i by
supporting cells and broad stratum containing nuclei of olfactory cells. ^\ 300.

probably represent younger and supplementary forms of the sustentacular cells.

The granular protoplasm of the basal processes often contains pigment jxirticles.

The olfactory cells, the percej)tive elements receiving the smell-stimuli, con-

sist of a fusiform body, lodging a s|)herical nucleus enclosed by a thin envelope of

cytoplasm, and two attenuated processes, a peripheral and a central. The olfactory

cells are in fact sensory neurones that have retained their primitive position within

the surface epithelium, as in many inxertebrates, instead of receding, as is usual ip
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the higher animals, to situations more remote from the exterior. The slender

peripheral jirocess of the olfactory cell, which corresponds to the dendrite of the

neurone, is of uniform thickness ami ends at the surface in a small hemispherical

knob that projects slighllv heyond the general level of the epithelium and bears from

6-8 minute stiff cilia, the olfactory hairs. The length (jf the periijhend processes,

being dependent upon the position of the nuclei, varies, since the latter occupy

different le\ els within the e])ithelium in order to accommodate their greater number

—

about 60 per cent, in excess of those of the supporting cells ( ikunnj. The central

Fig. 1 180.
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processes of the olfactory cells, much more delicate than the peripheral, are directly

continued, as the axis-cylinders, into the subjacent nonmedullated nerve-fibres within

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 closely packed irregularly

round cells, resembling lymphocytes, and meagre bundles of delicate connecti\'e

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 (glandulac 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 respiratory

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 irret,ailarly columnar basal cells. Numen^us elements exhibit various
sta,i;es of conversion into mucous-containinj; goblet cells. The current produced by
the cilia is toward the jjosterior nares.

Beneath the epithelium stretches the membrana propria or basement membrane
that varies greatly in thickness

; although in certain localities feebly developed, it is
usually well marked and measures from .010-. 020 mm. in thi'ckne.ss (Brunn;

Fig. 1181.
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Section of respiratory mucous membrane covering nasal septum. ' 75.

Under pathological conditions its thickness may increase fourfold or more. In many
places the membrana propria is pierced by minute vertical channels, the basal cayials,
in which connective-tissue cells and leucocyctes are found, but ne\er blood-capillaries
(Schiefferdecker ).

The tunica propria consists of interlacing bundles of tibro-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 conchee, 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 trabeculre 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 f Zuckerkandl), include a superficial reticular zone of smaller spaces
and a deeper one of larger lacuuce. 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.

the crescentic s^roups of serous cells that stamp the glands as mixed (St()hr).

Exceptionally exclusively serous _u:l'inds are also encountered (Kallius).

Jacobson's Organ. Mention has been made of the rudimentary structure

(ormaiioii vomeroiiasalo) found in man, almost constantly in the new-born child and

frequently in the adult, as a representative of the ori;an t)f Jacobson that is j)resent,

in varvinjj;^ degrees of perfection, in

all amniotic vertebrates (Peter). In

many animals possessing in high

degree the sense of smell (macros-

matic), the organ is well developed

and functions, serving possibly as an

accessory and outlying surface by
which the first olfactory impressions

are received (Seydel).

In man the organ is represented

by a laterally compressed tubular

tliverticulum, from 1.5-6 mm. in

length, that passes backward and
slightly upward to end blindly 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.

r^y.

Portion of frontal section through nasal fossae of kitten, showing
organ of Jacobson. X 20.

PRACTICAL CONSIDERATIONS : THE NASAL CAVITIES.

The nasal ca\'ities have certain important clinical relationships which may be
classified as (i) physiological

—

[a) respiratory, phonatory and olfactory
; ((^) sexual

;

(2) topographical

—

{a) the nasal chamber and the vestibule ; (^b) the premaxillary,

maxillary, and palatal portions
;
(r) 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 bone 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), bv diminishing the vis a tergo in blowing the nose and thus

favoring the retention and decomposition of the nasal mucus, to contribute to the

occurrence of atrophic rhinitis Tozsena). 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^j an acute coryza, the fossae are more or less completely
cfbstructed and the vcjice becomes flat and entirely without resonance.

(^) 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
covx'ring much of the turbinates and pail ot the septum, and the erectile tissue of the

penis, and the sympathy between the erectile ])()rtions of the generati\e tract and
erectile structures

—

v. _q-., the nipple— in other jxuls of the body.

2. (a) The distinction between the nasal chamber and the \estibule is, in the

main, based upon the difTerence in their lining; membrane, that of the vestibule

being simply a continuation inward of the external integument to the line {linioi

nasi) at which the nasal fossa proper begins. The \'estibular cavity 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 (jn

the same principles as those of the mucous meml)ranes generally, with special refer-

ence to its erectile character and to its close relation to the underlying periosteum

and bone.

((5) The sutural lines of the premaxilla, of the maxilla, and of the palatal bones
aid in determining the boundaries of the subdivisions 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, verticallv upward through the nasal chambers.

(f) 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 j^lane 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—usvially 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. Asymmetry 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 may 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 view 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. By separating the alar cartilages from the bones and dividing the cartilag-

inous septum the movable anterior portion of the nose can be turned upward, gi\ing

a full exposure of the nasal fossre, without leaving an unViightly scar.

To permit a freer exploration with the finger, Kocher divided the septum as far

back as possible with scissors. He also divided the roof of the nose near the septum,

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 ahii ami alouj; the side of the nose, again tlivitling the bone. The Hap thus
formed can be turned upuartl, after Ijreaking tlie bridge of bone between the upi)er

entls of the two incisions, exposing the nasal fossa.

The finger can be passed backward through the nostril far enough to meet the

finger of the other hantl passed t(i the posterior nares through the mouth.
The posterior nares can be examined by the rhinoscopic mirror or by the finger

introduced through the mouth. Posterior rhinoscopy, like laryngoscopy, is carried

out with ditificulty, because the region of the naso-pharynx is sensitive and is intol-

erant of intrusion. In the act of swallowing, the epiglottis protects the larynx l)y

cU)sing the laryngeal o[)ening, and the soft jjalatc rises against the j)Osterior wall of

the pharynx, preventing regurgitation into the nose. When the rhinoscopic mirrcjr

is used the same thing occurs, so that the view of the larynx and naso-pharynx is

shut off. Consideral:)le difficulty is sometimes exjierienced in training the patient to

overcome this tendency. The employment of the nasal douche is based upon the

same mechanism. When the stream of fluid passed through one nostril reaches the

posterior part of the nose, its progress toward the mouth is obstructed by the elevated

soft jxilate, 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
mav 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 1968). This and the general vascularity of the nose partiv 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 and add to the moisture of the

inspired air
; (^) 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
; (^) to endow it with sufficient 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 haematomata of the

septal submucosa are not infrequent after an injury to the nose. Such hsematomata
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 overlooked.

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 may 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 frequently in the anterior part,

particularly on the septum, and is then ordinarily controlled with ease. L^sually 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
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if tlie blet'diny; point is posterior, the j^ostcrior luires may be pkij^tjcd. For this

j)urpose a long silk ligature is ])assecl 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 tightly fill.

Postnasal adiiioids originate in the normally excessive lymj)h()i(l 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 dcjwn-

ward and forward, filling up Rosenmiiller's fosscu 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
; {b) 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 anaemia
;
{d) intermittent partial deafness

and recurrent attacks of catarrhal or supi)urati\-e otitis media
;
{r) 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.

They are usually 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 seventy-five per cent, of

cases being turned to one or the other side, most frequently the left {vide sjtpra).

Both the bony and cartilaginous portions, more especially the anterior cartilaginous,

are involved. The deflection is sometimes due to a fracture from blows or falls. The
whole nose usually deviates more or less to one side. Sj)urs 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 difficulties arising from

deviation of the septum. The concavity on the opposite side will differentiate it from

a tumor.
Hypertrophy 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 frequently 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, tlie entrance of air into tlie lower pnvt of the nasal fossa is

obstructed, and is favored toward the upper— "respiratory"—portion, especially
throut^h the wide anterior opening of the middle meatus, which reaches as hio^h as
the tendo-oculi. This anatomical arran.ii^ement is the explanation of the fact already
mentionetl, that odors on expiretl air are not recos^nized.

The relations of the nasal chambers exj^lain why a coryza may cause (a) lach-
rymation, by affectiui^ the tear duct, lachrymal sac, and conjunctiva

; (d) dysphagia,
by extending- to the pharynx by way of the posterior nares

;
(c) hoarseness or coughi

by further extension to the respiratory tract
;
(d) frontal headache, by involving the

frontal sinuses ; (e) "face ache," by implicating the antrum
; (/) grave intraorbital

or intracranial disease, by way of either the ethmoidal cells or the sphenoidal sinuses
;

basal meningitis by extending along the perinem-al or perivascular sheaths, or by
way of the lymphatics through the cribriform foramina to the floor of the anterior
cranial fossa; {^q-} extension to the retropharyngeal lymph node (page 955), into
which certain of the nasal lymphatics emj)ty, may result in a retropharyngeal ab-
scess ; or (/i) infection (pyogenic or tuberculous) of the submaxillary, preauricular,
or deep cervical nodes may follow nose diseases. The graver of these complications
are, of course, associated with the severer infective forms of rhinitis. Malignant
growths—commonly sarcomatous—may begin in the nasal chambers and may extend
in any of the directions above mentioned.

THE ACCESSORY AIR-SPACES.

The nasal fossae communicate with a number of remarkable cavities, hollowed
out within the surrounding bones, which are filled with air and lined by mucous
membrane directly continuous with that of the meatuses. These pneumatic spaces
include the max/Z/arj, the frontal, the sphenoidal and the palatal sinuses and the

Fig. 1 1 S3.
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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 different periods
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of life, but also often on the two sides of the same- individual
; their roinniunications

with the nasal foss;e. however, are fairly constant.
The Maxillary Sinus.—This space, (sinus ma.xillaris), or the antnan of

Hi\ii/n/ion\ the largest of the pneumatic cavities, lies to the outer side of the nasal
fossa and resembles in its jreneral form a three-sided pyramid (Fig. 1184). It

occupies the greater part of the superior ma.xillary bone, so that its walls, with the
exception of the postero-inferior one, are very thin and often in places of pajx-ry
delicacy (Fig. 256). The median waJl, or base, is directed toward the nasal fossa, from
which it is separated by a thin osseous partition in the formation of which the \ertical
plate of the jxilate bone, the uncinate process of the ethmoid, the maxillary process
of the inferior turbinate and a small part of the lachrvmal bone assist. Thii aptw lies

at the zygomatic process of the maxilla. The iipprr or ofbi/o/ wall is thin and often

I-'iG. I1S4.
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modelled by the ridge coYitaining the infraorbital canal. The anterior wall presents
towards the face and is varyingly 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 ah-eolar 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 (ostium maxillare) 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, which is usually in the lateral wall of the infunclibulum,
about one centimeter from tlu' upper end of the hiatus, is an oval or elliptical cleft

of variable size, with e.xtrenics of length from 3-19 mm. ( Zuckerkandl ), and from
2-5 mm. in width. An additional communication (ostium acccssoriiuii), present
in about 10 per cent., likewise opens into the infundibulum, lyinj^- behind the chief

aperture. It is ordinarily small, its diameter bein*^- only a few millimeters. The
mucous membrane lining" the ma.xillary sinus is directly continuous with that

coverini^- the lateral wall of the nasal fossa. With the exception of beinj.^ thinner, it

corresponds in structure with the mucous membrane of the respiratory region, being
invested with ciliated columnar epithelium and possessing numerous, although small

and scattered, tubo-alveolar glands.

Variations.—Thr investigations of Zuckerkancll (Kallius) have shown that enlartjement of
the maxillary sinus may l)e jiroduced by: (i) hoilowinj^ out of tiie alveolar process (alveolar

recess) ; (2) excavation of tlie floor of the nasal fos.sa by extension of the alveolar recess

between the plates of the hard palate (palatal recess); (3) encroachment of the sinus into the

frontal process of the maxilla
; (4) hollowing 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
thickening 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 crescentic projections which quite commonly are seen protruding from the walls into

the interior, occasionally are replaced by septa that completely divide tiie 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 tiie 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. 1185.
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The Frontal Sinus.—The air-spaces between the outer and inner tables of

the frontal bones (sums frontales) are very variable in extent and 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. 1185), 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 comiiumicate. Numerous instances have

been obser\ecl in which one sinus was entirely wanting. The averai^e dimensions of

the frontal 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 bcjne. 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 jjyramiilal form of the space is often modified by the enlargement

of the sinus beyond its usual limits, since when excepti(jnally 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 wall, or laterally into the

e.xternal 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 the 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. ri86.
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The Ethmoidal Air-Ceils.—These spaces (ccllulac cthmoidales) include a

series of pneumatic ca\ities, very variable in number and size, that from birth lie

between the upper part of the nasal foss^e 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 entirely 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 groujis, the anterior, the viiddle and the posterior cells.

Every- space communicates with the nasal fossa, either directly 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 aj^ertures 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 crescciitric cleft upon or abo\c the ctliiiKjidal bulla, but sometimes iuto

the infuiulibulum. 'Vhc /)os/fnor a/Zs comuiunicale with the superior meatus by one
or more openini;s o\erhuu_i; by the upper concha. Very exceptionally the ethmoitlal

cells may communicate w ith the sphenoidal or the maxillary sinuses, or may extend

into the substance of the middle turbinate bone. The mucous membrane clothing

the ethmoidal cells is exceedingly 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 sphenoidalcs) produced
by the absorptit)n of the cancellated tissue within the body of the sphenoid bone are

separateil by an osseous partition and seldom communicate. They are very variable

in size and often asymmetrical, with corresponding displacement of the septum. A
length of 22 mm., a width of 15 mm., and a height of 12 mm., are the approximate
dimensions of the average sinus. The capacity of the latter, as determined by Briihl,

is from 1-4 cc. When large, the spaces may appropriate not only a large part of

the sphenoid, extending into both wings, the pterygoid processes and the rostrum,

but also include the basilar process of the occipital bone. Not infrequently one or

F'iG. 11.S7.

Anterior ethmoidal cell
Probe passes to middle meatus

Sphenoidal sinuses

Pituitary body

Openings of sphenoidal sinus
and posterior ethmoidal cells

Internal carotid arterj-

Portion of section of frozen formalin-hardened head, exposing ethmoidal and sphenoidal air-spaces;
viewed from above.

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 respiratory 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 e.xternal branches are distributed to the turbinate

90
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bones and the mucous membrane of the meatuses, iiuhuHnj^ 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 upjXM- part of the fossa; from the descending i)alatine, branches are distributed

to the posterior part: and from the lateral nasal and septal, branches from the facial

twigs supply the nostril. In atUlition to those from the jxjsterior nasal, the antrum

receives branches from the infraorbital. The sphenoidal sinus is su])j)lied chietly

by the pterygo-palatine artery. The ultimate distribution is effected by cajjillary

net-works which supply the periosteum, the glands and the tunica proj^ria.

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) forward

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 veins

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 nerve-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, one of 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 lymphatics and probably facilitate the escape of liuid which aids the

glands in keeping moist the epithelium lining the nasal fossct.

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 nerve. 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 ner\e behind, and,

in front, the external division of the nasal nerve 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, su{)plemented 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 tilaments from the

infraorbital nerve by means of its superior dental branches. The frontal sinus is

supplied by twigs from the supraorbital and the nasal ner\'es ; 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 extensi\e (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 tra\ersed 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 maxillary 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 sinu.ses are small and—
with the exception of the frontal—are badly placed for drainage ; {b) the ciliated

epithelium, on the activity of which the removal of the sinus contents depends, is apt

to be so damaged by 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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Ix'Cdnies cttlomatous and is thrown into folds wliich later are obstructive
; {d ) foreign

bodies (as a carious tooth, in the case of the antrum) have little chance for escape,

and mucous cysts, jjolyps, and lesions of the sinus walls
(
pyoj^enic, syphilitic or

tuberculous caries or necrosis) are not unconnnon
;
(f) one cavity may be infected

from another, pus from the frontal sinus entering" the ethmoidal cells, or pus from

either of these entering the antrum through its normal opening, or through a

perforation of its wall in the vicinity of \\\c infundibulum (Lack).

In the greater numl)er of cases, the chief—often the only—symptom of chronic

supj)uration of the accessory sinuses, is a purulei\t nasal discharge. Spontaneous
reco\ery is practically impossible, and in the great majority of cases, operation—for

disinfection and drainage—becomes necessary. The cavities (as one may act as a

reserx'oir of pus coming from another) may have to l)e attacked in a definite order.

Ordinarily it is possible to determine whether the jhis 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

grou]). 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 j^roper to

remove the posterior portion of the middle turbinate and open the posterior ethmoidal

cells, later, if necessary, opening the sphenoidal sinus. Occasionally, as in oz^na
( 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 seventh

year, and are developed by a separation of the two tables of the skull, with more
or less resulting prominence above the superciliary ridges. There may be a
greater relative 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, difificult,

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 ad\'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 outlet 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 f^oor 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 cavity, 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, receives
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 removed 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 jxiss a probe into the ostium trontale from the nose,

but this is exceedingly difticult because ot the concealed positicjn oi its oritice behind
the anterior end of the mitldle turbinate bone, and sometimes because of its tortuous

course. Efforts to reach the sinus through the nose are usually made by remo\in^
the anterior end of the mitldle turbinate bone, at the same time openinj^^ the

anterior ethmoidal cells which are frequently involved by the same inriammatory
process. Hy this method an aperture is left for the ])ermanent dischart,fe of the

sinus into the nose, whereas by the external method the oj)enini; 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

patholoy^ical processes, as infections and tumors.

Infection mav reach it from the nose throug^h the oi)enino in the middle meatus,

when it may be secondary to disease of the frontal and anterior ethmoidal sinuses,

the openings into all three bein<r 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 frecpiently

causes great pain from pressure on the infraorbital nerve in the roof of the antriun.

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 liony wall between the antrum and the inferior meatus

with or without remo\ing 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) inward, through

the thin inner wall of the sinus, causing epistaxis, obstructed respiration, epiphora

from pressure on the nasal duct ;
{b^ inward and backivard, in\'ol\'ing the naso-

pharynx and interfering with both respiration and deglutition ; (c) forzvard, pushing

the anterior wall—also thin—before it and ol)literating the inframalar depression in

the cheek; {d ) upward, causing infraorbital neuralgia (as the infraorbital ner\-e

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
;

(c ) 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 nerx'es, 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

pa.ssing through the sphenoidal fissure, should be borne in mint!. Such diseases

may lead to {a) optic neuritis and blindness, if the optic ncr\e is involved
;
{b)

to general ophthalmoplegia if the third, fourth, the ophthalmic division of the fifth,

the sixth, and the svmjiathetic filaments from the ca\ernous plexus (all transmitted

through the sphenoidal fissure) are implicated; (r) to cavernous sinus thrombosis

if the o])hthalmic \ein—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 ca\ity. The o])ening 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 difificulty, because of its deep situation and its
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restricted avenue of approach through the nasal fossa. The chief obstacle is the

niicklle turbinate bone, which must be removed before the orifice can be seen or the

anterior wall remoxed. Any efforts at cleaniny^ pathological tissue from the sinus

must be made with due retj^ard for the imjxM-tant structures just outside and the thin

interxc-nins^' bone.

Intkunmation of the ethmoidal cells is most frecjuently associated with the

presence of mv.xomatous polypi within the nose. Infection may extend (a) upward
to the cranial ca\ity, either directly or by way of the ethmcjidal veins, or into the

cavernous sinus \ia the ophthalmic vein, or to the longitudinal sinus—especially in

children—l)v the small vein traversing the foramen caecum ; (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 relial)le, sign of involvement of the ethmoidal cells,

is localized pain at the inner canthus of the eye (Kiimmel), and swelling of the

mucous membrane around the middle turbinate may in this—as in infection of the

other sinuses—be considered an important sym])tom. 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 7iasal 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

olfactory 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 de\'elopment 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 globularis, to complete the upper boundary of the primitix'e

oral cleft (page 62), the margin of the entrance of the nasal pit becomes closed in

below. Subsequently, however, 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 deepens chieflv 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 primiti\'e 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, bucco-nasal membra7ie of Hochstetter, becomes
attenuated and finally ruptures, the resulting openings, the primitive choancs, estab-

lishing communication between the nasal fossae and the primitive oral cavity. 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 additionallv appropriate a considerable

portion of the primitive oral ca\'ity which becomes separated from the remainder of

that space bv the formation of the definite palate.
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The first step in the production of the latter is the ai)pearance, about the ninth

week, of the palatal ridi^cs, wedi^e-shaped elevations that j^row downward and in-

ward from the maxillary j)rocesses. In front these ridj^cs bejjin at the j)rimitive

choana?, where they are continuous with the primitive palate, and extend backward
as far as the tympanic jjouches. At first almost sajj^ittal in their plane, the palatal

ridges become graduallv conxertcd into horizontal jilates that come into ctnitact

and finally unite along their

KiG. 1188. opp(xsed median edges to com-
Fore-brain plcte the rof)f of the mouth and

the floor of the nasal fossie and
the definite or secondary choanw,
this fusion being accomplished
by the end of the third month.

Coincidently with these
changes the primitive choanae

elongate and come to lie on
either side of the posterior j)or-

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 choanae, 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 jialate,

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

fossae 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 1413) 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

Naso-froiital process

D

Processus globularis

Fore-brain

Lateral nasal
process

Xasal fossa

Fore-brain

Nasal fossa

Naso-frontal process Processus globularis

Frontal sections of fore-brain of rabbit embryos, illustratins: carlv
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
fosss are forming. X 30.

' Anatom. Anzeiger, Bd. xx., 1902.
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occurs in the jiroduction of the rehitively feebly developed human olfactory apparatus
With this differentiation is associated the formation of the turbinates and the
intervenint^ clefts (the

meatuses) and of the acces- ^'^- ^^^9-

Ti, .^ . I
Cartilatrinous caiisulc

sory air-spaces. 1 Ik ^,tud- Ethmo-iurbinal '

iesofZuckerkandl, Killian,

Schoenemann, Peter' and
others have shown that

the typical development of

the conchtne proceeds from

three primary outi^rowths

from the lateral nasal wall in

re_i,^ions later correspond-

ins^ to the maxilla, ethmoid
and nasal bones. These
elex'ations, appro])riately

known as the maxillo-tiir-

binal, the ctlwio-tiirbinal

and the naso-tiirbinal, un-

dery;o differentiation that

leads to the simple or com-
plex definite arrangement
of the conchie found in

various animals.

Ma.\illo-turbiiial

Nasal fossa

Jacobsoii's organ

I'alalal process-r.

Oral cavity*

Tongue

Frontal section through developing nasal fossae and oral cavity which
communicate; palatal processes are forming. X 15.

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 f Killian). Persistence in excess
of the usual complement accounts for the presence of the supernumerary ethmoidal
turbinates so often obser\'ed.

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 accessory 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

' In Hertwig's Handbuch d. Entwikelungslehre, Lief. 4 and 5, 1902.

Fig. 1190.

Fore-brain

Nasal aperture

Lateral nasal process

Ma.xillary process

Primitive choana

Palatal process

Part of head of fcetus 15 mm. in length, showing primitive choanae
and palate. -8. [Peter.)
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necessary room for expansion, its j^routh is retarded. After the sixth year, when
the eruption of the i)erniani-nt teeth betjins, tlie antrum loses its j^eneral spherical

outline and i^radually acciuires the definite pyramidal form.

The frontal sinus formed as an extension of the nasal fossa durinj^ the third

fcjetal month, is for a time so small that it is usually regarded as absent at birth.

Althf)u<;h 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, ])rimarily arises

by the constriction and jiaitial isolatif)n of a

part of the primitive nasal fossa. Although
its development begins during^ the third

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.

Notw ithstanding its rudimentary condi-

tion in man, the organ of Jacobson devel-

ops at a very early iterifxl, Ijcginning 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. 1 192 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

1 191.

Fore-brain

Infrannsal area

Nasal fussa

Lateral nasal process

Median nasal process

Processus globularis

Maxillary process

Mandibular process

Anterior end of head of foetus 10.5 mm. in length,

showing earlv development of external nose, ^s S.

Fig. 1 192.
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Fore-brain
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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 con\'ex nasal niarQ-in

(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 indixidual form in

iliaiiasal area

Nasal aperture
Lateral nasal process
Medial nasal i>rocess

Processus gloDularis

Mandibular process

Heaii of fcetus of about 20 davs, showing developing nose.
• 13. (Rabl.)
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which family and racial ( haiactt-ristics are often so strikingly rejjruduced. From the
second until the sixth month the nostrils are occluded by epithelial plugs which
subsequently undergo gradual resolution, so that before birth the nasal apertures are
unobstructed. The cartiUxircs of the outer nose are derived from the common carti-

laginous cajisule that constitutes the primary nasal skeleton. Sul)di\ision into the
indiviilual plates is probably effected by ingrowth of the surrounding connective
tissue (Mihalko\ics, Kallius).

THE ORGAN OF TASTE.
In the description of the tongue and its pajMlhe (i)agc 1575 ), reference is made

to the presence of specialized epithelial structures, the taste-buds, that serve for the
reception of gustatory stimuli. These bodies collectixely constitute the peripheral

sense-organ of taste and as such will be here considered.

As implied by their name, the taste-buds (calyculi gustatorii) are irregular ellip-

soidal or conical bodies, sometimes broadly oval but more often slender in outline,

and in the adult measure from .070-. 080 mm. in length and about half as much or

Fig. I ro?.

Lymphoid nodules

- Koianien cacum

Circunivallate
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Anterior nalatine
arch

Folia linguae

Fungiform papilla

Part ol dorsum of tongue, showing papillae.

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 intervening layer of epithelium to the innerpore 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, onlv two or three, and so superficially placed that a dis-

tinct canal is absent. Occasionally double buds are encountered in 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 of

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 (jne half

Fic;. 1 194.
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of these figures (Graberg). The locality of ne.xt importance numerically is the

papillae foliatae on the sides of the tongue in the furrows of which, even in man,

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 arj'tenoid cartilages. Within

the fungiform papillae a few buds may be found on

the free surface, Avhere the epithelium is thinnest.

Over the soft palate their distribution is irregular

and uncertain, while in the laryn.x 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 snpportiuf^ cells

and the more highly specialized neuro-epithelium,

the giistafory cells, among which lie the terminal

fibrillae of the ner\e of taste.

The supporting cells are represented prin-

cipallv 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 little 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 ftt

Taste-bud

M ^

m-^^

Taste-buds in section ;
upjicr one shows

gustatory hairs projecting into pore-canal.

X 440-
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Fig. 1 196.

Outer taste-pore

supporting cells, somewliat l)liintecl and flattened and beset with a narrow cuticular
zone, are closely ^roiiijed to IxKnitl the annular openiny^ of the inner taste-j^ore,

through which project the stiff hair-processes of the gustatory cells. Their deeper
or central ends are prolonged into one or more protoplasmic processes which unite
with similar extensions of the basal cells, as the peculiar supporting cells at the base
of the bud are called.

The dasa/ cells are modified sustentacular elements, probably epithelial in nature,

which occupy the lower fourth of the buds, resting upon the subjacent epithelium
and, in turn, affording support for the elongated cells. Although differing in size

and details of form, the basal cells are provided with oval nuclei and are generally
more or less branched. By means of their protoplasmic processes 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 ( Ciraberg', Kallius^).

The i^ercipient elements, the gustatory cells, are irregularly arranged between
the more deeply placed supporting 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 through
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 inter-

bidbar fibres—probably ha\'e no concern with the impressions of taste and serve to

convey sensory stimuli of other value, it suffices to note that after repeated division

Peripheral
supporting cell

(iustatory cell

Central
supporting cell

niph-space

Basal cell

Diagrammatic section illustrating architecture of
taste-bud. {Graberg.)

' Anatomische Hefte, Bd. xii., Hf. 2, 1S99.
* Bardeleben's Handbuch d. Anatomic des Menschen, Lief, i' 1905-
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the ultimate fihrilht* terminate in miiuite l)eaci-like enclintjs that lie free between the

epithelial cells, either near the free sinface or at a deej^er level.

The nerves distributed to the taste-buds— the intrabulbar fibres—enter at the
basal pole. Usually numberiny^ 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 fibrilke ascend in tortuous windings

'"'• "97- towards the apex of the bud in the \icinity of which
some end, while others recurve and end at lower le\els.

The hbrilla- terminate in free, usually minute kn(jb-like

endings, that lie between and often in close contact with
the sui)p()rting and gustatory cells. It is probable that

in no instance do the ner\ e-fibrilla- actually unite with
the gustatory cells, the relation being one of apposition

and not of continuity.

r.-iriiaiiv separated cells oi i.iste- Development.—The earliest evidences of the

S nene'' xT:o"'Tr«'/°"0 taste-buds ' appear, about the third foetal month, within

the deepest stratum of the immature ei)ithelium 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 apex
gradually reacliing 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 de\eloping 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 (Ciraberg).

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 cxtrabulbar cells, flattened protecting epithelial elements in which partial

cornification probably takes place (Kallius). Coincidently many of the conical

embryonal buds gradually assume their more slender and o\oid mature form. Before

birth the taste-buds are present not only on the sides but also o\er the summit of

the circumvallate papilke. While exceptionally some of those in the latter situation

may remain, as a rule they disai)pear and, hence, in tlie adult the gustatory bodies

are usually confined to the sides of the papilla-. Likewise the complement of taste-

buds on the fungiform papilke is much larger at birth than later (Stahr''), giving to

these papilke an importance during early childhood that subsequently is lost.

THE EYE.

Although the organ of sight ( or^anon visus), strictly regarded, consists only of

the eyeball or globe of the eye, it is closely associated with other structures, as the

eyelids, the lachrvmal aj^paratus, the orbital fascia and fat and the ocular muscles,

which serve for its protection, support and change of axis. The descrijjtion of some,

at least, of these accessory structures therefore appropriately here finds place.

THE ORBIT AND ITS FASCIAE.

The walls of the orbit have been described in connection with the skull
(
jxige

222); sufifice it here to point out that in its general form the orbital ca\ity resembles

a pyramid, so modified i)y 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

'Graberi; : Srhwalbe's Morphology. Arbeiten, Bd. viii., 1S98.

-Zeitschr. f. Morphol. u. Anthropol., Bd. 4, 1901.
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with the ojitic foramen. The nndian 7i'a//s of tlie two orljits are slightly diNcri^eiit

l)L'hiiul, but ahnost parallel with the sagittal j)lanc and with each other ; the lateral

walls are obliquely placed and with the sagittal plane form an an_i(le of about 48°

and, therefore, with each other one of somethiny;^ more than a rij^ht anj^le. The axis

of the orbit is directed inward and upward, forming an angle of from :5°-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 of the orbital en-

trance is about 4 cm. and the height about 5 mm. less, while the depth of the orbit is

approximately 4 cm. The space, 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 adipostim orl)itac), sup-

ported by a framework of connecti\e tissue lamelhe prolonged from the orbital fascia

which, in turn, is continuous with the periosteum lining the orbit. The latter, also

known as ihe pcn'orbiia, is thin but resistent and at the various oj^enings 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 intercranial lymph-paths (page 949).
The eye muscles, which together with the ele\'ator 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 formed by the fusion of the fascial lamella; con-

tributed by the sheaths of the levator palpebra- suj)erioris and of the superior and
external straight muscles. Another and broader process, inserted al(jn^ the median
wall, includes the blended extensions from the in\estments of the internal rectus and
superior oblique ; whilst a third process, formed by the union of jirolonj^ations Irom
the fasciie coxerinj;^ the inferior and internal recti and the inferior ()bli(|ue, is attached

to the lower and median orl)ital wall. These fascial extensicjns, i)assin^ as they do
from the tendons of the eye-muscles to the orbital wall, restrain excessive muscular
action and hence the name, c/iec^ //Q-amen/s, 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 stispcnsory ligament of Lockwood ser\'es to support the

bulbus oculi.

The orbital fat is prevented from projecting forward beyond a certain limit and,

therefore, from encroaching unduly upon the eyelid, \^y a sheet of fibrous tissue, the

Y\c,. 1 199.
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palpebral 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 conunon fascial

investment of the levator palpebrce 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 orbital is not of uniform thickness, but is

strongest above, especially towards the sides, and w eakest 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 g;rcatcst just back of its anterior mariLiin, which is thickened and offers the best

protection to tlie eye from injury. The upper margin is most marked and with the

eyebrow offers a g^ood protection to the eye in that direction. The inner margin is

not prominent, but is well reinforced by the bridge of the nose. The outer edge is

least prominent, and on that side palpation is possible as far back as the equator of

the globe. For this reason, and because the outer walls converge backward while

the inner walls are parallel, incisions for reaching the interior of the orbit are best

made on the outer side. The walls are thin and easily fractured by direct violence,

as from canes antl similar objects, which sometimes enter the adjacent caxities, as

the ethmoitlal. Tumors may encroach upon the orl)ital space either by causing the

absorption of the thin interx'eniiig bone, or by growing through one or more of the

openings in its wall, as through the optic foramen and sj^henoidal fissure from the

cranial cavity, the nasal duct from the nose, or the spheno-maxillary fissure from the

temporal or zvgomatic fossae.

The eyeball occupies about one-fifth of the orbital cavity, the remaining space

being filled 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 the 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 vessels, and excess of fat.

Enophthalmos, due to exhausting disease, is more apparent than real, but a true

sinking of the globe may be due to paralysis of Miiller'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.

Inflammation of the capsule, 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 ligaments. 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 eye 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 whole, 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

directly 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 by the superior and inferior recti respectively, but each has a

slight adducting and a slii,'^ht rotatinj^ movement—/.<•., the superior rectus will move
the upper extremitv of the vertical meridian slit^htly inward ( int(irsion ), and the

inferior rectus will mo\e the same part slightly outward ( e.\tf)rsion ). The superior

oblicpie isattachetl to the qlobe behintl the efjuator, and hjwer than its ])ulley, s(» that

in addition to its chief or internal rotatinii" action upon the upper limit (jf the hall it

has also an elevating effect upon the posterior portion, the cornea moving down-
ward. Since its pull is inward, the cornea also moves outward. 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 moved 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 j^roduced 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 opptjsing 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, producing strabismus 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 nerve. If

that nerve is paralyzed only the external rectus can act, and an external squint will

result. If the sixth cranial nerve fabducens ) 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 ner\e, the fourth and sixth respectively.

Although the tliird or oculoviotor 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 litde disturbance

of function, since the motion of the superior oblique is 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 nerve 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 involve 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 tile opfithahnic 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 een'ical sympathetic ?>v\\)\X\^'-, the dilatator muscle of the iris, and reaches the

cranium along the'internal carotid arterv. When the cervical sympathetic is paralyzed
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the pupil contracts. Tliere will he some drooping of the ujjper lid due to paralysis

of the superior palj)cbral muscle of Miiller which passes from the under surface of the
levator palpibne muscle to the upper margin of the upj^cr tarsal cartilage, and is

supplied by the cervical sympathetic. There will be slight enophthalmos from paral-

ysis of a thin layer of unstriped muscle passing across the spheno-maxillary fi.ssure

(orbitalis muscle of Miiller).

The normal pupil will contract for accommodation and convergence to near
objects and from stimulation by a bright light. An Argyll- Robertson pupil is one
which does not react, either directly or indirectly (consensually) to the influence of

light, but contracts promptly on convergence of the visual axes. The exact situation

of the lesion is uncertain ; it may involve the fibres which pass from the proximal
end of the o))tic nerve to the oculomotor nuclei ; it may be nuclear in its position

;

or it may be in the spinal entl of the floor of the fourth \entricle.

Owing to the relatively large amount of fat and loose connective tissue in the

orbit, infection may lead to an extensive orbital abscess, so that an early opening is

imj)erative to prevent disturbance or loss of sight. The muscles may be impaired
by the process, leading to the lessened mobility of the eye. The optic nerve may
be inflamed with resulting atrophy and permanent impairment of sight, and the other

ocular nerves may also be paralyzed. From the exophthalmos the optic nerve may
be stretched, although 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.

hijiiries 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.

Tiunors 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 exophthalmos. 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 COxNJUNCTIVA.

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 conjioictiva. When in apposition 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 malar 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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of its ends, the angles or canthi, Hls slii^htly (from 4-6 mm. ) lower than the other one.

The free borders of the lids meet at the outer eanlhus uilhoiit chanj^a- 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 litis bound a shallow
D-shajied recess, about 5 mm. long, known
as the lachrymal lake (laais lacrimalisj.

The palpebral fissure, which possesses an
average length of 30 mm. and a height of frcjm

12-14 mill-, i'' subject to considerable individ-

ual variation in size, thereby exposing a vari-

able amount of the eyeball. In conseciuence,

the appearance of a larger or smaller eye
is ])roduced, an impression, however, that

de|)ends 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

ajiposition 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
bf)rder of the lower lid falls slightly below
the inferior corneal margin. The position

of the pupil 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 stif?

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 (S-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.

Conjunctiva

Three views of living eye, showing relations of
eyeball to palpebral fissure and details of inner
canthus.
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The palpebral lissme leads into the conjunctival sac, which, when the lids are
in contact, is a closed capillary space between the lids and the anterior surface of the
eyeball. When the cleft is ()i)en, the c()njuncti\'al space becomes an annular ji;^roove

of unecjual depth, its height beinj^ from 22-25 'i'"i^- behind the upper lid and only
about half as much behintl the lower, and beiiii; shallowest at the inner angle.

That part of the sac which coxers the posterior surface of the lids constitutes the
palpebral conjunctiva and that reflected onto the eye ball is the bulbar con-
junctiva, while tin- bottom of the groove, where these two portions are continuous,

is known as the fornix conjunctivae, the superior and inferior being distinguished.

The lachrymal lake ( lacus lacrimalis) is the shallow bay into which the con-

junctival sac is j)rolonged for about 5 nun. between the medial ends of the eyelids. It

contains an irrtgularly o\al or comet-shaped elevation, the lachrymal caruncle.
The latter (caruiicula lac-

FiG. 1 201.

Skin
Subciitanemis Usstie

iSo. / Orbicularis palpcbraniiii

,„.-n./

Tarsal ninsclc

/ Levator palpebru:

A»l.^;,
• Blood-vessel

,
;t-^ Accessory gland

land

rimalis ) consists of an is-

let of modified skin from

which project usually
about a dozen minute

and scarcely visible hairs,

provided with large seba-

ceous and smaller sweat

glands 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 little 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 skin, (2) the subcutaneous tissue, (3) the ^nuscular

layer, (4) the tarso-fascial layer 2,r\A (5) the coyijtinctiva.

The ski7i covering the outer surface of the eyelids is distinguished by its unusual
delicacy, being thin and beset with very fine downy and widely scattered hairs, pro-

vided with sebaceous follicles ; small sweat glands also occur. It presents numerous

Duct in tarsal plate

Artery of tarsal arch

Meibomian duct

Glands of Moll Cilia "Ciliary bundle

Vertical section of upper eyelid of child. X 15-
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ineffaceable transverse creases which, with acKaiuiniL,^ years, are sii])|)leineiUed by
\ertical furrows. Towards the inner canthus, jjarticularly in the lower lid, pij^nient

e.\ists in variable quantity, often in amount sufiticient to confer a distinct brownish
hue to the inteijment.

The snfyiuianioHS tissue is distint)[uished by the entire absence of fat, its lo(jse

texture and threat extensibility and elasticity. In c<)nse(iuence of these ])roi)erties, it

sometimes bect)mes the seat of extensive swellini;^ after edema or hemorrhaj^e.

The »ii(S(-i(/ar layer, for the most jjart consistiui^ of the annular bundles of the
oyhieularis palpebrariDU, 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 {m. ciliaris

Riolaui) 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 palpebrie 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 ?nuscles or viuseles 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 tentlon and inter-

mingle with the fibres of the levator palpebr^, 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, the)^ 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 ui)per 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 cur\ature of the lids, the tarsal plates lodge the

linear series of the Meibomian or tarsal glands ( <;landulac tarsaics ). 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 f(nmd 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 luliricated, 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 Zeis. The former
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are coiled tubules, resemhlinj; inoditiecl sweat j^lands, the latter sebaceous glands,

the ducts of which usually ()])en close to or into the mouths of the follicles of the

cye-lashes.

The palpebral conjunctiva lines the ocular surface of the eyelids. Since the

latter are developed as integumentary 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 loses its original character, and later, bathed continu-

ously with the secretion of the tear-gland, assumes the translucently rosy tint and
general api)earance of a mucous membrane, as which the conjunctiva is often

regarded. Over the tarsi the palpebral conjunctiva is so tightly adherent to the

underlving fibrous plate, th,at the tunica propria is reduced to an insignificant layer

and the Meibomian glantls shimmer through the smooth translucent conjunctiva and
appear as parallel yellowish stripes. On gaining the rctrotarsal fossa, along the

convex border of the tarsal plates, the conjunctiva becomes loose and movable and
marked by circular folds since the tunica propria, which here connects the epithelium

with the underlying fascial tissue, is plentiful. The small tubular glands of Henle
often occupy the subepithelial tissue of this part of the conjunctiva. In the fornix

and its vicinity minute lymph-nodiilcs occur normally, either discrete or in small

groups. In the same locality and at the convex borders of the tarsi, small nests of

serous aheoli, known as accessory tcar-glands, ox glands of Kratise, 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, over which it extends, unwrinkled but gradually thinning, as far as the

corneal margin, at which point {limbtis cornece^ the tunica propria 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

\aries 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 supplying 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 QyoWd, pretarsal veitis, 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 off by way both of the orbital and facial channels.

The lymphatics 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

tributaries of tlie facial xcin and enter the submaxillary lymph-nodes.

Nerves of the Eyelids.—The soisory ncti'cs are branches of the ojihthalmic

and sui)enor maxillary divisions of the trigeminal. The upjx-r lid is sujjplied mainly by

the frontal and supraorbital nerves, the lower lid by the infraorbital nerve. On the

nasal side these nerves are sujiplemented by twigs from the suj)ra- 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 glantls. 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 le\ator palpebree is a branch of the superior division of

the oculomotor ner\e ; the orbicularis j)ali>ebrarum is sui)plied by the facial, and the

involuntary muscle (A the lids by fibres from the sympathetic.

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 difiticult 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 difficult of removal and might be confused

with meningoceles.

Kpicanthus 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 de\elopment, while in those races which have

litde 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.

Very rarely the lids may fail to develop (ablepharia) ; 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 fcetal condition, in which the two lids

are adherent. It is called ankylo-blepharon.

Lagophthalnins 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 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 effort 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.

Blepharospas7n 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 very 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 become cedematous or ecchymotic from slight

causes, and in erysipelas are markedly swollen, closing the lids, or in severe cases

may become gangrenous, the exudate interfering with the blood-supply.

Herpes zoster is sometimes seen ahjng the cutaneous distribution of the frontal

and nasal branches of the trigeminal nerve. It is found on the ff)rehead, lids, nose,

and even the cornea. The iris, ciliary body, or choroid may be involved, since

through the lenticular ganglion, the nasal nerve sui)plies these structures. The
cause is an inflammation of the trunk of the trigeminal nerve, the Gasserian ganglion,

or the lenticular ganglion.

Hordeolum 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

one of the Meibomian glands, with occlusion of the duct and retention of the secre-

tion. There is often no inflammation present. 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 nsevi 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 low^er 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 afterw^ard. entirely embedded in the

outgrowths of the inflamed conjunctiva (Fuchs).

A pterygiiun 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 grov/ 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, oxygen 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. nearer

the lateral than the nasal wall, and slightly nearer the superior than the inferior

wall. 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 i)arallel. when
ti.vecl on a (iistant object, but the optic nerves converj^^e considerably, si; that they
enter the eyelxill 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 transparent cornea, which has a radius of from 7-8 mm. ancl a pos-
terior opaque segment, corresponding to the sclera, with a radius of 12 mm. The
junction between the two segments is marked externally by a broad, shallow groove,
the sn/ciis schrcc, which is tilled by the scleral conjunctiva.

The diawctcrs 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 somew iiat llattcned 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 refractixe 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 tunie, composed of the sclerotie and the cornea; (2) the middle or vascular
tunic, which is pigmented and jxirtly muscular, and is comjiosed, from behind for-

ward, of the choroid, the ciliary body, and the iris ; and {3) the inner ov nervous
tunic, the retina, an expansion of the brain, which contains beside the nerve-cells

and the nerve-fibres the specialized ncuroepithelium 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.— Coni^enital a)iomalies may affect the whole eye,

the appendages, or the individual structures of the eve.

The eye may be co7ige)iitally absent, on one or both sides (anophthalmos). In

some cases of apparent absence the eyeball has been found to be exceedingly small
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(microphthalmos) and situated deep in tlie orbit ricar the optic foramen. The patient

may otherwise be entirely normal ; or other developmental errors, as hare-lij) or

cleft-palate may be present. In some instances where no eyeball was found, the

optic neive had not entered the orbit, and in others the chiasm had not formed, the

primary optic vesicle having failed to develop.

Multiple eves occur in some monsters. As digits .sometimes bifurcate to form

supernumerary digits, so the cephalic end of the embryo may divide, giving 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 \aries little, the apparent size depending
chiefly upon the projection from the orbit and the ])art exposed between the lids.

The variation in different animals depends rather upon the necessity for acuteness of

vision than upon the size of the animal. The larger the globe the farther the cornea

and lens from the retina, and
Fk;. 1203.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 eyes of birds are pro-

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.

5 ^^mm^m^i^^^^^^^'^^t^^^^^^-^^
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Space of Tenon
between sclera
and capsule
of Tenon
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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-

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 receix'ing 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. belo\v and

from 3-4 mm. 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 \vith 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 fi\'e for the veiice vorticosie 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 corpuscles. On the

inner surface of the sclera many of these cells are pigmented and gi\e it a brownish

color. This layer

—

\.\\c lamina fiisea—forms with the underlying choroid a narrow

lymph-space, the supraehoroidal lymph-space, both walls of which, together with the

fine connective tissue trabecuhe which 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 co\ered 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

C07iju7ictiva 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 circidiis Zinni, 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 veins 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 \enous chaiuiel, the canal of Schlemm,

which will be described later. The lymphatics of the sclera are represented by

the intercommunicating cell-spaces, which communicate with the supraehoroidal

and suprascleral lymph-spaces, and anteriorly with the spaces of P\)ntana, at the

corneo-scleral 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 eveball, 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 jiosterior surface is circular and

measures 13 mm. in diameter. The sclera therefore encroaches more u])on the cornea

anteriorly than posteriorly, 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 slightly greater (7.8 mm.) than that of the vertical. The

Posterior
limiting
membrane
Endothelium

Section of human cornea.
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radius of curvature of tlic posterior surface is only 6 nun. ; the cornea is consequently
thicker in the periphery than at the center, in the i)roportion of i.i mm. to .S mm.
The decree of curvature varies in different individuals antl at different ])eriods of life,

i;reater in youth than in

I'K 1205.

Corneal corpuscles (coiiiieclive tissue cells), surface view. X 350.

DeiniL;

old ai^e. As the radius of curva-

ture of the sclera, with which its

Inmdles are continuous, is 12

mm., the cornea rests upon the

sclera as a watch-ij;^lass upon a

watch. At the junction of the

two membranes, on the outer

surface, is the shallow groove,

the sulcus sr/cra-.

Structure of the Cor-
nea.— The cornea is composed
of five distinct layers, which
from without in are: (i) the

anterior epithelium, (2) the an-

terior limitiui^ membrane, (3)
the substantia propria, (4)
the posterior limiting mem-
brane, and (5) the posterior

endothelium.

The anterior epithelium
of the cornea is continuous

with that covering" the surface

of the adjacent conjunctiva sclerre. It is of the stratified squamous variety, usually

five cells deep in man, and measures .045 mm. in thickness at the center, and
.oSo mm. at the periphery. 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

Bowman' 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 fibrilhe 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 fibrillse, have

a flattened form, and are so disposed as to produce regular lamellae, about sixty

in number, running parallel with the surface. The alternating lamellae have a direction

approximately at right angles to each other and are frequently joined together by

Fig. 1206.

^rU-

\K

Corneal spaces, after action of argentic nitrate
;

surface view. •; 350.
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bands, which are especially minuious in the anterior lamella", to which the name
Jibrce arcuatce has been given. The tibrilke and bundles are held toj^ether by an
amorphous cement substance, and embedded in it are the cellular elements, the

corneal corpuscles. These are flattened connective tissue cells, with faintly jjranular

protoplasm, the nuclei of which in the adult are irregular and show nucleoli. The
cells are pro\ided with branching jjrocesses which anastomose with those of other

cells both on the same level and with those between adjacent lamella-, 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 i)art of a regular system
of cell-spaces and canaliculi, but most recent investigations 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 /)escemel' s membrane, the

7nembrane of Demoitrs, or the posterior elastic membrafie, is a practically homo-
geneous band, which varies in thickness from .006—.012 mm. at the center and
at the perij)hery 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
riG. 1207. elastic tissue and is very firm and resist-

Canai of Schkinni
^j^j. j.^ injury or perforation from inflam-

^. -- .— -
-/- ->

mation. At the periphery, Descemet's
membrane splits up into bundles of fine

fibres, which are gradually strengthened
and form a series of firm connective

tissue trabecuke, 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

., , ,
Trabccniae of circularlv disposed venous channel, the

/</-, ,i'»f', spaces of pectinate .
•'. '...,.

i r

i>!wni^!i> Fontaiia iij,Miiuiit smus circularis iridis, or canal of
.^'Mf Schlemm. These fibres are known as

Bundles of ciliary muscle the ligamentum pectinatum iridis

Meridional section through angle of anterior chamber ^ud fomi the OUtcr boundary of the angle
showing spaces of Fontana between relaxed fibres of ^f x\\(t anterior chamber. The\' are
pectinate ligament and canal of Schlemm. X 65. . ...

1 1 i- 1

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 aqueous
chamber, and thus form an important path for filtration of fluid from the interior of

the eye, by way of the canal of Schlemm, 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

extend above the level 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 j^ossible.

The blood-vessels of the normal cornea are limited to a ])eripheral 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 exceedingly numerous. They are branches of

the long and short ciliarv nerve, 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 conjunctixal 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 \arious depths. A few of the fibres pa.ss backward
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and siq)])!)' the ijostcrior layers. Fully two-thirds, however, after forming- -a funda-
nH-}ital plexus, push forward and '^y^WiX perforating- bnvuiies throuj^h liownian's mem-
brane and form on its surface a subepitlieUal plexus, the. minute fibres of which pass

in a radial manner toward the center of the cornea. From this plexus fine fibrils

ascend between the epithelial cells, and end either as varicose fibrils, or in connection

with special end-bulbs (the intraepithelial plexus). In the substantia propria the

branches from the fundamental j^lexus, after forming complex secondary plexuses,

end as naked fibrilla- between the lamella', probably in close connection with the

corneal corpuscles.

Practical Considerations.—The external or fibrous coverinu^ of the eyeball

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
pathok)gical 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 j^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 staphyloniata of the sclera, we may have the equatorial and the posterior.

The equatorial develops at the spots where the venae vorticosse 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 equatorial 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 ruj)-

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

\'arieties 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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irritatin_t>; conditions a superficial intlamination may develop, coverinj^ the cornea with

a new vascular tissue ( pannus), the deeper layers still being bloodless. Owinj^ to a

very free nerve-supply the cornea is very sensitive.

As in the sclera, weakness of the cornea leads to l)ulj,nnj^, from internal pressure.

The causes of weakness may l^e congenital and acquired. Cinty^cnital coiiitxI cornea

or kcrataconus may occur, and it is bcliexcd that .some conj^cnital 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 e.xact cause is not known.

A stap/iy/onia 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 synechi;e 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-jjer-

forating one, and the iris did not adhere to its posterior surface, the protrusion of the

cornea would then l)e calUxl a koaUrtasia.

If all the layers of the cornea to the posterior elastic lamina had l^een destroyed

by the ulcer, and this layer had bulged through the weakened sjjot like a hernial

pouch it would be called a kcratocclc.

Arcus 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 Tuxic.

The middle or vascular coat of the eye (tunica vasculosa ociili), or tiveal tract,

consists of a vascular connective tissue sheath, which lies internal to the outer fibrous

Fig. 1208.
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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 jjupil and includes

three portions, which from behind forward are the choroid, the ciliary body and the

iris. The choroid and ciliary body are in contact with the sclera, but the iris bends
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sharply inward ami tloals in the atiucous humor, incompletely dividinu^ the space
anterior to the crystalline lens into a posterior anil an anterior chaml)er.

The Choroid.— The choroid (tunica chorioidca ) forms the jjosterior two-thirds
of llu- \astular coal. It lies between the sclera and the retina and extends from the
optic ner\'e entrance to

the anterior limit of the ^'*^'-

visual part of the retina

at the era serrata, its

main function being" to

supply nutrition to the

nervous tunic. It is

a tlelicate coat, which
has a thickness of . i

mm. near the ner\e and
gradually diminishes in

thickness towards the

ora serrata, where it

measures only .06 mm.
The outer surface is

roughened by the tra-

becuUe of connecti\'e

tissue which cross the

suprachoroidal lymph

Chorio-
(."ipillaris

Large vein.

Choroidal
stroma

Lamina sn-
prachorioidea
Siii)rachoroi-

<lal space
Lamina fiisca

of sclera

v„ .

Section of choroid. X 275.

space and connect the choroid with the overlying sclera. The connection is main-
tained partly also by the larger vessels and nerves, which lie within this space
during their course forward and send branches to supply the choroid. The viner

Fig.

Large vein

Arter>

Surface view of injected human choroid, showin.s: venous radicles converging to form larger veins. X 18.

surface oi the choroid is smooth and cox'ered by the pigmented cells of the retina,
which are so closely attached that they frequeiidy 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. 121 1.

r\^:.

Portion of injected chorlocapillaris layer of

human choroid. X 130-

Structure of the Choroid.—The choroid consists ni four hiyers, which from
without inward, are: (ij thv /am/>ia suprachorioidca, (2) \.\\^ choroid proper, which
contains the larger vessels, (3) the choriocapillaris, or layer of fine capillaries, and
f 4 ) the nniiibyana vitcnx.

The lamina suprachorioidea forms the outer boundary of the choroitl and
connects it with the sclera. It is composed of interlacing; bundles of fibrous connec-

tive tissue, which are strenj^thened by a rich net-

work of elastic fibres. The cellular elements

consist of {a) flattened endothelial plates, which
line the lymph-clefts and cover the connective

tissue trabecuke connecting the choroid and the

sclera by traversing the suprachoroidal lymph

-

space ; and (^} large, irregularly branched con-

nective tissue cells, the chroinatophorcs, which

are conspicuous on account of their deeply

pigmented protoplasm. The lamellae of the

sujjrachoroid 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 ven^ vorticose^, 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 vessels, which pass

through the sclera near the optic ner\e.

Thev 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 membrane of
Ruysch, is composed of the fine capillaries

of the choroidal vessels, which form an

extremely fine mesh-work embedded within

a homogeneous, nonpigmented matri.x.

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 tapetum Jibrosion ; in

carnivora its iridescent appearance is due to

the presence of cells containing minute crys-

tals (lapelKm ee//lllosla>l^.

The membrana vitrea, or membrane
0/ Briie/i, 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 lymphalics 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
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Ora scrrata
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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, wliich begin between the meshes of the choriocapillaris, the two systems

being separate.

The nerves of the choroid arise from the long and short ciHary nerves during

their course on the inner surface of the sclera. They form a ple.xus within the

lamina suprachorioidea, which contains groups of ganglion cells, and sends numerous
nonmcdullated 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.

Choroidal strom;

Pij;mei)ted cells-^'

Clear cells

Blood-vessels

/jrC^\ -,- - , - -^ Choroidal

>
"

.'t' '
?•

', Pigmented

-Clear cells

Sections of ciliary processes; ^, from anterior; ^, 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-corneal 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 ciliajy pro-

cesses and the ciliary viuscle.

Cornea

Fig. 1214.

Canal of Schlemm

Pectinate ligament

Iris*-

Pars iriditix
retnia

Ciliiry niusLlc (rulial fibresj

Sclera

Mendioml 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 orbicidns 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 ciliary body to the venae vorticosse. On
its inner surface, delicate meridionally placed folds make their appearance, by the
union of which the ciliarv processes are formed.

The ciliary processes constitute the remainder of the inner portion of the
ciliary body. They form an annular series of folds, about seventy in number, which
surround the lens and act as points of attachment to its suspensory ligament.

92
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Commencing by the union of several plications of the orbiculus ciliaris, they rapidly
increase in heitjht and breadth, until they reach an elevation of from .8-1 mm., and
then fall suddenly to the iris le\ el. They consist of a rich net-work of vessels em-
bedded in a ])ij4niented connectixe tissue struma, like that of the choroid. The inner
surface is covered with a homou^eneous membrane, which is ci^ninuous with the
membrana vitrea of the choroid, on the inner surface of which is placed the double
layer of cells representinj; the ciliary portion of the retina i^pars ciliaris retin(s).

Each ciliary process is composed of a number of irregularly projecting folds which
increase in height as the iris is approached.

Cornea

Greater arterial ring

Iris

Lesser arterial ring

Ciliary process

I'lc;. 1215.

Canal of Schlemni
^Corneal loop

Communication between
choroidal and optic vessels

Central retinal vessels

Perforating branch

Conjunctival vessels

Anterior ciliary vessels

Sclera

Episcleral 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, ancl 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 chorioidea). 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 Afiiller. 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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pigiiKMitctl cells, but in the white races is free from pigment. In hyperopia eyes the

circular bundles are usually better developed than in myopic ones.

The bhod-vessc/s of the ciliary body arise from the anterior and the long ciliary

arteries. They form a ring around tiie root of the iris, the ciradus arteriosus iridis

major, from which vessels are sent inward to supply the iris, ciliary muscle and
ciliary processes. The viins from the ciliary muscle empty chiefly into the anterior

ciliary veins; those from the ciliary processes, and a few from the ciliary muscle pass

backwartl and become tributary to the vcn(€ vorticosw.

The ncrvi's of the ciliary body are derived from the anterior branches of the long
and short ciliary nerves, which form an annular jjle.xus within the ciliary muscle.

Four sets of fibres probably exist : (
i
) sensory fibres, largely subscleral in distribu-

tion
; (2) vasomotor fibres running to the blood-vessel walls

; (3) motor fibres sup-

plying the muscle bundles
; (4) fibres terminating within the interfascicular tissue of

the ciliary muscle.

Practical Considerations.

—

Coni^oiital colohorna 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.

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 Fig. 1216.

periphery of the iris, or PupHIarj margin Anterior endothelium Stroma of iris

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 spiu.aern.„=je pigmem... .,,.... ..^.^
I I mm. m diarneter and Section of pupillary end of iris. X 210.

about .4 mm. in thick-

ness. The pupil varies from 1-8 rrun. in diameter. The color of the iris, \iewed
from in front, varies in different individuals 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 i-2 mm., is an irregular ridge, the cij'Ctilus arteriosus iridis

minor, which divides the iris into ?i ptipillary and a ciliary zone which are often differ-

ently colored. The pupil is surrounded by a narrow black border. The posterior
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Pupillary border of iris-

Lesser arterial circle

'>^

Ciliary artery

—

Vascular 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 niinicrous thick-walled blood-vessels, running in a radiating manner from the
ciliary border toward the pupil. They are supported by a delicate connectixe tissue

framework, which contains irregularly shaped, branching pigmented cells, many
nerves and lymph-spaces. The anterior surface is covered with a single layer of polyg-
onal endothelial 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 very dark iridcs pigment is found not only within the branched cells, but heaped
in irregular masses within the stroma. The muscular tissue of the iris consists

of two distinct masses, the

sphincterpt(pill(€ and the dila-

tator pupillcc.

The sphincter muscle, is

a band of in\oluntary muscle
measuring about .7 mm. in

width, which surrounds the

pupil and is situated in the

vascular stroma, back of the

Ijlood-vessels, and separated

from the pupil edge by the

narrow border constituted by
the posterionpigmented layer.

The dilatator vmscle is

formed by a sheet of smooth
muscle-fibres in the position

formerly described as the

posterior limiting lamella, or

membrane of Bruch. The
investigations 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 the pig-

mented layer, which morphologically represents the anterior segment of the atrophic

ner\ous 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 Cectoblastic) 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 circulus arteriosus iridis

major at the periphery. Near the pupillary border, they form a second ring, the cir-

cnlus arteriosus iridis yninor, branches from which supply the sphincter muscle and the

pupillary zone. The venons radicles unite to form trunks which accompany those

from the ciliary processes to empty into the vencs vorticosce.

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 veins-

Injected ciliary processes and iris;

posterior surface.
from the



PRACTICAL CONSIDERATIONS : THE IRIS. 1461

The nerves of the iris are branches of the ciHary nerves. They follow the course
of the blood-vessels and, branching, form a plexus of communicating nonmedullated
fibres, which supply sensory, motor and vasomotor impulses. The human iris prob-
ably contains no ganglion cells.

Practical Considerations.—The iris may be partially or completely absent,

when l)v l)ringing down the eyebrows and i)artially closing the lids, the patient

will make an effort to shut off the excess of light, as in albinism, and the eye will

frequeiuly be nystagmic.

A coiirenital cohboma or deficiency in the iris is usually in the lower part, and
may be associated with a corresponding defect in the ciliary body and choroid. The
pupil may be eccentric in position (corectopia), unusually small (microcoria J,

irregular in shape (discoria), or it may be represented by several pupils (polycoria).

The pupillary membrane of the foetus, covering the pupil, not infrequently persists

for a short time after birth. A portion 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 albinism 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 of? 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 the 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 synechiae). 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 S7ipra),
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a disease due to increased intraocular tension from retention results. It is neces-

sary, therefore, in iritis to ket'p the \)\\\))\ dilatrd, so as to prevent such adhesions

as far as j)ossil)le.

Till': Ni:k\'()1's Tunic.

The Retina.—The retina, tlie light perceiving portion of the eye, with its con-

tinuation, the optic nerve, in contrast to the other sen.se organs represents a portion

of the brain itself, and develops in close connection with it. It is a delicate nieni-

brain, which extends from the optic nerve entrance to the pupillary border. The
functionating j^ortion, ox pars optica rctiiice, 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 i

Sustentaciilar cell

Neuroepithelial layer

Pigmented layer

Fibre layer

Ganglion cells

Inner ple.xiforni layer

Inner nuclear layer
(bipolar nerve-cells)

Outer plexiforni layer

Outer nuclear layer
(bodies of visual cells)

Rods atul cones

Pifjniented layer

Choroid

Diagram illustrating structure of retina and relations of three fundamental layers. (Grtu-ff.)

ciliary body and the iris, already referred to in the description of these structures,

and known respectively as Xhc pars ciliaris retina, ^nd pars iridica retina'.

The pars optica retinae is closely applied to the inner surface of the choroid

and is in contact with the hvaloid membrane investing the vitreous body. It grad-

ually diminishes in thickness from .4 mm. at the posterit)r pole to .1 mm. near the

ora serrata. During life the membrane is transparent and possesses a ])ur]>lish red

color, owing to the presence in its outer layers of the so-called visual purple ; 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 lutea, from 1-2 mm. in diam-

eter. At the centre of the macula is a small depression, \.\\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 r«-

poms opticus, is in form of a vertical oval, about 1.5 mm. in its horizontal and
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1.7 mm. in its vertical diameter. At its centre is often seen ;>. well-marked excavation,

the <>///>• r/c/>, from the bottom of which emerge the l)l()od-vessels which svipjjly the retina.

HeinjLiinstnsible to \isual impulses, the optic entrance corresponds to the "blind-spot."

Structure of the Retina.—The retina is composed of nervous elements which

are supported by a specialized sustentacular tissue or neuroglia. Morphologically it

must be considered as composed ot two lamelhe, which correspond to the outer and
inner walls of the optic vesicle (page 1482) from which it is developed. These fun-

damental divisions of the retina are : ( i ) the external lamella, the pigmented 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 neiwoepitliclial

and the cerebral layers. Sections of the retina, made perjjcndicularly to its surface

(Fig. 1220), show under the microscope from without inward the following layers:

—

> Pigmented layer

Lavi^rs oi- THE Retina.

I. oi-TKR i.AYKR OK OPTIC ) I. Pigmented lavcr
VESICLK

"i^

2. Layer of rods and cones "] Neuro-
3. Layer of bodies of visual cells or outer nuclear \ epithelial

layer J layer

4. Outer plexiform layer

5. Layer of bipolar cells, or inner nuclear layer

6. biner plexiform layer

7. Layer of ganglion cells

^ S. Layer of nerve-fibres

11. INNER LAYER OF OPTIC ,

VESICLE 1

Cerebral
layer

Fig. 1219.

To these nervous layers must be added two delicate membranes, (i) the membrana
limitans 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 iMiiller.

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 line,

needle-shaped crystals of pigment {fuscin). 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. Under 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-like

substance {myeloid granules 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 coyies, 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 ot
retina ; surface view. X 250.
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Fig.
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IS composed of an outer aiul an inner sej^ment, of about equal lenijth. The outer

segment possesses a uniform diameter, is doublv refractinjj^, and readily breaks up into

minute disks. It is invested with a delicate coverinjj^ of neurokeratin, contains

tnveloid ( Kiihne) and is the situation of the visna/ purple or rhodopsin. The inner

rod seja^ment is somewhat thicker and has an ellij)S()idal f<jrm. It is sin<,dy refracting.

homo_y;ene()US in structure ( ra])idly Ijccominu;^ |L,^ranular after death ) and from its innei

e.xtremity sends the delicate rod-fibre through the external limitiniic membrane into

the outer nuclear layer where the nucleus of the rod visual cell is f<nind.

The eone visual cell is composed of the same general di\isions 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 arc-

found, they are of appro.ximately

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-gra7iules 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-gran-

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-
brane. The cone-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 laver, 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.

Pigment layer

Section of human retina from near posterior pole. X 230.
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Fig. 1221.

The inner nuclear layer, the most compHcated of the retinal strata, measures

.035 mm. in thickness near the optic disc. It contains nervous elements of three

main t\'pes—the horizontal cells, the bipolar cells, and the amacrine cells—and,

associated with these, the nuclei of the sustcntaciilar cells.

The horizontal cells form the external layer, and were formerly included in the

outer ple.xiform layer. They have flattened cell-bodies and send out from five to

seven dendrites, which divide into innumerable branches and, passing- into the outer

ple.xiform layer, terminate in close 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 plexiform layer, and ends in a richly branched arborization about
the visual cells. A second type of large 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 ganglion cells of this layer,

are of two chief varieties, the rod-bipolars and the cone-

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 with 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, how-ever, richly branched
dendritic processes, which ramify in the inner plexiform

layer and end either as the brush-like arborizations of the

diffuse amao'ines, or as the horizontally branching arborizations of the stratiform
amacrines. A third type, known as association amacrines, is also described. They
connect widely separated amacrine cells of the same layer (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. Near the
macular region, the ganglion cells are smaller but more numerous and arranged as
se\'eral superimposed layers ; toward the ora serrata, on the contrary, the individual

Visual cells from human ret-
ina, A, cone-cell; B, rod-cell, «,
d, outer and inner segments ; c,
attenuated bodies (fibres), with
nucleus (rf) and central ends (e)\
em, position of external limiting
membrane. X 750. {Greeff.)
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cells are separated by considerable intervals. Their a.xoncs, or a.xis-cylinder j)ro-

ce.sses, pass inward and become the nerve-til)res of the fibre layer. Converj.,nnj; toward
the optic entrance, they become consolidated into the o|)tic nerve and pass to the
brain. The dendrites of the ganp^lion cells, one to three in number, run outward into

the inner ple.xiform layer antl end as richly branched
" '"^"' arborizations. These, like those of the aniacrine cells,

terminate either dilTusely, 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 e.\clusi\ely, of the a.xones of the

A iidnifYnm cells of the precedin.u^ layer. The individual

T.../- hl)res, from .005-. 05 mm. in diameter, are collected

into bundles of varyintj size, which take a horizontal

course and convert^re toward the opUc 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 ceyitrifugal, 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 maailo-papillary Inaidle

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 \\\itjibres of Midler 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

Supporting fibres of Miiller from bascs of the rods and cones (Fig. 1222). The inner

(Ca"a/)°'
^^' ^°'^' i"^*'P''''^^''°"- extremities of the fibres possess conical expansions,

which are in apposition and form an incomplete sheet,

known as the membrafia limitans interna. As the fibres traverse the retinal layers,

they give off delicate lateral offshoots, which 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 viembrana limitans externa. 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 imi)ortant modifi-

cations in two areas, at the macula lutea and at the ora serrata. In the former the

ganglion cells increase raj)idly 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, howe\er,

in order to reduce to -1 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
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cells are present as an irregular layer within tlie fused remains of the two plexiform

layers. The most conspicuous elements are the visual cells, which in this position are

represented solely by the cones, which have about twice their usual length and
thickness, the increase in length being contributed by the outer segments. The
cone-cell nuclei become removed from the external limiting membrane ; the cone-

fibres are therefore lengthened, jnirsue a radial direction, and constitute the so-called

Internal limiting
iiifiiibraiie Inner plexiform layer

-\ \ Ganglion cells

Fig. 1223.

Fovea centralis

ii > it<(iiit i iii — iiitrm-t fi ii>-i

Piijmented tells

Inner cells

Bipolar cells Outer Pigmented Cone Cones
plexiform layer layer visual cells

Section of human retina through fovea centralis, v So.

fibre-layer of Heiile. 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 \isual part of the retina ends anteriorly 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 abrupt 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 plexiform laye.r

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 „
..• u J 4-1

Fig. 1224.
continue beyond the ora

serrata (Fig. 1224) as the

transparent cylindrical cells

composing the inner layer of

\S\^ pars ciliaris retincB, 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 retmcz.

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 ner\-e-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 vitrea 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 ner\'e at a point from 15-20 mm. behind

the cveball. and, with its accompanying veiii, runs in the axis of the ner\-e and

\isual -»"^/^ •?.:.••.*.''.'•.'•:.•.'' •^.V.V.«.VL'-»,»^—.V«.»''.' V^^^.;A^-"

Pigmented ^^V"""*********"***'"" i**^^'^''*

layer

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. 1225), the supcn'orami 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 end arteries, no anastomosis existing. The macular region is

aupplictl by special macular branches, the center of the fovea, however, being free

from blood-vessels. The larger branches from the central artery course within the

nerve-filKc layer, and send fine twigs peripherally inward to form an in)ier 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

choriocaj)ilIaris 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 ccjnstitute the circulus arteriosus Zinni.

Fig. 1225.

'1 eiiipora

Normal fundus of rijiht eye as seen with ophihalmoscope ; central retinal vessels seen emerging from optic
.lerve ; 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 sub[)ial 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 paj)illa,

(2) a space between the mcmbrana 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 intet^rity of the central artery of the retina is necessary to the preservation

of sight. The branches of this vessel are ihstributed to the retina only, and have
no communication with those of the other coats, nor do they anastomose with one
another. If the main artery or one of its branches is plugged with an embolus, the

area supplied by the blocked vessel is then deprived of sight.

The retina may undergo intiammatory change in nephritis, syphilis, diabetes,

and other constitutional tliseases. Of all these inflammations of the retina, that due
to kidney disease (albuminuric retinitis; is the most characteristic. Besides the

signs of general inflammation, 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 albuminuria, 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-neiiroma has been applied by Verhoeff.

The Optic Nerve.—The extraocular portion of the optic nerve has been de-

scribed elsewhere (page I223_). Likewise, the three sheaths—thedural, the arachnoid

Fig. 1226.

Physiological excavation Lamina cribrosa

/

Sclera —

Dural sheath -

Arachnoidal,
sheath

'

Pial sheath
'UfU •y ¥i

kM
r-ubarachnoid space

Subdural space

WU-M r
/•

Central retinal vessels within optic nerve

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 direcdy outward, its fibres

commingling with those of the outer third of the sclera (Fig. 1226) ;
the arachnoid

ends abrupdy 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 nerAe-fibres enter the eyeball, for convenience assuming

that they are passing from the brain toward the retina, they traverse a fenestrated
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Fig. 1227.

Blood-vessel -—-—>• '

"

Interfascicular
connective tissue

'M
Transverse section of part of optic nerve, showing several fasciculi of

nerve-fibres. X 125.

membrane, the lamina cribrosa, which is formed by interlacing bundles from the

inner third of the sclera antl from the pial sheath. As they penetrate the lamina

cribrosa they lose their medullary sheaths ; in consecjuence the optic nerve is

reduced one third in diameter. The intervaginal lymph-space ends abruptly, being
separated from the choroid
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-

vation. The axis of the nerve

is occupied by the central

artery of the retina, which
gives off 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-fibres 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 homonymous 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

corning 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 eyes will be blind.
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Fig. 1228.

If the lesion affect the c/iiastn, as from tumors of the pituitary body, periostitis

of the body of the sphenoid bone, tulx-rculous or syphiHtic exudate, causing pressure

on the mesial portion of the chiasm involving the decussating fibres, tlie nasal half

of each eye supplied by these fibres will be blind (heteronymous hemianopsia).
Since tiie nasal half of each eye perceives the temixjral half of the visual held, this

variety of half-blindness is called bitemporal hemiiDiopsia.

If the optic fibres of one side in front of the chiasm are involved, the disturbance

of vision will aflect one eye only, so that the occurrence of absolute blindness of one
eye, without other known cause, with 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,

ov papilla—gives rise to the condition to which the name optic neuritis, or papillitis,

is applied, w^hich is then recognizable with the ophthalmoscope. If in addition to

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 Y^, \.o Y\ 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 no
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 infectious optic nctiritis.

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

zomde of Zinn. 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. 1229.

Fragments of isolated lens-fibres; A, from
superficial layers; B, from deeper layers; C,
young fibres with nuclei. X 275.

for distant objects ; tlicse radii are reduced to about 6 and 5 mm. respectively in

accommodation for near objects. The anterio'r surface is therefore more affected 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

consistencv gradually increases toward the centre, especially in later lifi-, so that the

central portion, the nucleus /cutis, 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

lesistent to chemical reagents, cuts easily and
then rolls outward. It is thickest on the anterior

surface, where it measures from .010-.015 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 fujtal life it is

surrounded by a vascular net-work, the tunica

vascu/osa icntis, which is supplied chiefly by the

hyaloid artery. This temj)orary 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 artery are

temporary structures and usually disappear be-

fore birth. Exceptionally they may persist,

the tunic being represented by the pupillary

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 ofthe lens

capsule, which represents morphologically the anterior

wall of the original lens-vesicle (page 1480). 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 ejMthelial

elements, which develoj> by

the elongation of the original

ectoblastic cells of the poste-

rior layer of the lens-vesicle.

The subsequent growth of

the lens dej^ends 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 vary greatly in length, those form-

ing the outer layers 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 280.

Adult crystalline lens, showing; lens-stars

;

surface; radiating lines of jiincturc meet at cent
; B, posterior

4. {Arnold.)
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passage of nutritive fluid. The fibres are so arranged tliat their ends terminate along
definite radiating striie, or Icns-siars, which in the young lens are three in number
on each surface. In the adult lens additional rays increase the numljer to from six to

nine, the striie being less distinct but distinguishable with the ophthalmoscope. The
lens-fibres which come from the pole of one surface of the lens terminate at the end of

one of the radial stride in the other, and conversely ; the intervening fibres take up
intermediate positions. In adult life the lens-tibres become more condensed, the lens

loses its clear appearance, and assumes a yellowish tint. This change affects the

nucleus first and the periphery later, coincidently the lens becoming less elastic as

the result of its loss of water.

Practical Considerations.—The lens may be congenitally absent (aphakia j,

or it may be abnormal in size, shai)e, position, or transi)arency. 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 sus[)ensory 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 protruded 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 conjunctiva. 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 \'itreous 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 removal 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 vitreum) 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, perfectly 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 mvestigations have established beyond question that it possesses a framework,

93
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Fig. 1232.

Portion of adult vitreous body, showing felt-work of fibres

add atrophic traces of cells. X 450. (/ielzius.)

cc)ini)0.scd of delicate, a])i)arciuly iinl)raialiccl iibrils, wliicli pass in all directions

through the vitreous s|)ace and form the meshes in which the fluid ctMistituents of

the mass are held. The surface of the vitreous is encltjsetl I)y a delicate boundary
layer, called the hyaloid membrane, formed by condensations of the fibrils,

which are here arrani^ed parallel to the sin-face, 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 j;oints the hya-

loid beintf indistinct. As the vitreous

leaves the retina, the boundary layer

becomes thicker, in some cases to be-

come thin attain or absent in the region

of the jwitellar fossa.

The central part of the vitreous is

occupied by a channel, the hyaloid
canal, also knr)wn as the canal of Slil-

ling or the catia/ of C/oguet, \\hich is

about one millimeter wide and extends

from the optic entrance toward the pos-

terior pole of the lens. During fcLtal

life this canal lodges the arteria liya-

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 amceboid,

often cf)ntain vacuoles and are to be considered as modified leucocytes. In addition

a few branched connective-tissue cells may be present.

Practical Considerations.—Congential abnormalities of the vitreous are due

either to a persistence of some part of its foetal \'ascular 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 jjosterior 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 fa-tal \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 jaundice.

Musca 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. Muscce \'olitantes 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, |)erhaps 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 susj)ensory ligament

may be divided and an embarrassing loss of vitreous may result.

A forei'c^fi body in the vitreous chamber generally gives rise to a serious inflam-

mation, which may destroy the eye. If loose, it tends by gravity 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 theni, 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 by the X-ray, aiul if of iron or steel, may often be removed
by a ma|L,^net. The accident is always serious and may \)c followed by a \irulent

inflammation, demandint^ an excision of the i^lobe U) prevent a sympathetic iinoKe-
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.

Syinpat/ictir opiilhahiiitis, or more accurately, infective irido-cyeliiis, or uveitis,

is an inflammation of one eye, usually called the '" syntpathizcr,'" owinjj' to injury or

disease of the fellow eye, usually called the "'exciter.'' Traumatisms (jf the ciliary

rei^ion (dan*>;er zone) which have set up an irido-cyclitis or uveitis are responsible

for fully 80 per cent, of the cases of so-called sympathetic inflammation. This

disease was formerly supposed to be due to reflex action throu<j;^h the ciliary nerves,

and this theory in a modihed form is still maintained by a few clinicians. The " w/-

o-ratiofi theory'' pro])ounded In' Leber and Deutschmann that the inflammation is a
proi^ressivc process in the continuity of the tissue of one eye to the other by way
of the optic nerve apparatus and is of bacterial orii^in, has not been proved. It is

believed by some investig-ators that the bacteria which enter the primarily affected

eye produce a toxin which causes the disease, and by others that it represents an
endogenous 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.

stitute 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 .005-022 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 retina;, 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

applied 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 ciliary 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 inter]M-eted as demonstrating the presence of a delicate channel, the canal

of J\iit, encircling the lens. The existence of a definite channel, however, is no
longer accepted, the space capal^le of inflation being jjart of the larger circumlental

space, which is filletl with lluid and comnuuiicates, by means of fine clefts, witli the

posterior chamber.
In addition to the chief zonular libres, 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.

Tlie orii^in of the vitreous body and of tlie suspensory ligament has lonj( been and still is a

matter of dispute. The fact that these structures are very closely connected, that fibres from the

suspensory lij^ament 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 (}uestion to be derived from the

me.soblast which enters the choroidal cleft with the blood-vessels, whilst others assign to them
an ectoblastic origin, either from the lens-vesicle, or from the retina (inner wall of the second-

ary ojitic vesicle). \\\ 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 nnich force

the probability that the mesoblast has at least some 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 chiefiy 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 retime, 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 otl[ through the spaces of

F'ontana 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 lias 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 \itreous 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 acjueous is forced through the opening so rajiidly 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 tis.sue may lead

to the collection of pus in the anterior chamber (hypopion). Hyphc-emia 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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Glaucoma is a disease due to excessive intraocular tension which, unless re-

lieved, progressively increases until the eye is destroyed, and which almost always

involves the other eye. The abnormal tension is the result of disturbance in the

outflow of the intraocular fluid. This fluid is an exudation from the blood-vessels of

the ciliary body. F"rom the posterior chamber the fluid passes throu|L(h the pupil to

the anterior chamber. It then escapes in the angle formed by the iris and cornea

by passino throuj^h the lymph-spaces in the ligamentum pectinatum and by diffusion

reaches the canal of .Schlemm. Thence it passes out by the anterior ciliary

veins. Obstruction in the path of this current occurs usually either in the lymph-
channels of this region, or at the pujiil from adhesion of the whole pupillary margin
to the lens, or from occlusion of the pupil by inflammatory exudate, in iritis.

Iridectomy frequently gives relief in both varieties ; in the former by opening

\\\) the Ivmph-spaces near the corneal angle of the anterior chamber, the incisions

being carried well into this angle j in the latter by making a new oj)ening for the

current between the posterior and anterior chambers.

The symptoms, like the cause, may be explained largely upon an anatomical

basis. The venae vorticosae pass obliquely through the sclerotic and are therefore

compressed and obstructed by the distension. Their blood is then compelled to

escape through the anterior ciliary veins, which ])enetrate the sclerotic more at a

right angle, and are consequently distended. (Kdema of the cornea results causing

a superficial haziness. The cornea is insensitive from paralysis of the anterior ciliary

nerves. L'sually 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

hyperaemic, and is consequently markedly depressed from the intraocular tension,

giving rise to one of the most important symptoms, pathological cupping of the disc,

or the g/aucomatous 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 sw\)^x\o\- orbitalportion and the
xvA^nox palpebral ox 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 inferior, 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 abo\e
;

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 arlirics of the upland arc derived from the lachrymal, and the veins empty
into the opiithalmic \'ein. The nervi's include sensory hbres from the lachrymal
branch of the ophthalmic, as well as secretory fibres from the sympathetic.

Accessory lachrymal <rla)idsA.xit found in both the upper and lower fornices, from
eight to thirty beiny |)resent in the upper lid and from two to four in the lower.
They are \ery small and situatetl chiefly near the outer anjL,de of the j>alpebral fissure.

ic;. 12,^4.

Alveoli Jk
yS'

^ ^
'^- vr^——' - ^ Ducts

Beginning of duct

^'iCnr:c-X:

Scclioii ui 1,uIh\ null shuid, under low magnification, showing general arrangement of alveoli. > 20.

The lachrymal passages (Pig. 1236) begin by minute openings, the lachrymal
puncta, which are usually j^laced 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 passes over into the
I'lt.. 1235. appro.ximatcly horizontal boundaries of the lachrymal

^,^^^•^00^:^. lake. The upper punctum is situated 6 mm. from the

.:^ Zi^''i^'^
/'^: inner canthus ; the lower one is slightly larger and a

jC -''^'?.y^! trifle farther removed from the canthus.

>5^"?ff *.I^ '.^«^^ The puncta open into the lachrymal canaliculi,
^ - ^; _/?i ^^3^ ^ 5'^

'i
which at first are vertically directed, then bend abrui;)tlv

?r '

s!>»
'^^

t' /c G mesially and, taking a nearly horizontal course parallel

r> i^"' '^6 ' -'" ^^'^ with the borders of the lachrymal lake, run as far as the

.J ' ^'
QrS^-' >-§^ e -.' inner canthus, where thev 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,

^'^^Srv mSrd.^'- ir'^ known as the shins of Maicr. Each canaliculus is from
8-10 mm. in length. The lumen of the canal measures

only . I 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 hbres, muscular
fibres from the orbicularis palpebrarum affording additional support. The muscle
bundles run parallel to the horizontal [)ortion of the canaliculi. but are arranged as a

circular sphincter about the vertical portion.

The lachrymal sac (saccus lacrimalis ) 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,
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Ihe sac is ab(jiit 15 nun. lont;', and 5-6 nun. in diameter when distended. It is

situated near the inner canthus and hes within the deep lachrymal groove between
the superior ma.xillary and the lachrymal hone. Its closetl up])er end, or fiiudus,

extends beneath the internal tarsal liyament anil some of the hbres of the orbicularis

palpebrarum, whilst its orbital surface is ct)\ered by the fibres of the latter muscle,

which spring' from the lachrymal bone and are known as the Icnsor tarsi or Horner'

s

muscle. The lower end of the sac narrows where it passes into the nasal duct. The
wall is lined with a double layer of columnar epithelial 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 portion of the tear-passage, is

situatetl within the bony canal formed by the superior ma.xillary, lachrymal and infe-

rior turbinate bones. It varies in length from 12-24 mni., according to the position

of the lower opening, and is from 3—4 mm. in diameter. Its

direction is also subject to individual variation, but is slightly Fig. 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 Hasncr {\)\\c^ lacrimalis). 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, r- , ^f . ^, ^\ .

1 1 f 1
• 1 • • 1 • ft ^ tear-passages

;
C,

the best marked of which is situated at the junction of the canaiicuii; s, lachrymal sac;
1 ^1 1 ^ D, naso-lachrvmal duct : nat-

sac and the duct. uraisize. {Divight.)

The arteries supplying the lachrymal duct are from the

nasal and the inferior palpebral. The large and numerous veins mostly join the

nasal plexus and empty into the ophthalmic and facial. The nerves 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 lachrvmal 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 sweep 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 be taken 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 tlie 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 danger of laceration of the lining mucous
membrane leading to narrowing or occlusion of the canaliculus by scar tissue.

Coni^cniia/ JistuliT sometimes result from non-closure of the groove from which

the sac and nasal duct are formed. The lachrymal sac is situated at the inner side

of the inner cantluis, iK-hind the inner jiaipebral 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 tlie 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

groo\-e.

The line of the sac and duct, taken together, is approximately from the inner

canthus to the space between the second premolar 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.

Fig. 1237.

DEVELOPMENT OF THE EVE.

The development of the eye begins as a lateral diverticulum which very 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 ol

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 wall. 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.

1238) 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

Brain-
vesicle

Part of frontal .section of head of early rabbit
embryo, showing optic vesicles evaginated from
bram-vesicle. / 30.
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Fig. 123S.
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-Brain-vesicle

ITninvaginated
wall
Invafjinated wall
Optic stalk

Optic vesicle

Letis-pit

Lens-pit shows as depressed area of thickened
ectoblast ; anterior wall of optic vesicle beginning
to be invaginated ; optic stalk narrowing. / 30.

uniiivao;inatecl portion of the wall, on the contrary, j;;radiially l)econies thinner, until it i.s repre-

sented by a sinj;Ie layer of cubical cells. These soon assume a dark color in consecjuence

of the appearance within their protoplasm of fine pij^nient particles. From this wall, there-

fore, the layer of iiij^mented cells composinj^ the outermost stratum of the retina is developed,

whilst from the rapidly aiijj:nientinj; layers of the inner wall, the essential nervous elements
of the retina, togetlier with tlie supportinji; neuroj^liar tissue, are formed.

The inva.a^ination of the optic vesicle is not confined to its outer wall, but also affects its

lower wall, in consecjuence of which a ijroove, the ftetal ocular cleft, aj^jpears in this position

( Fi.ij. 1240). This is continued backward to and along the under 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 antl the centre of the optic

stalk, and through it blood-vessels from the sur-

roundin.g: mesoblast £;:ain entrance to the interior of

the nerve and the eyeball. The walls of this fietal

cleft y;radually approximate and become fused. The
imprisoned vessel, the hyaloid artery, later j^ives

rise to the arteria centralis retince. The vitreous

body has been usually considered as a derivative

exclusively of mesoblastic tissue which entered the

eye in company with the blood-vessels. According
to the recent investigations of Schon, Kolliker 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 with the anterior wall. Subsequently 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 ceils lining 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. 1228).

The capsule of the lens appears very early,

even before the closure of the lens-vesicle, and long

before the appearance of blood-\essels 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

fcetal 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 artery, 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.

:— Ectoblast

Outer layer

Lip of optic cup
Inner layer

Anterior wall

Optic stalk

Posterior wall
of lens-sac

Lens-sac closed ; outer and inner layers of sec-
ondary optic vesicle now almost in contact. X 30.
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Fig. 1240.

- Outer layer

Inner layer

. Posterior wall
of lens->ac

~ Mesoblast

^ Lipof opticcu])

I

Foetal cleft

Sagittal section of developing eye at same
sta^c as precedinK specimen, showing invagi-
nation of optic vesicle along fcetal cleft. X 30.

Development of the Retina.—As already poinled out, ihe retina develops from the w.tlls of

the optic vesicle, the pi^ineiUetl layer bein;.; derived from the iininvaginated outer wall, llie pijj-

ment appearing;: early and first near the anterior margin of the optic cup; the remainder of the

retina comes from the rajiidly jjrow ini; cells of the inner wall. The first cells t(j be differentiated

in the iier\ous portion of the retina are the sfyouj^ioblasts which develop into the siipportinj^

neiiro<jliar fibres, the fibres of Afi'illcr. These are

strenicthened by the addition of mesoblastic elements,

which enter the inner layers aUjnj? with the blood-

vessels. The neuroblasts develojj from cells which
correspond in position to those of the external nu-

clear layer. As they divide, the cells are displaced

inward, so that the jjanglion-cells re])resent the oldest

descendents. When seven or eight layers have been
differentiated, the ganglion-cells .send out axones,

which ffjrm 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 retince) 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 firtal 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 number 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 surrounding 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 sei:)aration 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 subse(|Uently
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 jiosterior 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 fcetal 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 anterif)r part of the optic vesicle, from
which the dilatator muscle (and, according to some authorities, also the sj^hincter pupilke) is

derived. The ciliary processes are produced by the rapid lateral expansion of the walls of the

t'pper eyelid
Outer pigmented
retinal layer
Inner retinal
layer

Mesobla.st

_ Lens, now solid

Optic nerve

Vascular vitreous
tissue

Ectoblast

Lip of retinal coat

Mesoblast

Lower eyelid

Much later stage, showing lens now solid ; layers of
optic vesicle converted into retinal coat ; vascular vitreous
tissue; condensation and iina.sion of mesoblast. • 20.
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optic vesiclf, about tlie fourth or fifth mouth, iu couseciuencc of wliich folds iu the membrane
arise, into whicii blooti-vessels and other mesodermic elements extend. The corneal stroma
becomes lileiuled uilli the sclera, tlienceforth the two foriniu}:; a continuous tunic.

Development of the Vitreous Body.—As already stated, tiie vitreous l)ody is at present re-

jjarded as (.levelopin^ chielly by proliferation of the cells of the inner wall i>l the optic vesicle,

especially from its anterior or ciliary portion. Tlie suspensory ligament of the lens is derived

from the same source. The cells develop into the fibres which form the fine net-work of the

vitreous body; at the periphery these become condensed and form the boundary layer or

hyaloid membrane. The vitreous is supplied with blood by branches of the hyaloid artery,

which s|irini;s from the head of the optic nerve. An especially comi)lete net-work is found at

the perijiliery of the vitreous and these vessels pass forward to the equator of the lens and
assist in forming; the tunica vasculosa lentis. The retinal vessels are formed later as branches of

the central artery, tiie vitreous vessels usually undergoinj^ complete absorption before birth.

The development of the eyelids bei^ins with the production of folds of inte.u:ument, which
appear above and lielow the cornea durin,i>^ the second f(etal month. The folds approach each
other and the ejiidermal cells fuse about the third month, the eyelids remaining united until

shortly before birth. The Meibomian and other glands of the lids are produced by ingrowths
of the surface ectoblast. The lachrymal gland arises during the third month as a solid ingrowth
from the ct)njunctival epithelium close to the upper lid. The lachrymal canal begins as a solid

process of epithelial cells fnjm the lid, which dips inward along the lachrymal furrow, between
the superior maxillary 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 (ofganon 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.
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THE KXTKRNAL EAR.

The external ear, the outi-nnost sulxlixisioii of the aiichtorv orman, inchides

(i) the auricU\ the funnel-shaped ajjpendajLje attached to the side of tlu- head for the

collection of the sound-\va\es, and (2) the cxtirual auditory canal, which conveys
these stimuli to the tyni])anic nienihrane, the flexible partition closinm^ the canal and
separating it from the middle jjortion of the ear.

Fossa. helicis

Tubercle of
Uarwin

.\ntilielix

The Auricle.

The auricle (auricula), also called \\\^ pinna, is attached to the- side of the head

around the opening of the external auditory canal, midway between the forehead and
the occiput. It j^resents two surfaces, an external and an internal. The angle which

its internal surface forms with the head, the ccphalo-ajiriailar anf(lc, is usually about

30°, but varies from 20-45°. ^ ^^^ circumference of the auricle is somewhat pyriform

in outline, with the broadest part of the figure above. The external surface of the

auricle is irregularlv concave and presents for examination several well-marketl

depressions and elevations, which depend, for the most ])art, upon the corresjjcjnding

modelling of the underlying cartilage. The concha, the largest and deepest of the

concavities, surroimds 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 ])art, the concha proper or cavum conchae. The

tragus is an irregular

Fk;. 1243. eminence in front of, and
slightly o\-erlapi)ing, the

meatus. At the ujiper

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 ele\ation, the

tuberculum supratrag-
icum. The antitragus
is an eminence behind the

tragus and separated from

it 1)\- a dec-p notc'li, the

incisura intertragica.

The lobule contributes

the rounded lower ex-

tremity of the auricle. In

contrast to other parts of the pinna, it jxissesses 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 U) 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 car-point or tubercle of Darxvin, which is of interest as representing, ac-

cording to the last-named authority, the erect pointed extremity in the exjianded ears

of certain quadrupeds. It is said to be constant in the ftctus 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 boundary of the concha, and divides al)o\e it into a

su])ii-ior and an inferior crus between which lies the fossa of the antihelix or the

fossa triangularis. A narrow groove between the helix and the antihelix marks

the fossa of the helix or the scaphoid fossa.

The elevations on the external surface of the auricle are represented by

depressions m\ the cranial surface, and conversely the depressions on the external

Helix

Cavdiii conchic

AiitiliaK>i:

Fossa triaiig\ilaris

Crnm antilu-licis

Cymba conch;c

-Cms helicis

-Incisura auterini-

-Tragus

Incisura
intertragica

L()l>\ilus

Right auricle, oulei aspect.



THE EXTERNAL EAR. '1485

surface are represented by eminences. Tims, tlu- concaxity of the concha is

rcpresentetl on the cranial surface by the eminentia conchae ; the antihelix by
the fossa antihelicis ; the fossa triangularis by the eminentia fossae triangu-
laris

; the scaphoid fossa, by the eminentia scaphae. The other elevations and
depressions corresponding to those of the outer surface are not seen on the cranial

surface, excej:)! in the dissected cartilat^e denuded of the intei^unient.

Structure of the Auricle.—The auricle consists of intejj^ument and an enclosed
plate of yellow elastic cartilaj^e continuous with that of the meatus. It is also provided
with several unimportant lis^aments and muscles. The lobule, however, contains no
cartilage, but only fibrous tissue and fat enclosed within the integumentary fold.

The skin of the auricle is thin and closely adherent to the cartilage, especially

on the outer surface. In certain parts it contains fine hairs and sebaceous and sweat
glands. The hair follicles are especially 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 exceptionally long. The sebaceous glands
are especially well develoj)ed in the cavity of the concha.

Cartilage of the Auricle.—The cartilage of the auricle may be divided into

two 5)arts : (a) the scroll-like plate forming the tragus and external auditory canal,

and (d) the large irregular plate forming the main cartilage. These two divisions

Fig. 1244.

Insertion of auriciilaris .superior Obliquus

Helicis major

Tragicus

Antitrag-
icus

Insertion of
auricularis

anterior

Plate of tragus
and external

auditory canal
Cauda helicis

Cartilaginous framework of right auricle, with intrinsic auricular muscles; A, outer, B, 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 helix 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 attach the auricle lo ihc temporal bone, form a more (jr less continuous mass
of fibres. These are sefjarated somewhat arbitrarily and described as the anterior

and posterior ligaments. The anterior ligament extends from the h(-lix and the

tragus to the root of the zygoma. The posterior ligament extentls from the emi-

nence of the concha and j)onticulus to tin- anterior part of the mastoid prf)cess. 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 4.S3 ). They are tlie 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.
^^^^"^ '^^^ ^" ^^^ external surface of the

auricle and two on the cranial.

1. The smaller muscle of the helix

(;«. hclicis minor) lies uj)on the cms helicis

and the beginning of the helix, its fibres

running obliquely npward and forward.

2. The greater muscle of the helix

(;«. 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 (in. tropi-

cus) is a flat muscle on the outer surface of

the tra.gus ; usually only its vertical fibres

are distinguishable. Occasionally a separate

bundle of muscular fibres [m. pyramidalis)
extends from the tragus to the spine of the

helix. Likewise another band, the vi. iti-

cisurce Sanlorini, sometimes called the

dilatator co^ichcr, bridges the greater incisura

Santorini. Both of these, however, belong
to the s\ stem of the tragus muscle.

4. The muscle of the antitragus ( in.

antitragicHs) 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) brid.ges over the fossa antihelicis and extends

from the eminence of the scaphoid fossa to the eminence of the concha.

6. The oblique muscle (m. obliqnus), considered by Gegenbauer as a part of the trans-

verse muscle, extends from the back of the concha to the eminence of the triangular f().ssa.

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
cana'

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 arterv' and the posterior auricular artery,

and thus indirectly 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; (^) ihe. artery of the cms helicis to the region of the crus helicis; {c) 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 lobiile, from the artery of the tra.u:us. The pos-

terior auricuhir artery sui)pHes a variable number of branches to the auricle. Usually

two of these are given off below and one above the posterior auricular muscle. These
branches are larger and longer than those from the superficial 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 margin. They supply the posterior part <jf

the outer surface and anastomose with the branches of the superficial temporal.

The veins of the auricle accom])any the arteries and include: {a) the anterior

auricular, which empties into the superficial temporal
;
{b) the posterior auricular,

three or four in number, which join a plexus behind the ear which empties principally

into the external jugular vein, but also unites with the posterior facial vein. Com-
munications with the mastoid emissary vein of the lateral sinus also frequently exist.

The Lymphatics.—The lymphatics of the auricle form a close net-work within the

deeper layers of the integument, from which lymphatic stems pass in three general

grou]:)S. Those from the outer surface are af!erents chiefly of the anterior auricular

nodes, which are placed immediatelv in front of the tragus and beneath the parotid

fascia ; a few, however, bend backward over the helix to end in the posterior auricu-
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inward, possibly slightly l)a(k\var(l ; and finally, in its internal portion, forward,

downward and inward. Its sni)er()-p()Stcri()r wal'

1247.

Internal auditory
canal

measures about 25 mm. (i in.) m
leni^th, and the anterior

wall about 35 mm. (i^
in.), the j^reater 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 ahiiost 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 deficiency in the cartilage is more marked and the fibrous tissue

correspondingly increased.

Two or more slit-like apertures, the fissures of Santorini rincisurae cartilag-

inis meatus acustici cxtcrni) are usually found traversing the cartilagino-membranous

Fig. 1248.

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

Tympanic membrane

External auditory canal

Mastoid cells

,/ 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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.MUl the cartilaiLiino-menihranous meatus is attached
etij^es of the osseous meatus, the fibrous part being

m " '

nn
At

L' in

and floor

\

Sebac< ous gland

Cartilage

/

\

^

of the ear. At its inner

to the inferior and lateral

continuous superiorly and jxisteriorly with the periosteum lining of the osseous
canal. The osseous portion of the tube, about 14 mm. in length, is longer
and narrower than the cartilagino-nu'mbranous part. At its inner end it presents
a narrow grooxc, the sulcus tympanicus, for the insertion of the tympanic
membrane. The sulcus extends around the sides and floor of the canal, but is

deficient above.

Tile skin lining the external auditory canal is closely attached to tlie underlying
cartilaginous portion of the tube, the skin measures about 1.5 mm. in thick-

ness, Init is much thinner within the bony canal, except along the roof, where it

remains relati\'ely thick. Owr the outer surface of the tympanic membrane the
skin is reduced tt)

a very delicate and ^'*^-

smooth investment,

co\ered by a corre-

spondingly attenu-

ated epidermis, and
a suggestion of sub-

cutaneous tissue.

Numerous line 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
secretojy segment, and a long narrow excretoiy 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 mixture of the

secretions derived from both \'arieties 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 (r) 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.

f<-
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A'
\
\

k Ceruminous
gland

\ Coriuni
riair-iouicie

Cartilage

Transverse section of skin lining cartilaginous portion of external
auditory canal. X 30.
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Concha

External auditory canal

Membrana flacciila

Depression for /

malleus

I'nibo

Tympanic membrane

within the skin, around the inlands and the hair foHicles, some extending on to

the upper part of the membrana tympani. The deeper vchis of the meatus,

which drain the bony and a small j^art 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 Ivmpliatics 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 j^art, 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

superi(jr deep cer\ical chain. (2)
The inferior group includes a \ari-

able numljer 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 ner\es

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 litde loss in the acuteness of hearing

(Treves). Complete absence of the auricle is exceedingly rare ;
j^artial defect

{microtia) is more frequent ; while congenital fistuke are comparati\ely common.

These fistula; 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 {maerotia), 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 auditory canal, st-en from be-

hind ; natural size. Drawn from cast made by Professor
Randall.
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The skin is closely adherent to the unclerlyinii^ tissues, es|)ecially on the anterior

surface, so that the exudate is under much tension, interfering^ with the blood-

sui)ply. The nerves are also compressed, accounting for the threat pain.

riicniatomata of the auricle are due to elTusions 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 exceptional instances, may apj^ear 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 ])re\x'nt necrosis.

Of the tumors, keloid, following j)unctures for ear-rings, is common in the

negro ; capillary nsevi are frequent, whilst cirsoid aneurism may occur. Cysts in

connection with the first branchial cleft have already been mentioned.

The External Auditory CanaL— Congenital atresia is rare and is often

associated 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 1% inches, about % inch of which
is bony and about ^ inch cartilaginous. In the new-born it consists of skin and
cartilage only, and its lumen is very small. Owing to the obliquity 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 bony wall, but it is more likely to do so through the fissures in the cartilag-

inous portion. Abscesses in the parotid region more frequently extend by the same
route in the reverse direction.

The general direction of the canal is from without inward, downward, and
slightly 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 ivall of the meatus is in relation with the temporo-maxillary articu-

lation, and its bony portion 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

into the 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 intently.
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The posterior 7i'a// is separated from the mastoid process by the tympano-mas-

toid fissure. The auricular brancli of the pneunioj^astric (Arnold's nervej passes

through this fissure to the jjosterior wall of the canal. The coutifhin^, sneezing, or

vomiting that sometimes follows irritation of the canal, as from cleanini,^ the ear, or ex-

amining- it with instruments, is said to be due to a refiex eflect upon the ])neumo_i^astric

throusj^h this branch. The auriculo-temporal branch of the trijijeminal nerve enters

into its supply, and may explain the earache in cancer of the tonj^ue 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 sitfinoid jjortion 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 tliickness, 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 an^le of the canal are

a number of small openinsjjs for blood-vessels and some connective tissue fibres,

through or along which ]:)us 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 eavity, the Eustachian

tube, and the mastoid cells.

It is an irregular air-chamber, beginning on the lateral wall of the naso-pharynx

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 C.wity.

The tympanic cavity fcavum tympanl), also called the tympanum, is an irregu-

lar space within the temporal bone, lying between the internal ear and the external

Fig. 1251.
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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 15 mm.
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The cavity of the tympanum is siil)cii\ide(l into three parts : (i) the aln'in/i or
tympanic ca\ity pr()i)er ; (2) the cavuni cpi/yinpaviaini, the upper part of the space
wliich ()\erHes the atrium ; and (3) tlie aninini^ wliich leads into the mastoid cells.

The atrium ( Fiy-. 1251) resembles in sha|)e a short cylinder with concave
entls, the outer end heinm' formed by the tympanic meml^rane and its bony margin,
whilst the inner 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 ap])roximately one-third (about 5 mm.) of the supero-
inferior diameter. It contains the head of the malleus and the body of the incus

(Fij;'. 1252). It extends considerably over the external auditory canal and is

bounded laterally by a wed_i>e-sha])ed jiortion of the temporal bone, called the scutum.
The antrum tympanicum is an irre_(;ularly pyramidal space communicating

with the upper back part of the tympanicum by a triantrular orifice. Its dimensions
\ary, but its average lenoth is about 12 mm., its heit>;ht 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 upon the
space. Its roof is formed by the tegmen tympani sometimes called the tej^moi

iintri in this location. Its external wall is formed by the squamous portion of the

Fig. 1252.
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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 epithelium.

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 iyitenial, a superior and an inferior, and an
anterior and a posterior ivall.

The outer wall (paries membranacea) of the tympanic cavity 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 Rivinus, 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 nicmbraiie or drum-head is a

ck'Hcatc transparent tlisc, irregularly oval or ellipsoidal in outline and concave on its

outer surface. It is placed obliquely with the horizontal plane, forminjj; an an^le of

about 55°, openinj^ outward. As the middle j)ortion of the membrane is drawn in-

ward, the inclination of its se\eral parts dili'ers. The obliquity of the membrane
is about the same in the infant as in the adult. With the ujjper back wall of the

external auditory canal the drum-head forms a \ery obtuse angle, whilst with the

antero-inferior wall it encloses an angle of alnnit 27°. The longest diameter of the

membrane is directed from above and behind, forward and downward, and measures
from 9.5-10 nun. ; the shortest is from H.5—9 mm. The membrane is about . 10 mm.
thick, except at the periphery, 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 forwartl toward the

periphery, to end at the short jjrocess. 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 jirojection 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 strice. The part of the

drum-head included between these striae and the Ri\inian 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 fpars tcnsa).

The inner aspect of the drum-head presents two folds of mucous membrane which
stretch horizontally backward and forward to the annulus and form an anterior and a

posterior \\\\q.x\.^<\ pocket. 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 tympanic membrane includes three main layers : ( i ) the middle

fibrous stratuui, or tnetnbrana propria; (2) the externa/ cutaneous layer, the prolongation of

the skin lining the e.xternal auditory canal ; and (3) the infernal mucous viembrane, a continua-

tion of the mucous membrane clothing other parts of the tympanic cavity.

The fibrous layer or membrana propria reprtscnts the mesoblastic portion of the drum-head

and consists of an outer stratum of radially disposed fibres which diverge from the malleus

towards the periphery 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 parUy 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, tiie 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 memliram- proper ( Fig. 1253 1. Round cells are

found between these fibres.

The cutaneous layer consists of a thin epidermal stratum, composed of two or three rows

of cells and a delicate sheet of connective tissue, but neither a definite corium nor papilUe 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 ves.sels and nerves which pass

from the meatus to the membrana tymjxuii.

The mucous membrane covering the inner surface of the drum-head consists of a scanty

layer of connective tissue, invested with a sheet of large low nonciliated epithelial cells.

The vessels of the tymi)anic membrane include arteries which are arranged as an outer and

inner set, sejiarated by the membrana jiropria. 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 stylo-mastoid branch of the posterior auricular. Each of these .sets

forms a plexus of vessels with a large branch extending downward along the 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- malleus handk- and at the peripliery of the- nu-mbraiie. Tlie veins are most numerous at the
liandle of the malleus and peripliery >)1 tlu- iiuinhrane and commimicate with those of the exter-
nal meatus and tympanic cavity.

Tile /yiii/y/iadcs are arran}j:ed similarly to the blood-vessels in two sets, one under the skin
and tile other under the mucous membrane. They communicate freely with each other and
pr(.)bably empty partly into the lymph-nodes situated over the mastoiti process and in the
res^ion of the tragus, and partly into the lymph-tracts of the Eustachian tube and thence event-
ually into tile retropharyngeal and deep cervical nodes.

I''Ki. 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 windo^v (fenestra cochlea). It is closed by
the secondary tympanic membrane (merabrana 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 "^"i- i'"* 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 slightly 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 aqiiediictus Fallopii. This
ridge is bordcretl jiosteriorly and superiorly by tlie elevation which corres])on<ls to

the wall of the horizontal semicircular canal
(
iiioininciUia canalis seinicircularis later-

alis). The sinus tympani, a well-marked depression, is i)chind the pronioiitorv,

between the niche of the roinid window and the pyramid, below and behind the

oval window, it is separated from the fossuhe 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 te<imeiitalis) is formed by a plate of bone, the teg-

men tympani, whicli forms part of the upper and anterior surface of the petrous

portion of the temporal bone. Posteriorly it forms the roof of the antrum tj'mpani-

cum, and anteriorly contributes the roof of the canal for the tensor tymj:)ani 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 Jumilaris), narrower than the sujjerior, 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

Fig. 1254.

Outer end of horizontal
part of facial canal

Stapes lying in
oval window

Stapedius niusck
Round window

p-acial canal

Promontory

rensor tympani

^Eustachian tube

Outer aspect of inner wall of right tympanic cavity; ritaues lies within oval window. X ^Vt.

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 le\el with the lower l)order of the oval window, projects

the small bony elevation, the pyramid (cminentia pyrainidalis), which encloses the

stapedius muscle (Fig. 1254). Its apex is ijierced 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, cjose

to the posterior margin of the drum-membrane, lies the apcrtura tympanica canaliculi

chordae tympani, the opening through which the chorda tympani ner\'e enters the

middle ear.

THE CONTEXTS OF THE TYMPANUM.

The Auditory Ossicles.—Three small bones (ossicula auditus) form a chain

extending across the upper jjart of the tympanum from the tymjjanic membrane to

the labyrinth. The outermost of these, the mallais (hammer), is attached to the

tympanic membrane ; the innermost, the stapes (stirrup), is fixed in the ox-al windovy,

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 (iKiiimu-r) is al)()iit S mm. Ion;; ami consists of a head, a neci< and tliree

processes. The head is the upper cluh-siiaped portion, lyinj; in tlie epitympanic space ; the
constricted |K)rtion just Ix-low tlie head is tiie >ieck, and below tliis is a prominence to which
the three processes are attached. Tlie posterior surface of tlie iiead hears, for the articulation
with the incus, an oblontj: tlejiressed surface witli prominent mar>;ins e.xtending in a spiral

manner downward and inward to the neck. This articular surface consists of two i)rincipal

facets separated by an obliciue ridfje, the upper facet lookinjj backward, the lower, inward.
The a.xis of the heail forms with tlial of the liandle an anj^le of about 140°, openinj^ ujjward
ami inward.

Fig. 1255.
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The manubrium (handle), a taperin.i;^ process extending downward, backward and inward,
is embedded in the sulwtance 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 external meatus.

'Y\i^ processus breins (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 external surface.

T\\it processus gracilis (long process) arises from the anterior angle of the internal surface

of the neck, close to the base of the short process, and extends downward and forward to the

Glaserian fissure. It is well developed in the ftetus 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 body 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 pi'ocessus 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 lougus (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-iiiate. Tlie external surface of tiie 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 f(Jot-plate near its lower

Fig. 1257.
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marijin. 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.— hi 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

manubrium handle moves inward, its

lower cog catches the corresponding cog
of the incus and the long process of the

latter must follow. If the handle moves
outward, the lower cog moves away
from the incus and the latter moves but

little" (Politzer).

The articulation of the incus and
stapes is a very delicate but true joint.

Both the slightly convex surface of the

orbicular process of the incus and the

slightly concave surface of the head of

the stapes are covered with hyaline car-

tilage and united by a capsular ligament

made up largely of elastic fibres and
thickened on the posterior surface.
Sometimes a meni.scus of fibro-cartilage

separates the two articular surfaces.

The articulation of the stapes and
oval window is effected by the margins

of the window and the foot-plate of the

stapes. These surfaces, as well as the

vestibular aspect of the stapes, are cov-

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

movement ; of these, three connect the

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 125.S.

)

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

Head of malleus

External lij^ament

Mem. flaccida or
Shrapnell's membrane

"Prussak's space
Neck

Short process

Chorda tympani

Tendon of tensor
tympani

Handle

"artilage

Epidermis

Menibrana propria

M\ico>is niemhrane

Menibrana tensa

.\nnulus tendinosus

Frontal section passing through malleus and tympanic membrane
y 8. Drawn from preparation made by Ur. Ralph Butler.
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3. The lateral ligament of the malleus is somewliat fan-shaiK'd and extends between tlie

roughened neck of thu nialk-iis and llie external wall of the tynii)aniun above the Rivinian notch.

The posterior liljres of this h.i;ament are called tlie posterior ligament of tiie malleus ( Helmholtz)

,

and, tot;ether with the fibres of the anterior iij^anieiit iyin.^ in the same plane, form the " axis-

ligament of the malleus," since the axis on wiiich the malleus turns passes through the attach-

ment of these two fibrous structures.

4. The posterior ligament of the incus extends from tlie 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 being less extensive than that of the tympanic. The superior ligament

of the incus is variable and consists chiefly of a fold of mucous meml)raiu-.

The Intratympanic Muscles.—The muscles within the tym])anum connected with thg

ossicles (imisciili ossiculoniin aiuiitus) are: (i) the tensor /ympani ,\ui\ (2) iha s/apedi//s.

The tensor tympani is a diminutive spindle-shaped muscle, about 1.25 cm. long, lying in the

bony canal directly above the osseous part of the Eustachian tube, from which it is partly

Fig. 1259.
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j
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Tympanic cavity

Vertical section through human middle and internal ear. X 5)4. Drawn from preparation made by Dr. Ralph Butler.

separated by the bony scroll, the processus cochleariforniis. 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. Sotne 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

rostrum of the processus cochleariforniis 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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Ifiiticnilar process and the capsular lijjanient. The tendon is (reciiiently envelojied in a fold of

mucous nieinbrane. A brancli of the facial nerve passes throujj;!) a small orifice between the

l'"all()|)iaii canal anil tin- canal lor the stapedius to supply this muscle.

Movements of the Ossicles.—-When the tyni|)anic membrane and mallciis-handie are mo\ed
inward, the lon.y; process of the incus is also moved inward and ])ushes the head of the stajies

inward, antl slis^htly upward. This causes i)ressure upon the licjuid within the labyrinth, and,

since the bony walls of the labyrinth are inelastic, the membrane of the round window is bulji;ed

outward. As the tympanic membrane re.nains its normal position, these movements are re-

versed. When on the other hand the tympanic meml)rane is moved outward, the movement of

the lon.n' process of the incus is very slii^ht because of the unlockinj^ of the malleo-incudal articu-

latit)n. Contraction of the tensor tympani nuiscle draws the centre of the tympanic membrane
inward and in this way increases the tension of the membrane and of the posterior |)art of

the axial ligament of the malleus, especially of its external portion. Contraction of the stapedius

nuiscle pulls the head of the stapes backward, thus tilting the anterior end of the foot-platj out-

ward, the posterior end acting as a fulcrum.

The Mucous Membrane of the Tympanum.—The tympanic cavity is

lined l>v a thin transparent ninccjus membrane, closely adherent to tlie periosteum
and continnons with that of the Eustachian tube and naso-pharyn.x 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 ligament of the malleus and the superior malleo-

incudal fold of mucous membrane. The external conijxirtment is bounded on the

outer side by the external tympanic wall, and is itself subdivided into a superior and
an inferior sj^ace bv 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, interiorly by the short process of the hammer, and
superiorly by the external ligament of the malleus (Fig. 1258). A number of
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inconstant folds of mucous membrane, extend from the wall of the tympanum to

tlie malleus and the incus. The most constant of these is the outer malleo-incudal
l)lica, which stretches backward to the posterior ligament of the incus. Additional
ft)lds fre([uently extend between the cura of the stapes and from them 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 con.sists of a single

layer of low cuboidal nonciliated cells, whilst over the other parts the cells are ciliated

columnar in type. Small tulxilar glands occur within the lining of the anterior part

of the ca\ity. The subepithelial connective tissue, which supports the vessels and
ner\'es, comprises two layers, the outer forming the periosteum of the bony wall.

The secondary tympanic membrane closing the fenestii cochleae, bulges
somewhat toward the cochlea and is attached to the bony crest or ridge of the win-
dnw by its widened rim. It consists of three layers, of which the middle one is a
distinct fibrous lamina propria, which is covered on the tympanic 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 j^ropria,

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 of?

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
ner\'e, 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 (tuba auditivaj) 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.
(^Yz in.y 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 cartilaginous

division of the tube. With the sagittal plane 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°-! 45°, opening outward. The cartilaginous and

bony divisions of the tube do not lie exactly in the same i)lane, but join at a very

obtuse angle o|;ening 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. 1 261.
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The cartilaginous or pharyngeal portion (pars cartilaninca) 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 fcartilago tubae auditivae), the

upper margin of which is curled outward upon itself to form a gutter, which appears

on trans\erse section as a hook, whose inner and outer plates are known as the

mesial and lateral lamina resi)ecti\'ely. The interval between the margins of this

cartilaginous groo\ e presents outward and forward and is tilled up with a strong

fibrous membrane, thus completing the canal. Therefore ])art of the anterior wall

and the jiosterior 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 phar\-ngeal

division, by fibrocartilage, except in the upper part where the hyaline cartilage
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persists. It is this cartilage, covcrctl by the cusliion of mucous membrane, thai

confers the characteristic (iothic arch contour to tlie lower o])enin^, the osteum
pharyngeum, of the 1\\\k\

The Mucous Membrane of the Eustachian Tube.—The Eustachian
tube is Hned throutj^hout its lenj;;th willi mucous membrane, which differs some-
what in the cartilaginous and osseous jjortions. That in the former resembles the
mucous membrane of the naso-pharynx, with which it is directly continuous, whilst

that of the osseous division resembles, to some extent, the mucous membrane of the
tympanic cavity. The epithcliuw of both di\isions 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 cul)oidal.

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 afiect 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 (^page 1593), 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 fibrous tissue coni|)lelin^ the lateral wall of the tube
( Fijj;-. 1262), this part of the muscle l)einjT designated \.\\<t dilalor tuhcc. In addition
to opening tlu- lube, the levator palati elevates its floor.

The blood-vessels of the Eustachian tube include the arteries, which arise from
the ascending pharyngeal and from the middle meningeal and the X'idian branches of

the internal maxillary; and the veins, 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 pharyngeal
branches from the spheno-palatine ganglion.

Thk iM.KSTOiD Cells.

Tiie antrum tympanicum communicates posteriorly with a \ariable number of

irregular pneumatic cavities, the mastoid cells (cellulae mastoideac), so called because
the majority of these spaces occupy the mastoid j^rocess. 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 ca\ities 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 veins, 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 Eustachian 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 hyj)otym])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 nerve passes in a cur\e 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 skull 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 invohement 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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Roofing in the antrum and the passage leading into it from the attic is a thin

layer of bone (tegmen antri ), which is particularly thin over the antrum and
separates these spaces from the middle fossa of the skull. Not infrequently there

are membranous defects in the tegmen, upon which the dura rests (Macewenj.
Pus frequently passes through this bony plate, or its deficiencies, to the temporo-

sphenoidal region 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 permitting cerebro-spinal fluid to pass into

the tympanum. If there is coincident rupture of the tympanic membrane, the fluid

will likelv appear at the external auditory meatus, or if the membrane remains intact,

the fluid may pass to the pharyn.x 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 stiftened ossicles transmit

additional ordinary sounds more readily after they ha\e been loosened by the more
violent vibrations; or it may be because the auditory nerve, owing to the greater

irritation, becomes more sensitive (L'rbantschitsch).

The various relationships of the tympanum as involved in infectious disease

should be understood from the standpoint of etiology and from that of sequelae or

complications.

Infection may reach the tympanum from (a) the naso-pharyn.x 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 temporal lobe (Taylor); (<^) 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 closes 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 ner\-e

Itself to the cerebellar fossa ; (_/) to the ossicles causing caries and deafness
; (£)

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 ca\-ity is only about 2 mm.
Retention of the products of inflammation within the tympanum may decrease

the inward bulging of the membrane or e^•en 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 umbo, 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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lower portion, the umbo being sli.ijhtly below the middle of the membrane. Hy 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.

Thi^ a fi/e-ro-sii/>t'no/^[u:\L\n\nl corresponds to tin- t\inj)anic opening of the tube, the

canal for the tensor tvmpani muscle, aiul the anterior pouch of the drumhead. The
rt//^7-(>-/>/A'/7t>/-(|uadrant corresponds to the carotid canal. Thij pos/cro-si/pirtor quad-

rant contains the long j^rocess (jf the incus, the stajjcs, antl the articulati(jns of these

bones, the oval windcnv^ the pyramid, antl stapedius muscle, the jjosterior pouch of

the drum-head, the chorda tympani, and the posterior fold ( patholf)gic ). ThL-pos/cro-

iufirior (juadrant contains the round window, the tympanic cells in the floor of the

tvmpanic cavity and the bulb of the jugular vein. The flaccid i)ortion <jr Shrapnell's

membrane corresponds to the neck of the malleus and Prussak's space (Hriihl-Politzer).

The bulb of the jugular \ein may be larger than usual in which case it may
encroach upon the posterior half of the membrane. Moreo\er, it may have an

imperfect bony covering when it will be in danger during paracentesis tymj^ani,

the place of election of which is in this portion of the membrane. For the same

reason, ])us in the middle ear may more readily encroach upon the vein. The
posterior inferior quadrant is

Fig. 1263. 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 gi\es 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
inuius cutaneous and an intervening

fibrous layer. It, therefore, has

X 6. little elasticity, so that, while

small openings often heal rap-

A permanent opening, however,

Troltsch'sfold

Tenflon of
stapes

Round
window

Posterior
suspensory Itgatnent

Menibran^i
flaccida
Anterior

pensory
ligament
Short process
of malleus

Anterioi fuld

Light reflex

Promontory

Normal drum-head of right side as seen with mirror.

idly, large openings close slowly, or not at all.

does not of necessity produce deafness.

With an aural speculum and good light, one may locate the various structures

as follows : Above and in front is seen the short process of the malleus as an appar-

ently prominent point. Yx(m\ this point two streaks pass to the perijjhery, showing

the division between the tense portion of the membrane and its flaccid portion

(Shrapnell's membrane), seen only in a roomy meatus. E.xtending 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 resulting 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 for 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.—The superior orilicc of tlic Kustachiaii tulx- is in

tlic u|)|)tr |).nt of iIr' anterior wall of the tymiMiumi, aiul is therefore, lujt well

adapted for ilraiua^e of that ca\ ity. The tiil)e is directed downward, forward, and
inward to the side of the naso-pharynx, where it is on a level with the posterior end
of the inferior turbinate bone. In children it is wiiler, shorter, and more horizontal,

so that in infection of the middle ear drainaj:je in them is better, but, for the same
anatomical reasons, otitis media is more likely to follow jjharynj^^eal and tonsillar

infections. The pharynj^eal orifice is bounded above and at the inner side by the

prominent cartihiij^inous arch which encloses a funnel-shaped opening^. The mucous
memi)rane over this projection is thickened by a cushion of adenoid tissue, hy])er-

trophy of which is frecjuently associated with pharynj^eal adenf)ids and enlarj^ed

tonsils, and may occlude the tube, ultimately causing deafness. The upper border
of the pharyno;eal openinj^- of the tube is a half inch abo\e the soft palate, and the

sa'iie 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
bv_*hind this orifice is the well-marked depression called Rosenmiiller's fossa, the

depth of which is increased in cases of enlargement of the pharyngeal tonsil and
which may then lead to difificulty 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

tul:»e. 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. (i}4 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.) 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 walls being in

actual contact, except during the act of swallow ing, 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 palato-pharyngeus 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 elev'ating the soft palate,

opening the Eustachian tube, and equalizing the pressure on the two sides of the
membrane.

Infiation of the tympanum is accomplished through the Eustachian tube, and is

employed for diagnostic, prognostic, and therapeutic purposes. Several methods
are in use. Valsah^a'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 space and
the posterior wall of the pharynx is reached. The tip is then turned gently outward
and withdrawn about i cm. when the slight resistance of the cartilaginous rim is

felt. After gliding forw^ard over this prominence, it w-ill engage in the orifice of the

tube. The ring at the proximal end of the catheter—which is in the plane of the

the cur\e 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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Forciq^n bodies may lodnc in iIk- tiil)c tlurinji; xomitinj^, fir a broken piece of the

boui;ic may be left in. Tliey will usually i-scai)e (luring;- vomitinj;- or hawking, or

they may l)e removed by an inslrununt if \ isible.

If the tube is normal, a bougie i '_• nun. in diameter will easily pass the isthmus,

the narrowest part. Strictures may be dilated or applications made by bougies.

Narrowiui^ of the lumen may occur near the isthmus from chronic inflammation or,

at the pharyn^^eal orihce, from the pressure of j)harynjj^eal adenoids, tumors, or polypi.

Mastoid Process and Cells.—The mastoid process which is formed by the

posterior extremity of the petrous bone, is relatively small at l)irth and contains no

air cells except the antrum. The antrum is almost constant, allhou|Li^h its size varies.

In the infant it will hold a small pea, while in the atlult its average lenj^^h is from 12-

15 mm. (one-half inch or slijL^htly 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 ])harynx

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 about thirty degrees.

The floor of the antrum is below the level of the entrance inttj 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 j^rocess, and pneumatic above (page 148). Pus in the air spaces may
reach the di[)loetic 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 gi\'e ri.se to new bone

formation, filling the diploii 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 10-12 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 frf)m 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 jnis 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 groo\e

for the sigmoid sinus, which is frequendy 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 intlammalion may be summarized as

follows (after Taylor) : f i ) Upward, from absorption of the thin tegmen antri, or

through the veins passing uj) through foramina in the tegmen (causing external

pachymeningids 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 )

Doivnivard, by emi.ssary veins, or through a sinus at the lower part of the mastoid in

the digastric fossa (causing cellulitis beneath the sterno-mastoid, or tra\elling along

the stvlo-glossus, stylo-pharyngeus and stylo-hyoid to the retro-pharyngeal region).

(3) Forward, through the thin bony layer sejiarating 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-
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squamous suture (causium' a Huctuatiiii;' adcnoniatous postauricular s\vellinj.>;, jjusliinj^

tlic pinna forward aiul niakinjL;;^ it unduly prominent). (5) /inuard, either throuj^h

venules passing- to the sigmoid sinus, or through 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, most frequentlv, sigmoid sinus thrombosis).

The sigmoid sinus is usually about i cm. behind the sujjrameatal sjjine, but is

occasionally so far forward as to lie just beneath the external surface.- c)f the mast'jid

process, and immediately beliind 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 scat of infective inflammation. In infants, however, it is

seldom seen, owing to the following facts : First, the mastoid cells are not develoj)ed

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 })athological 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 with 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 cervical 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 thrombus 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 cervical

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

sequelie. 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 (Macew-en).

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 sequestr^e, 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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111111. below tlu- level of its upper wall. If the sinus is in an abnormally anterior j)Osi-

tion, the posterior wall of the meatus must be removed to jjj^ain more room.

The facial nerve is also in ^neat dan_i,ar in these operatif)ns, 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 appro.ximately about 12 mm. (one-half inch; in a direc-

tion very slightly inward, forward, and upward from a point on the e.xternal surface,

5 mm. posterior to the suprameatal spine. The anterior edge of the oj)ening 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 i 'j cm. { s^s in.) from the anterior

edge of the e.xternal 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 ner\e ; (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 n^of of the antrum, and is, therefore, a few lines below the le\el of the

base of the temporo-sphenoidal lobe—is bounded above by the posterior root of the

zygoma, below bv the piwtero-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 for\vard, 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 e.xternal ear (and through the tymjianic membrane previously per-

forated by pathological processes) until it touches the inner wall of the tympanum.
If this cavitv 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 jier cent. ), and

the bone was healthy in two (5 per cent.) f 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 way 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
respectively as the immbranous and the bony labyrinth, 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 everywhere filled

with a fluid, called the cndo/ymph, 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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portion of the temporal bone. The jjosition of approximately its posterior third
is indicated by tlie trans\erse rid^e that crosses the npj)er surface of the temporal
bone a short distance behind the internal audit(irv meatus. The irregular cavity of

the bony labyrinth, hollowed out in the temporal bone, comjjrises three subdivis-

KiG. 126^.

TyinpMiiic cavity

I'"acial canal

Cochlea

Semicircular canals

Internal auditory canal

Rigln temporal bone, upper part of petrous portion has been removed to show bony
labyrinth lying in position.

ioiib :— a middle one, the vcs/ibii/c, an anterior one, the cochlea, and a j)ostcrior 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 ca\ity. 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 bonv 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 membranous cochlea, the sacctcle, the utricle

and the membranous semicircular canals.

Fig. 1265

Superior amj

Common crus

Superior canal

Lod
Lodges saccule

Cochlea

Horizontal
canai

The Osseous L.\byrixth.

The Vestibule.—The vestibule (vestibulum ), the middle division of the bony
laljvrinth 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
downward, and from 3-4 mm.
from without inward. The
lateral (outer) wall separates

it from the tympanic ca\ity,

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 jiointed end of which forms the pyramidalis vestibuli. The anterior and

smaller of these depressions is the spherical recess ( reccssus sphacricus ) 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 \estibu-

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

Posterior canal

Posterior ampulla

Cast of right buny labyrimli, mesial aspect. : 2.
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Cms comimtne
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ellipticus

Macula inferior

Crista veslibuli
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cus with macula

media

Section of right bony labyrinth passing: through plane of superior semi-
circular canal : anterior wall ol vestibule is seen horn behnni. ;< 4.

icula crib-

rosa superior

Facial canal

Oval window

.amina spiralis

part of the spherical recess, the crista vestibuh divides into two limbs between which

is the recessus cochlearis, which lodges the be^inninjj^ of the ductus cochlearis and

is pierced i)y a number of small openinj^s for the passag^e of nerve filaments to this

duct. Tlie numerous minute holes picrciiii^- the crista (pyramid) and the elliptical

recess collectively form

Fig 1266. the macula cribrosa
superior ( I'i^. 1266) and
transmit branches of the

vestibular nerve to the

utricle and to the ami)ulla;

of the suj^erior and hori-

zontal semicircular canals.

Below and behind the re-

cessus ellipticus lies a

gToo\e, the fossula sul-

ciformis, wliich tifi-pcns

posteriorly into a \cr\-

small canal, the aqueduct
of the vestibule ( a(|iiac-

ductus VL"stil)uli j which runs

in a slightly curved course

to the posterior surface of

the jietrous 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 groo\'e for the lateral sinus. The
canal transmits the ductus endolymphaticus and a small \'ein. 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 liorizontal—lie behind the vestibule and are perpendicular to

one another (Fig. 1265). Their disposition is such that the planes of the three canals

correspond with 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 (caoalis posterior) is appro.ximately parallel to it. The external ])ortion of

the horizontal semicircular canal ft)rms 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

Ampulla of _
superior canal

Ampulla of_
horizontal canal

Facial canal

Small end of
posterior canal

Crus commune

Small end of
lorizontal canal

.\mpulla of
posterior canal

Oval (vestibiilf

wind(

Lamina sjnra

Round (cochlear

Section of right bony labyrinth passing through plane of superior semicircular
canal ; posterior wall of vestibule is seen from before. < 4.
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surface of the petrous bone. The semicircular canals (jjjen into the posterior part of

the vestibule by five apertures (Fig'. 1267), the undilatecl ends of the superic^r and
posterior canals joining to form a common limb (cms coiiiiminc). The horizontal
canal (caiiaiis lateralis) alone communicates with the \estibule by two distinct open-

ings. Its ampulla is at its outer end and lies at the upper part of the vestibule above
the oval winclow, from which it is separated by a groo\e corresponding^ to the facial

canal. Lying- above and close to this oj^ening is placed the ampullary end of the

superior canal. The ampullary end of the posterior canal lies on the floor of the

\estil)ule, near the opening of the non-dilated end of the horizontal canal and of the

canalis communis. In the wall of the ampulla of the posterior canal, a number of

small ojienings (macula cribrosa 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 inner end of the internal auditory meatus. Its ape.x is directed hori-

FiG. 1268.
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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 basal, 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 (cupula). 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 axis of the modiolus, from base to apex, is traversed by the

central canal, whilst a more peripherally situated channel, the canalis 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 between 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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vestibule TFig. 1269), and after winding spirally around the modiolus to the
apex of the cochlea, ends in a hook-like process, the hamulus, which forms part
of the the l»undary of the helicotrema ( Fig. 1269;. The partial division of the
canal <u' iIk- hony cochlta cflected 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 <.t the canal (Fig. 1271;. The
upper divicion of the canal is called the scala vestibuli and communicates with
the vestibule, whilst the lower division, the scala tympani, would open into the
tA'mpanic cavity, were it not separated from that space by the secondary tvmpanic
membrane. These scalae communicate with each other through an opening, the
helicotrema, at the ape.x of the cochlea. Close to the bciiinning of the scala tvm-
pani at the round window is the inner orifice of the aquaeductus cochleae ( ductus

pcrilvmphaticus ), its outer opening being in a depression on the lower surface of

the jjyraniid near its posterior edge. It transmits a small vein and establishes a
communicatif>n between the subarachnoid space and the scala tympani.

The internal auditory canal communicates with the cranial cavity by an oval

opening 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 divided into a smaller superior and a larger inferior fossa by a transverse ridge, the
crista falciformis. In the anterior part c>i the superior fossa ^ area facialis; is the
opening of the facial canal (aquaeductus Fallopii » for the transmission of the facial

ner\e. In its posterior part are the openings f area vestibularis superior > for the
branches of the vestibular ner\es which supply the utricle and the ampullar of the
superior and horizontal semicircular canals. These openings appear in the macula
cribrosa superior on the inner surface of the bonv labvrinth ( page 1512 j. 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 nene to the two lower turns of the cochlea.
Behind the area cochleae and separated from it bv 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 fossula inferior 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 ner\-e des-
tined for the ampulla of the posterior semicircular canal.

The Membr.\nous Labyrinth.

The membranous labyrinth Oabyrinthus membraoaceus ; lies within the bony
labyrinth, which it resembles in general form. This agreement is least marked
within the vestibule, since here the single di\-ision of the bony capsule is occupied
by two compartments of the membranous sac. the utricle and the saccule. The
membranous labyrinth comprises: (i) the tdricle and the sacctde, which, with the

ductus endolymphaticus, lie within the vestibule; (2) the three membranous semi-

circular canals lodged within the bony semicircular canals; and f3) the metn-
branous cochlea enclosed within the bonv cochlea. The membranous labvrinth

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 scala; tympani and vestibuli of the cochlea and in the vestibule, constitutes the
perilymphatic space spatium perilvmphaticum ) and contains a modified lymj)hatic

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 vestibule. It is larger than the saccule and communicates
with the three membranous semicircular canals. Attached to the upper and inner
walls of the vestibule bv connecti\e tissue, it extends from the roof of the vestibule
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backward and (low nw aid to tin- ojienini; ol [\\v ])()steri()i- ampulla, a distance of from

^.^-6 mm. TIk" ulrirK' is mailc up of tluvc sul)di\isions, the uppermost of which is

resprcseiitctl by a i)liiul sac, from 3-3.5 mm. in Un_!:;th and l)rcadth, called the

recessus utriculi. w hilst the two lower divisions toj4c'ther form the utriculus pro-

prius, which nuasurts 3 nun. by from 1.5-2 mm. The lower part of the utrii K-

proper is prolons^eil into tlie tube-shaped sinus posterior, wiiich connects the am-
pulla of the posterior semicircular canal with the utricle.

Tile openings of the semicircular canals into the utricle are disjjosed as

follows: /-'//(-' ///r nrcss/fs utriculi open ( I ) the ampulla of the superior semicircular

canal and ^2) that t)f the horizontal canal. Into t/ic utriaihis proprins OY>en (t^)

the sinus superior, which lies within the cms commune and receives in turn the

nonampullated ends of the su])erior and posterior semicircular canals; (4) the non-

ainpuilatcd end of the horizontal semicircular canal ; and (5) the amjjulla of the

posterior semicircular canal throuj^h the sinus posterior. On the antero-lateral wall

of the recessus utriculi is placetl the macula acustica of the utricle, whilst from its
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antero-mesial wall springs the canalis utricujo-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 oval compartment, about

3 bv 2 mm. in size, which occupies the recessus sphericus in the lower and anterior

jjart of the A-estibule, to which it is attached by connecti\'e 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 endolymphaticus passes through the aqu£eductus vestibuli to end in a

l)lind 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 sphericus branches of the vestibular nerve 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 (ductus semicircu-

lares 1 occupv about one third of the diameter of the osseous canals and correspond
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TrabecnUc

to them in number, name and form. TIk-v arc closely united aloni,^ their convex
mar«;ins with the bony tube (VU^. 1270J, whilst their opposite wall lies free in the

perilymphatic space,
^''^^'- ^270. beini,r attached only by

- ..-.l-T.^,. irrei^ular \ascnlar con-

nective' tissue bundlc-s,
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semilunatum.
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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 membranous 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 conueciive tissue lamella and [b) an inner epitlielial liiiin,!^, 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 macula?, is {e) a thin, almo.st homogeneous
hyaline membrane, 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
cyhndrical in type. In the plana semilunata they are cylindrical in type. Over the regions
receiving the nerve-fibres, the macuke acustica and the crist:e acusticos, the epithelium
undergoes a marked alteration, changing from the indifferent covering cells into the highly
specialized neuroepithelium.

The maculae acusticse 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, ne.xt 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 mm. The
acoustic area includes two kinds of elements, the sustentacular or fibre-cells and the hair-cells.

The sustentaeular cells are long, rather narrow, irregularly cylindrical elements and e.xtend the

entire thickness of the epithelial layer, resting upon a well-developed basement-membrane by
their e.xpanded or divided basal processes. At a variable distance from the base, they 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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roundeci or somewhat swollen ciul containinjj: a spherical nucleus. The central end, next to the
free surface, exhibits a cliffereiUiation into a cuticular zone, sinnlar to that covering the inner
ends of the sustentacular elements. From the free border of each hair-cell, a stifT robust hair
^.o2o-.o25 mm. lonj;) projects into the endolymph. This conical process, however, is resolv-
able into a number of a,n.i;hitinatetl fmer hairs or rods.

The free surface oi the neuroei)ithelium witliin the saccule and the utric:le is covered by a
remarkable structure, the so-called otolith membrane. This consists of a gelatinous membrane
in which are emi)etided numberless small crystalline bodies, the otoliths or ear-stoues. Between
it and the cuticular /one is a space, about .020 nun. in width and tilled with endolymph, thnjugh
which the hairs ])roject to the otolith membrane. The otoliths (otoconia) are minute crystals,

usually hexagonal in form, with slightly rountled angles, and fnjni .009-.011 mm. in length.
They are composed of calcium carbonate with an organic basis.

On reaching the macula tlie nerve-fibres form a subepithelial plexus, from wiiich fine
bundles of fibres pass toward the free surface. The fibres usually lose their medullary substance
in i)assing through the basement membrane and enter the epithelium as naked axis-cylinders.
Passing between the sustentacular cells to about the middle of the epithelium, they break up
into fine fibrilke. which embrace the deeper ends of the hair-cells and give off fine threads that

l)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 tlie macuke. The hairs of the hair-cells, however, are longer and converge to and are
embedded witiiin a i^eculiar 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 crista; acusticae.

The Cochlear Duct.

—

The membranous cochlea (ductus cochlearis) lies

within the b(iny cochlea, and like it includes from two and one-half to two and three-

quarter turns, nanieci 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 periosteum 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



i5iS HIMAN ANATOMY.

scala vestibuli and communicates with the perilymphatic space of the vestibule. The
scahe tympani and vestibuli communicate only at the ape.x of the cochlea through

the helicotrema. They contain perilymph and are brought into relation with the

subarachnoid space throuv^h the aqu;eductus cochleae. They are lined by a delicate

fibrous periosteum, usually co\ered on the surface which is in contact with

the enclosed perilymph, by a sing^le layer of endothelial plates. In some localities,

however, as on the tympanic surface of the basilar membrane, the lining cells

retain their primitive mesoblastic character and never become fully differentiated into

endothelium.

The third compartment, the ductus cochlearis, is triangular on cross-section

(Fig. 1 27 1), e.vcept 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, bv which it communicates with the siiccule, the cochlear duct is

a closed tube 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 1 membrana vestib-

ularis . the delicate partition sei)aratinL: the cochlear duct fremi the scala vestibuli, bej^ns 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 ven,- delicate middle stratiau of connective tissue,

(b) the endothelium covering the vestibular side, and (r) the epithelium derived 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 below the attachment of the basilar membrane, thus forming part of the outer walls

of the scalie vestibuli and t>mpani. At its junction with the basilar membrane it presents a

marked projection, the crista basilaris, whilst a ver\- slight elevation marks the point of attach-

ment of the membrane of Reissner. The part of this ligament lying between these projections

corresponds to the outer wall of the cochlear duct. Its concave free inner surface is broken by

a third elevation, the prominentia spiralis, or accessory spiral ligament, distinguished usually by

the presence of one large {vas prominens) or several small blood-vessels. The lower and

smaller of these two divisions of the outer wall is called the sulcus spiralis extemus and is lined

by cuboidal epithelium, whilst the larger upper division is occupied by a peculiar vascular

structure, the striae vascularis, which contains capillary blood-vessels within an epithelial stnic-

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. Over 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. 1 272 ) comprises the basilar mem-

brane, extending from the basilar crest to the outer end of the bony spiral lamina, and the limbus

lamina spiralis, which includes this wall from the attachment of Reissner's membrane to the end

of the bony lamina. The limbus 1 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 intemus, 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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the furrows form the so-called auditory teeth, because of their fancied resemblance to incisor

teeth. The- lower Up ( l.iliiimi t> iniKiiiiciim ) is continuous externally with the basilar membrane
and is perforated near its outer <:^iu\ by some 4000 apertures (forainin.i nervosa) transmitting

minute branches of the cochlear nerve. The e])ithelium coverinj^ the elevated pcjrtions of the

hmbus, including; the auditory teeth, is of the Hat polyheilral variety, the interveninj^ furrows and

clefts bein.u: lined by columnar cells. The epitheliunj of the sulcus spiralis consists of a sin}.;le

layer of low culK)iilal or llattened cells, continuous with the epithelium of the audit(jry teeth

above and with the hi;4hly specialized elements of Corti's ory:an below.

The basilar membrane consists of a median (inner) and a lateral ((niter) part. The former,

known as the zona arcuata, is thin and supports the modified neuroeiMthelium constituting; the

origan of Corti; the outer part, named the zona pectinata, is the thicker division and lies external

to the foot-plates of the outer rods of Corti. Tiie l)asiiar membrane is made up of three distinct

lavers, the epithelium, the siibstautia propria and the tympanic latnella. The substantia propria

is formed of an almost homoi^eneous connective tissue with a few nuclei and fine fibres, which

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) of the limbus, whilst

straight and more (listinct fibres 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 tympanic
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, frequently seen under the tunnel of Corti and
known as the vas spirale. The epithelium covering the inner zone of the basilar membrane
forms the organ of Corti, the highest example of specialization 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 neuroepithelial 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 ser\ing 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 eiui terminates in a triangular head, and uliuse lower extremity expands into the foot
restuig upon the basilar membrane. The inner pillar is shorter, more nearly vertical and less
curved than the outer

;
its head exhibits a single or double concave articular facet lor the recep-

tion of the corresponding^ convex surface of the head of the outer rod. The cuticular substance
of botii 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-plaii\ that of the inner lying up|)ermost
and covering over the head and inner part of the i)Iate of the outer pillar. The head-plate of the
latter is longer and projects beyond tlie termination of tlie plate of the inner rod as \\\it phalan-
geal process, which unites with the adjacent phalanges of tlie cells of Deiters t(j form the mcm-
brana nticularis. The inner pillars of Corti are more numerous, but narrower than the outer
elements, fn^m which arrangement it follows that the broader outer rods articulate with two and
sometimes three of the inner pillars, the number of the latter in man being estimated by Retzius
at 5600, as against 3850 of the outer rods.

Immediately medial to the arch of Corti, resting upon the inner rods, a single row of spe-
cialized ejiithelial elements extends as the inner auditory or liair-cells. These elements, little
more than half the thickness of the epithelial layer in length, possess a columnar body c(j'ntain-
ing an oval nucleus. The outer somewhat constricted end of each hair-cell is limited by a

Fig. 1273.
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Mcmhrana tectoria

^ ©•^. Sulcus
\d \ --L .spiralis

Cells of Deiters

Section showing details of Corti's organ from human cochlea ; owing to slight obliquity of section, width is some-
what exaggerated. X 375. Drawn from preparation made by Dr. Ralph Butler.

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: («) those composing the outer part of Corti's organ, including the outer hair-

cells A\\f\ cells of Deiters ; {b) \\\^ outer supporting cells, or cells of /fensen ; (r) and the low

cuboidal 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 18,000

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

tnenihrana reticularis, through the openings of which the hair-cells reach the free surface. The
inner row of these cells lies directly uixjn 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 w ith 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-j^lates of Deiters' cells
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Cells of Hensen

Deiters' cells

Outer hair-cells

Plate-like processes of
hair-cell

Outer pillar cells

Inner hair-cells

(Fig. 1274). The outer hair-cells arecyliiulrical in their general form, terminating about the mid-

dle of tile epithelial layer in slightly expantleti roimdedends, near which the spherical nuclei are

situated. The outer sharply dehned ends of the cells are distinguished by a cuticular l)order sup-

porting about twenty-five rigid auditory rods or hairs which project V)eyond the level of the niem-

brana reticularis. The deeper end of each outer hair-cell contains a dense yellowish enclosure,

knt)\\ n as the hoiiy 0/Retains, which is triangular when seen in profile. The bodies are absent

in the inner hair-cells.

The cells of Deiters have much in common with the rods of Corti, like these being special-

ized sustentacular epithelial cells which extend the entire thickness of the epithelial stratum to

terminate in the peculiar end-plates or phalanges. It follows, that whilst the free surface of Corti's

organ is composed of both auditory and sustentacular cells, the elements resting upon the basi-

lar membrane are of one kind alone—the cells of Deiters. The bodies of the latter consist of

two parts, the elongated cylindri-

cal <7//V//><>r//rw of the cell, con- Fic. 1274.

tainingthe spherical nucleus and
resting upon the basilar mem-
brane, and the greatly attenuated

pyramidal phala)igcal process.

A system of communicating in-

tercellular clefts, the spaces of

Nuel, lie between the auditory

and supporting cells ; like the

tunnel of Corti, these spaces are

occupied by a semifluid intercel-

lular substance. The cells of

Deiters are arranged, as a rule,

in three rows, although in places

with'n the upper turns four or

even five alternating rows are

sometimes found. Each cell

contains a fine filament, ih&Jibre

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 production, 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 eft'ect 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 the cochlear division of the

auditory nerve enter the base of the cochlea through the trachis spiralisforaminosus

(page 1514), 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 intervals through canals which communicate with the peripheral spiral canal

within the base of the bony spiral lamina. Within the peripheral canal the nerve-

fibres jo'n numerous aggregations of bipolar nerve-cells, which continue along the

96

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. {Retzius).
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spiral canal and collectively constitute the ganglion spirale. From these cells

numerous dendrites are u^iven off, which pass aloni; tin- canals within the spiral

lamina towards its margin, the twigs meanwhile subdividing to form an extensive

plexus contained within corresponding channels in the bone. At the edge of the

spiral lamina bundles of fine fibres are given ofl, which escape at the foramina nervina

of the lal)ium tympanicum and enter the epithelial layer close to the inner rod of Corti.

During or before their passage through the foramina, the nerve-fibres lose their med-

ullary substance and jiroceed 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 fibrillar 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 fibrillar 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'

P'lc;. 1275.
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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 :—(i) the anterior vestibular, (2) the cochlear proper, and (3)

the vcstihulo-cochlear artery.

1. The vestibular artery accompanies the utriculo-amiJullary nerve and sup-

plies the upper part of the vestibule, including the posterior part of the utricle with

its macula, the saccule and the eristic of the upper and outer ampulKne 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

independendy and divides, within the spiral lamina, into a cochlear and a vestibular
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branch. Tlie cochlear branch is distribiitcd to the lower turn of the cochlea and
anastomoses with the cochlear artery proper. '\\\^ vestibular brayich is distributed
to the lower part of the vestibule, includiniL; 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. According;- 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 throuj^^h the whole internal

meatus. A similar origin applies to the artery su])plying the nerve of the posterior
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 seen under the tunnel of Corti within the tympanic covering
of the basilar meinlirane. The region of the stria vascularis and ijrominentia spiralis

are especially well supjilied 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 j the vein
of the vestibular aqueduct, which empties into the superior petrosal sinus

; (2) the
vein of the cochlear aqueduct, which empties 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.

\uditor\ pit

THE DEVELOPMENT OF THE EAR.

The development of the ear includes the formation of two morphologically distinct divis-

ions, the mcuibranous labyrinth, the essential auditory structure, and the accessory parts, com-
prisinij the middle ear, with its ossicles and associated cavities, and the external auditory canal

and the auricle. The developmental history

of the organ of hearing proper in its early Fig. 1276.

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 com]:)aratively

late contributions from the mesoblast.

Development of the Labyrinth.—The
internal ear ajipears 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 grow th 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. 1297).

Dors il aorta

Olopharynx

— r visceral furrow

'I visceral arch

Frontal section of early rabbit embryo, showing
otic pits. X 40.
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Fig. 127;

brain

Otic sac

The semicircular canals clilTcrciUiati: from lliixc fokls which f:;ro\v from the vestibular

pouch opposite tin.- attaciiiiKiU of tlie ductus eiuiolym|)iiaticus. The CLiitral parts of the two
walls of each fold unite antl uiukrjio absorption, while the |)eriphera! part of each fold remains
open, thus forming a semicircular tube, one end of which i)ecomes eniarj^ed to form the

ampulla. The sujierior vertical canal appears first, and tiie horizontal (jr external last. The
growtii of the epithelial diverticula is later accompanied by a condensation <jf tlie surrounding

mesoblast, which difTerentiates mU) an external layer, the future cartilaginous and later bony
capsule ; a layer internal to this l)ecomes the ixrichondrium and later periosteum. A second

mesoblastic layer is formed from the cells immetlialely surrounding the otic vesicle, whilst the

space between these tibroils layers is filled by a semi-gelatinous substance v\hich later gives

place to the perilymph occupying the perilymphatic space. Within the ampulla-, which early

develop, the epithelial lining uiKlergt)es specialization, accompanied by thickening of the meso-
blastic wall within circumscribed areas, to form the cristie acustic;e.

Coinciclenliy with the tleveloi)ment of the semicircular canals, a (]i\ iTticiihim, iIr- cochlear

canal, apjuars at the louer ante-rior end of the membranous sac. This tube, <jval 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

exhibits a distinction, the cells of the uj^jier surface

of the somewhat flattened canal beccjming 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 overhanging 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 vestil)uii 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 l^y frail and attenuated structures, the

membrane of Reissner and the basilar membrane, which consecjuently 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 foregoir.g 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 comi^artments. The still relatively large ductus endolymphaticus, the direct successor

of the recessus endolymphaticus, unitc-s 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 canalir, reuniens. The de\'el-

opment of the macula; acustica; of the saccule and utricle depends upon the sjiecialization of

Part of frontal section of head of r.ibbit

embryo; otic sac is separated from ectoblast
and beginning; to clonLjate. X 40.
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Otic vesicle shows differentiation into three subdivisions, endo-
lymphatic, vestibular and cochlear. X 40.

the epithelium within certain areas associated with tlie distribution of the auditory nerves.

The ner\ e-lilires form their ultimate relations with the sensory areas by secondary growth into

the epillielial structures.

Development of the Auditory Nerves.—The vestibular and cochlear nerves, according U)

Streeter', develoj) from a ganglion-mass fust seen at the anterior t'dge of the otic vesicle. This
consists of an upper and lower part

from the dorsal and ventral portion p,,; 12-8.

of which peripheral nerve branches
^

are developed, whilst a single stem
connects it with the brain.

The ner\es destined for the

utricle and the superior and external

ampullar develoj) from the ui)per

part of the ganglionic mass, while

the nerves which supply the saccule

and posterior ampulla develop from
the k)wer part of this mass. The
stem e.xtending centrally from the

ganglion toward the brain becomes
the vestibular nerve.

The spiral ganglion begins its

development at the ventral bcjrder

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, only the greatly modified
and specialized closed otic vesicle surrounded by secondary mesoblastic tissues and spaces.

Development of the
1279. 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-tympanic 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

Fig.
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Further differentiation of otic vesicle into endolymphatic duct, utriculo-

saccular pouch and cochlear duct.

and vieus represent specialized parts of the cartilaginous rod of the first arch, the tensor tym-

pani being developed from the muscular tissue of the same arch. The slapes is developed from

the second arch. The mesoblast which surrounds the structures of the tymi^anic cavity during

their development becomes spongy and finally degenerates toward the end of foital life.

^ Amer. Jour, of Anatomy, Vol. VI., 1907.
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The air-ce//s of the temporal l)one, inducliiif^ those of the mastoid process, are formed
later by a process of absorpti(^ii.

The tympanic membrane resuUs principally from chanjjes which take place in the first

branchial arch ; it is originally thick and consists of a mesoblastic middle stratum, C(jvered on its

outer surface by the ectoblasl and on its inner surface by the entoblast.

Development of the External Ear.— The median portion of the ectoblastic jijroove of the

first branchial furrow becomes deepened to form the outer part of the external auditory canal,

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
pouch are derived utricle, saccule and semicircular canals; whilst endolymphatic appendage gives rise to endo-
lymphatic sac and duct. (Slreeter.)

while the surrounding parts of the first and second arches develop into the auricle. About the

fourth week of fcetal 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 ofT a posterior ridge. From these six tubercles and the ridge are differ-

entiated the various parts of the auricle, the lowest nodule of the first arch becoming the tragus,

the remaining ones witii the ridge giving rise to the helix, wiiilst from the three tubercles ol

the second arch are developed, from above downuard, tiie antihelix, the aiitifragus and tin.-

iobule.



THE GASTRO-PULMONARY
SYSTEM.

GENERAL CONSIDERATIONS.

The food-stuffs required to compensate the continual loss occasioned by the

tissue-changes within the body are teni{iorarily stored within the digestive 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 recjuired for the perform-

ance of the respiratory interchange of gases (oxygen and carbon dioxide).

oacal orifice

Oral cavity Pharyngeal , ^ ^ungs \ Liver \

pouches Heart *^

stomach Pane
Mid-gut

Hind-gut

Sagittal section of schematic vertebrate (Modified from Fl,-ischmann.\

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 bra?ichial 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-giit, mid-gut, and hind-gut. The f^rst includes the mouth, pharynx, oesopha-

gus and stomach, and serx-es 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

chieflv 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 openinjTf. Associated with the initl-j4Ut arc two ini])ortant tjlands, the liver and
the pancreas. Oreater complexity in the character of the food and in the manner of

securiii}^ it necessitates increased specialization in the fnst sej^ment of the dij^^estive

tube ; hence the addition of accessory (organs, as the lips, oral j^lands, tcjngue, and
teeth, the latter often serving as j)rehensile 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 separation of a portion of the yolk-sac by the api)roximation 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 directly derived from the inner germ-

layer, sup])lemented externally l>y mesoblast. The latter contributes the coimecti\e

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

P'lG. 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-gcnital tract

becomes separated from the digesti\'e tube, these membranes in man and mammals
(except monotremata) form two great tracts, the {rastro-pulmonary and the ^oiito-

urinary.

The free surfaces of the mucous membranes are kept continually moist bv a

viscid, somewhat tenacious secretion, the mjuns, derived from the glands ; thev 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 tiiiiica 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 l^lood-vcssels and tlie be^inninns of tlie lyinj^h-radicles. Thus it will

be seen that the general structure of a mucous nieinhrane corresponds clcjsely with

that of the intei;u!nent, the protectinj^ epidermis of the latter hein^ representetl by
the epithelium of the former, while both the corium and the tunica propria include

the connective-tissue basis over which the epithelial layer stretches. A stratum of

siibtnucoits fissue, correspondint^ with the subcutaneous layer in the skin, connects

the mucous membrane with the surrounding structures.

The ipithtUum may be scjuamous or columnar, simple or stratified. Its char-

acter is usually determined by the conditions to which it is subjected ; thus, where
co\'erinii' surfaces exposed to mechanical influences of foreign bodies, it is commonly
stratified squamous, as in the upper 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 favors the function of an organ, either as a means of 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 cohnnnar variety. Modifications of the epithelial cells, due to the presence

of pigment or of secretion, distinguish certain mucous membranes, as those clothing

the olfactory region and the large intestine resj)ectively.

The tunica 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

stroma bundles, which may be re- „
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garded as lymph-spaces. In many
localities the surface of the tunica

propria is beset with numerous ele-

vations or papillce, 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- (, _ ' ' -^i ->^^^^ :.>;

~^?^ Muscularis

pletely fills the depressions between
the elevations ; when more pro-

nounced, the papillae or folds of the

-Epithelium

3^'

mucosae

.Submucous
connective tissue produce the con- « -

. : , .JarJi--- glands

spicuous modelling of the surface .' 7' ';*v ',: ''^"^^

seen in the papillae of the tongue %^'- ' ''Xa-' - - . '

or the rugae of the vagina. The t^: ^ ^
- ^.._; ~

papillae contain the terminal loops "- '

of the blood-vessels and the nerves -^ -.---/-„- ^^:^/^-^- ---.

supplying the mucous membrane. c„o.;7 f u t •.
1 r^ .^ o Section of mucous membrane of oesophagus. X 55.

Where especially concerned in ab-

sorption, the mucous membranes often gain increase of surface by cylindrical eleva-

tions, or vHh\ 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 basement membrane, or menibrana 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 probably 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 in\'oluntary muscle, the imiscidaris

Tnitcosce. 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.
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a circular and a lonj^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 pr()i)er, which is frecjuently a

conspicuous additional layer in the digestive tract.

Mucous membranes are attachecl to the surrounding structures by a suf)nniious

layer of areolar tissue. The latter varies in thickness and density, consetiuently 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 nij^a:, as in the oesophagus and stomach. In other places

the folds are permanent and not effaced by distention of the organ ; a conspicuous

e.xample of such arrangement is seen in the valvulae conniventes of the small intestine,

in which the sut^mucous tissue forms the basis of the elexation.

The blood-vessels supplving mucous membranes reach the latter l^y way of the

submucous tissue, in which the larger branches divide into the twigs which pass into

Fig. 1284
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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 nerves 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

sensibility are ])rovided with a generous supply of twigs containing meduUated fibres.

As the latter pass towards their ultimate destination (for convenience assuming that
all are peripherally directed) they lose their medullated character and, as naked axis-
cylinders, form the suhcpilhclial plexuses, from which delicate filaments pass into the
papillcnt\ where they terminate either as free club-shaped or special sensory endings.
It is probable that in places the nerves penetrate between the epithelial cells forming
the layers next 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 keep the latter moist. The latter

purpose is secondary in the case of many important glands, as the parotid, pancreas,

Diagram showing^ types of glands, a-e, tubular; y-/', alveolar or saccular, a, simple; b, coiled; c-d, increasingly
complex compound tubular; e, tubo-aiveolar ; f, simple

;
g-h-i, progressively comple.x compound alveolar.

or li\-er, since these organs supply special secretions for particular ends. Aggrega-
tions of the secreting elements vary greatly in size, form, and arrangement, as well

as in the character of their products.

The simplest type is the jaucelhilar gland ionnd in the lower forms; in principle

this is represented in man and the higher animals by the goblet-cells seen in pro-

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 compound. It should be empha-
sized that in many instances no sharp distinction between these conventional groups
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Openitix on
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Excretory duct

exists, some iniporlant ^laiuls, as the sali\ary, beintj;^ in fart a l)k'n(lint,f^ of the two
types ; such j^daiuls are, therefore, appropriately termed tubo-alveolar.

In the least complex type, the simple tubular, the j^lancl consists of a cylindrical

depression lined liy epithelium directly continuous with that covering the adjacent sur-

face of the mucous membrane, as an outgrowth of which the ^land orii^inally devel-

oped. In such simple ^lantl the two fimdamental parts, iW- finidus and the dud, are

seen in their j^rimary type. The fundus includes the deeper portion of the gland in

which the epithelium has assumed the secretory function, the cells becominjj;^ larger and
more spherical in form, while in structure the distinction between the spongioplasm and
hyaloplasm is usually market! in consequence of the ]:)articles of secretion stored up
within the meshes of the spongioplastic net-work,- which is often sharj)ly displayed.

The duct connects the fundus with the free surface and carries off the products elabo-

rated within the gland. It is lined with cells wjiich 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 (jr 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-alveolar type.

Simple tubular glands may be

minute cvlindrical tlepressioiis of practi-

cally uniform diameter, as the crypts of

Lieberkiihn in the intestine, or they may
be somewhat wavy and slightly expanded
at the fundus, as often seen in the gastric

glands towards the cardiac end of the

stomach. When the torsion becoiiics

very pronounced, as in the sweat-glands,

the coiled variety results.

Compound tubular glands i)re-

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 \'ery 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, xSm^primary 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 caj^sule for the entire

organ and separates it from the surrounding structures.

Intralobulur
duct

termediate
duct

Beginning of

duct in alveoli

Terminal
alveolus

Diagram .showing relations of various portions of duct-
system in glands of tubo-alveolar type.
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The interlobar tissue and its interlobular continuations contain the blood-vessels,
lymphatics, and ner\es supplyinj^ the inland and, in addition, the niajcjr p<jrtion (jf

the excretory ducts. In the larger i^lanils the latter form an elaborate system of ])as-

sa^es arranj^ed after the j^eneral plan shown in the accompanying diagram ( V'l^.

1285). Traced from the terminal compartments, or alveoli, of the gland, the duct-
system begins as a narrow canal, the intirvndiatc duct, lined by low cuboidal or flat-

tened cells directly continuous with the glandular epithelium of the alveoli. After a
short course the tube increases in diameter and becomes the intralobular duct, which
is often conspicuous on account of its tall and sometimes striated or rod-e])ithelium.

The further path of the excretory tubules lies within the connective tissue separating
the di\isions of the glandular substance, and embraces the interlobular and the inter-

lobar ducts, the latter joining to form a single main excretory duct which opens upon
the free surface of the mucous membrane. The last-named passage is lined for some
distance by cells resembling those covering the adjacent mucous membrane ; where
these are stratified scjuamous in type, this character is maintained for only a limited

Fig. 1287.

t * .5
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Mucous alveoli
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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 gla7idular 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 fill the alveolus, but leave an intercellular cleft into which the

product of the cells is poured and in which the system of excretor}' 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.

Demilune of

serous cells

The serous glands are clistiiii^uislud by ctUs which arc distinctly jj;^ranular,

generally pyramitlal in form, with nuclei situated in the \icinity of the centre. The
secretion elaborated by such j^lands is thin and watery. The _t,a'neral appearance of

the cells tlepends upon the number and si/e of the j^ranules stored within their cyto-

plasm, anil chaiij^es markedly with the variations of functional acti\ity of the ^land.

When a serous inland 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 t)f their product, often

exhibiting ditTerentiation 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 prtsciU 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 transjxirent

cells possess well-derined

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 spongioj)lasm 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

th^ 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 Giannz"i, or demilunes of Heidenhain, the interpretation of which has

caused much discussion. The older view regarded the crescents as groujw of cells

differing from the surrounding ones only in their stage of acti\'ity 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 recei\ed suji-

port from more recent critical studies by Kiichenmeistcr, .Solger, Oj^pel, R. Krause,

and others, who have shown that the cells composing the crescents clifTer froni 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 the.se obser\'ers,

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

Mucous cells

Demilune

Section of human sublinj^ual ^'and, showing serous cells arranged as demi-
lunes. X 300.
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former] V tlioutjlit to he the case, since extensions of the hunen pass between the

mucous cells to reach the demilunes.

In aclclition to the main .iheolar lumina, always narrow in serous and wider in

mucous acini, the existiMue of intercellular ])assames, or secretion-capillaries, has been

established ft)r many glands, especially by the employment of the Golgi and other

special methods. These clefts penetrate laterally be-

twet n the j>landular ej)ithelium from the axial lumen ^^

towards the basement membrane, partially enclosing

the secreting cells with a branching system of minute
canals. AKeoli containing exclusi\ely mucous cells

do not possess these intercellular canaliculi, the axial

lumen alone being present. In acini of the serous

tyi)e the accessory channels are represented by minute
branching i)assages 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 Section of several aiveoU of submax-n., , --ni

^-
.1 , illary Klaiid of doij, sliowiiicr leiniiiial

S COmpOSmg the crescent. 1 he view that ,i„cts and secretion-capillaries passing

the secretion-capillaries normally extend into the cyto- t" "escentic (stippk-d) groups of serous

plasm of the glandular epithehum, 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 mucous glands, in which the serous cells occur as crescentic groups or

demilunes, as the sublingual and buccal.

4. Pure m^icous 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 elaborated 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 salivary 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-work 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 oi the liver, a distinct basement membrane is sometimes wantini^, a

(ieUcate supportiiii,'^ reticulum alone inter\enin_i^ between the blooil-stream anil the

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

lari^er blood-vessels, together with the main excretory ducts, the lym|)hatics, and the

nerves, occupving the principal extension of the connective tissue into the glandular

mass.

The lymphatics are represented by the larger trunks which fcjllow the excrel(jry

ducts and li\clv anastijniose within the interlobular arecjlar tissue. After the intra-

lobular ])iM'tion 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. 291.

Injected Kaslrie mukoiis mcm-
hnuie, sliowiiiK capillar)- nel-woik
surrouiiding tubular glands. X 55-

Section of submaxillary ,c;Iatui of rabbit ; upper
half of figure shows distrilnilion of nervc-tibres

to alveoli ; lower half shows terminal ducts and
secretion-capillaries. X 290. (RtHzius.)

The nerves supplying the larger glands include fibres from two sources, the

cranial or spinal nerves and the symixithetic. 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 ])rogressively less in size and number in their course

towards the alveoli. Upon reaching the latter the nerves consist almost entirely of

nonmedullated fibres, and in the end-plexuses around the alveoli such fibres alone

are present. The terminal distribution, as demon.strated by the Golgi and methylene-

blue methods, includes cpilcmmar and hypolcmmar fibrillce, the former lying upon

and the latter beneath the basement membrane. The hypolemniar fibrilkne pass into

the acini from the extra alveolar plexus formed by the filaments surrounding the base-

ment membrane. The ultimate relation between the terminal fibrillar and the glandu-

lar epithelium is still uncertain, but it may be regarded as established that the ner\es

extend between and around the cells ; an intracellular termination, on the contrary,

is doubtful. Retzius, Ebner, and others agree in picturing the delicate perialveolar

plexus as consisting of tortuous and convoluted filaments which end in occasional
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Fig. 1292.

delicate varicosities. Arnstein ' has described a special minute plate-like end-orj^an
as a widely occurriiii^inode of nerve-ending in glands. W. Krause'^ has noted in

certain glands a form of end-capsule resembling a simplified Pacinian corpuscle. The
.sympathetic fibres are distributetl especially to the involuntary muscle of the blood-
vessels and the ducts, the peristaltic wave within the muscular coat of the latter facili-

tatino- emptyins^ of the secretion.

Development.—Since glands are only extensions of the mucous membrane or
integument upon which they open, their development begins as an outgrowth or
budding from the epithelium covering such siufaces. In

the sim])lc tul)ular glands the minute cylinders are closely

placed and composed 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 mesoblast undergoes condensation and forms

the interlobular and other septa, as well as the general

envelope, or capsule, thereby gix'ing 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., Bd. xxiii., 1865.

Section of foetal oral mucous
membrane, showing developing
tubo-alveolar gland. X 50.
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THE ALIMENTARY CANAL
This is a long and CDinplicatctl tube extending from the mouth to the anus.

Excepting the two ends, each of which is at first a jxiuch irom the ectoblast, it is

developed from the entoblast with a mesoblastic envelojje. It consists of the mouth,

pharynx, and wsophai^us above the diaphragm, and of the stomach and sviall and
lafoi' if/test/ncs 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 touiiue, and i\\ii salii'ary inlands ; those below it are

glaiuls of various kinds, mostly so small as to be contained in the muccjus membrane.
But two distinct organs, the liver and the pancreas, belong to this class, both being

originally outgrowths from the gut. The trachea and baigs 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 hard palate and its

backward continuation the softpalate. The greater part of the floor is occujMcd by
the tongue. There is a free horseshoe-shaped space beneath the toni^iie within the

lower jaw, called the alveolar-lingual groove or, better, the sjiblingual 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 naso-

pharynx, is behind the nasal chambers which open into it, the oro-pharynx is behind
the mouth, and the laryngo-pharynx behind the larynx. 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 MOUTH.

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 jxirt 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 ca\ity

extending to the pharynx ; when these parts are closed, the tongue fills j^ractically 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 (riraa 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 irretjularly disposed anioiij^ the nuiscles of the cheeks in varying

quantity, but in the depression in front of the masseter and sui^erlicial to the buccinator

there is a distinct ball of fat enclosed by a capsule, which is the remnant of the so-

p-JG. 1293.

/ />

Frontal sinus

Si)hL-noidal sinus

i Orifice of Eustachian

Orbicularis oris

Genio-glossus—
!^

Genio-hyoid

Mylo

J Trachea

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 durmg nursmg. 1 he 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 ii])i)(r. In both jaws, but especially in

the lower, the line approaches the teeth as it passes backward. There is a distinct

fold or fnniini of mucous membrane passinjj;^ from the anterior nasal sj)ine to the

middK' of the upper lip. The free edj^e is often irrei^ular. and may have a nodular

enlarij^ement. A much smaller fold is often found on each side in the region of

the bicusjjiils. A median fold to the lower lip is small and inconstant. K.xternally

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 subdi\isions lose their distinctness. The lower lij) is the larger and

Fig. 1294.
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Submental artery

Facial artery

Mandible

Platysma

Anterior belly of digastric

Genio-hyoid

Genio-glossus

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, \\\q p/ii/lrnui, 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., Inaiig. Dissert., Munich, 1894.
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witli tlu- free red surface. In the lower lij) the quadratus (depressor labii inferioris)

runs ui)\var(l uiuU r the skin to Im-ak up into hbres ending in the lips. The tri-

aui^ularis (depressor anjj^uli oris) passes

Fic. 1295.

Phillrum

Tub€rcle-

Labial region, from life, reduced one-fiflli.

at the anj^le of the mouth into the upi)er

lip and ends as a series of sei)arate fibres

inserted into the mucous memljrane, many
of them crossinj.:^ the middle line. This

muscle, before it breaks up, is in the same

plane as the buccinator, l)ut farther from

the edj^e of the lips. Some German au-

thors, by grouping together the various

muscles of the upper lip, have made a

superior quadratus and triariQ^ularis

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}

Labial glands.

Fibres of orbicularis '

oris

Transition into true—^j-.'^X'
^^

mucous membrane i '*^-

Modified mucous membrane

Integument

Sebaceous gland

Transition into
modified skin

Sagittal section '.1 lip . hi'ui. 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.



1542 HUMAN ANATOMY.

deef)er parts and in the scanty siihnnicous tissue. They are named labial, buccal,

and molar, acc(»rtliny to their situation. The labial inlands are j^athered into a series

of j^roups near tlie inner border of the hps, the buccal jl^ lands are smaller and scattered,

and the w<V<^;\^A^;^<^• are vvell-tlefined groups opposite the molar teeth. The duct
of the parotid j^land {q.v.) opens into the vestibule, the space l)etueen the lips and
cheeks externally, and the teeth and alveolar processes internally. Se])aratin^ the

vestibular sjxice from that of the mouth proper behind the alveolar pnjcesses is a

prominent fold of mucous membrane over the pteryg(j-maxillary ligament. This fold

appears at the inner side of the last upper molar and runs downwartl and outward to

that of the lower. The space behind the teeth when the mouth is closed is small,

but a tul)e some 5 mm. in diameter can be passed throuj^h it.

Vessels.— The arteries supplyinj^ the lips, which are very vascular, are chiefly

the coronary branches of the facial arteries, each of which forms an arch meetinj; its

fellow in each lip. The vessel lies between the muscles and the j^lands of the mucous
membrane, nearly opjjosite 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 li[), which
run into the suprahyoid glands.

Nerves.—The mucous membrane of the cheek is supplied by the buccal branch

of the interior maxillary di\ision 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 7'oot oxfang,
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-cavityy 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 i^icisors ; the canine 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 juilk and \.\\c perma7ie?it

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 dentalfortmila ;

this for man, for the left half of the mouth, may be written as follows :

Temporary Teeth : / c ni ( ^ r X 2 = 20 ).21 2 V 5 /

Permanent Teeth : / c hi ;« -^
( := X 2 =; 32 V2123x8 /

It will thus be seen that in the milk-teeth there are no bicuspids and one molar less.

Since the typical mammalian dental formula is i-\ c bi^ m , it mav be assumed
3 I 4 ."^

that in man three pairs have been supj)ressed. 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 ^nd linoual surhxce^ of the incisors and canines,

and of the facial, or buccal, and lingual sudncas 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 of the inner antl outer sides of the incisors and

canines and of the anterior and posterior sides of the bicusi)ids and mcjlars. It the

position of liu- tooth in the jaw be remembered, no confusion is possible.

The Incisors.—The croums are characterized by slij^htly convex quadrilateral

labial surfaces, rather broader than the lingual ones, and ending in straight cutting

edges, slightly concave lingual surfaces slanting forward and bevelled at the edge,

triangular lateral surfaces, and single roots. The labial and lingual surfaces of the

crowns are lx)unded at the root by curved lines, the convexity being towards the

gums. At the sides these borders are continued as straight 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.

edge, and meet at an acute angle. The enamel is continued farther on the lingual

surface, especially in the lateral incisors of both jaws. The cutting edge shows three

small scallops on its first appearance, but they speedily wear away (Fig. 1298).

The superior median incisors are much the largest. The labial surface of

the crown is nearly 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 of the

lower half of the crown extending to the three primitive scallops on the edge. The

free edge meets the internal border at nearly a right angle, but the outer angle is

rounded. The lingual surface, narrower than the labial, is a litde concave. Some-

times the edges are raised so as to leave a distinct V-shaped depression, in the

middle of which runs a vertical ridge, the cingulum, which ends below in a tubercle.
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Often the cini*^ulum of the incisors is represented merely by the tubercle. There are

all kinds of intermediate staj^es between this and a nearly j)lane surface. Sometimes
the tubercle is triple. The fan^ is nearly conical, and usually has an outward slant.

The superior lateral incisors M'i^ \wi)VQ cusp-shaped, the anj^les, especially the outer,

tendinis to be rounded. The lingual surface is less plane than in the median incisors

and the cin^^uUmi lari^er. Sometimes it is almost a distinct cusp. TIk' fanj^ is also

conical, with an outward inclination.

The inferior incisors are smaller than the superior, and llu- median ones the

smallest of all. The eroicns broaden from the neck to the edjj;^e. 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
cin^i^ulum is small, often not very evident. The anj^^les of the free edge are sharper
than those of the upper jaw, excepting the outer one of the lateral tooth, which is

generally rounded. Thefan^s are compressed from side to side and their tij)s turn

a little away from the median line. This is particularly true of the lateral one, but

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.
(Leidy.)

Temporary incisor
teeth of left side. A,
median ; ft, 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.

Thit pulp-cavity is relatively large in the suj)erior 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, especially when
the roots are deeply grooved, often divides below the ])ul])-ca\'ity 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 originall}' straight, except those of the inferior median
ones, which show the irregularities.^

The Canines.—These, called by the Germans the "corner teeth" as marking
the 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 crown, convex on the labial side, expands

' Mijhlreiter : Anatomie des Menschlichen Gebisses, Leipzig, 1891.
* Zuckerkandl : Anatomie der Mundhohle, mit besondere Reriick.sichtig^ng der Zahne,

Wien, 1891.
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Fig

Canine teeth of left side,
labial (A) and lateral {B) as-
pects. C, temporary canines.
(Lfuiy.)

from the root and siimt^csts that of an incisor with the anj.,rles taken of!. The hn^ual
side of the crown of the upper tooth tends to be convex, often having a ritij^e running
down to the small tubercle at the base. In the lower tocith this side is plane or con-

cave, with a distinct tubercle, which exceptionally is enlarged
so as to hint at a secondary cusp. The sitles 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

concave laterally. Thc/nfig oi the upper tooth is the longer
and the less compressed

; it very rarel)' ends in a bifurcation,

but this is less uncommon in the lower. The direction of the
end of the fang is uncertain. The whole tooth is broader
on the labial than on the lingual side. The pjclp-cavity is

most marked in antero-posterior sections, which show an en-
largement of its continuation at the beginning of the root,

just licyond the neck.

The milk canines are much like the second ones,
only smaller. The labial 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
crozvns 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 between them, which gives the tooth

something of the elTect 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 piilp-cavitv of the bicuspids ends in an expansion below
each cusp, that under the buccal being the larger. In the upper
teeth the ca\'ity 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.)



154^ HUMAN ANATOMY.

The Molars.—These teeth—three on 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 'wisJom-

tootli ) 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 f(jur-sided ; those of the upper are somewhat dia-

mond-shaped, the buccal anterior angle being rather in front ; those of the lower are

nearly parallelograms, the long diameter being antero-posterior. Tyj)ical 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 jjijsterior lingual cusp is the

smallest. A minute rudimentary cus|) 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

Second molar teeth of left

side, labial {A\ and lateral

(^) aspects. (Leidy.)

Fig. 1304.

Upper molars

Another first

Lower molars

First Another first Second

TrituralitiK 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 appear on the buccal and lingual sides, deeper on the

former, but rarely reach the gum. They may end in a pit, a favorite 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 croums 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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of the crowns are less deep than in the upper jaw. Sometimes the fifth cusp is wantinj^^,

in which case the posterior part of the furrow does not divide and the arrangement is

remarkably symmetrical. Very rarely the first molar has a si.xth cusp on the ling^ual

side. The first molar has five cusps in more than 90 per cent. ; the second four only
in more than So per cent. ; the third four rather more often than five. The buccal

cusps of the lower molars are worn down earlier than the linj^aial ones.

The followiui; tables from the independent researclies of Ruse ' antl of Zuckerkandl show
the percentage of frequency of different groupings of cusps. Altliough tliere is some discrepancy
in the percentages, both agree as to the most aiui least common arrangement in both jaws.
Tliese statistics, hke those of the separate teeth, apply to Europeans. (It is to be remembered
that a certain percentage of teeth cannot be included.)
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TOOTH-STRUCTL'RE.

In j)rin(ii)le, and anionic tlic lower vertebrates, in fact, as well, teeth may be

regardeil as hardened papilla- of tiie oral mucous membrane ; they consist, therefore,

of two chief parts,—the connective-tissue ccjre and the ei)ithelial capping. Oi the

three constituents present in typical mammalian teeth, the enamel is the derivative of

the ectoblastic epithelium, the dentine, with tlie pulp, and the cementum being con-

tributions of the embryonal connective 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.
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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 line striation composed of horizontally disposed lines. L'nder

a hand-glass these lines are seen to be minute elevations, the cnainel-ridf^es, which

encircle the crown. The remarkable hardness of this tissue is due to the large amotint

(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 product of epithelial cells, the aineloblasts—consists of an aggre-
gation of rive- or six-sided columnar elements, the enamel-prisms, which measure
from .0035-. 0045 mm. in diameter and from 3-5 mm. in length. Their general
disposition is at right angles to the surface of the dentine ujjon which they rest, on
the one haiul, 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 >^ » ^ \

of the tooth than next the dentine, in this manner com-
j:)ensating for the increase in the external circumference

of the crown. The assumption that additional prisms

are intercalated at the periphery is not supported by the

manner of the jiroduction of the enamel-columns. The
latter run for a short distance almost at right angles to

the surface of the dentine, then bend laterally for a

considerable part of their course, but assume a vertical

(lisjjosition on approaching the external surface. In

addition to these general cur\es, the ranges of enamel-
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.

T ^, •
^ 1 ^ ^- 1

Ground-section of enamel, showing
In thm accurately transverse sections enamel pre- ranges of enamel-prisms, x 500.

sents a mosaic in which the hexagonal areas represent

the ends of the individual prisms. Critically examined, the areas consist of a darker

central portion surrounded by a narrow lighter peripheral zone. The interpreta-

tion of the latter has been \arious, many observers regarding such lines as cement-
substance holding together the prisms. According to Walkhofl,' 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

\ery 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,—the prism-stripes of
Sehreger. These markings extend generally vertical 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 Betzins, 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-axis, these stripes

appear as a series of concentric lines encircling the crown parallel to and near the

surface ; in the middle and deeper parts of the enamel they are less evident or entirely

* Normale Histologie mensch. Zahne, 1901.
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Fig. 1308.

Longitudinal ground-section of
enamel, treated with acid, showing
disposition of ranges of enamel-prisms
ip.p') 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 iiijht only, by reflected li^dit appear-

ing bluish white, disproves the assumption that they depend upon the presence of

pigment within the enamel. The widely accejjted view of Ebner, that the stripes are

due to air contained in the interfascicular clefts, hits been modified by \yalkh(jtt, who
regards the markings as due to local diminution in the

calcihcati(3n 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 sutificient lime salts.

The enatnel-ciiticle, 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 e.xposed 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

bv 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 Xasmyth'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 {~2 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 odontoblasts, 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 dentinal tubules,

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 primary 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 Kollinann

reters to the more ra|)id u^rowth of the dentinal fibres than of the slowl)- forming

dentinal matrix. In consequence of the correspondence of the curvature of the den-

tinal tubules, the tooth-ivory exhibits a series of linear markinjij^s, Schreger' s Ibics,

which run parallel to the inner surface of the dentine. These markings must not be
confounded with the contour lines of Owen (page 1552), also within the dentine, or

with Schreger' s prism-stripes within the enamel (Fig. 1306).

The dentinal tubules 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 pulp-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 corresjionding dimi-

nution in the size of the cana- Fig

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 dentinal 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 off
;

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 Neumann, 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-

rounding 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

Dentinal
tubules

Ground-section of dried tooth including afijacent enamel
-' 300.

and dentine.
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of tibrilke—more regular in dentine than in bone— is longitudinal and parallel to the

primary surfaces of the dentine. In addition to the filires which extend lengthwise,

others run oblicjuely crosswise in the layers of dentine. The bundles of fibrillae

measure from .002-.003 mm. in diameter, and aj)pear in transverse sections as small

punctatetl fields. The tibrilke are knit together by the calcified organic matrix, in

which the lime salts are deijosited in the form of spherules, the interstices between

which are later tilled and calcification thus completed. When, as often happens, the

latter process is imperfect, irregular clefts, the iutcrirlobular spaces, remain, the con-

tours of which are formed by the spheres or dentinal globules of calcare<jus 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

exists normally a distinct zone, i\\ti granular layer of Tomes (Fig. 131 1 ), composed of

Fig. 1 3 10.

V^'^-N
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\\ .; '
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,

Cementum

Alveolar periosteum

-

/

Transverse section of root of lower canine tooth. >'. 30.

closely placed interglobular spaces of small size ; under low magnification in ground-
sections the spaces appear as dark granules, hence the designation of the zone. Since
the existence of these spaces depends upon imperfect calcification of the intertubular

ground-substance, the dentinal tubules are unaffected and pass through the spaces on
their course to the surface of the dentine, several of the canals traversing the larger

spaces. The contour lines of Oweti, or the incremental lines of Salter, apjjear as

linear markings, which usually run obliquely to the surface of the dentine (Fig. 1306).
They probably depend upon variations in calcification incident to the growth of the
dentine, and resemble the interglobular spaces in their origin. The contour lines

are best marked in the crown and are only exceptionally seen in the fang. As
pointed out by Walkhoff, the lines of Owen and those of Retzius in the enamel are

usually present at the same time, since both are expressions of imperfect calcification.

The Cementum.—The cement, or crusta petrosa of the older writers, forms
an investment of slightly modified osseous tissue from the neck of the tooth to its
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apex. Bepfinnine;' where the enamel ceases, or ovcrlappini^ the latter to a small

extent, as a layer only .02-. 03 mm. thick, the cement ,t,naclually increases in thick-

ness until over the root, especially between the fantjs of the molars, its depth reaches

several millimetres. When well developed the cement usually presents two layers,

—

an inner, almost homou;^eneous 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 cemcn-

Fir,. 1311.

Dentine

%
' -4.- .

i^A-^ry^
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Granular layer
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Cementum

tum differs from that of ordinary bone
in containintj;^, according to Hil)ra, slightly

less organic matter and a great nunil)er

of fibre-bundles that extend vertically to

the lamelht, corresponding to Sharpey's

fibres. The lacim^e are larger than those

of bone and \ary greatly in their number
and form ; their processes, the canaliculi,

are unusually long and elaborate. As in

bone, so these lymph-spaces contain con-

necti\-e-tissue cells, the cement-corp2iscles.

The lamella; are so dis{)osed that the

lacunae lie generally jxirallel with the long

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 hypertrophy.

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 periceineyitum 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 pass 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-

g^in 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 Hgamentiim circzilare

dentis of KoUiker, which aids in maintaining firmer union between the tooth and
the alveolar wall.

Ground-section of root of dried tooth including adjacent
dentine and cementum. X 300.
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Fig. 1312.

-Dentine

The Pulp.—The contents f)f the pulp-cavity is the modified ti.ssue of the

mesoblastic dental papilla remaining after the completed f(jrmation of the dentine.

The major part of the adult pulp con.sists of a soft, very vascular connective tis.sue

containing few or no ela.stic elements, hut 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, ne.xt 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, presents

three layers. The outer r.04—.oS mm. thick)

consists oi several rr)ws 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 odontoblasts, now no longer

active, about .025 mm. in length and .005

mm. broad, which send out long, delicate

^^^C^ t'yk\'^^^'9^fdJ-'''-''^":t
processes (the dentinal Jibres) into the den-

j^^V'' ^^^^X^^'^sf^j/./^/.' tal tubules externally, and shorter ones
N'«, \ "«A,v, -^S^ .r^IifsJsJ/X' ^^— towards the pulp-tissue. When very young

they probably possess also lateral processes.

The deeper cells of the odontoblastic layer

are less regularly disposed and less cylindri-

cal in form. The second, or WeiF s layer,

best seen in older teeth, is characterized

I I *^>.-^'^#>-tVi 'I '*v*
^' ""^ ^^ absence of cells, the fibrous tissue and

\ \^^f i^^J^^\\ )* V- y^, A the cell-processes forming a clear, cell-free

J >Vj ^w^i'^'*^^^ M^ ^^ ^ zone which separates the striking layer of

n f^^^^i^ S^.j^J ({>>V~^?^^''.'^'i odontoblasts from the subjacent third or In-

^ «s5*,<2?--^et -?eJv(il/^i(^ i^ ^^
termediate 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

oi the arteries. Distinct lymphatics have not been demonstrated within the pulp.

The 7icrves 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 intenvoven fibres. The latter, on reaching

the margin of the pulp, form a peripheral plexus beneath the layer of odontoblasts,

from which terminal non-medullated fibrilhe 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 or

enter the dentine.

Section of peripher>' of pulj>-tissue of young tooth
/ J75-

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 ner\-es. A
corresponding hole in the socket communicates with the dental canals. The human
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teeth are all in contact with their neighbors, there being no break or diastema in the
upper jaw between the incisors and canines for the points of the canines of the lower
jaw. The canines project very little beyond the line of the free edges. The cnnvns
increase in size from the incisors to the first molars and then decrease. The ver-

tical distance from the gum 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
Fig. ^m- inferior ones, opposite the ends of

the lips ; thus the median upper
incisors impinge on both the lower
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 ; ni, 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 have 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. 131 5.

E>enlal 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 curves, the latter having a great transverse distance

between the necks of the wisdom-teeth.

The right half of the jaw is usually the stronger antl the teeth form a smaller

curve. 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 even 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 forward

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-deyital 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
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reason it is termed the deyital ledge. It will be seen that the formerly described pri-

mary stage of the dental groove is unfounded, since the furrow that does exist is

secondary and not directly related to the formation of the teeth, but to the difTer-

entiation of the lips. During the third foetal month the anlages for the entire set of

milk-teeth become evident along the dental bar, coincidently, by the eleventh week,

the completion of \\\i^ labial furro'iV separating the lip from the original epithelial

strand with which the dental ledge alone for a time remains attached.

The anlages of the milk-teeth are indicated by club-shai)ed ei)ithelial outgrowths

which grow down from the deeper surface of the dental ledge to form the enamel-

Fig. 1316.
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orga7is and to meet, and later cap, the mesoblastic elevations or dentalpapillce. 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 by a broad band of cells, the attachment of the enamel-organ with the



1558 HUMAN ANATOMY.

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 w ithin 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-
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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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When engag^ed in the latter process the cells measure h-om .035-. 050 mm. in length
and from .005-. 010 mm. in breadth, but over the sides of the papilla they gradually

become lower until towards the base they blend with and become indistinguishable

from the deeper cells of the mesoblastic elevation. So long as the tooth grows,
division proceeds and odontoblasts are differentiated 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 observed in these elements.

The formation of the dentine is accomplished through the agency of the

odontoblasts much in the same manner that the osteoblasts j^roduce the matrix of

bone. The earliest trace of the dentine appears as a thin homogeneous stratum, the

menibrayia prw/ormaiiva, overlying the coincidently forming layer of odontoblasts.

Although separable by certain reagents as a cuticular structure, the membrane is only

a part of the general dentinal ground-substance with which it blends ; later it is prob-

ably absorbed when brought into contact with the enamel. The dentinal viatrix,

deposited through the influence of the odontoblasts, is for a time without fibrous

structure and uncalcihed, the deposition of the lime salts occurring first near the apex
of the papilla and next the enamel, a zone of uncalcified matrix around the pulp-

ca\'ity marking the youngest dentine. The calcareous material is first deposited in

the form of globules, the dentinal spheres, the calcification being completed by the

subsequent invasion of the interstices between the spherical masses. When 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 iibrillse 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 lacunae. 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 (Walkhof?) ; 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 Walkhoff, 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., 1899.

Isolated odontoblasts from incisor

tooth of new-born child. a, h, from
upper part of crown ; r , rf, e, from lat-

eral region. X 400. (Ebner.)
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After the entire dentine has been fornutl, the odontoblasts remain as the periph-

erally situated pulp-cells, retaininij;^ their connection with the dentine by means of the

dentinal fibres. The other portions of the dental pai)illa become converted into the

pulp-tissue, which retains the embryonal type throughout life and later receives the

larger vascular and ner\'ous trunks.

The Enamel-Organ.—The extremity of the cylinder t)f ectoblastic epithelium

which early marks the position of the future tooth by its ingrowth from the dental

ledge soon broadens out and becomes in\aginated to form the young enamel-organ

overlying the ape.x of the mesodermic dental papilla. In contrast to the latter, which

as the pulp-tissue remains as a permanent 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 in\agination 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

genio-glossus ^ W^klHm''^-.'^^'- ''''i^^

Developiiig_^;^
bone of
mandible • -/

.

^Oral epithelium

. Developing
gland

Dental papilla

mMy "

.Muscular fibres

,vrj^ -Skin

Sagittal section through mandible and surrounding structures of eighteen-weeks fcctus. X 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 di.stention 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 intermediate 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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appearing at the margin of the enamel-organ, where the outer and inner layers of the

latter are continuous. The modified epithelial tissue of the middle layer, sometimes
called the enamel-pulp, is greatest in amount just prior to, or during the beginning

of, active tooth-formation, about the fifth or sixth fcetal month.

The inner layer of the enamel-organ comprises a single row of closely set, tall,

cylindrical elements, the enamel-eells, adanianloblasts, or ameloblasls, through the

active agency of which the enamel is produced. The ameloblasts are best developed

where they cover the apex of the dental papilla, the location 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 possess an oval nucleus about .010 mm. long,

which usually lies close to the outer end of the cell, embedded in cytoplasm exhibit-

ing a reticulum and often minute granules. The ameloblasts are united with one
another by a small amount of cement-substance, and are defined from the interme-

diate layer by a fairly distinct border. Opposite the sides of the dental papilla, cor-

respontiing 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.
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Epithelial sheath = -W Position of mesoblastic dental papilla

Reconstruction of developing lower incisor tooth from embryo of 30 cm. length, about twenty-four weeks.
{Drawnfrom Rose' s model.)

enamel-organ. The investment thus formed constitutes the epithelial sheath (Fig.

1320), a structure 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 cuticular 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

e7iamel-processes, or 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 development of the enamel-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 aiklilioii of the lasl-foiined increments at the

inner ends of tlie ameh)blasts, the same cells sulVicinj^ 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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Fig. 1322.

the enamel-prisms augments towards their outer ends to compensate for the increased

area which they must fill, 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 afifect the disposition of the enamel-columns.

The earliest formed enamel lies in close apposition with the oldest dentine con-

stituting the membrana pncformativa ; 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

pajiilla, 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

Isolated ameloblasts from in-

cisor of new-born child, a, basal
plate; h. cuticular border; c, pro-
cesses of Tomes ; rf, homogeneous
mass still covering process. X 400.

(F.btu;:)
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inner part of the tooth-sac is richly provided with capillaries, and therefore is an
important source of nutrition tt) the developing dental germ. The part of the sac

opposite the root of the young tooth is at first prevented from coming into direct

contact with the dentine by the double layer interjxjsed 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 tlentine, upon which the cementum is deposited by the mesoblast. In

consequence of this invasion, the epithelial sheath is disrupted into small groups or

nests of cells which persist for a long time as epithelial islands within the fibrous

tissue of the alveolar periosteum into which the dental sac is later converted.

The formation of the cementum takes i)lace through the agency of the

mesoblastic tissue in a manner almost identical with the development of subperiosteal

Fig. 1323.

Jaws of child of six years, showing all temporary teeth in place with permanent teeth in various stages of
development.

bone, the acti\'e 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 of cementum is the unusual number of trans\ersely disposed

bundles of fibrillae, or Sharpey's fibres, among which many are imperfectly 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 tlu- tissue of the dental sac becomes denser, the j)art

opposite the root persistin_i,r as tlic 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 proviiled 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 ftetal life, followed soon by the corresponding

dental papilla. The germs of the permanent incisors and canines, including the

papilhv, are formed about the twenty-fourth week ; those for the hrst 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 papilla 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 intervals of rest. The grouping is more regular than the

time of eruption. The teeth of the lower jaw have a tendency to precede their fellows

of the upper.

TABLE OF ERUPTION OF MILK-TEETH.

'

Dental Periods. Groups of Teeth.

L Si.x 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. Twenty-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 every interval

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 si.x, and the wisdom-tooth at about twehe.

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 interval between the lateral i:)ermancnt 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 abo\e and behind,

^ From Rotch's Pediatrics.
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and so does the wisdom-tooth much later. The inferior second molar is formed
almost in the angle between the body and ramus. The inferior wisdom-tooth, before
it cuts the gum, faces forward, inward, and slightly upward. To the table from

Fig. 1324.

Permanent molars

Permanent molars'

I'ermanenl canine

Bicuspids

Permanent incisors

Temporary canine

Temporary molars

I'crmanent incisors

Temporary canine

Permanent canine

Bicuspids

Jaws of child of ten years, 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.

^

Years. Groups.

6 Four first molars.

7 Four middle incisors.

8 Four lateral incisors.

9 Four first bicuspids.

Years. Groups.

10 Four second bicuspids.

11 Four canines.

12. Four second molars.

17 to 25 Four wisdom-teeth.

TABLES SHOWING TIME OF ERUPTION OF PERMANENT TEETH.'

Boys.

Ages. 9

Lateral incisors .... 2

First bicuspids i

Second bicuspids ...
Canines
Second molars

British Medical Journal, 1885.

10
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Girls.

Ages. 9 lo II 12 13 14 '5 '6 Total.

Lateral incisors 24 8 4 36
First bicuspids 56 13 2 i i . . 73
Secoiul bicuspids 51 16 2 2 71

Canines 30 34 12 5 . . i . . 82

Second molars 5 44 ^ 2.SS 249 66 14 746

{ It seems possible from the method employed that, especially in the case of the second molars,

the tables may err on the side of overstatin.t:: the age. ) Livy's researches show that in the

first dentition the first molars, iiKist)rs, and canines come thnnijjjh first in tlie lower jaw. In

most cases the bicuspids come first in the upper. The second molars come first in the lower jaw,

unless tlieir appearance is delayed, in which case the order is uncertain. The date of the appear-

ance of the second molar can be only an approximate guide to the age. When it is present the

child is unlikely to be under twehe. The change in the shape of the jaw—namely, the lengthening

necessary for a longer row of larger teeth, as well as the widening required to make room for the

canines—begins in the course of the second dentition and continues after its close, as the second

molar does not at once assume its permanent position in regular line with the rest. It was

pointed out in the section on the growth of the face that the greatest actiyity of growth takes

place at the pauses of dentition. The roots of the permanent teeth are by no means fully

deyeloped at their eruinion. With their perfection the sockets are formed around them by the

harmonious moulding of the parts inyolyed.
Homologies.—There are two chief eyolutionary theories of the origin of the mammalian

teeth : one, the concrescence theon,-, is that they are formed by the growing together of originally

separate cones, the primitiye reptilian teeth. This yiew is supported by Rose' and Kiikenthal,'

at least for the bicuspids and molars. Cope,' whom Osborn* has followed, adyanced the

differentiation theon,-, according to which the many cusps of the molars haye arisen as outgrowths

from a primitiye cone. This is based on compara'tiye anatomy and paleontolog>-. According to

this, there was first the ro;/<', in the upper jaw called \.\\^ protocone and in the lower \\\kt proto-

conid. Two secondary cusps ne.xt appeared respecti\ely before and behind it : the paracone

and metacone of the upper teeth and \\vi paraconid and mctaconid q{ the lower. The next

change is for these to moye to the labial side in the upper jaw and to the lingual in the lower.

Thus the primitiye cone and these two secondarA- ones form the points of a triangle with the base

outward in the upper jaw and inward in the lower. A prolongation, the talon or heel, is next

deyeloped on the posterior end of the tooth, and rises into a single cusji. the hypoeone in the

upper jaw and the hypoconid in the lower. The last, howeyer, has two secondary cusps spring

from it, the entoconid and the Inpocofiid. According to this theory, the paraconi'd of the lower

teeth has disappeared in the human molars ou ing to want of room consequent on the deyelop-

nient of the talon of the upper teeth. Tiie following table shows the homologies of the cusps

of the human molars according to Osborn.

Upper Molars.

Anterior lingual . Protocone. \

Anterior buccal Paracone. \ Forming the triangle.

Posterior buccal Metacone. j

Posterior lingual Hypoeone. The talon.

Lower Molars.

Anterior buccal Protoconid. T Remnant of triangle.
Anterior lingual .Metaconid. 1

*^

Posterior buccal Hypoconid. "|

Posterior lingual Entoconid. V The talon.

Posterior Hypoconulid. j

Rose has adyanced, in support of his theon,- of concrescence, that calcification begins sepa-

rately for each cusp. Osborn points out that Rose has shown that they ossify yer\- nearly in

the order of their alleged eyolution. Schwalbe" professes himself unable to decide on the

relatiye merits of the two theories.

Variations.— X'ariations of the cusps and of the fangs haye been described with the teeth.

Those of number affect chiefly the incisors and molars. An additional incisor may occur on

one or both sides in either dentition, not yery rarely in the upper jaw, but extremely so in the

lower, the condition in the latter being more stable. Extra upper incisors are often more or less

displaced to the rear and implanted obliquely. They are particularly common in cases of cleft

palate ; not impossibly the presence of additional teeth predisposes to the non-union of the

' Anatom. Anzeiger. Rd. yii.. 1892.
^ Jenai.sche Zeitschrift. Bd. xxyiii., 1893.
* journal of Morpholog\-, 1S8S, iSSq.
* American Naturalist. 188S, and International Dental Journal, 1895.
^ Anatom. Anzeiger, Bd. ix., 1894.
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prtmaxillary and the maxillary bones, or to the non-union of two parts of the former, supposing
that two such parts really exist. The extra incisor may ap|)areiitly appear on the median side

of the first, between the first and second, or between the latter and tiie canine. To account for

this Rosenberi;^' asserts that the typical number is five, as in the opossum, of which the second
and fourth are the two persistent ones, and that either the first, third, or fifth may occasionally
present itself. Th. Koiliker- retH)rds a case of rii;iil cleft jialate in which, liesides the four regular
incisors, three were fountl betwet-n the cleft and the right canine. As cases of excess of incisors

are much more common than of deficiency, the disap|)earance of the upper lateral one does not
seem imminent ; still, there are signs of degeneration. The crown is less square than that of the

central, it is occasionally pointed, often unusually small, sometimes not reaching the line of the
other crowns. It may be absent, and then a series of cases can be made ranging from those in

which the remaining incisor is separated both from its fellow of the other side and from the
canine beside it by large gaps to those in which the teeth are regular and continuous. Very
rarely one of the lower incisors is wanting, and, according to Rosenberg, either may fail.

A fourth molar is very uncommon ; hut not at all rarely the wisdom-tooth is late in coming
through the gum, 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 apparent confirmation
of Ko.se'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, jirobably as a result of the increase of space required 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 in size from the first to the third.

Teeth are sometimes remarkably displaced. The superior canines, owing to their high origin

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 covering 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

e.xpansion 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 papillae. 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 with 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 aheolar 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 ruga; of most mammals. They never extend behind the first molar

tooth, are numerous and prominent in childhood, but much reduced in middle age,

and occasionally wholly lost.

^ Morphol. Jahrbuch, Bd. xxii., 1895.
' Nova Acte des Leopold. Carol. Akad. der Naturforscher, Bd. xliii., 1882.
' Magitot : Trait6 des Anomalies du Systeme Dentaire, 1887.
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Just l)ehiiul 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 Xhii i7uisor

camx/ is often found. When pervious, it is very minute, admittinj^^ merely a bristle.

Behind this the palate j)resents a median rap/ir of paler color than the rest, which may

Fig. 1325.
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run to the root of the uvula or may stop short of it, being often deflected to the left.

A litde 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.

Soft palate

Muscular fibres of tongue

Dorsal surface of tongue

Anterior pillar of fauces

Plica triangularis

Supratonsillar fossa

Uvula

Posterior pillar of fauces

Epiglottis

Tonsil

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, and presents a median elonj^ation, the uvula, which
varies from a short prominence to a cord 2 cm. in length. Thus the palate has
a lower surface hjokini,'^ downward and forward and an upper one looking upward
and backward. When the mouth is closed the i)alate and uvula rest against the
tongue ; when open they hang free, but the muscles inside can modify their shape
and position. Median sections show the tip of the uvula often reaching within half

Fig. 1327.
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Transverse section oi soil 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 gi\e 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

tlie mucous membrane over a muscular bundle, start from the palate on either side.

The anterior pillar, enclosing the palato-glossus 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 sublingual space.

The posterior pillar starts from the lower border of the palate on either side of the

u\ula, covering the: palato-pharyngeus, 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-

FiG. 1328. sion are developmental.

Fibres of azygos uvulae Pharyngeal mucous membrane morphological, and phys-

iological. The part of

the tongue anterior to
Fibres of ^,?f' /y't^^7^\ ' "

'\%^>, this fold is of mandibular
palato-pharyngeus_>-i|.3.',>V\,n.'(-„ i ^,;j^V > ^V^' J /, 1. • • i--i i.

(buccal ) origin, while the

~Giands pa^rt behind it comes from
the phar\mx. The sur-

Masses of glands Oral mucous membrane faCC of the former is SUp-
Transverse section of soft palate near base of uvula. X 4. plied bv the mandibular

ner\e, the third division

of the fifth, and the latter by the glosso-pharyngeal. The mucous membrane of the

posterior third does not bear papillae C 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 trans\erse 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
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The followiiii^ layers compose the soft palate from above downward : (i) The
pharyngeal mucous membrane. {2) A hbro-muscular layer. The fibrous j)ortion

is the ex])ansion of the tendons of the tensor palati muscles. It is stroni^ and tense

near the hard palate, ^ratlually ilwindles lower down, and joins the pharyngeal

aponeurosis at the sides. Below this is the comjjle.K of the muscles. (3) A j^lan-

dular layer opening into the mouth. This is .some 5 mm. thick at its orij^in and

practically continuous throughout most of the i)alate. 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 uvulie 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 ])haryngeal and pale on

the buccal surface ; on both sides it presents papilla-, those on the upper surface

Fig. 1329.
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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 ( Rudinger).

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 luba^) (Fig. 1330) arises from the scaphoid fossa at

the root of the internal pterygoid ])late, from the spine of the sphenoid, and from the

outer membranous part of the Eustachian tube. It descends \ertically along the

internal pterygoid plate as a round, red, and distinct mu.scle, which becomes tendinous

as it turns inward under the hamular process 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 between the tendon and the hamular process.
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The levator palati (Fi^^ 1330) arises from the base of the skull at the apex
of the petrous i)ortion of the temporal bone and from the cartilaginous part of the
Kustachian tube beside it. At first thick, it jxisses downward, forward, and inward
with the tube, and, leavin^^ it, expands into a layer which spreads out through the
soft palate. Some of the anterior fibres from the tube go to the back of the hard
palate, constituting the sa/piiii^o-pa/otiniis, while others descend in the lateral wall of
the pharynx, covered l)y mucous membrane, beneath the salpingo-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 opposite side. Some seem to form loops with
an ujnvard 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 behind the posterior nasal spine, it soon becomes mus-
cular and increases in size. Its course is downward into the uvula, but on reaching
file base it is already broken up into separate bundles which pass about and through

Fig. 1330.
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the glandular core of the uvula. The belly 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 outward
over the azygos uvulae ; others 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 directly 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

thyroid cartilage, and sometimes into the superior horn. It also expands, together

with the stylo-pharyngeus, 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 curved 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 bumlle 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 oi the palate (both hard and soft) come chiefly from

the descending jxilatine, 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.



THE TONCA'E. 1573

Nerves.—The tensor palati is supplied by the mandilnilar division oi the fifth

pair, the other imisrles l)y the pharyn^rt-al plexus. The mucous membrane of the
hard j)alate is supplied by the anterior palatine nerve and terminal branches of the
naso-palatine. That of the soft palate is supplied by the other palatine nerves
antl b\- branches from the j^losso- pharyngeal.

THE TONGUE.

The tonu^ue is a median muscular organ attached to the floor of the mouth,
the symphysis of the jaw, and the body and both horns of the hyoid, covered with
mucous membrane, wliich when the mouth is closed it practically tills (P^ig. 1339J.
The roof is the attached portion, extending from the hyoid to the symphysis, com-
posed of the genio-glossi and the hyo-glossi muscles. The h'p 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 dors^im in its anterior two-
thirds is convex 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 ujiper part of this pos-
terior third, continued for a little distance onto the top, in which the u\'ula rests.

This hind portion is so broad that the edges of the tongue reach quite to the sides

Fig. 1332-
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of the pharynx. In the anterior two-thirds the edges of the tongue are prominent,

overhanging the sides.

Development shows that the tongue has a double origin, the posterior third

arising from the sides of the pharynx and overlapping on each side the anterior two-

thirds, which comes from a median mass, the tuberculum impar, of buccal origin (Fig.

1332). The thyro-glossal duct comes to the surface at the junction of these parts,

which in the infant are separated by the szilcus terminalis. As will later be evident,

the manner of development is of much significance.

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 fremim, 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 Jiinbriata and the plica siiblingimlis are two
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 wholly differ-

ent regions : the one comprising the anterior two-thirds, the other the posterior ver-

tical third. The line of separation, or sulciis terminalis, is, however, not transverse,

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 X'-shaped arranj^ement of circumvallate i)apillaj,

the median a|)c.\ beinij^ at or near a small depression, iha foramen cu-cion, which
marks die termination of the feetal 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.

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, ox papillcr, 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 papilla, which, however, do not model the free sur-

' Morpholog. Arbeiten, Bd. vi., 1896.
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face of the mucous nicinbranc. 1 he anterior two-thirds of this surface arc rough
\i'\\\\ fungiform and f/iform papil/ce ; the former, less numerous, appear as red
points chiefly near the edges, while the filiform are everywhere, but arranged in par-

allel rows continuing forward the lines of the circumvallate ])apilhe. At the edges of

the tongue, just in front of the end of the anterior pillar of the fauces, close inspec-

tion, especially with a lens, will generally show a small series of minute transverse

jxu'allel ridges, correspoiuling to \\\ki papillcc foliaUc of rodents in a rudimentary con-

dition. '\\\Q papilhe circumvallatic are fungoid pajjilla- surrounded by a depression
bounded externally by a low annular wall. The usual numl)er of these papilla- is

from nine to ten, ranging from six to sixteen (MUnch j. The sides of 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

papillae are of especial interest as being the most important seat of the gustatory end-

FiG. 1,335.
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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 Imgiial tonsil {¥\^. 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 median glosso-

epiglottic fold, containing fibro-elastic tissue and muscular fibres of the genio-glossi,

which separate two little depressions, \.\\e glosso-epiglotticfosscr. 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 foliate papillae

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 papilLx' 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 the palato-tjlossal fold. Anteriorly towartls the dorsum the serous glands
remain isolated

; posteriorly they come into contact with the mucous glands, so that
alveoli of both varieties may be included within a single microscopical field ( Fig. 1 2.S7 ).

The posterior third of the dorsum, froih the circunnallate jjajMllu,- backward,
possesses a rich, almost continuous layer of muccnis glands, 5 mm. nr more in thick-

ness, which lie beneath the mucous membrane and mingle with the lymphoid tissue.

Since the aKeoli lie among the muscles at some depth, the excretory ducts often

attain a length of from 10-15 mm., and open on the free surface in close association
with the lymph-follicles.

The anterior mucous glands (Fig. 1287) are disposed principally as two elon-

gated groups, glandidte linguales anteriores, or glands of Nulin, or of Blandin
(from 15-20 mm. in length, 7-9 mm. in width, and somewhat less in thickness),

which 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-

FlG. 1338.
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tinued 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 extrinsic and the

iyitrinsic 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 in front and not reaching the

apex. The inner portion, or medidla, 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 X^& genio-glossns, the hyo-glossus, the stylo-glossiis,

and the palato-glossns. to which may be added, from its position, the genio-hyoid.

All of these are in pairs and symmetrical.
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Tlic genio-hyoid (Fig. 1339) is a collection of fleshy fibres extending close to

the median line, from the inferior genial tubercle to the anterior surface (jf the body
of the hyoid bone. It is a thick band, four-sided on transverse section, with rounded

angles, and e.xjxuids laterally on approaching its insertion. A layer of areolar tissue

separates it from its fellow.

A'erir.—The nerve-supply is from the hypoglossal, but probably consists of

fibres derived from the cer\ical ner\es.

Aclion.—To draw the hyoid forviard and upward ; or, when ti.xed 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 concave anteriorly as they approach the ape.x, 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 w hole 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 are almost longitudinal. The fibres from the lesser

horn run on the dorsum beneath the mucous membrane, forming a part of the super-

ficial longitudinal system.

A'crre.—The hypt )glt )ssal.

Action.—To depress the sides of the tongue, thereby increasing the transverse

convexity of the dorsum ; the muscle also retracts the protruded tf)ngue.

The stylo-glossus (Fig. 1339) arises from the tip of the styloid process and
from the beginning of the styio-ma.xillary ligament. It is a small ribbon-like muscle
with an anterior and a posterior surface, but as it descends it twists so as to lie along
the outer side of the tongue, which it reaches in the region of the circumvallate

papillae. 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 transverse

series. It is soon lost in the sheath of longitudinal fibres.

Nerve.—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 transverse fibres, passing between the two parts of the

stylo-glossus.

Nerve.—From the pharyngeal plexus, the motor fibres coming probably from
the spinal accessory nerve.

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 lingiialis, the tratisverszis, and \.\\e perpendicii-

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 \'ertical 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 directly 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.
N^erve.—All the intrinsic muscles are supplied by the hypoglossal.

Action.—The tongue is protruded chieflv by the action of the posterior fibres of

the genio-glossus, drawing the posterior part of the tongue fonvard. assisted, perhaps,

by the contraction of the transversus. It is withdrawn by its own weight. The
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longitudinal system, the xarious parts of which can act separately, turns tlic tip in

any direction. The slylo-jL^lossus and palalo-iL^lossus raise the ])oslerior portion,

partii.-ularly at the edges, but the latter probably acts more on llie palate than on the

tongue.

Vessels.—The principal arteries sup])lying the tongue are l)ranches of the

lingual, elsewhere tlescrilK-d (page 735). Although there may be a trifling anasto-

mosis at the tip between the vessels of the ojjposite sides, there is no connnunication

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 veins consist of

four sets on each side, communicating freely with one another. They are (
i ) the

dorsal veins forming a submucous ])lexus on the back of the tongue above the laryn.x

and joining those of the tonsil and i)harynx, (2) two veins accompanying the artery

and sometimes forming a plexus about it, (3) two with the lingual nerve, (4) two
with the hypoglossal nerve. 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 lymphatics i)resent a rich net-work on the anterior two-thirds of

the dorsum. The multitude of spaces throughout the organ communicate with lym-

"•S^- .-^tlr/y .A

—Wrtital fibres

I'laiisveise fibres

Portion of sublingual gland Septum Genio-glossus Hyo-glossus

Transverse section of tongue of child, through middle third. X 3.

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 motor fibres are supplied by the hypoglossal, aided probably by
the facial through the chorda tympani. Those of common 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, which is

supplied by the superior laryngeal from the vagus. The glosso-j)haryngeal area

somewhat overlajjs the posterior third, as it supplies the circumvallate and foliate

papillee. The chief fibres of special sense are derived from the glosso-pharyngeal,

their principal distribution being to the taste-buds on the circumvallate {)apilUe. 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 ner\'e is correct.

Growth and Changes.—At birth the tongue is remarkable chiefly for its w ant

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 Anzei^er, Bd. xiv., 1897.
* Edinbur<?h Medical Journal, 1S97.
^ University of Pennsylvania Medical liulletin, March, 1903.
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The circumvallate papillae ' are imperfectly developed for some time after birth, so
much so that it is not easy to recognize them. The foliate pai)ilke are also relatively

xmdeveloped. On the other hand, the fungiform papilla- are j^roportionately both
larger and more numerous than in the adult. The development of the adenoid tissue

at the back of the tongue occurs during the last t\v(j mcjnths of fcetal life. In jjlaces

the connective tissue surrounding the ducts of the mucous glands becomes infiltrated

with leucocytes and is transformed into lymjjhoid tissue (Stohr).

THE SUBLINGUAL SPACE.

This space is between the lower jaw and the tongue, above the mylo-hyoid, and
bounded behind by the fold of the anterior pillar of the fauces passing to the tongue.

It is lined with thin, smooth mucous membrane reflected from the mandible to the

tongue and attached lightly to the parts beneath. With the mouth closed, this

space is filled by the tongue. It is best examined in the lix'ing subject when the tip

of the tongue is against the upper incisors. A told of mucous membrane, the/?ef/Hm,

Fig. 1342.

Plica fimbriata

«.—Sublingual ridge

V? Orifire'; of submaxillary and
'/' sublingual ducts

Sublingual space, tongue pulled up.

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 ele\'ations, the cariuiculce 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 siibliiigual

ridge (plica sublingualis). A constant group of glands is found in the mucous
membrane below the incisors.^

^ Stahr : Zeitschrift fiir Morph. und Anthrop., Bd. iv., Heft 2, 1902.
* The sublingual 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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thp: salivary clands.

These, besides the nuicoiis follicles of the mouth, are Xhe parotid, the submax-
illary, and the siiblini^ual inlands of the two sides. They are all reddish j^'^ray in

color and of about the sauic tirniness, exceptinij 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 which 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 occu[)ies 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 meatus, the tyinijanic plate, the base of the styloid process, and the
front of the atlas. These two walls meet above at the Glaserian fissure. The pos-

terior wall is prolonged laterally by the posterior belly of the digastric, the stylo-

hyoid, and more externally by the sterno-mastoid muscles. The styloid process as

it descends becomes internal, and the stylo-glossus and stylo-pharyngeus, together

with the fascia known as the stylcj-maxillary ligament, bound the posterior part of

the gland internally. In front of the styloid process there is no wall to the space

occupied by the parotid, the gland resting against the areolar tissue mixed with fat

that lies on the outer wall of the pharynx. The widest part 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, therefore, external. It overlaps the jaw and may reach

down to the angle and be separated merely by fibrous tissue from the submaxillary

gland. A constant, but very variable, prolongation 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 tympanic 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 space in front of the styloid process. The internal carotid artery, inter-

nal jugular vein, and pneumogastric nerve are 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 of?

the posterior 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 s6 as to become more superficial as it travels forward, 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 subdivide

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



'5''^4 HUMAN ANATOMY.

point, the gland appears on the surface. It projects but little, if at all, on the outer

side of the jaw, but curls around the posterior border of the inylo-hyoitl muscle

and extends for some distance in the Hoor of the mouth, under the mucous mem-
brane, in the anyle between the mylo-hyoid and the hy<)-|,dossus, sometimes reach-

inj^ the sublint^ual inland (Fig. 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 i)art of the lingual artery, until the latter passes under the hyo-glossus.

Its sublingual branch runs along the inner side of the prolongation of the gland,

Fig. [344-
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to which it sends vessels. The facial artery lies beneath the gland before reaching

the border of the jaw. The facial vein is superficial to it. The lingual nerve lies

above the prolongation.

The submaxillary or Wharton's duct runs from the front of the main body
of the gland along the floor of the mouth under the mucous membrane, often accom-

panied externally by the prolongation of the gland. It is from 4-5 cm. long, with a

diameter of 3 mm. Its walls are decidedly thinner than those of the parotid duct.

Anteriorly it rises to open into the mouth by a little papilla on the side of the frenum

linguae, the last few millimetres running in a fold of mucous membrane. The lingual

nerve passes under the duct from without inward soon after it leaves the gland.

The sublingual artery is beside it and a ple.xus of veins around it.
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Vessels.—The arteries of the subhm^-ual ghmd are derived from the facial and
the suhliiiiiual brancli of the lingual. The veins are from the corresponding ones.
The IvHip/iaties ijo to tlie submaxillary inlands.

Nerves.—The inland receives filaments from the symi)athetic jilexus accompa-
nying;- the facial artery, from the lingual nerve, and from the submaxillary j^anj;lion.

The Sublingual Gland.—Tliis differs from the two precedinjj;^ 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. P2ach gland rests internally

against the genio-glossus, and anteriorly they touch one another. They are more
readily separated into lobes than the others. Testut regards them as aggregations of

separate glands. The sublingual glands are covered by the mucous membrane of the
floor of the 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 Rivini's 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 dud 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 lymphatics run to the sub-

maxillary nodes.

Nerves are from the sympathetic, the lingual, the submaxillary ganglion, and,

according to some, from the chorda tympani.

STRUCTURE OF THE SALIVARY GLANDS.

The three chief salivary 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 submaxillary 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, althouj^h 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. The rest-

ing cells, fresh and examined without the addition of reagents, appear tilled with

numerous minute, glistening granules which lie embedded within a less strongly

refracting substance. The granules, however, are readily affected l)y reagents, often

undergoing partial or complete solution; hence the reticulated aj^pearance of the pro-

toplasm frequently observed in glandular epithelium after fixatit)n. The nuclei of

the serous cells are usually of spherical form and contain distinct nucleoli and delicate
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breaks up into delicate roci-like processes, in recojj;nition of which the cells lining the
intralobular tubules are often designated rod-epithelium. An active secretory role

has been ascribed to these cells, R. Krause ' having succeeded in demonstrating an
excretory function by means of sodium sulphindigotate. The interlobular and inter-

lobar ducts gratlually increase in size and possess a lining of columnar cells which are
usually arranged as a single layer. In the larger canals, however, the epithelium
consists of two imperfect rt)ws, since smaller cells lie next the basement membrane,
wedged in between the larger typical elements. The columnar cells continue until

near the termination of the main excretory duct, where they give place to the stratified

squamous epithelium prolonged from the oral mucous membrane.

Fig. 1347.
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The submaxillary gland differs in structure from the parotid in possessing

both serous and mucous alveoli, 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 serovis 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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moil with other mucous i^laiuls, tlic svihhn^^ual h)hulL'S do not possess intralobular

tubules lined with the characteristic rotl-e|jithelium. The interlobular ducts subdi-

vide into smaller canals which extend within the primary lobules and give off witler

passages lined with cubical epithelium. Towards the end of these terminal canals

Duct : -̂
'
. ^' -̂j:^- .^w

Serous alveoli

Section of submaxillary gland, showing serous and mucous alveoli. X 270.

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.
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alveoli as regards the mucus-bearing cells varies greatly even in the same lobule. At
times an entire primary 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



PRACTICAL CONSIDERATIONS: THK MOUTH. 1589

certain well-developed alveoli tilled with larg^e mucous cells, or they may be present
in considerable numl^ers. Mucous cells are much less numerous in the sublinjj^ual

glands of young infants than in the adult organ. The relatively wide lumen of the
aheoli and the more reticulated appearance of their epithelium serve to distinguish

the exhausted sublingual gland from the parotid of similar condition.

The normal secretions of the oral glands, mucous as well as serous, contain no
formed elements ; occasit)nally accidental granules or cell remains are present. The
characteristic spherical so-called salivary corpuscles 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 cytoj)lasm exhil)iting molecular motion
in a marked degree.

Development of the Oral Glands.—The earliest traces of the salivary

glands are seen during the second foetal month. The anlage for the submaxillary

gland 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 fioor

of the mouth, the anlage for the sublingual lying nearer the tip of the tongue. At
first the parotid and submaxillary lie about equally removed from the oral opening,

but later migration occurs, the former passing backward and the latter forward.

The development 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 of? epithelial buds on
acquiring a length of about i mm. The j)rimary 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 glands, 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 invcjlve only the uvula and
soft palate, may extend to the posterior margin of the intermaxillary bone, or may
diverg-e from that j)()int on one or both sides and run forward through the alveolus,

being then associated with single or double liare-
Jii',. 1350. Ijp^ j^l^^. cleft or clefts in the aheolus corresponding

in position to the deficiencies in the lip ( page 63).

,
The Lips.—The nuicous membrane of the

\
lips aiul llie 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-

specti\ely. The vascularity of the lips, while it

leads to excessive exudate and large swelling after

contused or lacerated wounds, fa\'ors rapid heal-

ing and the avoidance of infection after surgical

wounds. In few places equally exposed to con-
Xew-i.oi 11 ( iiiia w iih iioubie iiareiip. tact with infcctious orgauisms 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 va.scu-

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, nsevi 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 \ascular 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 frecjuently follows the hypenemia 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 \ariety 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 suljmaxillary 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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frequent hyperaemia due to the vascularity and the warmth and moisture of the re<j;^ion,

together with slight but re|)eated trauma during mastication. The gingivitis of

scurvy or of purpura is merely a local evidence of a constitutional condition, and is

hemorrhagic rather than inflammatory.

During dentition the resistance of the gums may cause backward pressure upon
the nervous antl vascular sui)ply of the pulp of the t(Joth, giving rise to some pain and
sometimes to grave refle.x disturbances, esjjccially in infants. The insensitive gum
then becomes exceedingly tender and is swollen and oedematous. The wide-si)read

relations of the fifth nerve render long-continued irritation of its dental branches dan-

gerous. "Lancing" 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 planned so as

to release fully the jjresenting 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 blood-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-ca\'ity.

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 dirtv vellow in color.

Fig. 135J.

A

Characteristic teeth of inherited syphilis.
A, upper permanent central incisors deeply
notched ; lateral incisors show no defect ; ripht
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. (Hiitcliinson.)
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The typical (and pathoi,niomoiiic) syphilitic 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
bevelled from above downward and from before backward,

—

i.e., at the exjjense 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
of?, the lateral and inferior borders merging in a curved line ; they deviate from nor-

mality in tlirection, their a.xes 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 odontoinata 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 ejiithelial sheath (page 1561), taking on over-

growth, may give rise to an epithelial odontome ( multilocular cystic tumor). (2)
Expansion of the tooth-follicle with retention of the crown or root of an imperfectly

developed tooth results in a follicular odontotne (dentigerous cyst). (3) Hyper-
trophy of the fibrous tooth-sac causes a fibrous odontome, especially frequent in

rickets, which usually affects the osteogenetic fibrous membranes. (4) If the fore-

going hypertrophy occurs and the thickened capsule ossifies, a cevicntovie results. ( 5 )

If this takes place irregularly, small malformed teeth— "denticles"—may form in

large numbers and occupy the centre of the \.Vin\ox {compoundfolliciilar odontome).

(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

odontoniata). (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 odontoinata. 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 se\ere. 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 sufificient to excise a portion of its wall, scrape out the

cavity, remove the tooth if one be present, stuff 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 comparatively 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 invoke the soft palate and uvula. If it extends forward as far

as the alveolus, it follows the line between the maxilla and the ])remaxillary 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. (^3 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



PRACTICAL CONSIDERATIONS: THE MOUTH. 1593

should be made close to the alveolus anti the boue should be hugged as the flaps

are raised. In troublesome bleeding from these arteries the posterior jjalatine canal
may be plugged by a sharpened stick, which should previously be sterilized.

When the clelt involves only the soft palate, staphylorrhaphy is recjuired.

The muscles that tend to pull the etlges ai)art 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 obliquely from above downward and inward. These muscles
may be divided by various incisions, the simplest being a section of the velum 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 pterygo-mandibular ligament may be 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 Fig. 1352.

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. Affections 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 divided 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

Cut surface of
mucous membrane

—LiuKual vein

—Lingual artery

Submaxillary duct
—Sublingual gland

Dissection of under surface of tongue and sublingual space;
mucous membrane removed and tongue drawn upward and for-

ward from mouth.
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lingual nerve. The relation of that nerve to the floor of the mouth posteriorly

has already been described (page 1249).
The fold of mucous membrane constituting the frenum may be abnormally

short and prevent the free movements of the tongue, interfering with sucking during

infancy and with articulation later. When 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

fimbriatcc.

A sublingual 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 {grenouillette), "acute ranula."

which is occasionally met with in this region.

Ranukt—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 palpated, 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. 691).

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 [Ivmphangioma caverjiosum, 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 foetal thyro-glossal duct. " Ducts lined with epithelium have been

found leading from the foramen caecum 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 of

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 i)r()liferating.

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 coating' and of the tontine itself varies jj;^reatly, but it may be said that c/rv-

?ifss not cUie to nioulh-hrealhiiiLi, l)ut ivaiu deficient secretion, as in fevers ; darlc-

ness, from decom])()silion and tlesiccation of the coaling', or from imperfect oxy-
genation of the blood ; rom^/iufss, from papillary overgrowth with marked epithelial

proliferation and descpiamation ; redness, from e|)illielial denuilaiion ; and slijf-

ness, s/o7i<)iess, or tretnu/ousness in protrusion, from either thick, intiexible coating,

muscular weakness, or mental hebetude, are uniformly regarded as unfavorable

contlitions.

Unilateral furring of the tongue has been observed in cases of dental caries, of

fractured skull, and of intracranial disease, in all three instances the furring being oa
the side on which there was irritation of the branches of the hfth pair of nerves. In

some of them it was confined to the anterior two-thirds of the uj)per surface,

—

i.e.
^

to the distribution of the lingual branch of the fifth ( Hilton).

In tonsillitis the tongue will often be furred over its posterior part only —
i.e., the portion 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 dititicult 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 of

epithelioma.

In rare cases the epidermis covering the filiform papillae undergoes hypertrophy,
producing the so-called " hairy tongue."

The lymphoid tissue behind the circumvallate papillae, 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 favored 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.

Cai'cinoma 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 submaxillarv 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 symptoms 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 tvmpanic 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 ligarhentous attachments for the

preservation of its position in the mouth, its tendency to drop backward by gravity

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

larynx. 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 cpitjlottis. Often this docs not surticc, and direct traction on the tongue itself

is reqinred.

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-pharyngcal, lingual, and
hypoglossal nerves.

In opening abscesses of the tongue the position of the lingual arteries—much
nearer the lower than the u|)per surface— should be remembered.

Hemorrhage from wounds or during operation may temporarily be controlled by
pressure from behind ft)rward on the base of the tongue by two lingers thrust well

below anil behind it in the pharynx. By this procedure, or by forcing up the soft

tissues between the inferior ma.xilla and the hyoid bone with the finger or thumb,
the cut surface during partial excision 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-pharynx. The roof is formed by 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 larvnx. 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 \k\(t pJiaryni^cal 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 bucco-pharyngeal

(not to be confounded with the pharyngeal aponeurosis), the front part of which is

connected with the pterygo-mandibular Ugament and covers 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 pharynx to move on the smooth prevertebral

fascia. The condition there approaches that of a serous bursa.

The pharvnx is divided into the naso-, oro-, and laryngo-pharynx by folds on

the anterior and lateral walls. The uninterrupted posterior wall is coxered with

smooth mucous membrane, which, behind the larynx, tends to be puckered into

longitudinal folds. The naso-pharynx is that part above the free edge of the soft

palate. The oro-pharynx 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 laryngo-pharynx by x.\\q pharynq^o-cpig/ottic

fold, which extends from the epiglottis to the side of the pharynx, as more particu-

larly described later. The length of the male pharynx 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 ui)j)er 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 the median line is greatest in the nasopharynx,—about 2 cm.
The back of tlie lower part of the soft palate is less than half that distance from the

F"'- I35.V

/ / i.

Frontal sinus

Sella turcica

—^%—

V

Nasopharyngeal
^. '\ fold—

^

i I'ossa of Robeniiiiiller

liustacliian tul^

1—.I'liaryngeal tonsil

.Salpingopalatine fold

Salpiiigo-

) pharyngeal fold

Uvula

Faucial tonsil

Posterior wall of

pharynx

Genio-glossus.

Genio-hyoid

Hyoid bone.

-ii—Palato-pharyngeal

r fold

harvngo-epiglottic
fold

Cuneiform tubercle

.Tubercle of Santorini

Cricoid cartilage

Tracheal cartilage.

Sagittal section of head, slightly to right oi median plane ; tongue has been pulled down.

posterior p]iaryng;eal 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 tiic female several of these distances

are smaller. Thus the i)harvnx is in horizontal sections at most levels a transverse

cluft.

The naso-pharynx, broad from side to sitle anil short from before backward,

passes insensibly into the or()-i)harynx when the S(jft palate is not raised so as to cut

off communication. Anteriorly are the nasal openint^s, described with the nose.

The separation of the two rei^ions on the lateral wall is determined by the fiaso-

/)//rt/'V«i,'''<?/AV</ which runs from the base of the skull to the beijinnin^ of the soft

palate. This fold is very irregular in course and dexelopment. It occasionally is

grooved 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 triant^ular openinji^ without a distinct border below,

althouij^h it may be oval or even round. The lonj^est diameter is about i cm. The
end of the cartilage of the tube curves over the toj) of the oi)ening 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-pharyn.x, or even sooner. The salpiyii!;o-paIatine fold in front of the o]:)ening of

the Eustachian tube is, as a rule, less prominent and very variable. It is formed

above by the bent end of the cartilage, and below by a small band of fibrous tissue,

the salpingo-palatine liga^nent, running from the cartilage into the soft palate. The

fossa of RosenmuUcr is a dee]:) 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 tonsils—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 pharyngo-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 sinus Pyriformis 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 asjiect of the

cleft, which is all that appears of the pharynx. The anterior wall liehind 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 be thrown into folds in the lower i):ut. Mucous inlands, on the other

hand, are numerous in tlie ujjper part, scarce l:)eh^\v ; they He j)artly within the

mucosa antl partly in the submucous tissue and between the muscular bundles. The
character of the ijharyn^eal e])ithelium varies in dith-rent localities. In the nasal

pharyn.x the stratified ciliated columnar cells of the nasal fossa are continued as the

coverin^j of the pharynjj;eal mucous membrane, while the oro-pharynx is clothed with

stratified squamous epithelium continued from the mouth. The last-named type

of epithelium likewise covers the greater part of the laryngeal portion. The
exact distribution of the two varieties of cells is subject to considerable individual

variation. The ciliated columnar type extends laterally to include the openings

of the Eustachian tubes, but lower down gives place to the squamous. By no

Fig. 1354.
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Pharynx opened from behind ; epiglottis turned back.

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 cox'ered 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

\\\^ faucial tonsils in the oro-pharynx, between the pillars of the fauces, \\\& pharyn-
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^^rrt/ tonsil \\\ the upper part of the pharynx, the tubal tonsils at the ()i)enings of
the Eustachian tubes, especially on the posterior fold, and the lingual tonsil, con-
sistinjy 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 (Tigfs. 1326, 1353)

are theoretically two almond-shaj^ed masses
of adenoid tissue, placed one on each side of

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 shajie 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 expand be-

low the orifice, so that they may
collect and retain secretions. A
small free space, the siipratonsillar

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 trian-

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. ,-' 20.

Fig. T356.
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and perhaps others, reach it l)eneath tlie mucous membrane. Under ordinary cir-

cumstances the tonsil is not very vascular, but receives a larg^e quantity of blood

when inflamed. There is a venous plexus communicating^ with the veins of the

pharyn.v. The lymphaties probably communicate both with those of the dorsum

of the tonjrue and with the j^dands near the anj^de (jf the jaw.

Nerves.—'Wx^ nervous supply is from the fifth and the jrlosso-pharyngeal.

(The relations of the 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 developed, it lies below the occipital and the basi-sphenoid,

nearly filling the space from the nasal septum to the back of the i)harynx and almost

touching on either side the folds made by the tubal cartilages. Its thickness in the

median line is nearly i cm. Thus without being hyj)ertrophied it nearly fills the naso-

pharynx. The pharyngeal tonsil is a lobulated organ, the swellings being often regu-

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 mouth 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. Neither is it the true bursa

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 structures 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 cervical vertebra. The tip of the epi-

glottis is usually opposite the lower part of the third. The second and third cervical

vertebrae 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 very 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.
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is nothing more than the fold arouiui the end <jf a tran.sversc 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 uiulue enlargement. They separate the

common carotid from the pharynx. 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

pharynx. 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 pharynx unless just below the skull. The submaxillary

gland touches it at the angle of the jaw.

The sympathetic nerve comes in contact with the back or side of the pharynx.

The vagus lies against the pharynx behind the internal carotid ; on reaching the

common carotid, however,
Fig. 1359. it is in less direct contact.

Its superior laryngeal 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

co\ered 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 pterygoid muscle,

and is pierced by the stylo-

glossus and the stylo-pha-

ryngeus, which subdivide it,

leaving a small part of it be-

tween 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

niiisoular tis-

_sue of constric-
tors

^^jii—Pharyngeal
' ^ aponeurosis

Surface-
epithelium

'm
\^i!^J '

Sagittal section of posterior wall of pharvnx of child, showing part of
pharyngeal tonsil.
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2 cm. in front of the vessel. The e.xternal carotid is placed more directly outward and

is rather the nearer of the two. The jxirotitl uland, accordin,i( to Tillaux, sends a

process in front oi the styloid process, which reaches the lateral wall. This extensicjn,

however, does not seem to be bv any means constant.

Development and Growth of the Pharynx.—An account of the formation

of the primitive pharynx is included in the Development of the Alimentary Tract

(page 1694), the later changes being here noted. In the section on the bones it was

shown that the chief peculiarities of the infant skeleton in this region are due tcj the

small size of the face antl the more horizontal base of the skull. The naso-pharynx

has very litde height, while, owing to the peculiar disposition of the parts, it has nearly

the same antero-posterior diameter as in the adult. It is relatively broad and long,

but very shallow. The tongue, in proportion, is much less thick at the base than

later. The larynx is small, and, moreover, is placed higher in relation to the vertebral

column, 50 that the termination of the j^harynx is also higher. The position of the

larynx at dit!erent 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 we 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 Eustachian 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 litde 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 consequendy 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 primitive 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 lymph-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 leucocytes 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 system 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 Cavity Naso-Pharyngienne, 1894.
^ Archiv f. mikro. Anat., Bd. xli., 1902.
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THF MUSCLES OF THK PHARYNX.

The arranjremcnt of the muscular tissue differs from the ordinary one of the

digesti\e tract, inasmucli as the outer layer is approximately circular and the lonjj;;i-

tudinal fibres are largely internal. The chief elements are the three constriclors,

which overlap one another from below uj^ward, the sty/o-pharyyifreiis, the- palato-

pharyngeus, and certain accessory and rather irregular bundles of muscular fibres.

Fig. 1360.
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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 frotn 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 of the pharynx, being attached above to the

pharyngeal tubercle on the under side of the basilar process. The upper edge of

the muscle is concave on either side, not reaching the base of the skull and passuig

under the Eustachian tube, the vacant space being tilled by the pharyngeal aponeu-

rosis. The lower til^res pass somewhat downward as well as backward. 1 he pterygo-

mandil)ular ligament separates the superior constrictor from the buccinatc^", with

which it would (Hherwise be continuous, forming a circle around the alimentary canal.

Fic.
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Pharyngeal aponeurosis and longitudinal musculature, seen from behind.

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 origin, 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 ( Fig^s. 1339, 1360), the thickest of the three, arises

from the posterior part of the outer aspect of the cricoid cartilat^e, 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 til)res, is wanting below. The lowest

til)res are circular and continuous with the circular fibres of tlu- gullet.

The stylo-pharyngeus (l""ig. 1361) 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 pharyn.x, some of its fibres going to the posterior border of the

thyrt)id 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 pha7yngo-cpiglottica. The fibres

of the superior constrictor ma\- be insej)arable from the upper jxirt of this layer.

The salpingo-pharyngeus has been described in connection with the le\ator

palati (page 1571).

Variations.—Additional muscles are very common, being chieflj' longitudinal bundles due
to splitting of one of the normal muscles, especially the stylo-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-pharyngeal inuscles^ 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 tmisclc 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 co!istrictors 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 pharyn.x are from many sources and are irregu-

lar. The chief is the ascending pharyngeal, which runs up near the posterior lateral

angle. Occasionally, when enlarged, it is seen pulsating on the posterior wall.

Branches from the facial play an uncertain part. The vei7is 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 arc from the glosso-

pharyngeal, the pneumogastric, and the sympathetic, to a great extent in a plexiform

arrangement.

PRACTICAL CONSIDERATIONS : THE PHARYNX.

The pharynx may be 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'Acnd. des Sciences, Paris, tome cv., 1887.
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T\\Q posterior zcail ul tlie pharynx is separated from the anterior surfaces of the
bodies of the first live cervical vertebrae only by some loose connective tissue and by
the prevertebral fascia and muscles. Through it, by pushing the finger up above
the soft palate, the basilar process of the occipital bone may be felt, and below the
bodies of the upper four cervical vertebrie—in children the upper six—may be pal-

pated. The hard palate, or the lower margin of the posterior nares, and the anterior

arch of the atlas are on the same level.

In disease of the body of the sphenoid, in fracture of the base of the skull

involving the basilar process, or in fracture or dislocation of the cervical vertebrae

the information gained by this examination will often be of great value.

The retropharyngeal alveolar tissue—which is necessarily loose to permit of

the movements of the pharynx during deglutition and of its distensibility—is some-
times the seat of infection which may have gained access through the pharynx itself,

or through the lymphatics which spring from the posterior nares, the summit of the

pharynx and the prevertebral muscles, and which empty into a lymph-gland situ-

ated between the prevertebral fascia and the pharyngeal wall. Abscess in this

situation may by gravity descend by the side of the oesophagus into the mediasti-

num and has been known to reach the base of the thorax (page 553, Fig. 546).
During its descent it may cause much dyspnoea by setting up oedema in the region

of the glottis. Usually it first pushes forward the posterior wall of the pharynx,
and can be recognized as a fluctuating swelling and opened by direct incision.

Collections of fluid resulting from tuberculous disease of the cervical vertebrae

may occupy the same space after perforating the thin prevertebral fascia and may
take the same course, or they may be guided by the lateral expansions of that

fascia to the posterior and lateral portions of the root of the neck or to the axilla

(page 552, Fig. 545). As in these cases the avoidance of mixed infection is very
important, such tuberculous collections, when they require opening, should be
approached through the neck by an incision along the posterior border of the

sterno-mastoid.

Retropharyngeal abscess of any type should never be allowed to open spon-
taneously on account of the danger of immediate suffocation from flooding of the
larynx with pus.

In cases of fracture of the posterior fossa of the base of the skull, with hemor-
rhage into the pharynx (fracture of the basilar process), or of the middle fossa,

with hemorrhage reaching the pharynx through the Eustachian tube (fracture of

the petrous portion of the temporal), the need for frequent and persistent attempts
to make and keep the pharynx as nearly aseptic as possible should never be
forgotten.

The adenoid tissue of the posterior wall—the pharyngeal tonsil—may undergo
hypertrophy, cause deafness or respiratory obstruction, and require removal.

The lateral walls of the pharynx are in such close relation with the internal

carotid artery that in aneurism of that vessel the pulsations may most easily be felt

and seen through the pharynx. In many instances the vessel has been opened in

penetrating wounds of the pharyngeal wall by foreign bodies. The internal jugular
vein is not so exposed to injury and is more rarely wounded. In one instance of

pulsating tumor of the pharynx, pressure on the external carotid arrested the pulsa-

tions (Barnes).

The styloid process and a rigid or ossified stylo-hyoid ligament can be felt

through the lateral wall. Attempts have been made (in cases of hysterical persist-

ence of pharyngeal symptoms after the supposed swallowing of a foreign body) to

remove these structures or a cornu of the hyoid bone, under the impression that

they were the offending substances.

The pharynx is very distensible, and foreign bodies, if not of great size, are
apt to pass through it as far as the level of the cricoid cartilage, where its diameter
is only 18 mm. (3^ in.). In an adult this point is beyond the reach of an average
finger, as it is about the entrance of the oesophagus, which is about six inches from
the incisor teeth.

For the removal of impacted 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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throui^h the neck from a point midway between the symphysis and the an^le of the

jaw to the cricoid cartihige, dividiny^ tlie phitysma and the omo-hyoid and sepa-

rating the jjosterior l^elly of the (Ugastric and the stylo-hyoid from the hyoid bone
;

or a subhyoitl pharyngt)tomy will give access to the lower walls of the pharynx by
division of the superficial fascia, the sterno-hyoid and thyroid muscles, the thyro-

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 i)harynx, and when hypertrophied 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 elevated and with-

drawn from the pharynx by the coincident contraction of the stylo-pharyngei.

Swallowing is therefore apt to be painful 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 divide 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 involve the stroma
of the gland, the infection and the exudate being limited to the tonsillar crypts and
to the surface. In the supi)urati\e form the infection is deeper, the stroma is

affected, 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 downward 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 jilexus 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).
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The deafness often associated with hypertrophied tonsils is the result of adenoid

growth in and about the luistacliian tube. The intervention of the soft palate pre-

vents direct pressure by the enlarged tonsil upon that canal. Reflex spasmodic

cough mav IdUow irritation of the glosso-pharyngeal filaments by inspissated secre-

tion within the follicles ; fetid breath often results from the decomposition of such

secretion ; epithelial necrosis and denudation render such tonsils a common seat of

entrance of various infections, as the tuberculous—emphasized by the frequency

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 (including many cases of so-called " inflammatory rheumatism") or

endocarditis may follow a trilling "sore throat."

THE CESOPHAGUS.

The oesophagus or gullet is a musculo-membranous tube, about 25 cm. (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 vertebrae,

about 15 cm. from the incisor teeth, and ends below the diaphragm, opposite the tenth

(sometimes the eleventh) thoracic vertebra. The entrance into the stomach is marked
by a groove on the left of the gullet, best seen w^hen 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 pericardium

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 vahe 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 Physiology-, vol. xxxiv., 1900.
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At first the cEsophaj^us lies behind the trachea on the prevertebral fascia, the
lobes of the thyroid yland touchinjLj it on either side. As it descends to the left, the
trachea is partly on the rii^ht. The left recurrent laryngeal 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 subcla\ian arteries are very
near it, if not in actual contact. As may be inferred, the gullet and the aorta are

Fio. 1^562.
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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 thora.x : 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 emerije near the diaphraiini, the left in front, the ri_i;ht behind the food-tube.

On enteriiiii- the thorax, the cesophai^us is in contact with the left i)leura, and con-

tinues to be until separated from it by the aorta. Behind the i)ericardiimi it is in

contact with the right pleura, and just before passing: through the diaphraij;m it is in

contact with both.

Muscular fibres bind the oesophai^us to various neio^hboring structures. A toler-

ably constant band attaches it to the left bronchus, and others may go obliquely to

the riglit l^ronchus. Several irregular bands, mosdy muscular, pass from it to various

parts of the plcunt and pericardium.

Structure.—The wall of the oesophagus (3.5-4 nmi. thick) 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 mucous 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-layer

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 layer is occupied by a mtis-

czdaris inucoscs, the involuntary muscle of which begins at the cricoid cartilage, first
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appearinc: in the continuation of the ehustic lamina of the phan-nx. At the upper end
only slightly developed, the muscularis mucosa^ becomes more robust until in the

lower portion of the cEsophagus 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 eftacement of folds. It is continuous with the phar\'n-

geal fascia above.

The icsopkagcal Qlands ;ire oi 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. Schafifer).

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 commonlv somewhat tortuous, and often present dilatations or ampullae;

the smaller tubes are clothed with simple
Fig. 1364 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 oesophagus.

Lvmphatic tissue occurs within the

mucosa of the oesophagus as more or less

distinct aggregations. Sometimes these

are in the form of small difluse areas of

infiltration around the ducts of the mucous glands ; in other places, especially towards

the lower end. distinct lymph-nodules are present (Tig. I364>-

The imiscular r^^^/ consists of an inner circular and an outer longitudinal layer,

although the disposition of the individual bundles is often irregular and oblique, and

above somewhat intermingled. In the upper third of the tube the muscular tissue

consists entirely of striped fibres, the circular ones being continuous with the simi-

larly disposed fibres of the inferior constrictor of the phan,nx. 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 forni

of tissue, the involuntary variety gradually predominating until in the lower third 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 running 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 and the gastric. The veins are interesting only inasmuch
as the upper ones open into the azygos system and that of the inferior thyroid above
and the gastric system below ; they thus form a communication between the general

and the jjortal venous systems. The lymphatics—not numerous—go to the nodes
of the deeper part of the neck and of the jiosterior mediastinum.

Nerves are from tlie cLsoj)hageal jile.xus.

The mechanism of the closure of the cardiac end of the stomach is most properly

considered with the oesophagus, depending as it does partly on the direction of that

tube, partly on the relation of the diaphragm to it, and jxirtly on the folds of mucous
membrane at its orifice. Frozen sections (Fig. 1509), both horizontal and frontal

(Giibarof!' ), show that the termination is almost horizontal. Dissections of the dia-

phragm from above demonstrate that the arrangement of the muscular fibres is that of

a sphincter, although a weak one. The projection of the folds into the stomach is a

further 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 OESOPHAGUS.

Congenital malfonnations 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 cesophago-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 A-arieties

analogous to the oesophageal diverticulum from which the larynx, 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 y^ 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 cesophagus 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 completely 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-mastoid muscle from the cricoid cartilage to the sternum. The
longitudinal fibres of the oesophagus 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, fiir Anat. und Phys., Anat. Abtheil., 1885.
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The recurrent larync^eal nerve lying in tlie groove between the trachea and
CESOphagus should be axoided, as sh(nild the superior and inferior thyroid arteries

which run across the deejier 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 sul^ce.

Mediastinal or posterior cesophagotomy has been done on both the left and
right sides by resection of three or four ribs (third to eighth;, jjushing the parietal

pleura to one side. The pleura on the left side is more easily disi)laced than that on
the right, which extends across the median line as far as to the right of the thoracic

aorta.

Strictures 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 predi-

lection for sites vyhere 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) afTect

the oesophagus by causing compression of its walls (vide supra), 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) pressjire

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) ti'action from without,

as in cases of bronchial lym!)hadenitis, in which adhesions and subsequent cicatricial

contraction have dragged the wall out into a pouch. It is apparent that the anterior

w^all 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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In the use of oesophageal instruments the normal curves, measurements, and
constrictions should be remembered, as should the possible relation of abnormal

narrowinj^ to abscess, aneurism, or thoracic disease. The curve made by the roof

of the mouth, the pharynx, and the bei^inning of the lesophagus should be some-

what straightened out by tiirowing the patient's head slightly back ; the tongue and

anterior pharyngeal wall shoukl 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 instrument safely into the gullet, except in cases of

pressure of diverticula. The beginning of the procedure may be facilitated by
voluntary deglutition on the part of a non-anaesthetized patient.

In some cases, especially in children, 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 the 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 worthless for accurate description.^ Hardly two authorities

agree as to the location of the lines, but for general purposes 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 vertical

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, the peritonejon, 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 alw-ays 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 1 740) ; 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 tlie references to peritoneal relations which necessarily follow

in the consideration of the organs, to point out that the pane/a/ unci viscera/ portions

of the serous nienibrane are continuous, the former investing the abdominal walls,

the latter the organs. The j)eritoneal folds passing from a viscus to the body-wall

have received in many cases the name liQ;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 jyiesentcry, parts of which per-
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sist as free folds, while others fuse with the abdominal walls. The term mesentery is

vaguely applied to that portion going to the jejuno-ileum, while other parts are distin-

guished by the name of the part (jf the intestine to which they are attached, as tneso-

colon. The term omc7itiim is aj)plied to folds attached to the stomach, as the gastro-

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 and lubricated with a thin layer of serous fluid, secreted by the membrane,
by which friction between the organs and movable surfaces is reduced to a minimum.

The serous membrane, consisting of the endothelium and the fibro-elastic tunica

propria, is attached to the subjacent fasciie of the abdominal wall and the organs by

a layer of subperitoneal tissue, an areolar stratum forming a more or 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 existing in early life ; hence the history of

the changes occurring during development is essential for understanding the complex

relations found at later periods.

PLAN OF THE DIGESTIVE TRACT BELOW THE DIAPHRAGM.

The subdiaphragmatic digestixe tube is divided into the stowae/i, \\\^ small iutes-

tijie, and the large intestine. The small intestine is subdi\ided into the duodenum and
the jejuno-ileum. The former of these is an imperfect 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 21.5ft.) of intestine thrown into folds by its

attachment to the free edge of the mesentery. The upper two-fifths of this is called

the Jejunum and the rest the ileiwi ; but, as the division is absurd, it is better to

speak of this portion of the small intestine as the Jejuno-ileum, sometimes alluding

to the upper part as Jejioium and to the lower as ileum. It ends at the right iliac

fossa bv joining the large iyitestine, a little over 1.5 m. (usually about 5.5 ft. j long,

which is subdivided into the eceeum, a blind pouch, and the colon, which is ascend-

iyig in the right flank, transverse across the middle of the abdomen, and descending

on the left. This is followed at the crest of the ileum by the sigmoid 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 a7ial 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 regions, 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 original 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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Fig. 1366.
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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 f>f 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

OT Pyloric end i\\G. 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

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 Antrum-

triple. Sometimes, on the other

hand, the terminal part of the
Ant^r. ; .. ;

.

stomach is tubular and to be dis-

tinguished from the intestine only by its thick walls

which seems to extend beyond the usual Hmits 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

1609 J. The position ot 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 bv the thickening of the layer of circular muscular fibres, improperly

calied 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

moderately distended.

Fig. 1368 shows such a case

Fig. 1367.
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can be certainly recognized when the

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 difificult 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

* Dwipht : Journal of Anatomy and Physiology', vol. xxxi., 1S97.

' Berr)" and Crawford : Ibid., vol. x.xxvi., 1902.
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Fig. 1368.

Pvloru;

Outline of stomach with
constricted and greatly elon-

gated pylorus.

stomach is necessarily oblique, althou<j;h the lesser curvature is vertical until near its

end. The axis slants downward and to the right as well as forward, the pyloric

portion being disregarded. The stomach is sometimes comparatively tubular, the

fundus being but little developed, although the cardiac opening is always on the

right side. This is a continuation of the fcetal form, and is more often seen in

women. There is often ( possibly normally; a hint of a con-

striction about the mitldlc.

The above description, which is essentially the conven-
tional one, is that of a distended stomach. The constrictions

marking off a single, double, or even triple antrum pylori

are due to the contraction—which generally persists for some
hours after death—of bundles of the circular fibres. Such
constrictions sometimes become fi.xed. The true shape of

the stomach in life when non-distended is very different, but

not yet thoroughly known. It is rather tubular, owing to

the contraction of the muscles in its walls. The fundus is

puckered and more or less constricted of? from the rest, as is shown by the study
of hardened bodies (Fig. 1369).

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. (4^2 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. j, 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. (r. 25-4. 25 pints), with an average of 1200 cc. (2.50 pints).

Peritoneal Relations.—The greater omentum, the original posterior mesen-
tery, 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 dia-

phragm without 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 Fig. 1369.

so till it reaches the pylorus. The Cardiac end
fold passing to the diaphragm at

the beginning is the gastro-phrenic

ligament. This is joined by the

gastro-pancreatic fold on the pos-

terior abdominal wall which con-

veys the coronary artery to the

right of the cardiac opening. This
last fold is important in relation to

the topography of the peritoneum,
but not to the stomach. The lesser

omentum is attached along the

whole of the lesser curvature, ex-

cept that its posterior layer may
leave it below the cardia to join on
the back of 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 between
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. (^^/^ in.) to the left of the median line. The
lesser curvature descends \'ertically in an antero-posterior plane, parallel to the left

border of the ensiform, but slanting strongly forward, until it suddenly turns to the

Pylorus

Stomach with puckered fundus, seen from behind and somewhat
from left ; hardened by formalin.
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Xon-peritoiieal area

Cardiac orifice

Lesser ometitiini

right, rises, ami cuds opposite the sjjace between the cnsiform and the end of the

eiglith or niiilii right costal cartiiaj^e, on a level with the first linnbar \ertebra or the

disk below it, about 1.2 cm. (^2 in.) trom the median line. The pyloric orifice is

affected to such an extent by chanjjjes incident to variaticjns in distention that it

is manifestly impossible definitely to fix the position 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

Atldison, a jioint 12 mm. { fi inch ) to the right of the median plane midway between
the top of the sternum and the j)ul)ic crest will ordinarily correspond trj the i)osition

of the pylorus. Tha /loidus 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 u[)ward 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 jxirt of the diaphragm below the pericardium, or the

stomach may be against the diaphragm in the anterior part of this region. A small

triangular j)art 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 cf)Stal cartilages. This ap])earance gave
rise to the old error that the stomach is placed transxersely. According to Tillaux,

the stomach in its most con-
FiG. 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 transverse 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

stoviach-bed (Fig. 137 1). This

hollow is made by the diaphragm
o"nrTHe Teff of Ihe aoi-ta, by the

left sujirarenal capsulcj^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

or the diaphragm makes a deep indentation in the stomach -to^thc left of fhVc^-
dia. The coeliac axis and the semilunar ganglia are rather to the right of thelesser

curyature. 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 forward 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 moyed 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 moyes 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 Pliysioloc^y, vols, xxxi., xxxv., 1S97, 1901.

Pylorus

Pc>s;erior aspect oi stuiiiach at binh, showing periloiieal relations.
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Structure.—The walls uf the stoiiKich, 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 mucosa is soft and \elvety, easily movable on the lax
subjacent areolar tissue, thickest near the pylorus, and presents many folds or ri/c^tz,

which during distention are more or less completely effaced. The folds are in the
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main longitudinal, especially at the pyloric end, but many smaller ones run in all

directions.

The epithelmm covering the free surface of the mucous membrane consists of a

simple layer of tall columnar elements, from .020-. 030 mm. in height, many of which

are goblet-cells engaged in producing the mucus lubricating the gastric surface. At
the passage of the oesophagus 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 zig^zag

and well dehned, 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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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 mm.
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-

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. ; 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 rug^e, the gastric surface exhibits a mammillatcd condition
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consisting- of snKiU polygonal :\rras pitted by the crypts which receive the orifices of

the glands.

The gastric glands constitute two i)rincij)al groups, the /undus and the pj/oric

glands ; the former occupy the major part of the stomach, including^ the fundus, the

anterior and posterior wall's, and the curvatures ; the latter occur in the pyloric fifth

of the organ. An additional fundus variety—the cardiac g/ands—is represented by

a narrow "zonular group 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 duct, 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

b#V'*\£^^^

Submucosa

Muscularii
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i^—Gastric glands

Blood-vessel

r~Obliquely cut
bundles of

circular
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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.

The 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 numl)er towards the fundus, in which locaHty 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 uf 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 \ ery tortuous gland-tubules opens, and in the simple character of

their lining. The latter consists of
riG. 1^70. ^ single layer of low columnar or

'"^ '^^
- .

pyramidal elements, which corre-

spond to and resemble the chief

,
-^jr-. cells of the fundus glands. Their

I
f 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

1612). 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 thev contain goblet-cells and exhibit a cuticular border

(J. Schaf^er).

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

' Parietal cell

^iS^5^<
Deeper portion of g:astric glands from fundus, showing two

varieties of lining cells and secretion-capillaries connecting pari-

etal cells with lumen. • 423.
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the vicinity of the pylorus, and sometimes also at the cardia, a number of small

lymphatic nodes—the so-called lenticular glands—normally occupy the deeper

parts of the mucosa ; occasionally tliey are of sufficient size to almost reach the

free surface.

The muscularis mucosa:, as in other parts of the intestinal tube, consists of a

well-marked collection of involuntary muscle, deeply situated ne.xt the submucous

coat. Two layers are usually distinguishable, an inner circular and an outer longi-

FiG. 1377.

_Miicous coat

e of

^^^te^^^ftSi^**— Muscul^ muco:
laris

mucosae

. Submucous coat

-Circular muscle

Longitudinal muscle

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 nerve-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 circularfibres, which are thickest and most
simply arranged near the pylorus. Owing to the enlargement of the uj^per 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 arrantjed in a

whorl mingling with those of the internal layer. Still lower, although in llie main
circular, tluir course is uncertain. Towartls the pylorus they thicken considerably,

being particularly well develojicd in stomachs of which the pyloric {)art is tubular.

At the opening they are collected into a ring

—

\\\ki pyloric sphincter—capaljle of closing

the orifice. The lofii^ilndinal layer is outside (jf the circular one and continuous

Fig. 1378.

Fundus of gland

Muscularis mucosa-

—

Section of pyloric end of stomach, showing glands and pui t of lymph-node. • 100.

with the lonq-itudinal 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 antrimi pylori, although the

layer is continuous all around, it presents an anterior and a posterior band,

—

the

Pyloric lii^afnents,—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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the g:iillet and diverc^e to cither side, showiiii^ a well-marked border near the lesser
curvature. Their posterior expansion is the stronj^er. The diverginj^ ribres are lost

near the pylorus, while in the vicinity of the fundus they mingle with the circular
ones that form the whorl. The latter, according to Birmingham, is formed by this

layer alone.

Tlu' serous coat corresponds in structure with other portions of the perito-
neum, consisting of the endothelium of the free surface, beneath which lies the
fibro-elastic stroma attached

to the muscular tunic. ^^^' '379-

Blood-Vessels.— The
aficrifs of the stomach, di

vature below passes behind it

on the fundus. The arch

along the lesser curvature is

formed by the coronary ar-

tery, which sends an oesopha-

geal 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 gastro-epi-

ploic, reinforced behind the

fundus by the vasa brevia

of the splenic artery. The
gastro-epiploicade.xtra passes

down on the right of the first

part of the duodenum close

to the pylorus ; branches
arising on the front at that

region may nearly or quite

make an arterial ring around
the organ. The coronary
artery supplies the longe
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 di\-ide with less regu-

larity. 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-

iidus
"I glands

. Muscularis
mucosae

Oblique section of mucnuR membrane from pyloric end of stomach, show-
ing glands cut at various levels. X too.
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Pyloric ring

Stomach turned inside out, showing dissection of oblique and
circular muscular coats.

tubules with a close mesh-work. SoinewlKit larj^er capillaries constitute a superficial

plexus beneath the epithelium encircling the orifices of the tjastric crypts. 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 ple.xus ; from the latter radicles

pass into the submucous coat, in

which the xenons trunks run jKiral-

lel with the arteries, but lie nearer

the mucosa ( Mall ). The emerging
tributaries are often provided with

valves at their junction with the

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 mucosee ; at this level they form a ple.xus from w hich vessels

descend into the areolar coat to join the wide-meshed submucous ple.xus. 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 i)oth medullated and nonmedullated fibres, the latter

predominating. On
Fig. i?8i. reaching the organ, the

stems pierce the exter-

nal longitudinal muscu-
lar layer, between which
and the circular layer

they fo'-m \\\e plexus of
Auerbach. 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 plexus of
Meissner. 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

dendrits of sensory neurones, are also present within the mucosa, where they form

a subepithelial plexus after losing their medullary substance. The ultimate termi-

Mucos:

Subniucos;

Muscularis

Serosa i'ji*

1 raiibxerse sccliuii ol injijclcd stomach. •. 50.
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nations of the nerve-fibrcs within the- mucosa, especially their relations with the
i^^land-cells, are still uncertain.

Growth.— .At I)irth the capacity of the stomach is 25 cc. The orj^an, althoui^h
sometimes rather tubular, tloes not differ very much in shape from that of the adult.

The ctsophay^us enters it less ohlitpiely than later, so that rej^urgitation occurs more
readily. The sphincter of the jjylorus is already develoi)ed. We do not remem-
ber e\er to have seen at birth a well-marked antrum pylori. An important pecu-
liarity of the growth of the stomach is the unequal devek)pment of the two sides at

the fundus. 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 of

the greater omentum -

is along the posterior

surface. This unequal
growth is quite 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 n.o 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.

Surface view of fragment of muscular coat of stomach, showing groups of gan-
glion-cells and nerve-fibres of plexus of Auerbach. X 70.

PRACTICAL CONSIDERATIONS : THE STOMACH.

Congenital tnalfonnations 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. When it is

empty the pyloric end descends and the long axis of the stomach is oblique from
left to right, approximating the vertical (/.<?., 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.
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denuni (the fixation bcinp; due to the relation ol the superior mesenteric artery and
to the root of the mesocolon in front), while al)ove the cardiac end is susjjcnded
from the cesophai^us and held in j)lace by the ^astro-phrenic and i^astro-splcnic lij,'a-

nients. 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 reg^urgitation of duodenal contents is exceptionallv easy. The
" gnawinj^ pains" of hunii^er or star\ation (distinct from the sensation of huntjer
itself) are at least partly due to the traction on the nerve-plexuses and filaments
resultinjL,^ 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 \iscera.

When the stomach is distended the enlargement, whicli 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 pneumogastrics 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, difficult 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 heematemesis. 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.

Ernctatio7i 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, refle.x, and
direct—should be worked out systematically.

Injuries 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 ru[)tured 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 " (p^ige 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 cmj)tiness 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 niav follow ; if the anterior wall is opened, infection of the general

peritoneal cavity and septic peritonitis are more likely to result. On account of the

course of the bloo(.l-\essels ( pai,^e 1627), wounds parallel with the a.xes of the curva-

tures are atteiuletl l)y free hleeilint;-, especially if near those borders of the stomach.

Wounds runnin^^ moix- or less at right angles to the curvatures and remo\'ed 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 by the looseness of the submucous cellular tissue.

Ulcers of the stomach are found most often on the posterior wall at the pyloric

end and 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 thinks 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 the 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

fistulae communicating with those viscera. They may ])erforate 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).
. .

,

Cayicer 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

siipra), 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 lym-

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 curvature and the cardia to the retro-oesophageal 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 unsatisfactory.

Dilatation of the stomach {gastrectasis) may be due to simple hypertroph)- 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 some instances the

outline of the distended stomach can plainly 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 rii,dit costal nian^dn (Osier). The dilatation may be of any degree,

the lower border of the stomach sometimes reaching to the level of the pubes.

Disp/aieiiitiit of the stomach {ffustroptosis) is attended by great stretching of

the gastro-hejiatic, gastro-sj)lenic, and gastro-jihrenic 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 vise of corsets or clothing constricting the lower thorax,

especiallv in women with flaccid abdominal walls. The displacement may be con-

genital, or may be due to primary elongation or rela.xation 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 thora.x through a stab wound or rupture, or through weakened

or enlarged spaces at (a) the central tendon, (b) the posterior inferior muscular area,

(r) the interval between the sternal and costal fibres, (d) the aesoi)hageal foramen,

{e) the fissure between the lumbar and costal portions, or {/ ) the point of passage

of the svmpathetic 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 Sto)nac/i.—The stomach is most accessible for operation

through a triangular space, aj)ex 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 tij^s of the tenth costal cartilages and corresponding

approximately 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 (Labb^).

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 l)ehind 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 Cpage 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 longitiuUnal Inincl, the sacculations, and the epiploic appendages

on its lower aspect may be seen. If any dou))t exists, the under surface of the left

lobe of the liver should be followed up by the hni^er to the transverse fissure and

then down on the gastro-hepatic omentum to the lesser curvature of the stomach.

The dependent greater omentum and the gastro-epiploic artery on the greater cur-

vature aid in the recognition of the stomach.

In gastrotomy—as for foreign body, for exploration, or for retrograde dilatation

of the oesophagus—the incision may be vertical and midway between the two curva-

tures to minimize the hemorrhage {vide supra).

In gastrostomy—the establishment, for purposes of feeding, of a direct com-

munication between the surface of the body and the stomach cavity—the abdominal

incision may be oblifiue, parallel to the left costal cartilages, and 2.5 cm. (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 stomach, 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.

\Vi 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.

In Pyloredomy or gastrecto/fiy]a.rge 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-

duodenal 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, will 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 t\\e Jej^ino-lleum. 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 j^reatest in the duodenum (not always at the same point), beyond

ivhich it gradually decreases, the diameter of the gut at its lower end being nearly

one-third smaller \han 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.

Liver

Trans\erse coloi

Iciform ligament

Stomach

Ileum

Greater omentum (cut
surface;

Coils of jejunum

Descending colon

Sigmoid flexure

Abdominal organs of formalin subject. Stomach v»-as 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 viucous, the subinucoiis, the muscular, and

the serous. .

The mucous coat, in addition to the glandular structures, possesses folds and

villi that not onlv greatlv increase its surface, but also contribute peculiarities which

aid in differentiating between tvpical portions taken from various regions. The
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epitluiium covering the free surface consists of a single layer of cylindrical cells which

exhibit a striated cuticular border next the intestinal lumen. This border lacks

stability, and is resoK-able into minute jjrismatic rods, placed vertically and probably

continuous with the spoiii^ioplastic threads within the body of the cell. In many
places, esjiecially over the villi, mucus-producinu^ goblet-cells share the free surface

with the ordinary epithelial elements. Hetween the latter migratory leucocytes are

always to be seen. The stroma or tunica proi)ria of the mucous coat resembles

lymphoid tissue, being composed of a connective-tissue reticulum containing numerous

small round cells similar to lymphocytes. This stroma tills the spaces between the

glands and forms the core of the villi over which the epithelium stretches. The deep-

FiG. 1384.

Villus

Duct of Brunner's glands

Muscularis mucosse

•Orifice of gland of Liebcrkiihn

Brunner's glands

Brunner's glands _.^4s^4^0^^l>^^,-_.^;v>:;y;;^r^^.

^^^^S^^ftSKS 'ICC

-~,:C*ss-£'g9^

. - -
'J

\

'-

'^r ^ Circular muscle

-.^^^...^^.r^^^''^^*^'**^**"'^-^^:'?*?^^ - — Longitudinal muscle
Serous coat -~ -ii^S^-^;. .;,:,^.V-c

•-:- ;^:- -^- '

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 muscularis mucosa, in

which an inner circular and an outer longitudinal layer are distinguishable.

The villi are minute projections of the mucous surface, barely \'isible 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 are, 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 framcwDrk of the lymphoid stroma-tissue,

covered by columnar epithelium, which sujiports the absorbent vessel and the blood-
vessels, tojjether with involuntary muscle. The reticular tissue constitutinj.^ the villus

is condensed at the periphery, the existence of a defmite limitinj,^ membrane being
assumed by some (J. Schafi'er, Spalteholz, Kbner). Kach villus is suj)plied by from
one to three small arteries, derived from the vessels of the submucosa, which break
up into a capillar)- net-work lying beneath the jieripheral 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-\essel 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 villi contain

only a single lymphatic, from .025-035 mm. in diameter, those of broader form often

contain two. three, or even more 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 mucosa-, 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 ( FLbner).

The valvulae conniventes
(plicae circulares). 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 eflaced 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 ef!aceable, 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 de\eloped.

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 effaceable, and finally very much so. In

Gland

Villus

Surface view of mucous membrane of jejunum, showing villi

and orifices of glands. / 35.
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this respect much variation exists, which partially accounts for the differences found

at the lower part of the small intestine, where often the valves are absent, while at

other times they are well marked. Sernol? ' found in subjects treated with chromic

acid injections that the valves were as frecjuent in one part of the small intestine

as ani)ther. but less regularly trans\erse in the lower. He observed places without

valves, usually at the conve.x'ity of folds, in all parts of the j,ait, and regards them as

largely dependent upon the condition of the muscular coat. It is certain, however,

that the valves of the upper part of the intestine are independent of this influence
;

those in the lower portion, perhaps, may be produced in such manner.

Glands.—The structures within the alimentary tube to which the term "glands"

has been applied include two entirely diilerent groups, the true and the/a/.y^ glands.

Fig. 1386.

Stroma of tunica propria -|:l^^;^ .^-j
.

^J^'^m^T
-Surface epithelium

Lacteal
V "^VKf »

*^ «^-' ^ " K "41 ^ 0)

-Goblet-cell

Submucous coat

•Gland of Lieberkiahn

Muscularis mucosae

Circular muscle =—^^^-58^^^Ev-^^5S=-^^"='-^2='^?-:5r^s3.,

Transverse section of small intestine (jejunum), showing villi 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 lymphatic 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-. 080 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 contimioiis with those coverinj:,'^ the villi. They differ

from tlie latter in beinj^ only about hall so hi.nh (.018 mm. j and in not presentinjj^ the
characteristic cuticular border. This last gradually disappears as the cells dip into

Fig. 1387.

/

-'•.ohkl-.X-ll

'"apillary

Sx^ Cutii ular Imrder
/^^ of epilliL-liuni

"^S^^O'^. >-:t'l^-a'

- Stroma of
mucosa

Transverse section of sinj,'lc intestinal villus, showing relation of
epithelium, stroma, and vessels. X 350. eiiil 111 jij\niuiii ^lii)\\ni_L; \:il\ula' conni-

ventes. Stippled appearance is due to villi

covering foltls. Natural size.

the tollicles 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

Submucosa

tudiiial

le

LonRitudinal section of duodenum ; valvul.e conniventes cut across, shovvinR relation of these folds to villi. X 15.

the areas immediately over the lymj)h-nodules, where they are partiallv 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 witliia the epilhelium uf the villi. It is worthy of note that even in the adult

mitotic figures are frequently observed within the cells lining Lieberkiihn's glands,

although such evidences of cell-division are rare among the elements covering the

Fir.. 1390.

^ji^r^'i"-^

Uuct of Bruiiner's glands

Villus

node
, , ''ij^i^:.--

Brunners —it^^^:i;^-.'t^;
glands

; '^T^^-?i^^V:v•X•/.^t

Gland of Lieberkiihn

Circular,
muscle

I

i

I nnp'itiirlinal " -^ --^ -'^

muscle ' -.^LTzJl-iJ]

Serous coat —

m

Longitudinal section of duodenum, showing Bnmner's and Lieberkijhn's glands, villi, and lymph-node. V 100.

villi. Bizzozero therefore regards the lining of these glands as an active source for

the regeneration of the intestinal epithelium by the production of new cells. As on

the villi, so also in these glands goblet-cells lie among the usual epithelial elements ;

likewise migratory leucocytes are present between the gland-cells.

Fig. 1391.

Pyloric glands

Sub-
mucous
coat

Circular

—

~
muscle
(sphinc- ;^
ter <^.'-'

pylori)

>'-:;-:']:4^ *<< A

Longi-
tudinal
muscle

Stomach Duodenum

Longitudinal section through junction of stomach and duodenum, showing transition of pyloric into duodenal glands
;

also thickening of circular muscle to form sphincter pylori. < 23.

The glands of Brunner, also often appropriately termed the diiodc7ial giands,

are limited to the first division of the small intestine. Beginning at the pylorus,

•where they are most numerous and extensive, 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,

F;g. 1592.

Fol
nodules

Surface views of mucous membrane from upper (A 1 and lower {B) part of ileum, showing folds and soiitar>' lymph-
nodules. The velvety appearance is due to the villi. Natural size.

Brunner's glands chiefly occupy the submucosa, the migration taking place at the

pyloric ring CFig. 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 e.xcretory ducts pierce

the mucous coat and open either directly on the free surface or into the cr)-pts of

Lieberkiihn. While narrower than the flask-shaped alveoli, the epithelium of the

ducts is the same as that found in

the deeper parts of the tubules. Fig. 1393.

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 obser\-ed depending upon
differences in functional condition.

Brunner's glands correspond to

the pure mucous type TBensley).

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 uod-

ttles, or be collected into consider-

able masses, as Peycr s patches.

The solitary nodules vary

greatly in number and size, some-
times being present in profusion in all parts of the small intestine, at other times

almost wanting ; they are usually scanty in the upper and more numerous in the

middle and lower parts. 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.

Orifice of
Lieberkuhn"s

gland

lodule ; C* * ^'t ^ '

^fe-&

villus

—

V-. *:.t ,̂:--tj7' ' ^ \-0

^< V ^!^Z

Surface view of mucous membrane of ileum. X 30.
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1

The walls of the latter, however, are so closely applied to the nodules that the exist-

ence of the pit is not at first evident. \'illi are wantint^ over the prominence of the

nodules ; likewise the glands of Liel)erkuhn, the orifices (jf which are arranjj^ed as a

wreath around the nodules. The
Fig. 1394- latter are ffjund as much on one

side of the intestinal tube as on
the other.

In structure the solitary nod-

ules correspond to similar lymph-
nodes in other localities, con-

sistinj^ of a capsule of denser

tissue enclosing the delicate ade-

noid reticulum which sujjports

the characteristic lymphocytes
within its meshes. Within the

larger nodules germ-centres,

spherical or ellipsoidal in form,

occupy 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 individuals. A
generous blood-supply is pro-

vided by the rich net-work of

Surface view of portion of mucous membr.ine of ileum, showing
Peyer's patch and solitary lyiuph-tiociules. Natural size.

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 have not

been demonstrated within the nodules, although a plexus of lymphatics surrounds

their exterior (Teichmann).
Peyer's patches ( noduli lyraphatici 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,

Fig. 1395.

Submucous fold supporting mucosa with villi

Transverse section f)t 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

Submucous
coat

1-4 cm. and in l^rcadth from 6-16 mm. ; excci)ti()nally'tluir icnj^^th may reach 10 cm.

or more. In j^encral the size of tlie patches increases as tin; termination of the ileum

is api)roached. Each patch contains usually from twenty t(j thirty lymph-nodules,

although as many as si.xty or less than ten may be jjresent. The indi\idual nodules

are commonly somewhat pear-shaped, and when well developed occupy both the

mucous and submucous coats, their smaller end almost reaching the epithelium and

their base the muscular tunic. 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

j)ositions of the component nodules, the latter that of the blending internodular

tissue. The \illi and the crypts of Liel)erkijhn are i)resent over the areas between

the pits, although less developed than beyond the patch. In their minute structure

the lvmi)li-no(ies composing the patch closely correspond to the solitary nodules, the

aggregated nodules be-

I'lG. 1396. i"g blended into a con-

tinuous mass by the less

dense adenoid tissue

which fills the spaces

between the individual

follicles. The entire

patch is defined from
the surrounding struc-

tures by an imj)erfect

capsule.

The submucous
coat is lax, but not

enough so to allow the

displacement of the val-

\ul£e conniventes, 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 mm.
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

regularly 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 pa.ssage 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 distributetl 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,

Transverse section of injected small intestine, showiiiK general distribution. X 55.
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after supplyin_{T the serous coat, penetrate the muscular tunic to reach the submucosa.

Within the latter branches arise which, in conjuncti<jn with those directly i^iven off

during the passage through the muscular coat, supply the muscular tissue. The more
important and larger arterial twigs from the vessels of the submucosa enter the

mucous coat, in which some break up into capillaries forming net-w{jrks surrounding

the gland-tubules and supplying the muscular and stroma tissue
;
others pass directly

towards the villi, which they enter and supply by capillary net-works occupying the

periphery 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 \'eins 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 lacteals from their

conspicuous milky ajipearance when tilled with emulsified fat during certain stages of

digestion, begin as the absorbent or chyle-vessels within the \'illi. In addition to

these, radicles commencf^ within the stroma-tissue of the mucosa, in which the lym-

FiG. 1397.

Branch of mesenteric artery

Mesenteric vein

Lyniph-nutic

Lymphatics

Cut edge of removed
peritoneum

Nerves

Portion of small intestine and nics^i/.L:;. . .i, ... ,;.^ ..;i^: .^v, ;,^rves, and lymphatics; latter have been injected with
quicksilver. Anterior la\er of mesentery has been removed.

phatics form a plexus 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 tl]ese 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-medullated fibres from the cerebro-spinal and
sympathetic systems, closely follow the disposition observed in the stomach (page
1 628 j. After piercing the other longitudinal layer they form the intramuscular /Zf^^^.^

of Aiterbach, consisting of both \'arieties of fibres and microscopic svmpathetic gan-
glia. The nerves continue obliquely through the circular muscular layer and form
within the submucous coat \.\\e plexiis of Meiss7ier. 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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fibres has been demonstrated from w hicli terminal tibrilL-e are distributed to the mus-

cular tissue and vessels, as well as beneath the epithelium.

THE DLODENLM.

The duodenum at an early sta^e is a loop with a forward convexity pa.ssinj.( from

the pvlorus back to the spine. It enlarges into nearly a circle and turns onto its

right side, its termination remaining attached below the cceliac 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 li\er by the dnodcno-hcpatic ligament,

which is the free border of the lesser

Fig i-'qS
omentum, containing the portal vein,

Pylorus ^^ hepatic artery, and the bile-duct

-H. /-'X with the connective tissue about them.
Pylorus >

I
tj N "5:'l

This Structure is strong enough to de-

f. V .,
>. ^^ /(^ r"!

serve to be called a ligament. The
" ' \ -5t^ i^^ ^ A ^"^ duodenum is therefore nearly a ring sus-

i "^:^ \g^ '/%i i ^ pended at two pomts, one near the

\Qf' %iy^^-W beginning and the other (to be de-

^^ ^^ W^ scribed later) at the end. In the adult

•^', ^ w the shape is more or less a modification

^'^^./t^ of this imperfect ring. When relaxed

Casts of duodenum, showing u- and v-forms. and empty it oftcu nearly retains this

shape. When distended by inflation

or injection it usually shows four parts. The Jirst, 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 f/iird

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

dnodeyio-jejinialfiextire,—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 bv one which ascends obliquely to the termination. The less frequent variety

has the second pa'rt inclining forward and to the left as it descends, so that the \' 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 '

C-shaped 5

Not to be classified 5 •__• ^
38 17 15

•

Bv "indeterminate" is understood those that might be placed in any two of the U, V, or C
tv'pes, 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 Pl''^ne,—

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 onlv 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 greatlv in different bodies. The fourth jiart is the sma lest.

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. W e are sat-

isfied that tlie 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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The first part is often et^ij -shaped, narrowing at the ends. Its main direction

is backwaii-l, slii^htlv upward and to the rij^ht, to reach the hrst kniil)ar vertebra ; but,

as it is nio\able, its cHrection is somewhat variable. The j^'ut rests abo\'e ai^ainst the

quach'ate U)l)e of the h\er and the neck of the i;all-l)ladder, beliind wliicli it is free,'

forniin_o- the lower border of the foramen of Winslow. The left side looks into the

lesser peritoneal cavity, and is crossed near the Ixick by the common bile-duct. The
ri^ht side is chiefly against the liver and gall-bladder ; otherwise it is in contact, as

is the lower side, with coils of the small intestine. The lower side, moreover, rests

on the head of the pancreas.

The second part descends vertically, forminjj;- an acute an_u;-le with the first.

It is bent so sharply that a fold of the entire thickness often projects into the gut. It

lies on the right side of the \ertebral bodies beside the vena cava, and behind rests on
the right suprarenal capsule and kidney, being in contact also with the pelvis (jf the

latter, the renal vein, and the beginning of the ureter. The precise relations with

the right kidney are uncertain, owing to the variations both of that organ and of the

duodenum. It lies on the right against the ascending colon 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.

I<>om ol)servations on fifty-four adult duodena (thirty-eight male, sixteen female) we ha\'e

found that in the great majority of duodena of both sexes the lowest point is opposite the f(jurth

lumbar \ertebra or the disk above or below it. bi about one-quarter of the cases it is opposite
the third, and only some iialf dozen times opposite the fifth, of which cases some were probably
pathological. The mean of the female duodenum, in which sex the V-shape is most frequent,

is a little lower than that of the male, but not strikingly 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 fle.xure twenty-six times. It was wholly on the right of the aorta six times.

The fourth part lay in front of the aorta eleven 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 overlap it, but
this is rare. The mesentery of the small intestine usually rises above on its front sur-

face and gradually crosses it to the right. It may be \'ery 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 diwdeno-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

cceliac axis by the duodenal suspensory nutsele 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
\h^'duodeno-hepatic ligament hold all the duodenum after the very beginning sus-

pended and fixed so that only the beginning is movable. It is further secured by
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the retnvperitoncal connective tissue and by the peritoneal reflections. The shape
allows the iood 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 passaj,^e of
gases from the intestine into the stomach. At the same time the threat development
of the vaKes tends to retard the j)assa.ne of the food.

Peritoneal Relations.—The peritoneum of the front and back of the stomach
is continued alonj; the ri,L;ht and left sides of the first part of the duodenum respec-

Rif,'lit lung. -.
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tively. These layers meet abo\e aloni^'the {greater portion of the first part to form
the lesser omentum, which ends posteriorly, as already stated, by formin.tc the hepatico-
duodcnal liirament, consistinsj of the vessels entering the portal fissure of the liver
with their envelojjinij connective tissue. The free edjje 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 first part of the duodenum is covered by peritoneum

and forms the floor of the foramen of Winslow. The attacliment of the greater

omentum, which is continued from tlie greater curvature of the stomach onto the

under side of the duodenum, passes along its inferior surface to the second i)art,

where in the achiU 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 side into the lesser cavity.

The relations of the remainder of the duodenum necessarily vary 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 subsequent to the fusion of the serous

membrane of the right side of the duodenum and that of the posterior abdominal

wall. Very often when the fourth part lies in front of the aorta a fold (A 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
duodenal fossa

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 V-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.
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'Wkq. hiftrior duodenalfossa (Fij^. 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 j^assint^ from the left of the fourth part of
the duodenum to the posterior wall, with a free concave edge looking upward. The
j)ocket extends down behintl 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 from the duotleno-jejunal tle.xure to the posterior wall on the
left. The pocket is less deep than the j^receding. It is usually vascular, the in-

ferior mesenteric vein running in the fold, sometimes near its edge. These two
fossre 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 niesocolic 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 th s membrane is reflected so as to show it, the fossa

appears to run upward. The in-

FiG. 1401. ferior mesenteric vein may be in

the fold.

The paraduodenal 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 retroduodenalfossa is an
uncommon pouch under the third

and fourtii parts of the duodenum,
extending uj)ward 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 back part of the left or inner wall, from 8.5-10 cm. (about 3^-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 jiretty firmly in place, so that the folds are permanent.

' Jonnesco calls this also the fossettc duodeno-jcjunale ; but, although following him other-

wise, we have retained duoHeno-jejunal as the generic name.

Surface view of mucous membrane of duodenum ; entrance of

bile and pancrealic ducts shown by probe, which lies in bile-duct.

Papilla is surrounded by hood-like fold. Natural size.
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Blood-Vessels.—Artcriis.—The tluotkiuini, like the stomach, is attached to

that pail of the original mesentery throiij^h which the branches of the coehac axis

run. The stomach is supphed cliieHy l)y the coronary and the splenic arteries, the

chiodenum l)v the hei)atic w itli the lielp of a recurrent branch from the superior

mesenteric. The liepatic artery i.;ives off the pyloric, which sends s(jme insignificant

twigs to the beginning of the cluodenum, and the gastro-duodenal,

which runs on the left of the first part and sends off the superior ^'^^- M02.

pancreatico-duodenal, which j)asses downward and to the left in the

concavity of the duodenum 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 jjancreatico-duodenal artery,

which arises from the right side of the superior mesenteric and

tlescends along the right of the fourth part of the duodenum. The
superior mesenteric distributes one or two small twigs to the very

end of the duodenum.
Veins.—The pyloric vein,— larger than the artery of the same Abnormal form

name,—in conjunction with the superior pancreatico-duodenal, and course of duo-
. ' ,

J rill T-i • denum. {Schieffer-

drams the greater part of the duodenum. 1 hey may open m com- decker.)

mon or separately 'nto the portal vein, and are in direct connection

with the inferior pancreatico-duodenal, which opens into the superior mesenteric

vein.

The lymphatics pass to the pre-aortic lymph-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 tiie duodeno-jejunal flexure. We
have seen a case in which the end of the Y 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)

tliere 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 ccecum, 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. See. Anat. de Paris, 1894.
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The Mesentery and Topography of the Jejuno-Ileum.—Since consid-

eration (jf tlie incsc-ntcrv is iiuli>i)ciisal;lc tor the- ^Uidy <>i tin- (li>iJ<>r,ition of the folds

and relations of the small intestine, this structure next claims attention. The serous

coverintj of the gut 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 nerves. The attached

border of the mesentery (Fig. 1399) extends from the left of the front of the first

Fig. I t o V

Right lun-

Diaphragm (cut)

Hepatic vein.-i.

Behind Spige':.:.

lobe

Right
suprarenal body

Probe in foramen,
of Winslow

Right kidney

Beginning.
of duodenum

Left end of.

iverse colon

Duodenum.

Left lung

transverse colon K^

Jejunum

Ascending cokin

Ileum

phagus

:.ieen
ft suprarenal body

*

eft kidiiev

Left end of colon

Duodeno-jejunal
flexure

Sigmoid flexure

Formalin subject ; liver, stomach, transverse mesocolon, and colon have been removed, leaving other abdominal

organs m situ ; attachment of cut peritoneum indicated by white line.

or second lumbar vertebra, immediately below the end of the duodenum, where the

superior mesenteric arterv 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 \'-shaped duo-
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Fig. 1404.

*<-^'

-'--r,^

denum the line of the mesentery is usually on the right of the gut ; with a duodenum
that crosses the aorta the line is across the third part. The lower end of the mesen-
tery is determined by the degree of adhesion of the right mesocolon to the alxlomi-

nal wall. !t rarely stops short of the sacro-iliac joint, but it may be continued
farther into the right iliac fossa.

The free or intestinal border of the mesentery is some 6 m. or about 20 ft. l<jng.

In the middle- tlu' distance between the borders is from 20-22.5 cm. (8-9 in. j.

Near its origin, in the first six inches of the intestine, the mesentery has reached a
breadth of from 12-15 cm. (5-6 in. ). 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-

tures 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 upjjer part than in

the 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 vast number of totally irregular

and transitory folds, changing with

the movements of the gut, the hea\'ier

and more fixed 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 chiefly 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 verticallv. 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.
' Internat. Monatsschrift fiir Anat. und Phys., Bd. xiii., 1896.
^ Arch, fiir Anat. und Entwicklng., 1897. Supplement Bd.

Typical disposition of folds of mesentery shown after
removal of jejuno-ileum. i, end of duodenum ; 2, 3, 4. jeju-
num

; 5, ileum ; 6, termination of ileum into large intestine.
(Mall.)
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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 j>elvis into

the riglit iliac fossa. There are, of course, frequent deviations from the above plan

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 should ne\er 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 slighdy 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, shajjed like

the linger 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. Diverticula

said to have been found in the upper part of the small intestine are regarded with

suspicion. 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.'

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. ( '4 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. Inflammation

of this portion of the general peritoneum is more apt to be acute, to spread rajjidly.

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 fa\ored 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, ccsteris paribus, its toxic products are proportionate in amount

to the area involved. The association of the spinal and sympathetic ner\'es in the

' Lamb : American Journal of the Medical Sciences, 1893.
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intramuscular p/txns o/'Aucrdac/i and the submucous /)/,!'.v/^jr of McissJicr, and their

connection with the lower seven intercostal ner\es dislril)uted to the skin and nuiscles

of the abdomen, explain (a) the- iibdominal rigidity and tenderness which often pre-

cede an extension of disease fn^m the visceral to the parietal peritoneum ;
{b) the

paresis or paralysis of the intestines which is so common as a symptom of peritonitis,

and which favors stasis of intestinal contents, jjutrefaction, and distention
;
{c) the

vasomotor disturbance which is an important, if not the chief, factor in the production

of meteorism ; {d) the \()miting, first reflex and then from irregular muscular con-

traction (reversed peristalsis) ; and (<") the reference of the early pains, no matter

what the seat of the peritcjnitis, to the epigastrium 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

penetration 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 engorgement of the terminal vessels of the portal system. It is sometimes, in a

less acute form, a final phenomenon 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 enterorrhai)hy—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, including the two layers of the

mesentery, should be brought together through 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 associated

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 downward, 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 valvulee 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 wounds,

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 inflammation

aflects 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 T 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 rnovable

portion of the duodenum) and are most often on the anterior wall, 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
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in close relation on the lower part of the rij^ht aspect with the liver and ju^all -bladder,

on the iijjper part of the left aspect with the head of the |)ancreas and foramen of

Winslow, and posteriorly is i)artly uncovereil by peritoneum and rests on areolar

tissue and the common jjile-duct.

The general relations of the duodenum (jiage '645) explain the remaining
lesions following duodenal ulcer,

—

c.^^., 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 de\',eloi)ment of subphrenic abscess.

As compared with the symptoms of gastric ulcer, pain 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 \essels that may be

involved ; bloody stools are more common, as is Jaundice from the inxoKemcnt of

the bile-duct.

In exposure of this part of the duodenum it is well to remember the suggestions

of Pagenstecher (cjuoted by Weir),— \'iz. , that the fundus of the gall-bladder when
distended lies in front of the duodenum ; that Ijy 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 jjcrforation may be gained.

In emaciated patients with contracted stomachs the duodenum may be found lying

above the level of the transverse colon.

Infection through the mucous coat has already been spoken of. If of the tuber-

culous variety, it affects 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 [)erforation with general sej)tic peritonitis,

as the process is so slow that protective adhesions to neighboring coils of gut or to

the parietal peritoneum have time to form.

Tvphoid ulcers cause perforation in 6.58 per cent. (Fitz) 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 rigiditv {vide supra), has led to many mistaken diagnoses of appendicitis

in cases of typhoid fever.

Syphilitic ulceration of the small intestine is rare, but is said to be most freciuent

in the upper portions (Rieder).

The lymphatics of the mucous and submucous coats empty into the mesenteric

lymph-nodules (page 1643) and 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,

offers 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 lower portion—the most tixeil part of the intestine— woultl j)rol)ably l)e more
often injuretl. The upper portion of the jejunum, vvhicli partakes somewhat of this

fixity, is more comnu)nly ruptured than any other part. So, too, the most fixed

part of the ileum—that nearest the ileo-ciecal junction—is most often the site of rup-

ture. An incarcerated or irreducible hernia may constitute a fi.xed point of the gut
and favor its rupture elsewhere from trauma to the surface of the abdomen.

Ruptures of the intestine, like wounds or obstruction, are more serious the

higher thev are situated. 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 ner\e-plexuses or to the pericardial portion of the dia-

phragm ( Crilc ) ; \omiting 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 occur ; 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 the purely bacteriological factors,

which would tend to make jejunal wounds less dan'>-erous than those lower in the

tract. Investigation has shown ( Cush-

Fio. T401;.

Iiitussusceptiiin

Iiilussuscipien

. Eiisheathiiig
laver

ing and Livingood, and later L(^rrain

Smith and Tennant) that the bacterial

flora in the upper portion of the intestinal

tract is more scanty than in the lower

portion ; and it is true that peritonitis

following intestinal wounds, operative or

accidental, is dependent for its cliarac-

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 relative 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 midwav 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 fistulae so 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.

Obstructio7i of the small intestine may be due to {a) foreign bodies (including

intestinal concretions and gall-stones that have ulcerated into the duodenum), and

is then most apt to occur at the ileo-caecal 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 diverticulum (page

1652), of adventitious diverticula (from protrusion of the muco\is 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 become converted

into constricting bands
;
(c) strichire, as from tuberculous ulcer in the ileum or

syphilitic ulcer in the jejunum ; (^) volvulus, especially in the lower part of the

LoiigiliuHiial section of intussuscepted gut, showing
layers.
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ileum when its mesentery has l-)een elongated by prolonj^ed stretchinj^^, as in the

presence of an old hernia (Maylard); (c) internal hcrnite, as into the duodeno-

jejunal, pericecal, or intersigmoid fossae, or through the foramen of VVinslow, or

through an aperture in the omentum ([lage 1758), which may be traumatic or may
be one of the rounded openings tlue to congenital atrt)phy of a comparatively vas-

cular area of the mesentery of the terminal portion of the ileum and embraced

within the ilet)-colic artery and the lowest \asie intestini tenuis ; (
/') hiniu/' through

the usual hernial apertures or regions of the jxirietes (page 1762); {^) intiissusccp-

fion, 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,

mad^ 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 7vithout, as fioin 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-ca-cal segments;

(/) peritonilis, the relation of which to intestinal obstruction will be subsequently

explained (page 1756); (y ) tumors of the intestines themscKes, not very frequent in

the small intestine, but most often found at its two extremities.

T\\G position 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 invohed in internal

hernize. The more or less vertical coils of the jejunum, and esj^ecially those of the

terminal portion of the ileum which occupy the [)ehis when the bladder, rectum,

and sigmoid 'are not distended, are those most likely, for « /r/V?;/ 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 i)ull, through gra\ity, df the remainder of the

intestines.

When the stomach is full the intestines are depressed ; when it is emj)ty 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 pehis 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 closely ap])lied 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 frequently 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 ojiera-

tive have been sufficientlv 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-jcjunal junction. A notch which can be felt in the peritoneum serves

as a guide to this particular part (Maylard).
Duodcnotomy 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 needed for the rciiKual of forci^ii bodies, as those small enough to pass the
pylorus effect, as a ruk-, only temporary lodgment in tlic duodenum and usually

reach the ileo-ca-cal re^^ion.

The jejunum may be tlistiui^niisiied from the ileum by its greater width and
thickness, its deeper color, and by the presence of the many larj^e folds of the \al-

vuUe ct>nni\entes which can lie seen in the colla|)scd antl tense i^ut by transmitted

light. By drawing a loop of intestine out of the abdomen so that, with the loop
parallel with the long axis 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 follow the gut
either towards the duodenum or the c.necum, 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 reached, it is e\ident that

there is no twist of the loop and that its upper 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 jialer, and the walls become thicker owing to the

vahuhe 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).
Entcrotomy—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
jejtaiostomy, 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.

Enterectomy and entero-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 161 7). It

is easily distinguished from the small intestine, not so much by its greater size as by
being sacculated, excepting, perhaps, the sigmoid flexure.

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 by a single layer 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.

Valvulae 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. ( V'erson). The lininjj; of the j^laiicls is conspicuous on account of

the great number of goblet-cells, which in the mitklle and upper parts of the tubules

Fig. 1406.
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Surface views of mucous membrane of ascetidinji colon. A, natural size ; B, magnified 30 diameters, showing orifice
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 glands

Solitary lymph-nodule

Longitudinal
muscle

Serous coat

Longitudinal section of ascending colon, showing general arrangemetit of coats and solitary lymph-nodule. X 30.

The lyynphatic tissue 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 in the vermiform appendix, in which the

nodules are so plentiful that they form in places almost a continuous mass of lymphoid
tissue. The solitary follicles are less fre-

FlG. 1408.

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. 1 410.

Portion of descending colon, somewhat distended, show-
ing sacculations, taenia, and epiploic appendages.

quent in the colon, but are again numer-
ous in the rectum. They are generally

of larger size than in the small intestine,

measuring from 1.5-3 mm. in diameter,

and are situated at the bottom of pit-like

depressions on the mucous surface into

which the nodules project.

The submucous coat closely cor-

responds with the similar areolar tunic of

the small intestine, allowing of fairly free

Fig. 140Q.

' --- *I».*r-
•

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.

Peritoneal coat

M
'. _A'lipose tissue

.Vein

Arterv

Longitudinal section of epiploic appendage. X 23.

play of the mucosa. In addition to the blood-vessels, lymphatics, and nerve-plexus
of Meissner, it contains the deeper and more expanded parts of the solitary nodules.
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Mucous coat

Submucous
coat

The muscular coat consists of a thicker layer of internal circular fibres and of

an external lonj^ituclinal one. the fibres of which are in most places collected into

three bands. Althouijh 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 tanice co/i, continue along the large intestine as far

as the sigmoid flexure, over which
riG. 14 1 2.

j^pjj jj^^ rectum the bands are

only two, and no longer sharply
defined. In the rectimi 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

they 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).

-^^^'^-
ircular
muscle

ongitudinal
muscle

i^'- Serous coal

Transverse section of injecteci iaree intestine, showing distribution
of arteries to coats, y 30.

THE C.-ECUM.

The csecum, 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, 1S89.
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Anterior band

Ascending colon

ternally and somewhat posteriorly. From the top of the ileum a deep furrow passes
posteriorly partly around the j^ut, and a less marked one is found in front.

Althoui^h startin|Lj' as just stated, the furrows at once descend a little, so as to repre-

sent truly the middle of the orifice. These serve as an external boundary between
the caecum and the colon, whirh arc much alike in mMural characters. The average
length of the Ccnecum in the adult is between 6 and 7 cm. (about 2^ in.), and its

breadth aliout S cm. (3'S in.).' The bands of the colon are continued onto the

caecum of the adult, and terminate at the origin of the appendi.x. One band is in

front and the other two externally and internally at the back. The parts between
the bands are generally expanded pouches, which may be subdivided by horizontal

constrictions. There are two chief forms of Ccecum with several minor modifica-

tions : the first is a persistence of

the foetal type, in which the caecum Fig. 14.13-

has the shape of a cornucopia bent

towards the left, with the tapering

end continued as the vermiform
appendix ; the other, which is the

usual, 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-

pendi.x arising from the internal

posterior side near the ileum. In

extreme cases the two may be very

close together. \'ery 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 in^'olved. 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-caecal valve (valvula coli). The folds meet at the ends of

the opening, forming single continuations or retinacula, of w^hich 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.

Upper fold

Retinaculum

Ileo-csecal valve

Lower
fold

ileum

Caecum

Opening of
appendix

Beginning of largL iiilc^linc, somewhat inflated : part of an-
terior uall removed to show ileo-cascal valve and orifice of vermi-
form appendix.
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specimens, is as follows: average of upper scj^^ment 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 caecum with the upper seg-

ment entirely wanting. The absence of both has been observed. The average

length f)f the ileo-ca-cal oj^ening 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 e.xcessive. 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-ca-cal 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-

FiG. 1414.
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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 efficient.

• The orifice of the vermiform appendix is very variable. In some cases

the caecum narrows to it so gradually that it is hard to say where it begins
;

in

others it begins suddenlv with an ovaf or round opening measuring from 5 mm. or

less to I cm. or more. The vahe which often is found at the orifice is not usually

a true valve, but the projection made by the wall at the union of cjecum 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.
. r

Position.—The cacum is situated in the right iliac fossa, resting on the ihac

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, owing 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 hangs down into the pelvis, and when the lower part of the mesentery is

long, particularly if the lower part of the ascending colon be not attached to the

])osterior wall, it may be very freely movable. In cases of nicscnteriian covunune

there seems to be no anatomical reason why it should not be anywhere. The
ca-cum is sometimes turned up over the lower part of the ascending colon, but we
cannot agree with Curschmann's ' statement that tliis is not rare. In these cases the

appendi.K rises from near the highest point of the ciecum. We have seen the ciecum

in the umbilical region with two vertical coils of small intestine occupying the right

Hank.
Structure.—The descrii)tion of tlie structure of llie large intestine already

given (.page i()57j applies in general to the ca,-cum. Its mucous membrane, like

Fig. 1415.
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croach upon the mucosa and its glands to reach almost the free surface. The layer
of circular muscular tibres 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 peritoneum called the mesentery of the appendi.x.

The vermiform appendix ( processus vcrmiformis; is a long, slender, worm-
like diverticuhuii from iIk- cecum, tdrmed of all the coats of the intestine. Its length
varies from i cm. (ij in. j to 24 cm. (9>3 in.;, the average being probably about
8.4 cm.' (3J4' in. ). Monks and Blake,' irom 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.
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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 j)er 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 Physiologj-, vol. xxxiv., 1900.

' Boston Medical and Surgical Journal, N'oveinber 27. 1902.
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This, to a greater or less extent, is the normal condition. There is no doubt that in

the great majority of cases the appendix is wholly behind the ciecum, mesial to it,

or below it. Monks and Blake found a reference to this pfMnt in the records of

572 autopsies. It was " ilown antl 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 and out" in 5, and "in pelvis" in 14. It sometimes is attached to the as-

cending colon by its peritoneal fold, and runs upward with probably accidental incli-

nations to one side or the other. It may also be found in some of the peritoneal fossae

of the region. In many of the cases marked "down and in" it hung over the

pelvic brim. Of 123 cases in which the appendix was covered by peritoneum, and
therefore presumably normal, Ferguson' found it hanging downward in 11, placed

mesially in 18, on the right of the caecum in 19, and behind it in 75. Total absence
of the appendix is extremely rare, but has been observed by oursehes and others.

Obliteration of the Cavity of the Appendix.—The adenoid tissue of the vermiform ap-
pendix is, as elsewhere, most developed in childhood and tends to atrophy in middle life.

Coincident with this atrophy is a tendency (the cause of which is not clear) in the walls to

adhere, more or less obliterating the cavity. Ribbert' found in 400 specimens more or
less obliteration in 25 per cent., 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 3 '2 per cent. In approximately 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 the process beginning in childhood, but never under five years. Fawcett and
Blatchford* 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
convex 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 c^cum
and the appendix can have no mesentery in the strict sense ; nevertheless, the
term mesentery of the appendix, or -tneso-appeyidix (mesenteriolum 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 Physiolog)', vol. xxxiv., 1900.
5 Hernies internes retro-p^riton^ales, Paris, 1890.
* The Csecal Folds and Fossae and the Topographical Anatomy of the Vermiform Appendix,

Edinburgh, 1897.

if>5
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along^ the proximal half or even the whole length of the appendix, one is free, and
the other two are attached to the left side of the mesentery and to the Ciecum

respectively. These latter are not readily distin.i,aiished from each other; hence the

triangular effect. The artery of the appendix enters the fold on the back of the

ciecum, and runs at first from 5 mm. to i cm. distant from its free edge, which
gradually apjiroaches it. Although the fold may terminate before reaching the end
of the appendix, 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 mcso-ajjpendix are very irregular. It is almost invariably so short

that the proximal half of the aj)pendix 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 foetus

often connects the appendix or caecum with the early ovary and the oviduct. The
Ivmph-node which the meso-appendix is said to contain we have seldom found.

It happens frequently that, from

Fig. 1417.
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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 200.

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' (Fig. 1414; is roofed in

by a peritoneal duplicature, the

superior Hco-cc€cal 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' (Fig. 1417) is less 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-appendix shuts it in behind, and in front

it is covered by the inferior ileo-eeecal fold.^ The latter, which usually joins the

' There is much to be said in favor of the term Uco-coHc, since the pocket lies at the angle

of the ileum and colon. It. however, so fretiuently extends downward to the front of the caecum

that the more usual nomenclature is here adopted.
* Known also as tlie ileo-colic fossa, the ileo-appendicularfossa, etc.

» This is the "bloodless" fold of Treves or the ileo-appendicular fold of Jonnesco.



THE C/KCUM. 1667

meso-apj)cnclix, is in its conventional form described as liavin^ four sides : a superior
on the ileum, a riijht one on the Ciecum, an inferior joining^ the appendix (jr the
meso-appendix, and a free concave one looking' towards the left and overhanj^^injr

the entrance to the fossa, which may be nearly 4 cm. (i}4 in. ) in depth. The fold

usually contains only small vessels, and has been tlescril)ed as "bloodless." It

sometimes contains nuiscle-libres passiny^ between the ileum and ciecum. 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 in its typical forma-
tion, it is manifest that such must be the case. Sometimes the meso-appendix is in

no way connected with it, only a small fold of pei^itoncum passinti^ from the ileum to

the csecum at the side most removed from the mesentery. Berry found this fossa in

74 per cent.

The Retro-Colic Fossa.^In the great majority of cases the j)Osterior sur-

face of the ciecum 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 may 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 ligaments of the coloyi, the exter-

7ial and the internal. The former runs outward and downward from the side of the

colon along the abdominal wall, or pcrha])s 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 may form a pocket, of which the lower end opens upward. It is

clear, therefore, that with both these folds well developed a retro-colic fossa exists,

which is shown when the Ccccum 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 by these ligaments. Should either ligament be wanting, there can be no
fold on that side. Some authors have thouglit it best to describe an external and
an internal fossa under each of the ligaments, of which the internal 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. The 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, guarded 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.

Blood-Vessels.—The artery supplying the caecum is the ileo-colic, a branch
of the superior mesenteric artery, 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. The

segments of the ileo-caecal \'alve are very vascular. The artery of the vermifortn
appendix arises from the posterior division of the ileo-colic, crosses the back of the

ileum, and runs in the fold of peritoneum to the end of the appendix. The veins

of the caecum 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 caecum. It passes behind the end of the ileum to the ileo-colic vein.

The lymphatics are divided into a posterior and an anterior set. The former
empty into small nodes on the back of the caecum beneath its peritoneal covering.

The anterior ones are in or near the fold between the caecum and colon. The appendix
contains a large lymph-sinus at the base of the follicles. Lymphatics pass through
the interruptions of the muscular layer. They may enter a node in the peritoneal

fold in the angle between the caecum 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-

cendintj 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 an^lc between the ileum and colon.'

The nerves supplvin^^ the cacum and appendi.x are derived from the sujjerior

mesenteric ple.xus. Tlieir mode of distribution within the |u:ut has already been

given ( paj^e 1643).
Development and Growth.—At birth and for some years after the cacum

is very snuill and the futal or cornucopia shape is more frequent than later. The
appendi.v 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. (274 in.). Ribbert 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

—

\\\q hepatic flexure (flexura coll dextra )—and be-

comes the transverse colon, which crosses the abdomen to the splenicflexure Hlexura

coll 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 sigmoid flexure. The three bands of the colon, or teenies 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

Ivmph-nodules continue, niucli 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 : Proceedinsjs of the Anatomical Society of Great Britain and Irekmd, Journal
of Anatomy and Physioloj^', vol. .\x.\iv., 1900.

' Anat. Anzeiger, Bd. x., 1895.
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not rest ag^ainst the under side of the diapliraj^^ni, according: to its distention an(i

that of tlie stomach. It rests behind and l)elo\v on the small intestine. It may or

may not be in innnc(Hate rt-lation to the tail of the pancreas.

The descending colon descends partly in front, but still more e.xternal to the

kidney, and after ])assing the kidney rests wholly on the quadratus lumborum.
Although more e.xternally placed than the ascending colon, it does not usually project

beyond that muscle. It may be very much contracted and sacculated.

The sigmoid flexure ( colon sinnioidcum ), the continuation of the large intestine,

begins at the crest of tiie 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. ( 10-18 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
flexure 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 great

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

dertnite sliajje can hardly he assumctl. The M-form is common. We have seen

the sigmoid disposed in three parallel vertical folds occupying; all of the left iliac

fossa and overhangine!;- the true jjclvis. As the sii^moid tiexure descends along; the

sacrum it usual! v cur\i's to the riyht 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 posterior 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 ecpials 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

Fio. 1419.
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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—i.e., 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 ligament, 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 gut
and leaves it at the lower border. On the left it lea\'es 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 by peritoneum.
According to Lesshaft,' 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 Rois-Reymond's Archiv, 1S70.
" Journal of Anatomy and Physiology, vol. xxvi., 1892.
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thus found are due to a displacement of the peritoneum, which is but loosely attached.

True mesenteries are probably less frequent.

At the sigmoid flexure the j)erit()neum usually begins to surround the gut,

although the point at which this commences may be much 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 gut 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 extremes. The attachment to the sacrum is usually near

the median line over the second and third vertebrae, but it may diverge to either

side of it. Variation also exists as to the point at which the mesentery ends. The
greatest breadth

—

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 of the mesentery of the sigmoid
fle.xure, which is shown by throwing the loop upward and to the right. It is ob-

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 extend 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. (g 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 and of the ascending and the transverse
colon may remain attached only at the origin of the superior mesenteric artery, giving the con-
dition known as mesenteriuni 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 V. 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 has 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 artcrii's of the colon are derived from the superior and
the inferior mesenteric. The former supphes the citcum, the ascending and the

transverse colon, and a varying amount of the descending colon. The supply of the

latter is comjileted by the inferior mesenteric, which is also distributed to the sigmoid

flexure. Tiie general i)lan 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 vehis 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 jiosterior

wall of the al>domen, which are a part 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.

THK RIXTUM, 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 formerly described as beginning at the left sacro-iliac joint, but

this division, which is unwarranted, is falling into disuse. The rectum descends

Fig. 1420.

Rectal fold Bladder

Seminal vesicle
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Sacro-coccy),cil
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Pnll f penis

Intern »1
>-i

liincter

I Lvator am

Internal sphiiRtcr

Veins of mucosa of anal canal ( -^-

Fold of nuicous niemlu.uR- Mxlernal sphincter

Sagittal section of pelvis passing through rectum, anal canal, bladder, and urethra.

along the hollow of the sacrum and coccyx, passes the point of tlu' 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 a?ia/ canal, sometimes called the sphinctcric portion of
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the rectum, situated in the thickness of the pelvic floor, and chrcctcd downward
and haclcward, niakini^ a sharp aiii^le with the rectum proper.

The ycctuni proper, ha\in<4 passed the tip of the coccyx, rests on the levator ani

muscle, althouj^h separated from it, as well as from the sacrum and coccyx, by the

dense rectal fascia. The rectum, although not exhibitini;- the jMJUchiny; seen in

the colon, is sacculated, presenting, when distended, usually three dilatations, of

which the lowest and largest, called the ampulla, may measure 25 cm. (9>4 in.), or

even more, in circumference. The saccules are separated by deep creases, 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 of the rectum,

to be describctl with 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 parts 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 when
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.

Fio 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 difficulty of defining the lower end of the anal

canal, since the skin, which is puckered up by the external sjihincter and the cor-

rugator cutis ani, somewhat resembles mucous membrane, so that the canal aj^pears

longer than it really is. The anatomical boundary, the a7io-rectal groove, the so-

called white line of 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 evidently

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 ujjjier ciul to the ano-rectal groove
;
prolxibly

this distance is usually about i cm., while what may practically be called the canal is

twice iis 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 pun 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 coccy.x. Lower still, the bulb of the urethra is separated from the anal

canal by the jjyramidal 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 |)arl of the vagina and from the vuha. 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 f:;lands

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 apparendy forming the

end of the canal there is, csj)ecially 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 Liebcrkiihn, however, are exceptionally large, at-

taining a length of .7 mm. The muscularis

mucosct is better developed than in the colon.

The rectal valves (plicie 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 r 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
(Otis.) . . ..-'.,,'

, J
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 columns of Morgagni 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 Aforgaji^rii 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.
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pouches openincj upward. They are situated in the anal canal at the upper part

of tlie internal s])hincter. The mucous niemt)rane of the rectum is tlircnvn inl(j a

series of l()ni;ituclinal folds. These are easily effaceable, although some are continu-

ous with the columns of Morgagni.
The submucous coat is la.\, allowing the mucous membrane to be readily dis-

placed, but at the lower end of the anal canal the latter is firmly attached to the

muscles.

The muscular coat of the rectum is thicker than that of the colon, reaching to

2 mm. The thickening is greatest in the layer of the circular fibres. The longitu-

dinal ones, although forming a contiimous layer, are for the most part collected

front and back into the two bands already mentioned, of which the posterior is the

larger and the more concerned in bridging over the folds. The internal sphincter is

but an hypertrophy of the circular muscles, while the external sphincter is a muscle
of the perineum. It has been thought advisable to here describe 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.

TliL'levator ani( Figs. 1423, 1424) arises from the back of the body of thepubes,
about midway 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 spine 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

Ftg. 1423.
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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 (ligamentum anococcyweum) 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 tlie rectum so as to compress it. although some enter

its walls and mingle with those of the sphincters.

Nfrve. —A branch from the sacral plexus { sometimes there are more than one

)

runs to the levator ani on its u[)per surface. The fibres come from the third antl

fourth sacral nerves. Accordinj? to some, the muscle also receives fibres from the

inferior hemorrhoidal branch of the jnidic nerve.

The coccygeus (Fig. 1424). a triangular muscle arising from the sjjine 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 diap/iroi^ni 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.

FlO T4?4'

Obturator interims

Ischial spine

Obturator canal— _

A
Cut edge of pelvii

fascia, wliite line

Pubic bone.

- Sacrum (cut)
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,((>cc\geus

-I.e\atorani

Recto-coccygeal fibres

Levator ani (cut)

—Rectum

Trianjjular ligament, superior layei

Triangular ligament, inferior layer
I'rethra Bulb of penis, covered by muscle

Muscles of pelvic floor from within ; section passed to left of mid-line.

Nerve.—The muscle ^:eceives branches from the fourth and fifth sacral nerves

and perhaps from the first coccygeal.

The external sphincter ani TFig. 1423), situated beneath the skin and car-

ried up into the puckering at the anus, is a flat oval muscle comix)sed 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 (Fii;. 1421;, composed of involuntary muscular

fibres, is a thickening; of the circular layer of the rectum, which becomes marked at

the beginning- of the anal canal. It surrounds the latter for a distance of from

2.5-3 cm., and is about 4 mm. thick.

A^erves reach the internal sphincter througli the sympathetic system. Very

probably some of them come (Hrectly from spinal nerves.

Accessory Muscular Bundles.—As they reach the anal canal, the longi-

tuchnal titnes of tlie rectum send bundles to the skin, which gain their destination by

coursing through those of tlie 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 important accessions are received from the levator ani.

The longitudinal muscular fibres of the rectum, moreover, enter into connection with

the areolar tissue of the pelvic fascia between the peritoneum and the levator ani, and

perhaps with the latter also. Various bundles of muscle-fibres, apparendy arising

Fir, T425.
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from the pelvis, mingle with those of the rectum. The recto-coccygeiis 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 perinei profundus muscle and pass-

ing to the front of the gut.

The corricgator cutis ani 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 closed.

They difler, inasmuch as the external, although mostlv 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 dcscendinu: fceces, while at other times, by its antero-posterior fibres, it may
compress the sitles of the gut. To the action of the levator is probably due the

control of the ficces which sometimes persists after division of the sphincter, unless,

indeed, the upper jiart of the latter has escaped.

The Ischio-Rectal Fossa.—This space is a deep, roughly pyramidal hollow,

filled chiefs V 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 perineal fascia and behind by the great sacro-sciatic ligament and the

edge of the gluteus ma.ximus. 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. j.

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 descrijjtion

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 coccvx.

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 highest

part of the icctuin is usually loateci like the rest with peritoneum, except near the

median line ; but this narrow retroperitoneal surface enlarges rapidly, so that soon

the entire pt)sterior surface in the hollow of the sacrum and coccyx is without senjus

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 floor. The peritoneum forms a

deep pouch in front of the rectum,—the pouch of Douglas,—known from its anterior

wall as the redo-vesical in the male and the recto-vaginal in the female. In man
this pouch separates the rectum from the bladder and the upper part of the seminal

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 pouch—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. (2 3/( in. ) in both sexes. If both bladder and rectum be distended, the pouch
is considerably raised ; when the rectum is collapsed, it contains loops of the small in-

testine or the sigmoid flexure. The
rcdo-vesicalfolds 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

pelvis into an upper 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-uterine

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 even 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 recei\'ed 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 artery. The general dis-

tribution of the veiiis 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 thev 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

External
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 region that

is reckoned as skin, but is practically puckered into the anus. Tiiere are communi-
cations between the two systems, some of which pierce the muscular coat.

Lymphatics.—The princijjal lymphatics of the rectum, after j<jining the
lymph-nocks situated aloni; the su])erior hemorrhoidal veins, pass to the sacral

glands on the front of the sacrum. In the lower part of the bowel a \ery rich ple.xus

is found under the skin around the anus, which drains into the su])erior internal

inguinal glantls, 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 j)ouches. 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 lymj)h-notlules discovered by Gerota ' on the back
of the muscular coat of the rectum, distributed with the branches of the superior
hemorrhoidal artery.

Nerves.—The nerve-sui)ply f)f the rectum includes both svmj)athetic and
cerebro-spinal fibres. The former are derived chiefly from the inferior mesenteric^

and the pelvic ple.xuses, accompanying the suf)erior and middle hemorrhoidal
arteries respectively. The cerebro-si)inal fibres arc contributed by the second,
third, and fourth sacral nerx'cs. The skin around the anal orifice is supplied by the

inferior hemorrhoidal branch from the pudic nerve.

Growth.—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 transverse folds of the

rectum are apparent in the latter months of j^regnancy. We have found an ampulla
with a circumference of 13 cm. (5 in. ) at three years. In the same specimen the valves

were well developed, and, except in size, it resembled the rectum of the adult.

The peculiarities of the infantile sacrum have their effect on the course of the rec-

tum, which is necessarily straightcr than in the adult and does not run so far forward
in front of the coccyx.

PRACTICAL CONSIDERATIONS : THE LARGE INTESTINE.

The Caecum.—This part of the large intestine may remain undescended in its

fcetal position in the left hypochondrium, at a point above and to the left of the

uml)ilicus, the ileum opening directly into it in this locality ; or it may be found in

the right hyjxichondrium just below the liver, or at any level between that and its

normal situation. The ciecum is rudimentary in man and other meat-eating animals,

being much more capacious and of greater functional importance in the herbi\ora.

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 j)athogenic bacteria due to

imi)aired inhibiting power, which, as we descend the gut, first becomes marked in

the lower ileum, continues in the Ccecum. As in the former situation, where it prob-

ably aids in determining the localization of typhoi'd and tuberculous lesions, so in

the caecum, in conjunction with fecal accumulation, or with disturbance of circulation

from distention, such augmentation adds to the frequency and sexerity of catarrhal

inflammations and of stercoral ulcers, which are found oftener here than elsewhere.

F"ecal concretions (the formation of which is favored by intestinal catarrh just

as is that of renal calculi by catarrhal pyelitis) are often found in the ccecum, and
undoubtedly by mechanical irritation favor here, as thcv do in the appendix, epi-

thelial necrosis and subsequent infection.

In the erect position gra\ity aids in bringing about these pathological condi-

tions, since the caecum, having no mesentery of its own, and yet com]:)letely covered
by peritoneum (so that it is never anchored to the ])osterior parietes or to the iliac

fossa by areolar tissue), depends upon its attachments to the colon and ileum to hold

' Arch, fiir Anat. iiiul Entwickliii:::., 1895.
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it in position. It has often been part of the contents of rip^ht inj^juinal or femoral

hernia, and has even been found in such herniie on the left side.

riu- influence of j^raxity in retaininj.^ fecal masses and favorinjr concretion 1^

illustrate(.l by the fact that foreii^n ixKlies small encnij^h to pass through the ileo-ciecai

vahe are i)rone to remain in the ciecuni, wiiere they have in many cases given rise

to ulceration and perforation, followed by perityphlitis.

With varvinj^ degrees of displacement or of distention of the caecum come
changes in the tension of the ileo-colic vessels, and congestion—so often the first

stage t)f serious pathological processes—is thereby favored. The close relation of

the ca-cum, if distended even slightly, to the anterior abdominal wall and to the ilio-

psoas muscle exposes it to frecjuent trauma. These relations explain why flexion of

the thigh on the abtlomen will empty a moderately distended caecum.

F^normous distention sometimes occurs, so that the caecum may fill the larger

pcU't of the abdomen, and in nearly all cases of intestinal obstruction between the anu^

and the ascending colon the ca.^cum shows the most marked evidence of the backward

pressure, the ileo-caecal 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 Ccecum will be found

fiaccid or collapsed.

The ilco-ccccal valve is usually competent to prevent the return of fecal matter

from the ciecum 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 aucesthetized, proba-

bly because of the relaxation of both the abdominal muscles and the circular fibres

of the valve itself. Fluids are arrested at the valve, although they may be made to

pass it either by immediate force sufficient to lacerate the peritoneal attachments and

covering or by slow increase of pressure until the distention of the caecum 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-ctecal

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-Ccecal 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, oedema, 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 j5assage 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 tlie 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 origan exists in some of the rodents and niarsuj)ials, but it is a lon^, taperinp;

aecum rather than an appenchx strictly coni])aral)le to that of man. The appendix
is a vestitje of the capacious ca*cum of some of the lower animals, or may he rej^arded

as a rudimentary ciecum just as the human c;ecum is a rudiment of tliat 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 suscejitibility

of the ajjpendix 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 1 665)—is scanty; its

free border is shorter than the border applied to the api)endix, 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-csecal 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 consecjuence, and is regarded by Treves as the remains of the triie mesen-

tery of the aj)pendix. It is interesting to note the fact that in the different tyj)es of

the human ciecum 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 infra), appendices

with exceptionally ample mesenteries extending to the tip of the organ are less fre-

quently the seat of disease and, when diseased, are less often found in a condition of

complete gangrene.

3. The single artery 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 oedema and swelling of the mucous mem-
brane aid the distortion of the appendix in causing interference with the escape of

the contents of the ajipendix into the Ccccum. After infection has started the vessels

are not infrequently 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 remox'al from the direct intestinal current, the feebleness of its

muscular walls, its dependent position, the absence or inefficiency of any valvular

arrangement at the apjjcndiculo-crecal 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 ap])endix

into the intestine would be desirable, it is apt to be lacking. Even a hypera-mic

catarrh from twists, kinks, or traction mav 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 themseKes 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 mav 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, favorinj^ the formation of concretions, or at least impairing^

the protective power of the intestinal epithelium ; ( /; ) the relatively greater leni^th

of the apj)endix in younj;' persons (in infants one-tenth and in adults one-twentieth

the length of the large intestine, according to Ribbert) increasing the difificulty of

drainage; and possibly (c) the tendency to shrinkage or obliteration after middle
life,—a process to be expected in a rudimentary organ.

6. It must not be forgotten, in interpreting the foregoing anatomical facts as to

(a) the rudimentary character of the appendix, (6) the scantiness of its mesentery,

(r) its dependence for its blood-supply upon one vessel, (d') its imperfect drainage,

and (e) the profusion of its lymphoid tissue, that these are but predisposing causes

in most cases of serious appendix disease, and that the congestion, catarrh, distention,

or ulceration occasioned by them occurs invariably in the presence of micro-organ-

isms capable of great virulence, which exist in increased numbers in this jiortion of

the intestinal tract (page 1680), and which, as has been abundantly proved, are

ready to take on pathogenic action in the presence of either mechanical or chemical

irritation of the intestinal tissues, especially if there is deficient drainage 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 salpingitis, is a factor of minor but definite importance.

Anatomical 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 tenderness on press-

ure. It is localized tenderness in all the varieties of appendicitis, because, while the

appendix itself is movable, it ahvays 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 accuracv, 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 bv 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 obviously vary with that of the ceecum and is

not uncommonly lower, /. e. on the interspinous line. Undue 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 muscle, 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 ner\'e-supply

partially from the six lower intercostals, w^hile the superior mesenteric plexus gets
its contribution from the spinal system through the splanchnics, deri\-ed 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 autotoxsemia.

Other and later symptoms are mentioned in the next section.
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Rt'sii/fs and Coviplications of Afipoidicitis.—A cursf)ry rexiew of the anatomical
relations of the appendix, considered in conjunction with the jiatholog^ical varieties

of appendicitis, will explain the varyinjj^ results of this disease. The appendix is

entirely intraj^eritoneal in its situation and becomes primarily the focus of intraperito-

neal lesions, although in certain cases {vide infra), from j)athological changes, it and
the associated exudate or abscess may be either i)ractically or really extraperitoneal.

That focus may be isolated by adhesions between the peritoneal coverings f)f the
neighboring structures—the coils of small intestine, the ca-cimi (jr colon, the parietes
—or may become the starting-jjoint of a general septic peritonitis. In the former case
the usual local symptoms of iiitlammation or of abscess will follow according to the be-
havior of the exudate, which max- remain plastic or may licjuefy and become i)urulent.

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 ca-cum 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 caecum
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 api)endix which, it is

believed by some, w^as ab initio either wholly or i)artly extraperitoneal (4 per cent.,

Bryant), or, as seems more probable, had become so through i)athological causes

(38 per cent., Ferguson, page 1666). The abscess is limited by the fascia transver-

salis anteriorly and the fascia iliaca posteriorly, and by their fusion at Poupart'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 w^ay into the peritoneal cavity, or into the pelvis, escaping

through the obturator or the sacro-sciatic foramen. It mav ascend ffollowing some-
times the retro-colic fossa, page 1667) to the perinephric or even to the subphrenic
region. (3) biner, the inner surface 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 ca\'ity must be traversed in reaching and evacuating
it. (4) Inferior, the abscess occupying part of the pelvic cavity with agglutinated

intestinal coils bounding it superiorly.

All these abscesses may perforate into tlie cavity of the peritoneum, but sponta-

neous opening into the ceecum, colon, rectum, small intestine, bladder, or on the sur-

face of the body has frequently occurred ( F"inkelstein, quoted by Mynter ). The \'arious

symptoms which may result frf)m the propinquity of the abscess to other structures

should be w-orked out anatomically,

—

c-.S^-y ( i ) (vdema of the abdominal wall over the

abscess
; (2) flexion of tJie thiffh, extension of which is painful from involvement

of the ilio-psoas ; or marked lumbar tenderness (perinephric) ; or immobility of the

right lower thorax (sub];)hrenic)
; (3) tympany 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 ox ;rr/fl'/ irritation.

Anatomical Points relatim^ to the Treatment of Appendicitis.—The medical
treatment of this disease is of anatomical interest only in its relation to the possibility

of removing the mechanical causes and fa\oring either resolution or localizing adhe-
sions. 0{)ium for the purpose f»f lessening peristalsis and thus permitting omental
and intestinal adhesions to wall oflf the appendix has still some ad\'ocates, especially

when combined with gastric lavage and exclusive rectal alimentation (Ochsner).
But the received views as to etiology {vide supra) and clinical experience are both
overwhelmingly in favor of purgation and starvation as preventing or removing the
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constipation wliich, when involving' the ciecuni, may, by causing irritation and swell-

ing^ of mucous membrane, by encouragement of bacterial growth, by favoring the for-

mation of fecal concretions. l)y producing traction on the meso-apjiendix, or by direct

l)ressure upon the appendicular vessels, start the chain of pathological phenomena
which, beginning with hyperaniia, hyjiersecretion, and imj)erf<ct drainage, proceed

to distentiiin, ulceration, jicrforation, or gangrene, with their associated degrees of

parietal or peritoneal infection.

Constii)ation is i^resent in the majoiily of cases of apjjendicilis (58 out of 69,

McCosh), and not only acts as a causative factor, but has a prejudicial effect on the

result. In 22 cases of peritonitis from appendix disease occurring at the London
Hospital 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 per cent, of constipation among thf)se that recovered and
2H per cent, among those that died (White). No other important point of medical

treatment is in dispute and none has any anatomical l^earing.

Operation for appendicitis will, of course, vary with the seat and character of

the disease.

1. The preferable method of access in removal of an appendix very early in an
attack, or during an interval, or wdien neither abscess nor extensive adhesions 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 dix'ided 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 di\'ided 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 transversalis 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 cavity unnecessarily in cases of abscess,

and less likely to be followed by 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 dowmward 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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(ifH in.) at the lower end of the sij^nnoid tle.xure. Its average capacity in infants

of si.\ inontlis is y^ litre (i i)int); in children 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 i)laced

hepatic and splenic flexures excepted, the former being beneath the liver, the latter

behintl 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 l)e displaced ti)wards the median line. The thickened and sometimes
tender ci\<^it of a chronically congested or inflamed ciecum can often be rolled under

the finger against the lloor of the iliac fossa, and has been mistaken for the apjjendix.

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 i)al])itation.

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-caecal variety of intussusception the tumor can often be seen as

well as felt, and sometimes the progress of the intussusceptum along the colon can

be traced with the eye.

Tumors of the colon or upj^er end of the sigmoid are often \isil)le in thin pa-

tients, especially when they ha\e contracted anterior parietal attachments.

Distention of the colon gix'es 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 jiitch 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 {juantity 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 ca\ity, 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.

Displacements.—The c.necum and ascending colon or the sigmoid and descend-

ing colon may be found in inguinal or femoral herniie, 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" (Morris). Paranephric tumors, by pressure on the colon,

have produced such marked symptoms of intestinal obstruction as to be mistaken

for intussusception ( Ibid. ).

The transverse colon, as the most movable of the three di\isions 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 greatlv within

normal limits. If the stomach is empty, it is behind the colon: if full or distended,

it will ])ush the latter downward and o\erlap it from in front.
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The sigmoid rtcxurc, the most mo\al)lc j)art of the hirge intestine, normally occu-

pies the J^elvis r.ither than the iliac fossa (Fig. 1418), into which, however, it rises if dis-

placed by pelvic swellings or by a distended bladder or rectum, or if it is itself distended.

From its shape and position and the relatively great length oi its mesentery it is

verv liable to assume unusual positions. It may be fountl on the right side of the

abdomen, may sink low in the pelvis (especially when loaded with fiecesj, and in

this latter position may, as a result of ulceration, adhesion, and perf(jration, open
into the i)ladder, the vagina, or even into the vas deferens ( Allen j, producing a

fecal hstula.

Obstruciioii of the large intestine may be due to (
i ) fecal impactio7i. The

presence of the sacculi, the inspissation of intestinal contents, and the necessity for

overcoming gravity in the ascending colon, the left half of the transverse colon, and
the lower segment of the sigmoid curve favor the production of this condition.

(2 ) StrivtiDC is more common in the large intestine than in the small. It mav be

(rt) cicatricial AWtX follow dysenteric ulceration in the rectum, sigmoid, or descending
colon ; tuberculous or stercoral ulceration in the ileo-Ccecal 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 fle.xure, splenic flexure, transverse colon, caecum, and ascending colon
represent the clinical order of frequency. The intimate relation of the hepatic

flexure to the gall-bladder subjects it to various forms of irritation, which probably
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 effect 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) Volviilus, in its usual form, is a twist of a portion of the bowel upon an axis

passing transversely through the affected 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 in\-olving the large intestine—foreign bodies,

bands, peritonitis, etc.—have no especial anatomical significance. Intussusception

has already been mentioned. Hernia will be described later.

The 7'elations of the large intestine should be carefully studied (Fig. 1383) in

order to understand how i^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 evacuate

into the beginning of the transverse colon; {c) a gastro-colic fistula may become es-

tablished in cases of gastric ulcer involving 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 trans\erse mesocolon
; (r) an iliac abscess may discharge into the citcum or

sigmoid flexure
; {/) the latter may by ulceration ccjnununicate with the bladder or

vagina ; (^^) or may, in chronic fecal distention, produce left-sidetl \aricocele (the
more frequent ) by pressure on the left spermatic \ein.

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 muctjus mem-
brane. The tip of the instrument may be felt through the abdominal wall at a jx)int

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 cur\ e.

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 may 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
; ( c) its sacculi which may be

seen, and its fecal concretions which may often be felt ; and in addition, as comjiared
with the small intestine, (//) its lesser mobility, greater diameter, and the absence
of the palpable transverse ridges of the valvulae 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.—{a) 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. {]4 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) Inguinal.—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 suj^erior 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 tieniie, the

sacculi, the apjicndages, etc.

The various operations to effect anastomosis between 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 relation to its diseases and injuries, the rectum
may most convenienlly be divided into two portions : (i) \.\\k: pelvic, from the ter-

mination of the sigmoid Hexure, at the middle of the third sacral vertebra, to the
level of the reflection of the recto-vesical fascia from the upper surface of the levator

ani to the wall of the rectum ; and (2) the perineal,—the "anal canal," —which
extends from this le\'el, through the floor of the pelvis, to the anus.

The recto-vesical fascia (page 1678), while perforated by vessels, constitutes an
efificient barrier to the progress upward of infections or collections of pus and ren-

ders the surgical relations of the anal canal perineal instead of pelvic. The distinc-

tion between these portions is developmental 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 be persistent to a greater or less extent, causing
various degrees of constriction or resulting in impei-foraie anus. If thin, it is car-

ried downward 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 abnormal 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 vagina, 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 peh'ic 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. Between
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 levator ani

that it is rarely involved in prolapse.

In many cases of prolapse the recto-vesical or recto-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 svstem, 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 TFig. 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 j)ressure upon the
veins, as in constipation, prej^nancy, ovarian or prostatic enlarj^jements

;
(d) indirect

pressure through the column of blood, as in hepatic or sjilenic 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 : ami (r) irritation of the rectum or anus, causing congestion of

the hemorrhoidal veins'.

ll will be seen that chronic constipation is a possible cause C)f hemorrhoids
under each of the above headings : the fecal masses ])ress upon the \eins, irritate

the rectal mucosa, and necessitate straining for their e.\pulsif)n.

Ulceration of the rectum and anal canal, whether from inflammation or infec-

tion following trauma (from indurated fccces or from foreign bodies), or caused by
dysentery, tuberculosis, syphilis, or cancer, is of anatomical interest in its relation,

first, to the vascular and ncrx^ous supply of the parts, and, next, to the surrounding
regions.

The rectum projjer is characterized, as Hilton lf)ng ago showed, by great
distensibility and little sensibility ; the anal canal strongly resists distention and is

e.xtremely sensitive.

The rectum is supplied largely from the symjjathetic 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 sup}>ly 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 plexus)
the great pain of anal ulceration {fissure) or of inflamed and j)rotruding hemor-
rhoids and the associated muscular cramps in the limbs, the \'csical 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 they must frequently and necessarily 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 refle.x spasm, to become not only a cause of the exccssi\e 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 o\erstretching, often supplemented
by either partial or complete section of the external si)hincter. 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 digesti\e system,

especially the liver. Thus a not uncommon sequel of dvsentery is he[)atic 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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Subcutaneous or submucous infection invoking the anal canal may open into

the canal {i)iconipUtc interna/ fistithi in ano), or upon the cutaneous surface just

without the marinin of the anus {incomplete external fistula in ano), or in both direc-

tions (complete fistula in ano).

It may beijin with ulceration within the canal (most often, but not necessarily,

tuberculous), and may extend int(j the ischio-rectal fossa ; or it may originate in that

space, and, beoinning as an ischio-rectal abscess, cause either of the above varieties of

fistula. Such abscesses are very frequent because of {a) the proximity of the rec-

tum, the frecjuency of rectal ulceration, and the invariably septic character of the

rectal contents ; (/;) the poorly vascularized fat and loose connective tissue occupv-
ing the fossa ; ( r) the etTect of gravity in inducing congestion

;
(d) the absence of

muscles competent to facilitate the return of venous blood
;
{e) the slight but often

repeated trauma caused by coughing 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 sufificient 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. ( ^ 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 levator 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 pelvic 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 usually 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 glands in the sacral curve and
then the lumbar j^lands by the sides of the lumbar vertebr^e. The for.mer, when
much enlari^ed, may be felt with the tinj^er in the rectum. The latter are palpable
throuj^h the anterior abdominal wall. If the carcinoma is at or near the anus, the
upper in<;uinal j^lands are apt to be first involved. If it sjjreads through the blood-
\essels, it may, whatever its seat, follow the superior hemorrhoidal veins to the jiortal

system anil the liver or the internal putlic and iliac veins U) the vena cava and to the
lunijs and elsewhere.

The tr/alions of the rectum are of much practical importance. Those with the

peritoneum have been described (pa|t;;^e 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. Penetratinj^ 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, brinj^injj;- a lart);'er 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 ui)ward 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 imjiortance. The rectum is less liable to direct trauma than are

other portions of the intestinal tract, on account of the protection afforded it by the

bony walls of the pelvis.

Enlargement of the prostate may so depress the anterior wall <jf the rectum as

greatly to diminish its lumen. Occasionally sym]:)toms 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 \esicles. They
are, for obvious reasons, apt to be associated with rectal irritation, tenesmus, and
painful defecation.

In operations on the rectum, as for excision of carcinoma, it may be approached
(a) from below, 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 connecti\e tissue

between the rectum and \agina or rectum and urethra and prostate, and mmierous
hemorrhoidal branches, {h) 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). (r) It may be reached from in front
through a median incision in the posterior wall of the vagina ; ox {d ) irom be/iind

by removal 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 le\'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 le\-ator

ani, the coccygeus, and the sacro-sciatic ligaments must, of course, be di\'ided, 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.

Exaniination per rectimi may be made by the finger, by inspection, by bougies,

or by the introduction of the whole hand.

(a) With tha Jin^er one can feel the involuntary contraction of the sphincters

embracing the finger for the space of about an inch. If the jiatient 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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give a sensation of a broad muscular band around the bowel" (Cripps). This is

more distinct posteriorly and represents the posteri(jr ed^e of the levator ani. It is

from 1)2-^ i'l. from the anus. A patulous contlition of the anus or a cavernijus or

"ballooned" condition of the rectum should su^-^est stricture, the muscles below
which, ha\in,<4' no function to j)erform, become enlarged and yicldin^^. An excejj-

tionally tij^ht grij) of the hn^er, with marked tenderness, should suj^j^est fissure.

If the patient is asked to strain, a slightly increased area of bowel will be made
accessible to examination by the finger, but, except anteriorly, the finger cannot, as

a rule, reach beyond the portions uncovered by peritoneum. The upward distance

thus made palpable is on the average from 3-4 in. The distance from the anus to

the recto-vesical pouch, when the bladder and rectum are emjjty, is about 2^ in.;

when they are distended, it is about 3j^ in. Cjrowths in the sigmoid often descend
so that they may be felt through the rectal wall with the finger.

Anteriorly, from 1^-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

examination 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

—

i.e., 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 upj)er

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 spurious cases of spermatorrhoea 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.

{b) By inspection, 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 gravitate towards the dia-

phragm, the recto-\-esical and recto-vaginal 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—is

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.

id) By the ichole 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 curve 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



t694 Hl'MAX AXATOMY.

arch ; (5) the internal iliac artery throui,rh most of its course ; (C) in the female the

uterus and the ovaries. If the hand will enter the sit,mioid flexure, most of the abdo-

men may be explored.

Examination throu«,di the rectum by this method is distinctly danj^^erous from

the risk oi laceration of the j.;;ut. 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
(Fi'J'. 46, page 39) emphasizes the wide communication between the two. The
difTerentiation of the gut from the yolk-sac is accomplished by the approximation

and union of the two splanchno|)leuric 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 splanchnoi)leur£e proceeds, the gut-tube becomes closed

Fig 1428. Neural 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 volk-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 volk-sac or umbilical vesicle at its outer

end. The primitive digestive tract, therefore, is closed both anteriorly and pos-

teriori v, and soon mav be divided into three segments : the fore-, ff/i'd-, and hind-gut.

Formation of the Mouth.—The cephalic segment, the fore-gut, is somewhat
dilated at its anterior extremity, and there constitutes the /)r/w///er/>//rtn'«.r, which at

first is separated from a bay-like depression, the oral recess (stomodauiu ), which

meanwhile 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, the pfiaiyngea/ nie)?ibrane(¥'\^. 1429), consists of the directly a]:)])osed

entoblast lining the primitive pharynx and the ectoblast c(jntinued from the surface,

no mesoblast intervening. The pharyngeal membrane verv early
(
j^robablv 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

communicating.
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The entrance into tlie piinuiry oral cavity is a pentagonal opening bounded by

five projections,—superiorly by iha unpiuvi^d /fof/^a/ process, extending downward
from the region of the anterior cerebral vesicle, laterally by the vnixUlary 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 sei)a-

ration of the oral and nasal ca\'ities are described in connection with the development
of body-form (jKige 59).

The primitive pharynx bears on each side a series of four lateral dilatations, the

pharyngeal pouches (Fig. 73), corresponding 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 visceral arches and separated by a delicate ecto-entoblastic i)artition. The details

of the development and metamorphosis of the visceral arches and furrows have been

considered (page 60).

Fig. 1429.
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Sagittal section of early rabbit embryo, showing oral recess and primitive pharynx still separated. X 12.

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 de\elopment 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 { proctodcruin) 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 investi-

gations, the blastopore probably gives rise to two openings, an anterior and a posterior.

The former is the transient neurenteric canal, the latter the anus. 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 niij^ration to the ventral surface is associated with the j^rowth and changes affect-

ing the tract situated between the neurenteric canal and the anal anlage giving rise

to the tail-bud (Hertwig) from which the caudal apjiendage arises. In conse-

quence of the displacement occasioned by these changes, the anal anlage gradually

assumes a ventral j^osition immediately l)eneath the tail.

Coincident with this migration the primitive gut-tube bec(jmes 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-a7ia/ ffut, a temporary

entension of the gut-tract toward the tail-bud. The ventral wall of the cloaca shutting

it otf from the exterior is formed l:)y a delicate partition, the anal or cloacal mem-
brane (Fig. 1644), consisting of the apposed entoblast and ectoblast. A slight de-

pression, \\\(i primitive 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.

Fore-brain
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The dii^estive tube is at first closely bound to the posterior body-wall by a short,

l)road mesoblastic band. This attachment, or primitive mesentery, from the lower

end of the cesophaj^us downward, gradually increases in its sai^ittal dimensions, at

tiie expense of its breadth, in conse(|uence of the ijut-tube leaving the dorsal wall and
assuming a more ventral position, the entire gastro-intestinal tube being thus attached

by a mesentery. That portion of the latter connected with the stomach is known as the

mL'soj^astriiiifi, that with the intestinal tube as the meseiiteriiim coni))iiine {y\<^.\\']'^).

riu' elongation of the stomach soon results in loss of the primary sagittal direc-

tion of its axis, which becomes obliciue, the lower end of the organ passing to the

right, while its upper end is displaced towards the left in conseciuence of the increasing

volume of the liver. Embryos of the sixth week exhibit marked change in the form

of the stomach, since the dorsal wall, later the greater curvature, has become bulged

spineward, 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

Fig. 1431.
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Part of caudal end of sagittal section of rabbit embryo of twelve days, showing cloacal space in communication
with lower end of gut-lube and allantoic duct. X 35-

stomach consists of the entoblastic lining surrounded by the splanchnopleuric meso-
blast. The differentiation of the gastric glands begins towards the close of the third

month as minute epithelial outgrowths from the entoblastic layer. A few weeks later

the glands become branched, and the parietal cells appear as differentiations from
single epithelial elements lining the peptic follicles. In the fifth month the length of

the glands has increased to about . 20 mm. , and during the succeeding month to

from .40-. 70 mm. (Kolliker). Differentiation of the mesoblastic tissue into the inner

circular and outer muscular layers occurs during the fourth month.
The lower funnel-shaped pyloric end of the stomach at first passes insensibly

into the relatively wide beginning of the characteristic U-shaped intestinal loop which
extends from the stomach ventrally, its closed end or arch being attached to the

vitelline duct, and then returns to the posterior body-wall to be continuous with the

terminal segment, which maintains its sagittal relations in close attachment with

the dorsal boundary of the body-cavity. The inferior limb of the loop early shows
beginning differentiation into large intestine, the junction of the latter with the small

intestine being indicated by the slight caecal expansion. Even at this period a defi-

nite vascular relation has been established by the three main segments of the gastro-

107
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intestinal tube and its mesentery. Within the nieso^astrium course the three
branches of the cceliac axis ; the superior mesenteric artery passes within the mesen-
tery between the Umbs of the intestinal looj), whiU' the inferior mesenteric artery is

distributed to the last part of the intestinal tube.

The subsequent chani^es which the intestinal tube exhibits durinjn' its growth have
been carefully studied in reconstructions by Mall,' who.se conclusions diiTcr materially
from the prevailing- views. Accordinji;^ to this investi}j;ator, the rapidly auj^nienting
liver-mass occupies so lartje a i)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 _t,neater part of the i^ut is early displaced from the abdominal cavity into

the coelom within the umbilical cord, the up])er limb of the ll-looj) then lyin^ to the
right and the lower to the left. The i>rowth of the small intestine—more rapid than
that of the lar«-e—soon results in the production of six primary coils, the identity of

which is retained not only throuijhout 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. 1432.
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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
outer 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

ccelom. About this j)eriod the lower part of the body grows rapidly, resulting in

increased space within the peritoneal cavity, which now aflords 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 ca*cal 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 Anal. ii. Pliysiol., .Supplement Bd., 1897.
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into a descendintj and a transverse colon, the former l>ein^ the upper part of the vertical

limb of the original tlorsal flexure lyinj^ below the stomach. This flexure indicates

the division between the descendimn' and transverse colon, since the latter corresponds

to the se.i^ment in front of the bend. Once back in the i)eritoneal cavity, the looi)s,

which collectively lay in the saj^^ittal

Fir,. M3.3-

X
^^

\

plane of the cord, are arranj^ed i^en-

erally at riijht angles to the long axis

of the body, and the antero-posterior

colon becomes transverse ( Mall ' )• In

consequence of these changes the por-

tion of the large gut that lay within the

cord now lies obliquely across the ab-

domen in front of the duodenum, the

remaining coils of the small intestine

being placed below. The Ccecum,

therefore, occupies a position beneath

the liver, on the right side, as a slight

dilatation at the beginning of the

transverse colon. The Ccecum, 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

ihrovv'n 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 flexure 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.

Recoiisliii. I !• ill I'l iiiii-.tiii.Ll lui"' .mil jwrt of liver of
human embryo ot 17111111. veile.x-hieech leiijjth. (Same em-
bryo as represeiileil in Fig. 1436.) HI', hepatic vein; UV,
umbilical vein; Pl\ portal vein; GB, gall-bladder; Fll^,
foramen of Winslow. The figures in this and in the two
fi>llo\vin.g reconstructions refer to corresponding parts of the
gut-tube, 1 bein.g gastro-duodenal junction. < 12. {A/a//.)

Fig. 1434. Fig. 1435.

f. 6 f

Reconstructioi. of intestinal roils nf human embryo
01 28' mm. vertex-breech length, .\rro\v indicates po-
sition of foramen of Winslow" X 8. {Mai/.)

Reconstruction ot mti -imal coils of human embryo of

80 mm. vertex-breech lLii,gth. ,-. 2. {A/a//.)

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., 1S99.
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dependent terminal portion does not keep pace with that nearest the intestine. The
apical segment of the cacum remains pro])ortionately small, antl persists as the ver-

miform a|)j)endix. The latter, therefore, corresponds to the unexpanded morpho-
logical termination of theciecum. This relation is evident at birth, when the aj)j)endix

forms the direct continuation of the funnel-shaped caecum ; it is exceptionally re-

tained in the adult as the fcL'tal tyi)e of ca-cum occasionally observed. I'suallv the

ccecum continues to expand with the colon, the demarcation of the appendix be-

comini; progressi\ely more emi)hasized, until the relati\e size of the two tubes com-
monlv seen is established. The usual tlis])lacement of the appendix, so that it arises

from the left and posterior wall of the ciecum, results from the later unequal exj)ansion

of the right side of the latter, wherebv the orijj;^in of the aj^pendix is j)ushed to the

left.

UitTerentiation of the walls of the intestinal tube bej>^ins early in the third month
by the formation of longitudinal folds, at first in the upper part, later the entire

lentjth of the small intestine. These folds increase in number and size, and subse-

quently break up transversely into areas from which the villi are formed. The latter

first appear in the upper part of the small intestine in embryos of about 30 mm.
in lenj^th (Berry'), and u^radually extend to the lower segments, the villi being
present throughout the small intestine in embryos of about 10 cm. in length. \'illi

also exist temporarily in the large intestine, but later undergo absorption, so that

shortly after birth they have completely disappeared, while those within the small

intestine have greatly increased in numbers and size. Early in the fourth month the

intestinal glands appear in the upper part of the tube as minute diverticula 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 diflerentia-

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 ca\ity is de-

fined. The primary coelom, according to His, may be di\ided, therefore, into an

upjier and a lower portion, ^\\iiparietal and the tnink-cavity respectively. These spaces

communicate on either side bv an extension of the parietal cavity, \\\q parietal recess

of His. The ventral portion of the parietal cavity, which from its earliest appear-

ance contains the heart, becomes the pericardial cavity, and is, therefore, appropri-

ately named the /><';7rtr;v//«/ ^«'/<?w (MalP). 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 ar/oni. 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 dififerentiation of \.hc pu/}?io}iarv ridge (Mall), 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-

monary ridge grows headward as \\\q piciiro-pericardial vienibrane, which completes

the separation between the heart- and lung-sacs, and later tailward to form the p/euro-

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 horizontallv into the body-

' Anatom. Anzeiger, Bd. xvii., 1900.
' Johns Hopkins Hospital Bulletin, vol. xii., 1901 ; Journal of Morphology-, vol. xii., 1S97.
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cavity, and extends from the ventral wall to the sinus venosus, its median part be-

neath the heart bein^ attached dorsally to the gut-tube, while its lateral expansions

form the floor of the pleural cctlom. This imperfect partition, the septum trans-

vcrsum of His, also affords i)assa_t;e for the two ducts of Cuvier, formed on each side

by the union of the ])rimitive juiL^ular and cardinal veins, to i^ain the sinus venosus
;

the septum transversum receives the hepatic outgrowth from the ])rimitive duodenum,

which soon develops a conspicuous liver-mass within the substance of the septum.

The rapid increase in the mass of the developinj^ liver is attended by great thicken-

ing of the septum transversum, particularly towards its dorsal edge. Coincidently

with this augmentation, the septum differentiates into a thinner upper and a thicker

lower stratum, the former constituting the floor of the pericardial cavity and sur-

rounding the ducts of Cuvier, the latter enclosing the liver.

Fig. 1436.
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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 cervical region,

gradually recedes tailward. 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-

mentaiy tul)c, from the tL'So])h;imis downward, to the posterior wall of the body-
cavity by means oi a sagittal fold, the primary mesentery , has already been noted
(pa^c 1697). Likewise the conventional division of this duplicature into a lower part
attached to the intestines, the mesenterium eommioie, and an upper ])()rtion passinj^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 dijj^estive 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 mesogastrinm, or anterior mesentery, as distinguished from the df)rsal meso-
gastrium behind the stomach. The ventral mesentery is at first attached above to
the sei^tum transversum and in front to the body-wall as far as the entrance of the
umbilical vein, which occuiMes 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 material])' aids in this process

of delamination. The separation, however, is not complete, since the recesses o\er

the sides and top of the liver do not cjuite 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 /rt'/r/Avw or

siispensofy 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 omentum and contains the

bile-duct, portal \ein, and hepatic artery.
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In general, the serous iiieiiibranes lining- the pleural and peritoneal coeloms rep-

resent tile specialized mesoblastic layer forming the immediate boundary of these

cavities. The peritoneum, therefore, covering the lower surface of the diaphragm

and certain surfaces of the li\er is derived from those ])ortions of the septum trans-

versum that constitute the upjier and lower walls of the hepatic recesses which are

instrumental in freeing the liver from its primary position within the septum. The
separation of the li\er from the diaphragm is incomjjlete not only above, as already

noted, Init also behind ; consequently the greater part of the i)osterior surface of the

organ remains attached to the posterior body-wall by areolar tissue and is non-peri-

toneal, the remains of the peripheral portion of the lower layer of the septum trans-

versum, which becomes the peritoneum of the liver, being reflected at the sides

backward as the coronary ligaments.

Coincidently with the development of the liver and its liberation from the sep-

tum transversum, the stomach undergoes change in its axis, which becomes less vertical

and more obliquely transverse, and in consequence its attachment to the liver,

the primitive ga.stro-hepatic omentum, is drawn towards the right and assumes a

Fig. 1438.
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Transverse section of rabbit embryo of eleven and a half days, showing primitive mesentery. X 35.

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

which are the mesogastrium, the roof being the under surface of the liver. This
pocket, \ki^ lesser sac of the peritoneum, 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 foi'-amcn of Winslotv, 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 between 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 fold of which each consists of two serous surfaces enclosiniif

a thin stratum of intervening^ tissue ; there are, therefore, four serous layers included

within the oriy^inal omental curtain. Tracing 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 gaining 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 li\ er. 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. F"or a time these original fcetal relations persist, the greater omentum being

unattached to and removable 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 duodenum, 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 supplving 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 onlv slightlv 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 mesenten*', 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 forming the dorsal connections of the transverse mesocolon which exist

until fusion takes ])lace between this duplicature and the ii(jsterior fold of the omental

sac. Since originally all parts of the large gut possess a mesentery, the descending

colon and sigmoid are for a time provided with a free mesocolon. In consequence

of the increasing bulk of the small intestine the descending colon is pushed not

only to the left, but also against the body-wall. The inter\ening serous surfaces

usually disappear behind the gut, which later, therefore, ordinarily possesses a peri-

toneal coat only in front and at the sides. In a considerable number of cases, how-

ever, this fusion and obliteration do not take place, the mesocolon, although displaced

towards 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 caecum, in their downward growth towards the right iliac

fossa from the hepatic flexure, carry with them a peritoneal covering. This remains

Fig. 1439.
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Diagrams illustrating formation of greater omentum and omental sac. A shows duodenum and pancreas in

mesogaslrium unattached; in 5 these organs are partly against posterior abdominal wall, posterior wall of lesser

peritoneal cavity is still free; in C duodenum and pancreas lie against posterior abdominal wall, posterior wall of
omental sac has fused with transverse mesocolon, a. aorta ; d, diaphragm ; /, liver;/"/, falciform ligament; iiv, um-
bilical vein ; >v, stomach ; tc, transverse colon attached by transverse mesocolon itntc) ; si, small intestine attached by
mesentery (w); p, pancreas; dti, duodenum; Ips. lesser peritoneal sac; os, omental sac; lo, lesser omentum; go,
greater omentum; ago and/^o, its anterior and posterior layers; f, fusion between posterior wall of lesser peri-

toneal sac and transverse mesocolon. {After Kallmann and Hertwig.')

unattached over the caecum 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 anteriorlv 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 mesentery.

THE LIVER.

The liver fhepar), 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 lixer, as are other glantls connected with the digestive tract, is an out-

growth antl 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 moidded 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 jjresent 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
ftt'tus nearly tills the abdomen, l)ut in the adult has the appearance of having had at

least a third of its substance scoo])ed 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-
drium, growing thinner to the left. The greatest diameter is transverse and the

ne.xt vertical. The liver is usually described as composed of five lobes,—namely,

the right, the left, the lobe of Spigc/iiis, the quadrate, 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.
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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. (81^-91^ in.). The greatest vertical dimension or depth is about

16 cm. (6J{ in.); the antero-posterior diameter 12-18. 5 cm. (4^-7 ji in.). One
peculiar form of liver occasionally met with shows great increase of the right lobe,

particularlv 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 "^^•> ^^"*^^ ^'^ ^^^^ 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 natural form, as slu)\vn in specimens harclL-ncd before removal
from the body, tiie liver presents five surfaces. The superior surface is in the

main convex, looking' upward beneath the diaphragm. The anterior surface, directed

forward, is continuous with the former, on the hardened liver a fairly distinct line

marking the change of direction that separates them. The rii^hi surface faces

towards the riglit and is separated in a similar way from the superior. It passes

insensibly into the anterior surface. In a llaccid li\'er, in which the normal form has

been lost, these three surfaces are indistinguishable, constituting the old superior

surface. In the hardened organ the three represent a dome, of which the flattened

upper surface is slightly separated from the others. The posterior surface is on the

back of the right lobe. The inferior surface is moulded over the organs beneath it.

The borders are best described from the posterior surface as a starting-point.

The upper border of the latter sei)arates 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 posterior surface narrows to a border, first thick and then

sharp, which runs around the liver, separating first the upper and lower ;3urfaces of the

left lobe 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 7iotch (incisura uinbilicalis), in the

anterior border marks the place at which a sickle-like fold of peritoneum, the falci-

form ligament^ conveying the obliterated umbilical vein, now the round ligament

(lijjamentuin teres hepatisj, to the lower surface, reaches the liver. The falciform

ligament is continued back between the top of the liver and the diaphragm, and marks
off 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 offer

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 siiprarenal 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 (lobus caudatus),—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 \\\e fissure of the ductus

venosiis 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

varies, and the shape of the lobe with it. Sometimes the fissure of the ductus
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venosus makes but a small aiiK^lc with the portal fissure, so that it is a three- instead

of a four- sided prism. It is also iuriucnced by the depth of the fossa for the vena

cava, at times being attached merely by a line of tissue. T(j 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 oesophageal impression for

the end of llic i;ullet to the loft of which it becomes sharp.

The inferior surface ( hi.u. 1442) of the liver is sulKlivided 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 iiind surface of the liver, and that the cross-piece—the jjortal fissure—is not

in the midtUe, 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. '\\\(t portal or transverse fissure

(porta hopatis) is of an entirely different nature from the others. It is the liihcvi of

the organ for the passage of the. vessels and ducts ; while the other fissures more

properly deserxe the name, being due to the pressure of the gall-bladder and of

vessels. The portal fissure is from 4-5 cm. ( 1 3^-2 in. ) long. It transmits the por-

tal vein, the hepatic artery, the subdivisions of the gall-duct,_ the lymphatics, and

Spigelian lobe

Fig. 1441-
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the nerves, all enveloped in a mass of areolar tissue known as Glisson' s eapsule.

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 unibilieal fissure, which runs backward

frf)m the notch in the anterior border and contains the obliterated umbilical vein, in

the adult known as the round ligament. This fissure is very often bridged over.

Continuous with the umbilical fissure, the fissure of the ductus venosus ascends the

posterior surface, only a small part of it being on the inferior aspect. In fcetal life it

contained the blood-channel {ductus venosus) which established a short cut between the

umbilical vein and the inferior vena cava ; after birth it is reduced to a cord of fibrous

tissue (ligamcntum vcnosum). 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. 'Y\\it fossa for 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 the quadrate lobe ( lobus quadratus). Behind the portal fissure the lower end of the
lobe of Spigelius appears on the inferior surface, with the groove for the vena cava
on its right and the fissure of the ductus venosus on its left. The caudate lobe
(processus caudatiis) is a rounded ridge, particularly developed in early life, running
from the under side of the right lobe, just behind the right part of the portal fissure

and in front of the vena cava, oblitjuely backward and to the left into the lower end
of the lobe of Spigclius. 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 sharp, and not always to be distinguished. The
under side of the liver, being moulded over the neighboring organs, presents many
irregularities dependent on their pressure. The posterior part of the under side of

the right lobe is hollowed into the renal impression, a concavity fitting closely over
the right kidney. The suprarenal capsule 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 duodenum rests against and moulds the under side of

the right lobe between the renal impression and the gall-bladder. This area of con-

FiG. 1442.
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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 coloyi of very 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 otnentale,—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., 1899.
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backward in a curve to the riji^ht of the vena cava, keepinjj^ in the lower part of the
liver antl gi\ing off succcssi\xly a series of large branches to the fnjiU and right of

the organ. Smaller branches arise from the sides of these. The right primary
division soon gives otT a large superior branch almost ecjual to itself, which describes
a similar but smaller curve at a higher 1(.\ el. 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 part of the quadrate lobe. The
lobe of Spigelius generally receives a chief branch near its lower entl, 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 aiwssory portal veins around the li\ er in the
lesser omentum near the gall-bladder, about the diaphragm, and, most important,
in the falciform ligament, where the pariimbilical 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 livci 1i:im- luen removed to sliow niKiUil lilood-vesseis and bile-

ducls. Vena cava is somewhat displaced forwaid, its course being more \eriical when sui)porti.<l on posterior sur-
face. Large upf)er branch of right division of portal vein is hidden by liver-substance. Portal vein and branches
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 ptjrtal

vein into the accessory veins and by the anastomoses of the latter into the general

circulation.

The hepatic veins carrving of^ the blood from the liver arise as the intra-

hbnlar veins, which empty into the snblobular, which join larger \essels comerging
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 j^ortal, 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. Tlie 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 diapliragm receives two large hepatic \'eins. 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. Manv small veins open into the vena cava at different
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points aloni? its course in the groove on the posterior surface of the liver, several

coinino- from the Sijj^elian lobe. Sometimes (juite a large branch from the right

lol^e opens at a low level. There is no such thing as an hepatic vein in the atlult

considered as an isolated structure. The ramifications of the portal and hepatic

veins are inextricably mingled throughout, but in the main the branches (jf the latter

lie abo\e those of the former (Fig. 1443).

The hepatic artery, the nutritive vessel of the liver, divides into two

branches which, together with the bile-duct, accompany the portal vein, the two arte-

ries generally being on the same side of the vein. The hepatic artery gives ofi so

many branches in its course as to be almost or quite of capillary size when it reaches

the twigs of the portal vein that break up into the interlobular 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 organ and anastomose with branches from the internal mammary, i)hrenic, cystic,

suprarenal, and sometimes right renal. The second supply the structures between

the lobules, especially the walls 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 artery. The lymphatics of the Spigelian lobe pass partly

to the hilum nodes and partly to those surrounding the thoracic segment of the infe-

rior vena ca\a. Communications exist between the superficial and deep lymphatics.

The deep lymphatics include two distinct groups, the one following the branches

of the portal vein, the other accompanying the hepatic veins. The first descends

within the capsule of Glisson in company with the portal vein and other interlobular

vessels. On emerging at the hilum, the fifteen to eighteen trunks, arranged as

tw^o groups at the ends 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 lying immediately above the caval opening.

The nerves are chiefly 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 lavers of the lesser omentum. The
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sympathetic fibres accompany tlie hepatic artery, forming the hepatic plexus, to

the transverse fissure, where, togetlier with the fibres from the vagus, they pass into

the hver along with the interlobular vessels, to the walls of which they are chiefly

distributed. According to Berkley, the interlobular plexuses give ofi 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-tul)e. Early in fcetal life, however, the terminal divisions of the tubules unite

to form net-w orks, after which the tubular character of the liver becomes progressively

Fig. 1444.

Portal vein

Blood-capillaries

Blood-capillary

Central vein

Blood-capillaries

Portal vein

Hepatic artery

Bile-vessel,

Blood-capillaries

I'ortal vein

Sublobular branch of hepatic vein

Diagram of hepatic lobule ;
portions of figure represent median longitudinal sectioti of lobule ; parts of transverse

sections also shown. Branches of portal vein are purple; of hepatic artery, red ; of bile-ducts, yellow. Intralobular

bile-capillaries are black.

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

(A/vxtne), the primary tubular arrangement is retained.

The glandular tissue composing the liver is subdivided into small cylindrical

masses, the lobules^ by the connective tissue which, in continuation of the fibrous
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envelope, or capsitlc, investinj^ the exterior, at the transverse fissure enters the

ort;an and accompanies the interlobuhir vessels in their ramifications as the capsule

of (i/isson (capsiila fibrosa). The distinctness with which the lobules are defined

depends upon the amount of this interl()l>ular tissue. In certain animals, notabl)-

in the hog-, this is great, the lobules being completely surrounded 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 pt)orlv detined and uncertain in outline.

The Lobular Blood-Vessels.—Since the arrangement of the blood-vessels

is the salient feature in the architecture of the fully formed lobule, it is desirable to

study the vascular distribution l)eft)re considering the disposition of the hepatic cells.

As already describetl, the branches of the portal vein, the functional blood-vessel

of the organ, ramify within the capsule of Glisson and encircle the periphery of the

lobule ; inasmuch as these vessels supply the divisions 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 ramihcations of

the portal vein wdiich enter the periphery of the adjacent lobules and break up into

Fig. 1445-

Portal vein

Section of liver injected from hepatic vein, showing intralobular capillary net-work. X 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 vein, the beginning of the system of the hepatic
veins by which the blood passing into the lobules is eventually carried into the
inferior vena cava. The general course of the central vein corresponds to the long
axis of the lobule (Fig. 1444), and hence in cross-sections of the latter the vein
appears as a trans\-ersely cut canal towards which the capillary \'essels converge
(Fig. 1445).

The capillary net-ivork 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 eflferent 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, Ijy the confluence of the capil-

hiries, which, after the central vein is formed, upcn 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 i)eriphery by about one-half the thickness of the Icjbulc. Im-

mediately on emer^ini; from the lobule the central vessel opens int(j the sublohuhn-

vein, which runs generally at right angles to its intralobular tubularies 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.

Hepatic artery_?.

Portal vein

Bile-duct .X^V,"'^,-

• '

_ll^:.£:U*'V'«-^'~ -^^ Central (intra-

^ ";"•>'
-,'>v- ; -^

lobular) vein

. /_^_ IiUerlohular
'^ loiinective

^1 tissue

Section of uninjected liver, showing general arrangement of lobules, interlobular an.l intralobular vessels. X 120.

sublobular veins join to form larger vessels, whicli in turn unite and constitute the

branches of the liepatic 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 trabecuke which conform in their general

disposition to the intcrcapillarv spaces, which they completely fill. In •'^ |^e"^^> ^he

entire lobule consists of a solid mass of hepatic cells elaliorately 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 and measure usually from .015-.025 mm. in their lonj^est dimension. Each
cell comes into contact with from six to nine other elements, the surfaces of contact

beinjj^ [jlane from mutual pressure. Always one side, often more than one, exhibits

a shallow depression which indicates the surface of former contact with a capillary

and emphasizes the intimate relation existing between the blood-vessels and the cells.

The latter lie against at least one capillary and sometimes several, this relation being

dependent upon the size of the blood-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 cai)illaries are of small

diameter, the cells come into contact with three or four. The li\er-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

Section of uninjected liver, showing cords of hepatic cells between capillary blood-vessels. X 450.

their nucleus. Such cells, according to Reinke,^ undergo direct division and pro-

duce the double nucleated elements constantly encountered in sections of normal

li\-er. 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

periphery of the lobule, those enclosing pigment particles near the centre.

The Bile-Capillaries.—These minute canals, representing the lumina of

ordinary 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 directly in contact, so that each hepatic

element comes into direct relation with a number of bile-capillaries. The latter,

' Verhandlung d. Anatom. Gesellschaft, 1898.
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however, never lie on the narrow sides of the hver-cells oi)posed 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. 144S.

Mlood-capillarv

/;.,,,

Bile-capillar>'

cell

Section of liver in which both blood- and bile-capillaries have been injected ; the latter surround the individual liver-

cells. X 300.

Fig. 1449.

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 extreme 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
(KupfTer, R. Krause, and others) that ex-

tensions of the bile- capillaries normally exist

within the substance of the cells, thus form-

ing iyitracelhilar secretion ca7talicu/t. The latter are sometimes pictured as ending in

connection with minute dilatations or secretion vacuoles. It is by no means certain

that such appearances are not artifacts, or at least due to changes after death of

Section of liver treated by Golgi siher method,
showing part of intralobular net-work of bile-cai)il-

laries. X 200.
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the cells. The secretion vaciu)les, i)r()l)al)ly clue to the coalescence of minute

drops of bile, exist only as transient details, and cannot be regarded as constanc

features of the hepatic cells. Holmgren' asserts the existence of " juice-canallculi
'

within the liver-cells in addition to

Fic. 1450. and indej)endent of the intracellular

secretion chaimels. Schiifer^ has

tlescribed nutritive channels within

the liver-cells which communicate
with the blood-capillaries.

The intralobular connec-
tive tissue, or reticulum, consists

of delicate prolongations of the

fibrous tissue of Glisson's capsule

which unite the blood-capillaries and
cords of liver-cells. This tissue, in

general meagre in amount, forms

a delicate reticulum extending be-

tween the blood-channels and the

glandular elements throughout the

lobule, and connects the peripheral

fibrous tissue with the perivascular

tissue that exists around the central

vein in considerable quantity. In

addition to the delicate fibres of the

intralobular reticulum, the perivas-

cular tissue contains lymph-spaces

and, often, irregular elements, the

cells of Kupffer. The latter are

spindle or stellate and are probably

distorted vascular endothelial plates,

their processes penetrating for a limited distance between the adjacent liver-cells.

The interlobular bile-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.

Hbrous tissue \. Reticulum

Artificially digested section of liver, sliowitig supporting inter-

lobular fibrous tissue and intralobular reticulum. :- 230.

-^^:

Portal vein

? ,. ,-. c.->;; ^-it;^' •,:.,• > -->•

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 Glisson.

These ducts, from .030-. 050 mm. in diameter, constitute a net-work over the exterior

* Anatomischer Anzeij^er, Bd. xxii., No. i, iqo2. * 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. thick, which latter is continued into the low cuboidal

or flattened cells that forjii the lininy^ of the excretory channels connecting^ the intra-

lobular net-work of bile-capillaries with the Ijile-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 vicinity

of the latter these trunks join into the two main lobular ducts forming the hepatic

duct. The largest bile- vessels possess bundles of«unstriped muscle which in the

hepatic duct are arranged j)rincii)ally as a longitudinal layer, supplemented by cir-

cular and oblicjue bundles ( Hcndrickson ).

Gall-bladder

THE BILIARY APPARATUS.

In addition to the small interlobular bile-vessels already described, the system
of canals receiving 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 hepaticusj is formed be-

low the hilum by the union

of its two—a right and a

left—chief tributaries. The
latter issue from the portal

fissure, one on each side,

and generally urrite 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. \Ve
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 j^ortal vein,

recei\ing branches along its

con\e.\ity 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. (3/^-i j4 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

Sujierior
mesenieric
vein

Superior
mesenteric
artery

Portions of liver, duodenum, and pancreas, showing biliary and pancreati
ducts ; head of pancrt-as turned back.



Tin-: lUI.IARV APPARATUS. 1719

ends at the point at which the cystic ckict opens into it. The duct is lined with

mucous membrane, covereil with simple columnar epithelium, and presents many
minute pits, into which open the orifices of numerous small tubular j^lands. Its

walls consist of tibro-elastic connective tissue and unstrijjed muscular fibres. The
latter, neither numerous nor separated into a distinct layer, are j^rouped for the

most i)art into lont^itudinal l)undles, but there are also circular and oblique ones.'

The gall-bladder (vesica fcllca) is a pear-shaped recej)tacle for the bile, rest-

in_ti^ in its fossa on the under side of the liver, with the lar^e end forward. The
long axis runs also somewhat inward. The length is from 8-10 cm. (3JS^-4 in.)

and the capacity some 50 c.c. (about i>4 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 jiortion, 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- Fig. 1454-

Surface view of portion of mucous membrane of gall-

bladder. X 12.

Gall-bladder

Stic duct

.,„^ ^ , .Hepatic
r'S^ ^J duct

Portion of gall-bladder and biliary

passages 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 by 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.

Vei7is.—The superficial veins join the cystic artery and empty into the right

division 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 biliary apparatus, see Hendrickson : Johns Hopkins Hospital

Bulletin, Nos. 90, 91, 1898.
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Fig.

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 ple.xus through the hepatic ple.\us.

The peritoneal relations of the bladder and ducts are considered with those of

the liver (page 1721).

The cystic duct (ductus cysticus), 3 or 4 cm. in length, with a diameter of

from 2—3 mm., passes 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, o|)ens into its side. It is said sometimes to j^resent an enlargement at its

end. In its natural condition it looks externally like the other ducts, l)ut 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 fcjetus

there is a fairly distinct sj)iral valve, most developed in the upper part, and, in fact,

starting in the neck of the gall-bladder. I>ater the continuous spiral ridge {valvula
spiralis Heistcri) 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

7 cm. (2 3^ in. ) long. Its diam-
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 arter\' 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 bv 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 the pylorus. In the

natural condition it is not easy to find, being situated beneath a transverse fold and
not being prominent in the shaggy 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 ne.xt 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

Bile-duct.

Ampulla

PaiKTeatic
duct

A. portion of duodenum, with anterior wall removed, showing
entrance of bile and pancreatic ducts ;

/f. papilla laid open, showing
floor of ampulla. One-half natural size.
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distance of i cm. Thi' structure of the common duct is much the same as that

ol the hepatic, containiniL; hut httle inuscuhir tissue and that not well defined. The
papilla contains a fusiform dilatation, \.hv ampu/la (of Vater), which may be i cm.
broad when distended. Into this the bile-duct and the duct of the pancreas usually

open by a common orifice. Be these oritices cvmnion or distinct, each is sur-

rouniled by an accunuilation of the circular muscular fibres which amounts to a

sphincter. The glands, which are found throuj.j^hout the common duct, are particu-

larly lar^'c and numerous in the ampulla.

Ligaments and Peritoneal Relations.—The term "ligament," applied

to the fokls of serous membrane, is entirely inappropriate. It is in part retained,

but the enumeration of five ligaments as separate entities is antic juated. The round
/ii^a»n)i( ( li^ainentuni teres hepatis) is a cord of fibrous tissue, the remains of the

obliterated uml)ilical \ein, running from the umbilicus to the left end of the portal

hssure. Its continuation, the ductus venosus, is represented by fibrous tissue (liya-

mcntum venosum ) in the fissure of that name. The round ligament lies against the

abdominal wall for an inch or more above the navel and then passes backward in the

free edge of ihe falciform ligament, a fold of peritoneum presumably detached from

the anterior wall and from the diaphragm by the development of this vein. The

(Esopliajjeal impression

Left coronary ligament

Fig. T456.
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Posterior surface of liver, showing peritoneal reflections.

front part of the falciform ligament is appropriately 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 liver. At the notch in the anterior border the

round ligament passes onto the inferior surface of the liver in the umbilical fissure.

The coro7iary ligaments 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 ligament, 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 left coronary ligament, of which 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 li\er the end of tlie round lii,f;uiU'nt lies in its fissure cov-

ered by a sHi^ht fold of peritoneum. The same is true of the ji^all-bladder. Some-
times the latter is more or less surrounded, and it may be almost com[)letely so,

hangint^ from the fossa by a fold. The lesser or gastro-hepatic omentiuii is a fold

enclosing the vessels in the porttU fissure and passing to the lesser curvature of the

stomach and the first part of the duodenum. A secondary fcjld containing the

cystic duct, the duodeno-eystic fold, joins it on the right. Near this it presents a

free border forming the ft^'^^i of the foramen of Winslow. On the left it runs along

the fissure of the ductus venosus to the notch in the li\er 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-eystic 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 l)ile-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 both the organ and the thora.x 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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right, where, after death, it readies to the level of the sternal eiul of the fifth costal

cartilage. It is doiihtful whether in life the liver is ever quite so high. On tlic left

it is about I cm. lower, antl in the niiiklle it is not more than 2 cm. lower still.

The relation of the left lobe to the tioor of the thora.v varies considerably. If large,

the organ may extend to the left wall, but this is rather uncommon. The liver

may reach the front wall as far to the left as the mannnary line, in which case it will

be below nearly the whole of the tioor of the pericardium, although it may not lie

below the anterior part. It always passes just in front of the (^esophageal opening.
The inferior border rests against the posterior wall on the right, 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, o\erlap 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 w^idely 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 Physiolo^-, vol. xxxvii., 1902.
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whirli connects the stomach and the cliKxh-niiiii with the anterior hody-uall. Tlie
hepatic diverticuhnn j^rows foruanl ami uj)\var<l 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 partition, the septum irausvcrsiim,

primarily consists of lateral folds, projecting^ at rig^ht angles from the anterior mesen-
tery, caused by the larii;^e 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
1701); for the present purpose it is sufiticient to note that the liver-anlage early

comes into relation with the septum transversuni. 'Ihe ventral j)ortion of the pri-

mary li\cr-evagination, clothed with the entoblastic lining f)f 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 primiti\e 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.

Septum transversum

'i%\' —Vi .:"/.*»' pV _Hei)atii- cii\dliriilum
Liver-anlage

Cystic diverticulum

Cut-tube-

':4
\?J; l^'C'--' 'V'i &-^^'*'^ *'

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 di\is-

ions of the gland.

Coincidently with the formation of the net-work of glandular tissue by the

junction 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 {vence

hepaticce advehentes') penetrate the liver-mass to become the portal system. The
division, subdivision, and union of these blood-vessels keep jiace 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-trabccuL-e

composing the primary hepatic net-work are partly solid and partly hollow ; the
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latter, with a portion of those without a hiinen, arc coiivertctl into the system of

bile-canals, while the reniainin_y eylinders ^ive otT additional sprouts \vhich reduce

the intervening^ meshes and increase the solidity of the orj^an. The solid cylinders

of secreting tissue at first contain no bile-capillaries. The latter are hollowed out

between two adjacent cells as extensions of the meanwhile differentiating biliary

ducts. Differentiation of the developing liver into lobules does not occur until the

beginning of the fourth foetal month, by which time the larger blood-vessels and
bile-ducts become surrounded by condensations of the mesoderm which form the

capsule of Glisson.

The details of the formation of the hepatic blooti-vessels are considered in con-

nection with the dexelopmeiit of the veins (page 928). It may be here men-
tioned, however, that the primary circulation of the liver, including the i)ortal vein,

the intralobular capillary net-work, and the hepatic veins, is derived from the modi-

fication of the vitelline veins, in conjunction with their tubularies from the digestive

organs. The relations of the placental circulation to the liver are secondary. The
left umbilical vein for a time pours practically all the blood returned from the placenta

into the portal vessel ; when the latter is no longer capable of receiving the entire

amount of the placental

blood, the development Fic,. 1460.
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and the surrounding mesoblast produces the distinguishing details of the fully formed
organs.

With the conversion of the primary li\er-mass into the more definite organ, the

relations of the ventral mesentery, into which the early liver-anlage grows, become
chanp jd. 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 [)rojects

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 ; ( A ) the anterior portion,

which 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 vveiijjlu. The left lol^e 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

connective tissue in the organ, which is very friable and also easily moulded on the

surrountling structures. At birth the weight of the liver is about 150 gm. (3 oz. ).

PRACTICAL CONSIDKRATIONS: Till-: LI\KR, GALL-HLADDER,
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 the parietes. The chief type of the so-called "lacing" or "corset" liver

is marked by a transverse groove separating the main body of the organ from a pro-

longation downward of the anterior ])()rtion, 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 cither 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 iK-neath 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 inovable 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 (Cilenardj.

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, {b) 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, jjcrsons 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 place during deep inspiration is aided by its downward movement from

gravity. It has been suggested (Jacobson) that such movement must slightly open

the inferior vena cava, which is then immediately compressed by the following up-

ward movement,—during cxi)iration,—thus directly influencing the systemic venous

current and with almost ecpial directness that in the hejxitic veins.

In deep inspiration the anterior (t<\^^Q of the liver descends from under cover of

the lower ribs, and in very thin persons may be ])alixated. 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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by the amount and character of food taken. Drinkinjj;^ and overeatinj^ thus exag^gerate

the periotlic ])hysi()looical congestions of the hver antl often resuk iikiniately in ortjanic

chang^es. Of course, passive congestion is hkely 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 liver, especially that form due to al-

coholic excess, and in some infectious diseases, notably the specific fevers and
svphilis. Its anatomical relations explain the usual secpience of phenomena. Pro-

liferation of the portions surrounding the terminal branches of the portal vein causes
obstruction which, either alone or aided by the concurrent toxiemia, 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

\eins
;
(c) 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 li\'er 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-substance 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., 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 with 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.

Woimds 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 may 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 li\er 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 li\er, if uniform (congestion, multiple abscess, perihepatitis,

fatty degeneration, hypertrophic cirrhosis), causes a bulging of the riglit lower ribs

anil their cartilages and an increase of the area of absolute percussion dulness. 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 o\erlaps 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 liver troubles, is sometimes
characterized bv 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 affected, (^)

the phrenic contributes to the nerve-supply to the liver and is derived partly from

the fourth cervical, and (^r) the supra-acromial nerve is a branch of the latter.

Other evidence showing relations between the supra-acromial and phrenic nerves,

e.g., hiccough in shoulder arthritis, makes this explanation seem reasonable.

Hepatic abscess may open {a~) inferiorly 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
; (^)

superiorly into the pleura, lung, or bronchi, or into the pericardium ; (r) posteri-

orly into the retroperitoneal space and the loin ; {d ) anteriorly on the surface of

the body, sometimes following the remains of the umbilical \ein 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 ( subdia-

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 Qgg of the taenia echinococcus, freed from its shell by digestion, readily pene-

trates the gastric and intestinal vessels, and is verv 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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other operations, by traversing either the peritoneal or the pleural cavity. In
doubtful cases, or when there is an anterior swelling, a vertical incision in the mid-
line through the right rectus or at its outer edge, beginning at the costal margin
and prolonged downwartl, will i)ermit of e.xposure of the liver and evacuation of the

abscess or cyst, the peritoneal cavity being walled off by gauze packing. If the

liver is approached above the lower ribs or posteriorly, it will be necessary to resect

a portion of one or more ribs, suture the diaphragmatic and parietal pleura
together or to the thoracic wound, and then incise the diaphragm. If the liver is to

be reached laterally,

—

i.e., in the right axillary line,—resection of the tenth rib will

disclose the diaphragm with no intermediate layer of pleura. Penetration of the

diaphragm opens the peritoneal cavity and permits access to the lower and outer
portion of the right lobe.

Cancer of the liver is usually secondary (to metastasis through the portal

svstem), multiple, and diffuse. When primary and consisting of a single nodule,

excision may be attempted. In controlling hemorrhage, the friability of the liver-

substance makes ligaticjn of separate vessels dilificult, and it may be necessary to

employ an elastic 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 oesophageal lymphatics is also shown by a case in which
hepatic abscess followed a mediastinal oesophagotomy.

The Gall-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.

IVoiinds 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 lix^er, 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 o\'er the pelvic brim
(Morison).

Diste7ition 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, {b)

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 H\'er. The swelling descends

109
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durinfT inspiration. If the cause of the enlargement is inflammatory and adhesive
peritonitis has resulted, the tumor may be fixed so that it does not mo\e 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 fretiuently 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 j)assing towards the epigastrium,

—

i.e., referred to the coeliac

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) ;
(r)

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 ; ie) 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; if) 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 gall-stones in old cases of empyema of the gall-bladder. Its anatomical relations

to surrounding structures and spaces should theref(jre be carefully studied.

Cho/eiithiasis.—As the normal e.xpulsive efforts of the muscular walls of the
gall-bladder are usually aided by the contraction of the abdominal muscles during
exercise, gall-stones are more commonly found in persons of sedentary habits, in

invalids, and in females, especially in multipara. Tight lacing, by depressing b(jth

liver and gall-blacklLr, as well as kidney i^vide supra), is also a distinct jjredisposing

cause. Bacterial infection with the colon or typhoid bacillus, and more rarely with
other organisms, is, ht)wever, a frequent exciting cause of the hypersecretion and
epithelial proliferation 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 development of such phenomena as either have no distinct ana-
tomical bearing (biliary fever and secondary visceral lesions) or as have already
been considered (abscess of the liver, empyema of the gall-bladder, fistulas, etc. J.

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 "spiral valve,"—the valve of Heister) usu-

ally effectually pre\'ent 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) coyitinuons 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
; (<^) to the acute inflammation which usually

accompanies an attack ; and {c) 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, {j\) profuse sweatifig, 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 ner\'ous 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 obstructioyi, 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 w^hich have 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 10 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 sw^eating,

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 foreig^n bodies which have been swallowed. Pressure from extrinsic causes is

far more frecjuent, 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 gastric cancer
;

or to enlargement of the head of the pancreas from new growth or from inflammation
;

or to aneurism of branches of the cteliac a.xis.

In these cases, contrary to what is found in opclusion frcjm gall-stones, the gall-

bladder is usually enlarged.

Co/ii^t'nital obliteration of the ducts may t)ccur.

Opirations on the Gall-Bladder and Biliary Ducts.—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 upward 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
pvloric 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

mav 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 \'ena 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 fcholecystenteros-

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 divided into neck, body, and tail. When the organ is removed
from the bodv 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 /;/ situ

before remo\al 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 second part. It overlaps l)oth the secoiul antl third parts anteriorly, and
tends to insinuate itself behind them. VVe have seen it overlaj)i>ing- the fourth part

also. So much has been said of the variations of the duodenum ( page 1644 ) that it

must be evident that the head of the pancreas can hardly have any certain size or

shape. Its diameter from above downward is probably rarely less than 7 cm. and
may be greater. It is separated from the neck by a groove on the front of the gUuul

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 approach the right suprarenal

body. It is op])i)site the first and second lumbar vertebrae and often a part of the

third lumbar \ ertebra.

The body (corpus jiaiicrcatis), including the neck and tail, is prismatic, ha\ing

a posterior, an antcro-sHpcrior, and a narrow inferior surface. It is so t(jrtuous in

its natural position as to seem shorter than it is. Starting on the right of the spine

at the level of the first lumbar vertebra, it passes around it to the left and h)ackward

and again forward to the spleen, which it may or may not cross. Towards its end
it also turns downward.

Portal vein

Fig. 1461.

Hepatic artery

Left suprarenal body
' Left kidney

Ri^ht suprarenal-
body

Vena cava
Spleen

\^ '_ Tail of

»•.. it pancreas

Ij-
irplcTiic

flexure of
colon

' Beginning
f- of jejunum
— Superior mes-

enteric artery
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 (^2-3 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 (cauda pancreatis), the end of which 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 accurately TFig. 1461).

The posterior surface has first (from the neck towards the left) the deep
groove for the portal vein, which may be entirely surrounded bv glandular tissue.

Beyond this it lies on the vena cava, then on the aorta between the coeliac axis and
the superior mesenteric artery, 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 orrooves on the pi)sterior surface. The lower, which is the longer and deeper, is

caused by the splenic vein. It e.xtends from the left end to the groove for the portal

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
forwartl. presenting a concavity which forms a part of the stomach-bed. It is on
the average some 4 cm. brt)a(l, but may exceed 5 cm. There is often a swelling

—

the

omental tuberosity ( tuber ouieiitalc )—to the left of the neck opposite the aorta. This

is behintl the lower end of the vertical part 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 sali\ary

glands, as the parotid, the pancreas differs in certain particulars. The most im-

FiG. 1462.

Section of pancreas uiKier \n\\ maffiiification, showing general arrangement of lobules. X 30.

portant of these are the tubular, rather than saccular, form of the alveoli, 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 of! 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 eells. 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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Alveolus

are usually of a blunted pyramidal shape, althouj^h many aberrant forms arc seen,

with an averai^e lenj^th of about .010 mm. During functional inactivity their cyto-

plasm exhibits two well-ditfcrontiated zones : an inner one, ne.Kt the lumen, which is

hiyhlv >j;-ranular, and an outer one, ne.xt the basement membrane, which is free from

granules and at times almost homogeneous. The round or oval nucleus occupies

the external area. The relative breatith of these two zones varies with the func-

tional activity of the cells. During fasting, when the latter are stored with zymogen
particles, the granular zone is very broad and the outer homogeneous one corre-

spondingly narrow. With beginning discharge of the pancreatic secretion during

digestion, the granular zone tliminishes and reaches its minimum, almost dis-

appearing when the gland is exhausted. The return of the latter to a condition of

rest is accomjianied liy the formation and gradual accimuilation 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 \\\e paranucleus (Nebenkern). The latter is of uncertain form, often singu-

larly round and 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 an artifact (Ebner),

others that its presence is in

some way connected with

changes affecting the nucleus

(Henneguy). 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 tem-
porary and cannot be regarded
as constant details of the cells

(Ebner).

The interalveolar cell-

areas, or isla7ids of Lans;er-
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 trabeculae, 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.

Section of pancreas, showing interlobular connective tissue with vessels
and duct surrounded by tubular alveoli. X 200.
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Connective-
tissue envelofje

tion from the surrounding glandular tissue and their close relation with the blood-

vessels, the opinion is held by many that they jjroduce some suljstance 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 duel of Wirsiin^ ( ductus pancrcaticus), which, beginning near the end

of the tail, runs througli the middle of the pancreas towards the riglit, 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

duodenale j, so that the papilla presents but one opening. The tributary ducts of the

head are larger than the others. A particularly large one—the duel of Santorini
( ductus pancrcaticus acces-

sorius;—is in the early

stage of development 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 ot .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 developed 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 ga.stric

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 Anatomic des Pancreas, Basel, i8<)3.

-Modified
epithelial cells

-Alveolus with
ordinary cells

Section of pancreas, sir I.angerhans. '' 200.
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surface it sends a series of branches into the upper part of the body and tail. The
hepatic runs alono the top of the front of the head and neck, doing the same. In the

groove between head and neck the gastro- duodenal sends the superior pancreatico-

duodenal across the front of the gland, supplying chiefly the head. The superior

mesenteric artery, just after its origin, sends from its right the inferior pancreatico-

duodenal. This vessel gives off a larger branch running to the right to meet the

sujierior pancrcatico-duodenal 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 anastomosis behind. The veins follow 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 small group of lymph-nodes is situated on thg front of the

head.

The nerves, composed chiefly of non-meduUated fibres, are from the solar

plexus, by way of the coeliac, splenic, and superior mesenteric plexuses.

Fig. 1465.

V.

r^j

Section of injected pancreas, showinj? intralobular capillary net-works; also convolutions of islands of

Langerhans. X 50.

Development.—The human pancreas develops from two separate anlages, a

dorsal 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 tw^o outgrowths, one from each side of the early bile-

duct, and is therefore not strictly a direct derivative from the gut. The left ventral

outgrowth soon disappears, leaving the right one connected with the bile-canal.

This close association 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 gland, with which it soon inseparably fuses. The head of the fully formed
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organ represents the primitive \ciural pancreas, the body aiul tail the dorsal seg-
ment. The duct of the ventral i)orlion, which remains as the duct of W'irsung, forms
a communication with that of Santorini, and fcjr a time the pancreas possesses two
outlets into the duodenum. Isually the duct of .Santorini loses its intestinal con-
nection and becomes tributary lo tlie duct of Wirsunyf. Variations from this ar-

rangement are often encountered, the dilTerent combinations beini; due to deviations

Fig. 1466.

Diagrammatic reconstructions, showing 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 (</ ) ducts. After fusion of ventral and dorsal pan-
creas, rf becomes duct of VVirsung,^ 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 de\eloj)ed 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 accessor}' pancreases have been found in the walls of the intestine. Althouj;h usually in

the duodenum, 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 l)ecame separated at an
early stage and were drawn by the growtii of tlie intestine away from their original position.^

PRACTICAL CONSIDERATIONS : THE PANCREAS.

Certain abnormalities 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 acce.ssory gland has been found to the right of the duodenum entirely dis-

tinct from the main gland. Perhaps the most important 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 fonvard 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 Joiimal of Anatomy, vol. ii., 1903.
* Zenker : Virchow's Archiv, Bd. xxi., 1S61.
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cated injury of very rare occurrence. In only three fatal cases in which all other

abdoniinal viscera escajjetl has it Ijeen found to be ruptured.

In less severe cases it has been bruised or torn, heniorrhati;e has occurred, a

rapidly enlart^ing, Huctuatiiij;^ epij^astric tumor has formed, anil the patient has recov-

ered after a laparotomy, evacuation of the blood-cyst, and drainage. In such cases

it is probable that the traumatism has caused a laceration of the j)osterior layer of the

lesser sac of the peritoneum (with which the jiancreas is intimately adherent) and of

the pancreas itself. Blood, or blood with pancreatic secretion, is poured into the

lesser sac, causing- adhesive peritonitis and sealintj the foramen of VVinslow. The
lesser cavity, now converted into a closed sac, is distended with serous exudate,

blood, and pancreatic fluid. After evacuation and drainage, the pancreas may con-

tinue to pour its secretion into the cyst-cavity through the original peritoneal tear

(Robson and Moynihan).
Pancreatitis.—The close relation of its duct to the common bile-duct, which it

often joins at the ampulla and before reaching the duodenum, explains the frecjuent

association of gall-stones with chronic inflammation 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 actix'e, 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 <^rn- (i-i-^4 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
; {b) with the duodenum ; (f) with the bile-ducts ;

{d') with

the great blood-vessels behind it ; and {e) 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; {d) the cyanosis of the face and

abdomen so commonly seen, and probably due partly to refiex cardiac disturbance
;

and {e) 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 chronic 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 gastroj)tosis the normal pancreas may easily be felt above the
stomach and might readily be mistaken for a new growth. I'sually the swelling is

behind the stomach and above or behind the colon. In snppiiralivc pancreatitis the
collection of i)us 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 occuj))- the areolar

tissue of the loin, becoming a perirenal abscess ; it may open into either the stomach
or duodenum. When confined to the ])ancreas, it will usually be recognized during-

an exploratory operation. It may be drained posteriorly l)y an incision at the costo-

vertebral angle, or anteriorly through a large tube surrounded l)y gauze j)acking.

Cancer of the pancreas usually afTects 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 symjHonis, j)yloric obstruction and
gastric dilatation ; if backward, ascites and cedema 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 hy means of

cholecystostomy has given excellent results (Robson).
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 ca\'a, the

aorta, the superior mesenteric artery, and the coeliac 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
rarely 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 quantitv of this areolar layer differs in \'arious 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. Should 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 justified. 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



Till-: PKRITONEUM. 1741

support, we can imagine it suspended in the middle by a series of cords which might
be all enclosed in one fold of paper from the ceiling. This would be a mesentery and
the cords would be blood-vessels going to 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 peritoneum may contain large vessels and strong bundles of fibres,

and at other places be no more than a duplicature of membrane. The former are

the mesenteries and certain bcUids called "ligaments," the latter pliccc or folds.

The complications of the

peritoneum are reduced Fig. 1467.

as much as possible by
studying it in the light of

tlevelojjment, the account

of which has been already

given (page 1702). Here
only some of the chief

l)oints 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 Wolfifian

bodies and the beginning

of the abdominal walls,

and certain median folds

called viese7itcries, 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 coeliac 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 arterv.

The ayiterior 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

Diag:ram showing general arrangement of peritoneum, which is represented
by the black line

; arrow passes from greater into lesser sac through foramen
of Winslow. A, liver; S, stomach; P, pancreas; D, duodenum; TC, trans-
verse colon ; /, small intestine ; R, rectum ; B, bladder ; U, uterus.
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umbilicus (Fig. 1432). The umbilical vein runs in its free lower border to the por-

tal fissure 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

inesogastrium, 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 permanently and practically

immovably ujjon each other, there is a tendency to fusion between them, the meso-
theliuni 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 cur\e 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 j^ermanent place ; hence the original right and left sides of the

mesentery change places. The mesentery of the ascending colon fuses Avith the

posterior covering of the right side of the abdomen ; that of the descending colon

to the sigmoid fle.xure does the same on the left.

The sub- or retroperitotieal tissue is very important. As above stated, there

is a thin fibro-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 urachus, a

fibrous cord representing the atrophied intra-embryonic segment of the allantoic

duct, and two lateral folds (plicEc umbilicales latcralcs) 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 very 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 i7iternal or median inguinal fossa (fovea inguinalis mcdialis), which is xQxy
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distinct, and often extends inward under the obliterated hypogastric artery. Farther

out a very small fold (plica epi^astrica ), caused by the deep epigastric artery, runs

upward and inward from the external iliac artery just as the latter passes under Pou-
part's ligament. The external or lateral inguinal fossa (fovea inguinalis lateralis)

is theoretically just external to this fold, init the fold is barely raised and a fossa not

easily made out. The internal abdominal ring (anniiltis inguinalis abduminalis) 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

indistinctly seen through the peritoneum, and a raised fold is rare. It forms the

outer border of the slightly marked y'rw^ra/ depression (fovea femoralisj opposite the

femoral ring (annulus 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. 1.

Umbilicus
-Umbilical vein

Rectus muscle

External inguinal __
fossa

Anterior
crural nerve

Ext. iliac artery _

External iliac vein

Internal inguina
fossa

Supravesical fossa '^
• t "•^;, ' m

' f-'ft,
•

Summit of bladder

Anterior superior
iliac spine (cut)

Median umbilical
fold (urachus)

Lateral
umbilical fold
Epigastric fold

nternal
abdominal ring

Peritoneum

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-vesical poiich (excavatio recto-vesicalis),

in the female is subdivided into the idero-vesical pouch ('excavatio utero-vesicalis) and

the recto-7iterine p02ich (excavatio recto-uterina). The latter and deeper, also known
as the pouch of Douglas (cavum Douglas! ), is bounded laterally by the titero-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 lij^ament ( iinamcn-

tura latum j 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 over the anterior half of the lateral wall of the true pelvis b

different according to se.\, since in the female there is the line of attachment of the

broad ligament of the uterus and the ff)3sa 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 wall of the pelvis, turn down to the side of the bladder, and bound
externally and posteriorly the paravesical fossa between the pelvic wall and the

Fig 146Q.
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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 triangle, 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 ner\'e 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 ovary ( f(»ssa ovarica i.

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 Physiolog>-, vol. xxxii., 1898.
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'Wid falciform ligament {Wsi:An\^\\\\\m. falciforme licpatis) makes the fourth fold
which has been mentioned as lea\ini^ the umbilicus. Seen from the side, it is a
sickle-shaped fold attached to the anterior wall above the umbilicus and later to the
diaphrai^m as far back as the to]) of the fissure of the ductus venosus on the pos-
terior surface of the liver { Fi,<r. 1441 ). In its free inferior border runs the round
lii^ament, once the umbilical vein, from 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 lij^ament ends. The latter divides the upper part of the dome
of the abdomen into two chambers, one on either side, of which the left one is the
laroer. There is but little areolar tissue in the folds of the falciform lii^ament.

Small veins run along- the round ligament, connecting the hepatic system with that
of the abdominal walls. Although in the embryo the fold starts from the na\'el, 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-

FlG. 1470,

Diagram showing early arraugetnent of parietal and visceral perito-
yellow, right side, red, left side of visceralneum. Blue, parietal

St, stomach ; Sp, spleen ; /", pancreas ; A', kidney
Z, liver;

phragm. At the Q.(^<g^ of

the right lobe, which has a

considerable 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

right triangular ligament,

which is attached for a

short distance beyond the

liver to the diaphragm and
has a sharp, 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

oesophageal 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, excepting that of the

caudate lobe and of the lobe of Spigelius.

The gastro-hepatic or lesser omentum (ligamentum hepatogastrium, 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-

IIO
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Fig

tinuous with them. The two hiyers join at the bundle of vessels just mentioned,
thus formini^ a fold which is the termination of the lesser omentum on the rij^^ht,

known as the duodcno-hcpatic omention ( liuanicntiim hepatoduodenalo j. 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 duodaio-
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 dia])hragm
the two layers diverge, the
left one passing to the 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 \\i^foramen of Winslow
(foramen epiploicum), a nar-

row part of the jjeritoneal

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 in

Dia^am showing changed relation of visceral peritoneum in consequence
of twisting, so that original right and left sides ol mesenterj- 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

;

2), C, Care being displaced towards posterior wall.

foramen 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
behind 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 mesogastriiivi, in which
run the branches of the coeliac a.xis. 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 e.xcessive 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 peritotieum ( 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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manent serous covering of the posterior alxlomiiial wall, which here is that of the

original ri^ht side of the mesoj^^astriuni. The spleen, antl j)erhaps the tail of the

pancreas, lie free, surrounded l)y peritoneum. if the hand be introduced into the

left hypochondriuni, it slides along the wall behind the spleen to the point at which
the splenic vessels leave the

Fig. 1472. posterior wall and pass in

a fold, the lieno-renal liga-

ment, to the hilum of the

spleen. From this position

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 \h(tgastro-

spieyiic omeyitum. 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 gastro-phrenic 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 phreyio-colic fold, also derived from the mesogastrium, is a horizontal shelf

with a free anterior semi-

Diagram showing later statjo where secondary mesentery is formed and
duodenum {D) and colons (C, C) lie ag:ainst 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.

Fig. 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 Omention.
—We are now to trace the

mesogastrium in a sagittal

plane downward from the

greater curvature of the

stomach. On opening the

abdomen the first thing that

appears below the stomach is the greater omentum, (omentum majus), w^hich 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 different parts of this structure. It extends from the greater

Diagrammatic section passing through level of foramen of VVinslow,
showing relations of parietal and visceral peritoneum within lesser sac

(I.S)\ GH, cut gastro-hepatic omentum, containing portal vein (P), he-

patic arten,- (iy),and bile-duct {B)\ St. stomach ; 6".S', gastro-splenic omen-
tum ; LR, lieno-renal omentum ; VC, 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-

Ensifonn 'cartilage

Ascending colon

Caecum »-,

Gall-bladder

descending colon

Sigmoid flexure

Undisturbed abdominal viscera of formalin subject; liver and stomach abnormally large, hence the exaggerated
api>rir.-iit tr,-itis\ .r^i.- t«isi;if,ii of stomach.

terior fold ( Fig. 1467). The former pa.sses 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 cavitv would e.xtcnd from behind the stomach
over the colon down into this fold frccessus inferior omcntalis^ of the greater omen-
tum, and in fact this is actually the case in the foetus (Fig. 1439) and exceptionally
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in the adult ; but generally, except just below the colon, the two layers fuse into one.

In the adult, when the returning fold reaches the transverse colon, the two layers

composing it seem to diverge to enclose the intestine, and, reuniting above it, to be
continuc(l upwartl as the transverse mesocolon to a line running across the back of

the abdomen, to be described later. This is an extraordinary and apparently con-

tradictory arrangement l>y which a part of the mesogastrium, or mesentery (jf the

stomach, has become also the mesentery of a part ol the colon. The explanation

is furnished by embryology, since the original arrangement is very different. In

the foetus ( Fig. 1439) the returning fold of the greater omentum passes up in front

of the colon to the posterior wall along the lower border of the pancreas. The pos-

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
ajjposed 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/ie Striidure of the Greater Omentum.—There is hardly any framework apart

from the vessels that course through it, save a most delicate layer of fibro-elastic

tissue which supj^orts 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 fenestra;, 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 of the omentum, and then up again in the posterior fold, to anastomose
with the arteries of the colon. In their course they send o^ 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 Perito7ieiim.—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 cavity,

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 fisthmus bursae omentalis) and indicated by
the median vertical fold

—

plica gastro-pancreatica—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 cavity,—the vestibule (vestibulum burss omentalis),

—bounded behind by the original parietal peritoneum of the right abdominal wall

and extending upw^ard behind the lobe of Spigelius (Fig. 1476). The sides of the

pocket behind the liver frecessus 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 riy^ht side aj4;ainst the rii^lu of the si)in:il column, to the peritoneal
coverini; of whicli it lias grown with the transformation into connective tissue of the
rii(ht serous co\erini; of its mesentery. The second or descending portion of the
duodenum lies against the right of the column under the permanent ])arietal peri-

toneum, derived from the mesocolon, as is shown later. The great difficulty 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 onieiiium

Accidental peritoneal fold

Pylorus \
First part of _ j

duodenum \

Foramen of Winslow

Gaslro-pancreatic
fold

Stomach

Duo<leiio-
jejunal

flexure

' colon

Greater omentum, cut

Spleen

Pancreas

Folds of greater omentum

G.istro-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 coeliac 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 mesenterv of the duodenum,
reaches the cardiac end of the stomach through the plica gastro-pancreatica, and
then runs between the layers of the lesser omentum along the lesser curvature.
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The hepatic artery reaches the duodenum through its mesentery, and crosses the

left side of the gut, to which it gives branches. Thence it runs in or near the tdge
of the lesser omentum at the foramen of Winslow to the portal fissure.

Fig. 1476.

I laslro-paiKTL-atiL fold

Vestibule of lesser

Lesser or jrastro-hepatic
omeiilum.

1 j.icno-reiial fold

Li^.-ocr sac of
Ijeriloneum

Gastro-spleiiic omentum

Greater omentum

-V

Schematic reconstruction, showing relations of peritoneal layers in vicinity of lesser sac. Upper surface of duo-

denum (D) at floor of foramen of Winslow lies at deeper level than plane of section. It is to be noted that only that

part of peritoneum covering posterior wall of lesser sac is derived from greater omentum which lies to left of aorta,

oeginning at gastro-pancreatic fold. L, liver ; St, stomach ; Sp, spleen ;
/-", pancreas ;

A', kidney.

The Posterior Mesentery: Part II.—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 and the small intestine to the right,

the left side of the mesentery of the jejuno-ileum is seen running from the left of the

top of the body of the second lumbar vertebra to the right sacro-iliac joint. 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 flexure

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. (This

relation is more fully described with the duodenum (page 1647). The line of attach-

ment of the mesentery (Fig. 1477) descends over the fourth part of the duodenum,
crossing the third part and the inferior vena cava. The greatest breadth of 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 12 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 between

the layers of peritoneum besides the vessels, within an inch or so of the gut. The
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 the

posterior wall to the kidney and the ascending colon, lying on the front of the

latter, where thev are in contact. The membrane crosses the ascending colon,

leaving its posterior surface without covering attached to the parts behind it, and

completely envelops the caecum, 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.

Development shows that this is a departure from the original condition, in which the
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attachment of this mesentery was exceedinj^ly short, merely broad enough to contain
the superior mesenteric artery. Tlie so-called pi-niiamnl tncsinlcrv is caused by the
falliiii,^ over to the rij,du of the fold of mesentery for the ascending colon, twisting the
membrane, and the downward grcnvth of that part of the gut which brings the
Ciecum down from under the liver to the right iliac fossa. The twist liaving occurred,
and the ascending colon having fallen against the abdominal wall, the fold bearing
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

Right supra-
renal body-

Vena cava
Portal vein

Fig

Duodenum
\ f.

Right kidney—

Transverse *

mesocolon
(cut)

Beginning of
transverse (

colon \

Mesentery of,

jejuno-ileum
(cut)

Ascending_
colon

Ileum, lower
end

Splenic flexure ot
colon

Jejunum

Bladder

Showing relations and attachments of mesentery of small and large intestines
; greater part of transverse colon,

of sigmoid flexure and of jejuno-ileum has been removed, the latter by cutting through the mesentery near its
posterior attachment.

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 aloii^ the lower border of that gland to the left kidney ( V'\^. 1477 ). Its

greatest breadth is some five or six inches. (For a fuller ilescription, see peritoneal

relations of the colon, page 1670. ) The breadth of the transverse mesocolon is from

12-15 cm. (5-6 in. ). In the adult it is fused with the greater omentum, as already

describetl. The sviperior mesenteric artery enters this mesentery under the pancreas,

and gi\es from its left or conxex side the branches for the small intestine. From
its right, just after its origin, it gives oft the inferior ])ancreatico-duodenal and the

branches for the ciecum and the ascending and transverse colon. In the adult the

right colic artery runs lnhiiul the permanent ])Osterior parietal j)eritoneum.

The Posterior Mesentery : Part III.—The region of 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

Csecuin

Fig. 1478.

Small intestine

ransversc colon
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Mesenteriimi 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, wliich, 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. 1478). The
lirxe 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

pardy uncovered behind, where the mesentery ceases, and its gradually diverging
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lines jiass onto its sides, leavint,'^ the termination of the gut without any peritoneal

coverini,^. The l)ranches of Uie inferior mesenteric artery in this region are the left

colica sinistra, which runs hehiiul the permanent jiarietal pei'itoneum ; the sigmoid,

which does the same until it reaches the j)art of the mesentery which is free ; and the

superior hemorrhoidals, which descend in the lower part of the t>riginal mesentery
until they reach the retroj)eritoneal area behind the rectum.

PRACTICAL CON.SIDERATIONS : THE PERITONEUM.

The develojiment, toi^ograj^hy, and relations of the j)eritoneum have already

been sufficiently described. It remains to consider its diseased condititMis and those

in which it is an important or controlling factf)r 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 j)eritoneal diseases. The
separate consideration of wounds of the peritoneum is not necessary, as traumatism,

unassociated with infection, produces merely hyper^emia 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 which bacteria may reach the peritoneum are :

1. F"rom without, as through an accidental or operative wound.
2. From within, as from an escai)e of the micro-organisms through intestinal walls

leaky as a result of strangulation (as in intestinal hernias or vohulus 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

{vide infra), the area of which is about equal to that of the cutaneous surface of the

body, favoring toxaemia if the bacteria and 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 ase])tic conditions—to enlarge the

wound, 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 vi.scera. The former, apj)lied 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 develoj^s 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 treatment than that bei^inning elsewhere. Pelvic perito-

nitis, para-appendical and i)aracolic peritonitis, subdiai)hraj^matic and subhepatic

peritonitis, and peritonitis limited to the lesser peritoneal sac {vide infra) are all va-

rieties that are less dangerous than is peritonitis beginning among the shifting coils

of small intestine.

The anatomical sources of peritoneal infettion may therefore be arranged ap-

jiroximately in the order of their gravity, as follows : {a) perforations or wounds of

the small intestine; {b) perforations or wounds of the stomach or large intestine;

(c) perforations or wounds of other viscera, including kidneys, ureters, bladder, pan-

creas, and bile-passages
;
{d ) entrance of bacteria by continuous growth through

inflamed gastro- intestinal walls
; (^) bacterial migration through strangulated intes-

tine
; (/) infection through the Fallopian 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 afforded 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 differences 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 serum 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 explanation 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 abdominal viscera. In
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a case of injury tc) the abdominal wall, therefore, the ini])ressif)n is liarely made upon
the skin before the muscles contract and an attempt at protection is made. In a case
of visceral lesion or of l)ej^inninj^ j)eritonitis the rij,^id contraction of the muscles in

closest nerve relation to the area involved will constitute a valuable diagnostic symp-
tom. In «i;;eneral peritonitis the board-like, tender abdomen, the fixed diaphragm,
and the thoracic l)reathinji;- (to lessen moxement of the abdominal viscera) are all

phenomena to be understood only 1)V recalling the correlation of the nerves involved.

The flexion of the thi}.,'^hs ( to remove pressure from the tender surface and to relax

the muscles as much as po.ssible ) is a secondary sym])tom due to the same cause.

The conxiition is in strong contrast with that seen in intestinal spasm {colic), in

which, althouii^h the j)atient may be doubled uj) with pain, pressure j^ives 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 involvement of the nerve-plexuses of the gut and partly to the extension of in-

flammation to its muscular walls. They are increased by later \asomf)tor paralvsis

antl by fermentative decomjjosition of intestinal contents.

Other phenomena common to many abdominal lesions, but es])ecially to those

affecting- the peritoneum, are due to the relatif)n (jf the nerves (jf the latter to the

great abdominal ner\e- plexuses. They have been grouped by (iiibler under the

\mx\w peritonism, are independent of toxa-mia, and are essentially the symptoms of

" shock,"—subnormal temjierature, a running pulse, pallor or lividity, quick, shallow

breathing, and great mental and j)hysical 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 nerve-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 ha\e
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 ])edicle 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 fllanks—require no further anatomical explanation. The factors already

described, plus the existence of profound toxaemia, sufificiently account for them.

Chronic peritonitis of the proliferati\'e type (said to be found frecjuently in the

subjects of chronic alcoholism) is attended by great thickening followed by fibroid

contraction, which, in accordance with the locality chiefly invoked, 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 ;

(r) thickening of the omentum, which forms a hardened roll lying transversely

between the colon and the stomach
; (</) 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 ; {c) thickening and contraction of the intestinal walls, the mucous mem-
brane being thrown into folds like the valvuke 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 antl become strangulated.

Tuberculous peritonitis 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 frequently, 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 eflfusion is limited and
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confined by adliesions hctwocn the coils of g^ut, the parietal peritoneum, the mesen-

tery, and the ahtlominal or pelvic orj^ans (Osier) ; and ( b ) enlar^^ement of the

mesenteric glands.

The existence of a su})erticial ixTiiinibilical area of redness and thickeninj^^ is saitl

to be a symptom of this variety of ])eritonitis (Fagg^e), and is even thought to be

pathognomonic (Henry). It may follow adhesion of intestine to the inner parietes,

or, more probably, is due to extension of the inflammation of the parietal peritoneum

along the track of the obliterated umbilical vessels.

Localized peritonitis should be briefly considered from the topographical stand-

point.

Pelvic peritonitis, usually due to infection by way of the uterus and Fallopian

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 (Warbassej;

{b) the comparatively low virulence of the bacteria most frequendy found in tubal

infection, the gonococcus and bacillus tuberculosis ; and (cj the opportunity usually

afforded (by the thickness and immobility of the subperitoneal tissues involved) for

the formation of competent adhesixe barriers, including those which seal the opening

of the tube and confine the infection to the latter and its vicinity (Fowler).

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 ofler 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 liver 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

bv 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 gravity 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 apparendy

increase its area of dulness ; if with air, will con^'ert 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 cavity, but the pus usually

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 appendicular and sjibhepatic varieties of localized peritonitis have been suffi-

ciently described in connection with the organs involved.
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Cancer of the i)eritoneiim is f)ccasi()nally primary, but is usuallv clue to exten-

sion from the stomach, uterus, ovaries, liver, or other orj^ans. The irregular mass of

a carcinomatous omentum cannot be distinguished by touch from tiie similar tumor
due to chronic i^eritonitis.

'\hi^ peritonea/ cavity as a whole—the interval between adjacent visceral surfaces

or between such surfaces and the parietes—may be scarcely more than a potential

space, containins^ enough serous fluitl for i)urposes of lubrication, or may be more (jr

less distended by an elTusion of the same tluid,

—

ascites. Such effusion may result

from (a) infection followed by chronic iiiHammation
;
[b) abdominal tumors, causing

irritation and pressure
;

(c) obstruction of the portal circulation, either terminal, as

in hepatic cirrhosis, or by ])ressure 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 j)rominent umbilicus

;
{b) dulness in the flanks varying

with change of jiosture
;
{c) resonance over the uppermost jjart of the abdomen

in either dorsal or lateral decubitus (from floating upward of the intestine j ; id ) 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 should

not be overlooked by the student. A number of the abdominal viscera are not intra-

peritoneal, but lie more or less completely behind that membrane. Thus the kidney

and i)ancreas 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 peritotieiim , the least sensitive 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 jjregnancy, 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 d(jne to the underlying

viscera.

From its superficial position, \\\(t greater omeyitum 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 extrava.sation 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 j^eritoneal cavity, as in some ojierations

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 herni^e or may constitute their only

contents (epiplocele), especially in umbilical and frecjuently in femoral herni^e. 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-
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sion to other j)uritonoal surfaces liavc been utili/.ed in an t)perati()n for the rehef of the
portal congestion in certain forms of hej)atic cirrhosis

(
pa^e 1727).

The Mcsentiry.— The length of this j)ortion of the peritoneum is of importance
in its rehition to the causation and the forms of hernia, in connection with which it

will be referred to. From its oblique attachment it results, that in an intraperitoneal

right-sided hemorrhage the blood is first conducted into the right iliac fossa ; if the

hemorrhage takes place to the left of the mesentery, the blood descends directly into

the pelvis (Treves). Collections of blood are said to be more common in the right

than in the left iliac fossa. Treves has shown that, in addition to certain slit-like

holes due to injury, there are others which are congenital defects in the mesentery,

and has called 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 superior

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.

Herniae of knuckles of gut through this cribriform area of mesentery could occur

with comparative ease.

The use of the mesenterv as a means of recognition of a particular portion of gut

during operative procedures has been described (page 1657).

The practical relations of \.\\^ peritonealfossce 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 were 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 herniae

into exteryial and 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 («) occupations that necessitate much
muscular effort, particularly if it is in the direction of lifting hea\'y weights, or is ex-

erted while the person is in a stooping posture (^vide infra), 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 ; (c) respiratory diseases producing chronic or

violent coughing, or inspiratory obstruction.

2. Decreased resistance of the whole abdominal wall mav be due to (^) debili-

tating illness, {b) old age, (f) prolonged distention (ascites, abdominal tumor,

repeated pregnancies, (^) excessive corpulence, or {e') 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

i:%ternal olilinue muscle

Antrritir su|>erior sjiinc of ilium

Deep lavcr of su|wrficial faNcia. cut edtfC

Superhcial circumflex iliac artery

.

Outer |>illar of external rinn

Kascia lata

Part of deep layer of sii|)erficial fascia

Cribrifurni fascia

MiJtUe cutaneous nerve

External cutaneous nerve

Superficial fa> :

Superficial fascia, cut ed.

—Aponeurosis of external oblique

— Linea all>a

— Intercolumnar fibres

Intercolumnar fascia, artificially distended

Inner pillar of external rinj;

Uartos, cut eJue

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 01 fluid ;

saphenous opening is closed by cribriform fascia.

Fig. 1480.

External oblicjue. cut edge

Internal oblique muscle

Aponeurosis of external oblique.
cut edge

Anterior superior spine of ilium

Pouparfs ligament

AtUchment of deep layer ofsujierficial

fascia of abdomen to fascia lata

Transvers.tlis muscle

Spermatic cord

F.Tscia lata

External pillar of external ring,

turned down

Falciform process of fascia lata

Femoral sheath seen through
saphenous o^iening

Midille cutaneous nerve

External cutaneous nerve -

Internal saphenous vein

Branch of mternal cutaneous nerie --

Conjoined tendon

-Triangular fascia

-Susi>ensory ligament of penis

Insertion of cremaster muscle

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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Frn. 1481.

Internal obliiiue

Transversalis muscle—

AiKJiieiirosis of transversalis -

Internal oblique, iliac origin —
External oblique, iliac insertion—

1

Branch of deep circumflex
iliac artery

Anterior superior spine of ilium
_

Internal oblique, cut edije-^c:

Poupart's ligament

Sfwrmatic cord
Transversalis fascia

Cremasteric fascia, cut edjje

Conjoined tendon —

'

Anterior crural nerve
Falciform process of fascia lata

C'rural branch ofgenito-crural nerve

Femoral art. within femoral sheatli

I'cmoral canal ,arti ficially distended

Femoral vein within femoral sheath

Hxternal pillar of external ring, turned down

Insertion of creinaster

Linea alba

1*^ - Aponeurosis of external oblique,
cut ed^e

Internal oblique, tut edge

Transversalis muscle

Triangular fascia

— Spermatic blood-vessels

Cremasteric fascia, reflected from
spermatic cord

^ Cremaster muscle

Internal oblique muscle has been partially rem /ing fibres of transversalis arch-

ing over spermatic cord to reach conjoined tendon ; rascia lata has been opened to expose

femoral \essels lying within sheath ; temoral canal has been artificially distended.

Aponeurosis of transversalis

Internal oblique, cut edge

Transversalis muscle

Transversalis, cut edge:

Ii\temal oblique, iliac origin

External oblique, iliac insertion

Transversalis fascia

Branch of deep circumflex iliac artery

Deep epigastric artery

Internal abdominal ring

Poupart's ligament
Infundibuliform fascia, artificially

•distended] Anterior crural nerve

F'emoral sheath

Sartorius

Fascia lata

Femoral artery

Fascial •ieptum 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— IV'Sterior wall of sheath of rectus— Rectus abdominis

— Anterior wall of sheath of rectus

— Linca alba

-Aponeurosis of external oblique,
cut edge

-Transversalis fascia

Conjoined tendon

- Triangular fascia

-Spermatic cord

^Cremasteric fascia reflected from
spermatic cord

Transversalis muscle has been partially cutaway 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 rectushas been opened above

upper part of muscle removed and posterior wall of sheath exposed.

Ill
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devcloiJiiiental defects
;

{l>) the presence in the alKlonien of portions of the pelvic

organs increasing; intra-abdominal pressure
; (c) the habitual Hexion of the thii^hs on

the abdomen in infants, relaxing the tissues about the hernial orifices; (d) the ex-

treme shortness of the in«;uinal canal, the internal rinj^ 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 during 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 aj)proaches and is

passed is due to the more acti\e habits of life and the assumption of occui)ations

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.

Sex.—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 ofifers less opportunity for the

descent of viscera.

The descent of the testicle and the associated changes, which are often imperfect,

sufficientlv 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

{q.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 se.xes has been variously attributed to {a) the greater bulk and

weight of the liver
;
{b) Xo right-sidedness in walking and lying, and to the greater

strain on the muscles of the right side caused by "right-handedness ;" (r) to the

inclination from left to right of the mesentery of the small intestine as it descends
;

(d ) to the greater frecjuency of incomj^jlete 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 pelxis (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 or external inii^niyial hernia) or the round ligament (the

/rt3/V?/ variety of oblique hernia) ; or (b) such as the larger vessels or nerves (umbilical,

femoral, obturator, sciatic herjiia:) ; 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 internal inguinal hernia'), along the linea
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alba or the linea semilunaris (vc/i/ni/ /uni/'a), throujuh the ])elvic cliaj)hra^m,—the coc-

cyg'eus and levator ani {perineal Jurtiia) ; or throimh Petit' s triangle (page 530) or

the superior kinihar triangle of Ciryiifelt and Lcsshaft ( pa^c 1777), or " Braun's space"
(paiJ'e 1777) (/iiiiihar Iieniici). Other varieties depend upon (d ) conji|;-enital defects,

as in some l\)rms of iiioui)ia/, iiDibilieal, ventral, -Awd diaplirai^niatic hernia; or in the

varieties of properitoneal oi- interstitial hernia

that accompany misplaced or undeveloped
testes ; or {e) patholoj^ical changes, as in

those ventral hernice that follow abscesses or

wounds.
This classification, although not exhaustive,

will serve as a basis for the later and more de-

tailed consideration of the anatomical factors

concerned in the production of special external

hernicK and of their symptoms.
The component parts of an external ab-

dominal hernia (Fig. 1483) are (i) the sac,

consisting of distended and protruding parietal

peritoneum, and subdivided into (a) the month,
the aperture corresponding to the internal her-

nial orifice
; (<^) the body, the expanded pro-

truding portion, the lowest portion of which is

called i\\Q fundus ; and (c) the 7ieck, 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 frequent of all the varieties of hernia,

(95-97 per cent, in males, 55-60 per cent, in females), may best be studied anatom-

Fio. 14S4.
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abdominal hernia.
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Dissection of right inguinal region, showing external abdominal ring and saphenous opening 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, (c) as a consequence of a less marked—or less complete—original defect or of
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an acquired defect {vide supra), the luriiia develops in the presence f)f causative

factors (pa},a' 1759).
Accjuaintance with the chanj^^es in the alxloniinal wall and peritoneum involved

in the descent of the testis is necessary to an understandinj^ of the anatomy of inguinal

hernia. Although these changes are described with the develoj)ment of the testicle

([)age 2040), the chief features of the jirocess may be noted here with advantage.

Bv the end of the second ftetal month the developing testicle lies behintl the

perintneum at the side <jf the upper lumbar vertebrae, the epididymis and later the

testicle being attached to a tibro-muscular band, i\\(^ j^niito-in^uiua/ /i)>a/H(nl, which
stretches from the se.xual gland to the lower part of the anterior abdominal wall.

During the third month, guided by this attachment, the testicle migrates from its

priruarv 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 protrusion in the inguinal region which results in the production of a sac,

the iiii^iihia/ bursa ; this deepens and extends into the .scrotal fold, which meanwhile
is formed independently as an integumentary fold. The genito-inguinal ligament,

Fig. 1485.
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Dissection of right Inguinal canal; apoia-urosis 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 ca\ity and later constitutes the processus vat^iua/is peritonei. Thicken-

ing tjf the lower end of the genito-inguinal ligament produces an elevation of the

floor of the bursa known as the in^iiinal eonus, a structure, however, that in man is

very feebly develo])ed as comjjared with that found in some lower animals. Subse-

quently, during the seventh and eighth months, the inguinal conns and the attached

testicle are drawn downward into and through the inguinal canal until, shortly before

birth, the se.xual 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 guberiiaculum testis, become progressi\-ely shorter and
smaller as the testicle descends, their remains constituting the scrotal ligament, 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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])fiit()nL'al poucli which extends into the scrotiiiii. For a time free coniinunication

with the alxloininal cavitv is inaiiUained by the now tubular jjrocessus va_i;inahs ;

usually, however, b\' the time of birth, or shortly after, this canal is obliterated, the

isolated lower end of the j^eritoneal pouch persisting as the sac of the tunica vairinalis

which almost surrounds the testicle. The peritoneal evagination occurs in both

sexes, in the female extending into the labium majus as the tliverticulum of Nuck
;

this usually early disappears, but, as a great rarity, may remain as an open peritoneal

process at the time of |)ubertv ( Merkel).

If obliteration of the processus \'aginalis does not occur, a congenital hernial sac

results (,Fig. 1488 ), anil this may become a hernia, either at birth or in later life, by

the descent of some of the abdominal viscera. During their descent the testicle and

spermatic cord obtain more or less extensive investments of such parts (»f the abdomi-

nal walls as ha\e taken part in the formation of the original bursa ingualis. From
within outward these would be, therefore, ( i ) peritonnnu, after obliteration of the

stalk of the peritoneal pouch, however, coextensive with only the tunica vaginalis ;

(2) iufundihniifarm fascia ( tunica vaginalis communis), continued from the trans-

FlG. i486.
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Dissection of right inguinal canal ; external and internal oblique cut ami reflected, exposing transversalis muscle.

versalis fascia ; ^3) cremaster fibres, from the transversal is aiul internal oblique mus-
cles, blended by areolar tissue into the cremasteric fascia ; (4) intercolumtiar fascia,

from the aponeurosis of the external oblique. In addition to these coverings 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 (q.v.). Attachments above to the peritoneum of the

Ciecum 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 infantile 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 may fotm 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 ca\'ity in the inguinal, iliac, and hvpo-
gastric regions CFig. 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 siij^ht ele\a-

tion of the j)erit(.)neuni over the deeji epigastric artery (plica epigastrica ) running
from a little internal to the middle of Poupart'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 ft)ssa). The inner contains a triangular space
known as Hesseibach's triangle, bounded by the plica epigastrica, the outer edge
of the rectus, and Poupart's ligament. The whole inner region—extended to the

mid-line—is further subdivided by a line corresponding to the peritoneal fold over
the obliterated hypogastric artery (plica hypogastrica) into two other fossie, the

internal 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

arter>' 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 177 1) 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.

Oblique, external, or indirect inguinal hernia, w hich makes its exit from the abdo-

men at the internal ring, is incomplete if it remains in the inguinal canal, complete 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 hernise do to all other forms of hernia in males,—viz., from 95-97 per cent.

This frequency depends upon the following anatomical conditions, {a ) The descent

of the testicle from behind the peritoneum Tpage 2040 j, carr\-ing with it a process

(vaginal) of peritoneum, a portion of the transversalis fascia (infundibuliform fascia),
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and of the transversalis antl intcnuil obliquL- muscles (creinaster muscle), makes its

region of exit from the abdomen

—

i.e., of its entrance into the inguinal canal—the

area in the abdominal wall best adapted by reason of its weakness and its shape to

favor the exit of viscera, {h) This spot is situated near the lowest level of the

inferior zone of that cavity,

—

i.e., at a level at which, when the size of the cavity is

either temporarily decreased (as during coughing or straining), or relatively

decreased (as when the upper zone is compressed by tight lacing), or actually

decreased (as by intra-abdominal fat, or by a tumor or ascites), the outward thrust

of the abdominal viscera is added to by their superincumbent weight, {c) The peri-

toneum over the lower part of the anterior abdominal wall is thin and loosely attached,

so that it is unable to of?er much effective resistance to distention by pressure from

within. Such distention is favored by the funnel-shaped depression at this point,

and, having 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. (^) The conjoined 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-defined 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 abdominal

ring (Ibid.). It should be 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 sufificiently explain the frequency of oblique inguinal hernia of the

acquired form {znde 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. (/") The not infrequent total or partial patency of the

vaginal process gives rise to a number of subvarieties of inguinal hernia {congenital,

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 vaginalis, have been variously sub-

divided and defined, often with unnecessary complexity. It will sufifice here to say

that congenital hernia (Fig. 1488 ) is due to complete patency of the vaginal process,

the cavity of which is directly continuous with the cavity 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.

Infayitile heryiia (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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ncum 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 ujjper limit is at the in-

ternal riniL;. 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. k;. 14.S9.

Peritoneum
Spermatic irord

Skin and fascia

Hernial sac

Tunica vaginalis

Peritoneum

S|>eriiiatic cord

Skin and fascia

Diajjrani of coiiKeiiital hernia, showing relation of

hernial sac to peritoneum.
Diagram of infantile hernia, showing relatioti of
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inriammation,—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 e\'en 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 (Lockwood, Macready) as "a figment of the

imagination." When, after occlusion of the process at the internal ring only, the

sej)tum gi\'es 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. Fin. 1491.

Peritoneum
Spermatic cord

, Skin and fascia

Peritoneum
Sr>ermati<" cord
Skin and fa.scia

Hernial sac

Tiniica vaginalis

Diagram of so-called encysted hernia, showing sup-
posed relation of hernial sac lo fieritoneum.

Diagram of funicular hernia, showing relation of

hertiial sac to tunica vaginalis.

Fiinieif/a?- /leniia ( Fig. 1491 ) is a sequence of the closure of the vaginal process

at the upper end of the epididymis (Mily, 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 oblicjue

inguinal hernia, and is so commonly associated in the male with anomalies of the
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testis, that it may be described here. It derives its name from the protrusion from

the sac of an inguinal 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 (a) between the peritoneum and transversalis fascia { properitoncal

hernia) ; (^) between that fascia and the transversalis muscle, or am<Mij^ the fibres

of the internal oblique, or between the internal and external oblique muscles, or

sometimes—the transversalis and internal oblique having been pushed aside, as in the

descent of an ordinary acquired '\\\'g\\\\vj\ hernia {vide infra)—between the transver-

salis fascia and the external oblique muscle or aponeurosis {interstitial hernia) ; (c)

between the external oblicjue aponeurosis and the skin {supeyficial imridnal hernia)

(Sultan).

While the exact mechanism of the formation of these hernice is still unknown,

and the various conflicting theories—although of great anatomical interest—cannot

here be set forth, it is perhaps safe to say that the following facts have a direct bear-

ing upon the question : {a) a hernia, like other swellings, enlarges in the direction

of least resistance ; (^b) the preponderance of the association of these interparietal

herniae with incomplete inguinal herniae 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 \'erv 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 hernia—
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

doubtful. 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 /«-

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 vaginalis, 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 different layers of the abdominal wall, modified in character, however, at the time

of the descent of the testis and designated by 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 operaticjiis for the radical cure of hernia.

The sac of a complete oblitjue inguinal hernia (Fig. 1492) would carry with it

(i) a layer of extrajjeritoneal connective tissue ; (2) that portion of the transversalis

fascia known as the in/ioit/iOn/i/orni fascia ; (3) the muscular fibres derived from the

transversalis and internal obliciue muscles, and called \\\c cnmaslcr muscle ; (4) the

fibres from the external oblique aponeurosis that aid in strengthening the external

"ring," especially the ujjper angle,—the inlcrcobimnar fascia ; (5) the superficial

fascia^—in the scrotum the dartos layer
; (6) the skin.

The coverings of an incomplete oblicjue 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 oblicjue 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 jjortion—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 J 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 incision should be directly upward.

Taxis.—In reducing

—

i.e., returning to the abdominal cavity—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 elevated so as to secure by the aid

of gravity a backward or upward pull on the contents of the hernia. After gentle

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 ])ressure at first upward, then u])ward and outward,

—

in the line of the canal,—and finally backward.

Direct or iuternal inQ;?ii)ial 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

mentioned that this region has been subdivided by a fold corresponding to the plica

hypogastrica into a supravesical and an internal inguinal fossa (Pig. 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
; (^)

byColles's Wg^dLvnenl {triajii^iclar ligament, ligamentum ihi^uiuale refhxuvi), consist-

Diagram showinR coverings of complete left iiulirect inguinal hernia.
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ing of the inner deeper fibres of Poupart's ligament, which turn upward and inward

from the crest of the i)ubes in front of the insertion of the conjoined tendon and pass

behind the internal pillar of the external ring to be inserted into the anterior sheath

of the rectus and into the linea allxi (Fig. i486); these fibres protect the inner and

posterior wall of the canal in the angle between the pubes and the rectus muscle, and

as far outward as corresponds to the inner third of the external ring in males and the

inner half in females ( Malgaigne, quoted by Macready) ; (c) by 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, contains no

muscular layer, and is weakened anteriorly by the gap in the external oblique apo-

neurosis at the external ring, especially at its upper and outer angle, the posterior

wall of the canal at this point not being reinforced by the presence of the conjoined

tendon or Colles's ligament (Fig. 1485). This "thin spot," lying thus pardy behind

the external ring, is bounded internally by some aponeurotic fibres of the trans-

versalis muscle running from the upper surface of the pubes to the rectus ( /a/x apo-

new-otica ingidnalis) 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 {ligamentum interfoveolare) (Fig. 1493 j. When
these two structures are broad the thin spot is narrow, and vice versa (Spalteholz).

Rectus

Deep epigastric artery-

Interfoveolar or
Hesselbach's ligament

Weak ari

Conjoined tendo

Muscular fibres

Lower end of Poupart's ligament-

Urachu

Bladder

Poupart's ligament

Transversalis muscle

Spermatic vessels

External iliac artery

—External iliac vein

—Deep epigastric artery (cut)

^\'as deferens

Femoral ring

--Gimbernat's ligament

Dissection of posterior surface of anterior abdominal wail, sliowing 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 triangiilar 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) Colles'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 herniae practically issue through the lowest part of the linea semilunaris, it has

been proposed to call them ventro-inguinal hernice. They ha\'e no such essential
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Peritonfuii
Transversalis fasci-

Conjoined tendon (and Collet's ligament
Intercoluninar fas(_io

Fascia an.J skin'

Diagram showing coverings of lomplele direct inguinal hernia.

relation to the inijuinal canal as have obh(jue herniit-, althoiiy^h when the peritoneal

j)()uch first forms, and before the resistance of the aponeurosis at the external rinj;

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 ne\er con-
genital and have no definite pre-

existing path. They are there- Fig. 1494.
fore herniit of slow develojjment,

usually seen in adult life,esj)ecially

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 force of the hernia. In

these cases, in which the pro-

Fio 1495. 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 oblique herniae

( scrotal ). especially when of

long standing and in old

persons with relaxed abdom-
inal walls, may ha\e the in-

ternal ring displaced so far towards the median line by the weight of the hernia that
it occupies almost exactly the usual site of exit of a direct hernia. The epigastric
artery will, of course, still lie to its inner side, but cannot be felt. As a rule, how-
ever, a sufficient portion of the posterior wall of the inguinal canal will be left to pre-
ser\'e some obliquity of the neck (Macready). by which the hernia mav be recognized.

Plica hypogastrica

I'lica epigastrica

'•i-t Oblique inguinal hernia
f / (external fo^sa »

Direct inguinal hernia
(internal fo.'^sa

;

Femoral hernia

-Obturator hernia

I'lica urachi Supravesical fossa

Semidiagrammatic view of |)osterior surface of anterior abdominal wall,
showing relative positions of various forms of herni;e. ( After Mrtkd. \
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Femoral hernia is more coninion in females than in males for reasons already

given (pa,ije 1762). It is always acquired, as the femoral "canal" is even less an

actual passage than is the ini,aiinal canal. Its upper oritice ( the femoral or crural ring )

(Fig. 1493) is the weakest spot in that portion of the abdominal parietes represented

by the inner surface of the inguino-femoral region. The hrm union of the trans-

versalis and iliac fasciie to the outer half of Poupart's ligament and the presence oi

the ilio-psoas muscle enclosed in its osseo-fascial space ( lacioia niiisni/orum ) by the

ilium and the iliac fascia otlter practically insuperable obstacles to the descent of

abdominal contents beneath Poupart's ligament external to the femoral vessels ( Eig.

1496). Only a \'ery few such cases have been reported. At the extreme inner angle

of the ilio-pubic space, bridged over by Poupart's ligament, the pectineus muscle,

covered by the pectineal fascia and (iimbernat's ligament, oflfers a similar resistance.

Between these two muscular comj)artments, howexer, lies the space occupied by the

great vessels of the lower extremity in their jxissage between their retroperitoneal

position in the abdomen and the thigh. This space—the vascular compartment

{laaina vasorum )—is only j)artially occupied by the \'essels. Their sheath is made
up by the lateral union, externally and internally, of the trans\ersalis fascia anteriorly

and the iliac fascia pos-

teriorly. This sheath Fig. 1496.

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 mo\'ements of flex-

ion and extension of the

thigh on the abdomen,
the vessels are less lia-

ble to injurious traction

or compression. It is

therefore infundibuli-

form, and at its begin-

ning there is a space

—

the femoral ring {annuliis femora/is)—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 nim. (j4—^ in.) in width in men

Anterior
superior i

spine

Muscular si

Pectineal

Aponeurosis
of external
oblique (cut)

Vascular
space

External
abdominal
rins

Outer pillar

Pubic spine

Gimbernat's ligament

Deep dissection of right half of pelvis, showing attachments of iliac fascia.

and from 18—2 s mm. H- 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, co\'ered by peritoneum, a \-ery

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 ) by 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 trans\'ersalis fascia—fills 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 infrequentlv 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-



1774 HUMAN' ANATOMY.

Fig. I4Q7.

Femoral artery

Femoral \ tin

Hernia! sac pro-
truding through
saphenous open-
ing

hood is relatively undevelopetl ; its outer eilj^^^e aiui the vein niav then alinf)st touch.

It is strenj^^theneci by the conjoined tendon and Colles's lij^anient, while some fibres

of the iliac jiortion of the fascia lata and ul the deep femoral arch (vide I'n/ra)

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 orig^in

of the pectineus muscle and its fascia. In front are Poupart's li|Ljament and the

strontj band of fibres running aloni,^ its deep surface from the anterior superior iliac

spine to the jiubic spine, and known as the deep femoral arch. At the point at which
the sheath of the \essels closely embraces them—the lowest limit of the femoral canal

—the saphenous openintj in the fascia lata (described on pa^e 635) has somewhat
the same relation to a femoral hernia that the e.\ternal abdominal rintj has to an in-

guinal hernia. After emerj^inj^ from these openings neither hernia is further arrested

in its jjrogress by any strong aponeurotic barrier, and they are both therefore more
likely to increase in .size ; but in femoral hernia

the change in direction of the a.xis of the fundus
as comi)ared 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 in\-olved 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 crurale, when that constitutes

a distinct layer : (3) \\\e femoral sheath, some-
times described as transversalis faseia because
the anterior laver of the sheath is derived from
that structure ; ( 4 ) the cribriform fascia ;

( 5 ) the superficial faseia ; ( 6 ) the skiu.

As the transverse a.xis 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 o])ening. 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, (a) 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 hnds its direction of

least resistance after emergence from that opening to be upward, when this sign will

be fallacious, (d) The neck of a femoral hernia is external to the jnibic 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 rthich 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 diflFicult on account of the nar-

row-ness 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
a.xes 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 of hernia the density of the aponeuroses
that l)t)uiKl the femoral rin^- antl the upper etlj^e of the saphenous o])enin^ adds to the
evil effects of constriction of the hernia, which are also intensified by the coni^estion

of its contents due to the sharj) an^le made l)y the sac as it i)resses forward ujjon the
thij^h. The constriction may l)e due to pressure atjainst I ley's lii^ament ([)a^e 636 ),

Poupart's ligament, or (iimbernat's lij^^ament. Tlie relations of the neck of the sac to

the obturator artery (page 814 ), which once in three and a half cases arises from the
epigastric and in two-fifths of such cases passes across the femoral ring (P'ig. 1498)
or close to its inner border, should be recalled in performing herniotomy. About a
half-inch above and to the outer side of the ring lie the deep epigastric vessels ; the
femoral vein lies externally ; beneath the ring the j^ectineus fibres covering the bone
are often so thin that not enough room can be obtained by incision, which is therefore

made upward antl 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 —
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Deep circumflex iliac arterv
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Arter>'
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Obturator nerv
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Poupart's ligament

Transversalis muscle

Rectus muscle

Deep epigastric vessels

Femoral ring •

Cimbernat's ligament

bturator artery from deep
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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 acq^dred forms. A congenital um-
bilical hernia {hernia ftcniciili 7anbilicalis) 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 (fissura 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 jelly of Wharton) and bv 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

involved (hernia at the root of the cord) there may be merely thickening or enlarge-
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nient at that jjoint. If this is overlooked and the cord is tied within the Hmits of

this enlargement, the intestine, if not prexioiisly replaced, may l)e included.

Acquired i'mbilical Ihrnia.— L'sually, althouj^h the cord is tied at a short dis-

tance from the abdominal wall, the stump sejiarates 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 passing through the ring,—the two allantoic

or hypogastric arteries and the umbilical vein. Viewed from within, the fibrous

cords representing 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 belcjw

the surrounding surface of the abdomen. The larger amount of tissue rej>resented

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 \ein being less

closely connected to the uj^per edge of the ring.

In infantile nmbilical hernia these changes are not complete, but when a

knuckle of gut protrudes through the umbilicus during infancy, as a result of

increased intra-abdominal pressure, it usually escapes between the vein and the upjjer

margin of the ring on account of their loose attachment. The coverinf^s arc peri-

toneum, transversalis fascia, and skin. These herniae are usually small, and are often

cured spontaneously bv 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 fa\ored by obesity—with 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 uiYibilical ring and often involves the linea alba immediately above it,—a form

of ventral hernia. Such hernise 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 ef?ect 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 pften 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 liyiea semilunaris, especially below the level of the umbilicus, is a not

uncommon site of \entral 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 posterior surface of the inferior portion of that

muscle separated from the abdominal contents only by the transversalis fascia and
peritoneum.

X'^entral 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 unchniljtedly occurs iiKJst frc(iutntly in tlie space known as

Petit's triangle (Fi^- i499- P'^K^*^
53o)> although its protrusion through tJiat space

has not been demonstrated by exact dissection.

Above Petit's triangle is another trianguhir space,—Grynfelt and Lesshaft's

Fig. 1499.

Latissimus dorsi, cut edge—

XII rilj_

Fascial triangle

Quaciratus luniboruiii—

Internal obli<iiie_

(Petit's triangle)

Vertebral aponeurosis^

Cut digitation of latissimus dorsi

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 lumborum, 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, u liiih 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

furnishinj^- sensation to the inner side of the thi^^h as low as the knee, and sometimes
to the middle of the leg. Pain in these joints and in that rey^ion not otherwise
e.xplicable, ar.d especially if associated with intestinal symptoms, shcnild therefore

suggest a careful examination of the obturator region.

Sciatic herniae include all the herniie that emerge from the i)el\ is through one
or other of the sciatic foramina,—that is, {i ) through the great sacro-sciatic foramen
alongside of the gluteal artery (above the pyriformis)

; (2j through the same fora-

men alongside of the sciatic nerve and artery (below the pyriformisj
; (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 pelvis the hernia is anterior

to the pyriformis muscle and sciatic nerve. On entering the thigh the sac crosses

over the nerve to its posterior surface, and is covered by the gluteus maximus. As
the rui)ture 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 pelvis. A line is

drawn fcom 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 (Pig. 1423). The co'ccygeus

and levator ani muscles form the fioor 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. 14.24.). It might be supposed that the comparatixely

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 (^rectal hernia),

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 j)eritoneal 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 xagina 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 siipra)

.

A form of perineal hernia known as ingiiino-pcrincal has been described (Coley)

in which the hernial sac accompanied—or followed—the misplaced testicle (ectopia

perina^alis) into the perineum.

Diaphragmatic herniae are visually 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 (intra-abdominal, retroperitoneal j herniae are those which

arise within the abdominal cavity, whether they develop in normal peritoneal recesses

or in abnormal peritoneal recesses arising in a physiological manner (Brosikej.

The classification adopted by Sultan is sufficiently comprehensive to include all

herniae coming under the above definition. F"ive varieties can be differentiated :

(i) hernia of the foramen of Winslow, (2) hernia of the duodeno-jejunal recess,

(3) hernia of the retroccecal and ileo-caecal recesses, (4; hernia of the intersigmoid

recess, (5) retrovesical hernia.

1. The hernia of the foramen of Winslow (Fig. 1475J—into the lesser peritoneal

cavity, which may be regarded as a pre-existing hernial sac—is rare on account of

the narrowness of the opening (page 1746), and Merkel believes that either an abnor-

mally long mesentery or a retardation of the normal process of fixation of the colon

must exist if portions of the intestine are present in the lesser peritoneal cavity. The
part of the bowel involved is usually the colon.

2. The duodeno-jejunal fossa, the orifice of which looks upward (Fig. 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

Superior duodeno-jejunal
fossa

Branch of left

Duodeno-jejunal junction, snowing duodenal fossee; 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.

Thev contain herniae with great rarity ; the retrocaecal pocket—extending upward

behind the caecum 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 mero-

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 (ligamentum iimbilicalis lateralis) (Fig. 1487) may be

so exceptionally salient as to form a deep peritoneal pocket becoming a retrovesical

hernial pouch. •

All these internal herniae ha\e 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 bv their own \ermicular moM-nunl, iiiUsliius may be forced into a caxity

or space either actually or jjoteiUially pre-existing, in which, under lessened pressure

as compared with that at the orifice, the bulk of the hernia may increase, with tiie

Fii;. I '502.

Iletiiii

lleo-appendiciilar
fold

Inferior ilco-c:ccal
fossa

Meso-appeiidix

Posterior ciu-cal

fold

Posterior layer of
iiiesenterv

Retrocu:cal fossa

Peritonea] fossae of ileo-caecal reg;ion, caecum being; drawn forward and upward, (/oiinrso).

constant danger of incarceration (stoppage of the fecal current) or strangulation

(cutting off the supply of blood). The symptoms of internal herniae 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 group may Ik- iucludccl the .s/Avv/, Uic thyroid body, \\\c. paralhyroids, the
thymus body, the suprarenal capsules, and the anterior lobe of the pituitary body.

These are sometimes called tlie
'

' ductless glands,
'

' but, as several of them are cer-

tainly notglands, the name is unfortunate. To certain members of the above group,
as the thyroid and suprarenal bodies, the designation " organs of internal secretion"

may apprt)priately be a{)plied. Considered niori)hologically, they do not belong to

any one system ; but on the whole it may be said without gra\e error that they are

concerned in nutrition, and that disease of several of them manifests itself by certain

tolerably well-dertned symjjtoms indicating a serious disturbance of nutrition, differ-

ing according to the organ involved.

THE SPLEEN.

The spleen is essentially a lymphatic organ. It is of a purplish 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 gm. (appro.ximately 7 oz. ).

The specific gravity is variously stated between 1037 and 1060. The length accord-
ing to Sappey, in the same ten men was 12.3 cm. (4^ in. j.

Fir, ' 5^3-

Posterior border

Intermediate border

Renal surface

Splenic artery

Splenic vein

Internal basal angle

n.istric surface

\iiterior border, notched

Cut peritoneum
surrounding hilum

Anterior basal angle

Posterior basal angli-
..izj^

*^'^'
Basal surface

Visceral aspect of spleen hardened in situ.

The shape of this delicate organ has been but recently understood, through

methods of hardening in situ. It depends so essentially on the neighboring \-iscera

that what may be tlie 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 renal, and the gastric,—allot 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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Diaphragm-
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IX rib
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flexure ot
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outline of this surface is that of a lf)zenj>;e 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 loiiiL,"^ axis corresjionds to the course of the lower ribs, which sometimes
make imi)rcssi()ns on this con\ex surface. The anterior border, f(jrmerly the mari^o
crenatus, separatinj^ this surface from the tij^astric, 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 liorder, which is sometimes quite scalloped. ^\\it pos-
terior border, formerly the mari^o obtusiis, 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 occasionally (20 per cent.) 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

infernal or intermediate

border, 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 hiturn, 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

of these lines may be so rudimentary that the base may seem a part of either the

' Parsons: Journal of Anatomy and Physiology, vol. xxxv., 1901.

Postero-lateral wall of formalin subject has been removed to show relations of

spleen hardened in situ.
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gastric or renal surface, more often the former, or it may appear simply as a knob at

the inner side of the lower end. This kntjl), the inferior tubercle, is usually more or

less evident at the termination of the intermediate border.

Structure.—In addition to the serous covering contributed by the peritoneum,

the spleen is completely invested by a distinct capsule, or tunica albuginea, composed

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

capsule is continued into the organ, supporting the blood-vessels and nerves. The

capsule likewise gives off numerous trabecuUe which pass into the substance of the

gland and break up into innumerable delicate processes which unite to form the sup-

porting framework.

Mall ' has shown that this framework is arranged with greater regularity than was

formerly recognized, since the trabeculse subdivide the spleen into fairly regular com-

partments, tlie splenic lobules, measuring about i mm. in diameter. Each of thes6

units is bounded by three interlobular trabeculce, 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.

Capsule -
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Interlobular ve

Malpighian bod

Splenic pulp_^"

bplenic pulp

Interlobular
trabecula

Section of spleen under very low magnification, showing general arrangement of splenic tissue. X 10.

but freelv communicate, since the intervening trabecule form only incomplete parti-

tions. The spaces within the fibrous framework are filled with the highly vascular

lymphoid tissue constituting the splenic ptdp.

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 pro.ximal 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, the 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 intralobular veins, arise. The terminal

arteries wdthin the pulp-cords give ofT numerous small branches which terminate in

minute expansions, the ampullcz of Thoma. The latter communicate with the venous

spaces surrounding the pulp-cords, so that finely divided substances, such as metallic

^ Johns Hopkins Hospital Bulletin, 1898; Zeitschrift f. Morphol. u. Anthropol., Bd. ii., 1900.
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])ijL,^nients, when injectetl into the arteries, pass into the veins. The walls of the
ampulhe are \ery thin and, towards the junction with the venous radicles, inij^er-

fect, beinij here composed of the reticulum of the surroundinj^ jiulp-tissue. The
channels, however, are sufficiently definite to prevent the escape of the blood-cells

under normal conditions, although the plasma constantly passes into the intercellular

spaces of the pulp (Mall). The walls of the venous spaces are even more pervious
than those of the ampullie, 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 sj)indle-cells instead of the usual plate-like ele-

ments which line the larger splenic blood-vessels. The round or o\al 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 sjjaces between the pulp-cords are the beginnings of more definite

channels, the intralobular veins, which i)ass from the primary compartments towards

Fio. I 506.

— 'JapMile

Primar>' compartment

Interlobular trabecula —=^

Intralobular trabecula

Interlobular vein

Malpighian body
Splenic artery

Diagram showing architecture of splenic unit ; splenic pulp is represented in only one compartment. (After Mall.')

the trabeculae between the lobules to become tributaries of the larger interlobular

veins occupying the periphery of the lobules within the boundary septa. These veins

follow the larger trabeculae 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 lymphoid tissue

within their adventitia. These aggregations constitute the Malpighian bodies, or

splenic yiodules. When seen in traris\erse section, they appear as conspicuous o\'al

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, posses.sing germ-centres. Sur-

rounding the Malpighian bodies, the spleen-tissue presents the usual arrangement of

the pulp-cords.

The splenic pulp consists of a delicate supporting reticulum, continuous with

the terminal ramifications of the intralobular trabeculae, and the cells contained within
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Germ-ceiitre

and supported bv ihc nicsh-uork. 'Vhi: p/i/p-u//s iiulude a variety of elements, the

most constant of which arc : (a) small mononuclear lymphocytes ; (d) leucocytes of

the mononuclear and ]x>lvmorphonuclear types
;

(c) red blood-cells
;
{d ) nucleated

red blood-cells; (< ) Jarj^e

phaii^ocytic C(;lls containing Fig. 1507.

disinteii rating red blood -cells,

or pigment particles deri\ed

from the destruction of the

same ; ( / ) giant-cells with

large composite nuclei, chiefly

in young animals. In adtli-

tion a \ariable amount of free

pigment is present, probabK-

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 mesogas-
trium, and usually retains all, or nearly all, of its original serous covering, which is

reflected at the hilum over the vessels. The splenic artery reaches the spleen
through the peritoneal duplicature known as the lieno-t'enal or lieno-phrenic fold,
which leaves 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-

Veiious space ^X'^'

Transverse section of Malpighian body, showing its relations to sur-
lounding pulp-tissue. X 120.

Fig. 1508.
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Section of spleen, sho\vin<j details of pulpi-tissue. • 500.
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A'eiious space

Reticulum-

%
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splenic omentum, which extends forward to the greater curxature and abo\-e 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 lii^anifftl of tlu- spk-in is an inconstant fold Ijcloiij^inj^ to the- licno-

phrenic ligament, extending fnjui near the (.esophaiieal openinj^ in the diaphragm to

the top of the spleen. It contains connective tissue l)etvveen its layers, which
connects a trianj^ular retroperitoneal area of the spleen with the diapiiragm. The
phrcno-colic lii^amiiit is a shelf-like fold, derived from the j^reater 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 brancli of the cceliac a.xis. 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 si.x or more branches which enter the hilum one above another, in

Fig. I 509.
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the main anterior to the \'eins, 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 o^ 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 ramifv in the spleen in company with the arteries, and lea\e it in

about the same number of branches, which unite to form the s])lenic \-ein behind and

below the arter)-,

The Ivmphaties are chiefly deep ones emerging from the hilum, but there are

• Haberer: Arcliiv fiir Anat. iind Phys., Anat. Alnlieil., I9<'>2.
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also a few superficial ones. Thc-y empty into a little i^roiip ot lymph-nodes at the

tail of the pancreas.

The nerves, from the solar plexus, enter the hilum with the vessels.

Development and Growth.—The splenic anlaj^e appears about tlie fifth

week of fcttal life as a slitjht condensation of the mesohlastic tissue of the mescj-

gastrium, associated with local thickeninir of the mesothelium clothintr the left surface

of this serous fold. According' to TonkotT,' the mesohlast is invaded by migrating

cells fi\)m the mesothelium, which play an important role in the production of the

pulp-cords, the trabecuke resulting from the differentiation of the vascular mesohlastic

tissue. The Malpighian bodies appear relatixely late as accumulations of young
lymphocytes.

At birth the spleen weighs from 10-15 gm., and is said to be relatively rather

large. In the foetus accessory spleens are found very frequently along the course of

the s])lenic vessels. On the other hand, Parsons seems to find the surface of the

spleen more regular than in later life. The fissures on the convex surface are less

frecjuent and less deep. The great size of the liver in the fcttus brings the left lobe

into contact with the spleen. The relatively large suprarenal capsule nearly or quite

separates it from the left kidnev.

Accessory spleens'" are common, but they are not all of the same signifi-

cance. Some are constricted parts of the spleen which have become separated,

mostly from the anterior border, and are connected wath the organ only by fibrous

tissue. Others, found chiefly 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-

sionally 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 ribs (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 lumbar.

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 siipermimcrarv spleens connected with the
main gland ; or there may be multiple 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 bv either

palpation or percussion because (a) it is covered in front by the stomach, the cardiac

end of which—if the stomach is distended—completely overlaps it
;
{b') posteriorly

it is covered at its lower portion by the diaphragm and bv 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) inferiorly 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

; (^) the upper part of the

phrenic surface is occasionally in contact with the left lobe of the liver (Quain)
; (^)

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 hijrizontal when it is distended.

These relations sufficiently explain the difficulty not only in determining the

size of the nijrmal spleen, hut also in distinguishing by percussion its abnormal
enlargement from c;ises of colonic fecal impaction, of tumors of the left kidney,

of large plastic exudate at the base of the left jjleura (jr lung, of hypertrophic
cirrhosis involving the left lobe of the liver, and of certain growths of the stomach
or omentum.

In ciises of hypertrophy or of swelling of the spleen, as in malaria ( " ague-cake" ),

palpation is often of more value than j^ercussion, the sharp crenated anterior border
being recognizable below the tenth costal cartilage. Physiological increase in size

occurs during digestion, but jxithological enlargement may follow jjortal congestion,

leukaemia, malaria, typhoid, (brother infectious disease, including most forms of general

sepsis, or mav result from infection of the splenic substance. It may—as in some
malarial and leuka-mic 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 normally dispro-

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 j. 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, hcemothorax, 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 septic emboli, as

in pvtemia 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.

Mo-c'able spleen (dislocated, floatiiis;, u-andcriuir 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 multiparce, 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 movable kidney a wandering spleen may be distinguished by the super-

ficial positi(%» of the latter, its shape, the disappearance of the spleen from its normal

position, and the absence of urinary symptoms.
Woutids of the spleen, if posterior, usually invol\-e 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 likewist; be

involved.
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III fractures of the ninth, tenth, or eleventh ril) the fraijnients may lacerate the
spleen. On account of its great vascularity, wounds of the spleen are serious and
often necessitate operation, but occasionally, after small stab wounds or gunsh<jt

wounds from bullets of small calibre, spontaneous recovery takes place, and has been
attributed (Treves) to the contractility of the muscular tissue of the splenic capsule,

which narrows the wound-track, enables it to retain the blood-clot, and thus stops

the hemorrhatic.

The blood from a wound of the spleen is usually bright red. In wc)unds of

the li\er it is apt to be dark, if the lun_s4" is wounded the blood is commonly frothv,

and if the stomach has been penetrated the blood is mixetl with the acid y^astric

contents.

Rupture of the normal spleen is not very frequent, in spite of its friability, on
account of the way in which it is suspended from the diaphraj^m, supported beneath
by the elastic colon and—indirectly—the small intestine, and partially protected

anteriorly by the stomach and posteriorly by the lung'. When it is enlarged, on the

contrary, it extends beyontl 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 \iolence. Spontaneous rupture can occur only in cases of ad-

vanced hypertrophy with softening of the parenchyma. The latter may be ruptured,

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, immobility of the lower thorax on that side, meteorism, etc., plus the

symptoms of internal hemorrhage, will be present to a greater or less degree. They
have been sufficiently 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 sp/enecto?uy 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}^ 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 sharp border. The inner surface is con-

cave, being moulded over the side of the trachea and larynx. These surfaces are

connected by a third, \);\& posterior surface (usually improperly called a border), which
faces backward and outward, sometimes nearly backward. The surfaces come to-

gether above in an apex 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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I-'piKlottis

antero-extornal surfaces of the latt-ral lolx-s. Thu islhnuis varies imicli in size,

and is often more or less incorporated in one of the lol)es. In lo per cent, it is

absent.' An upward projection, i\\^i pyrainida/ proirss, rising; honi lillur the isthmus

or one of tlie lateral lol)es, and usually retjarded as a remnant of the median anla^e

ot the thyroid, is foinid more or less (levelt)ped in probably half the cases. A tyjMcal

one reaches the hyoid bone, to the body of which the pnjcess is generally attached

either by muscle or lit,^anK'nt. It is rarely cjuite median, being more fre(iuently found

on the left. Statements as to its frequency vary greatly. Streckeisen - says it is

wholly wanting in only about
Fig. 1510. 20 per cent. ; iDut, since goitre

is common in Switzerland, his

sources of information are not

of the best. Zuckerkandl,

however, puts the occurrence

of the ])rocess at 74 per cent.

( iruber, 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 infrahyoid mus-
cles, from which it is separated

by the middle layer of the

cervical fascia. The sterno-

mastoid muscle crosses the

lower jjart 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.

l"he sheath of the carotid lies

against the j)osterior 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 explains how an enlarged

gland insinuates itself between

these vessels. Frozen sections shcnv 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 cer\ical 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 Physioloj^y, vol. xxix., 1895.
" Virchow's Archiv, Bd. ciii.. 18S6.
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Thyroid body i" situ ; anterior aspect.
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distinguished as suspensory ligaments. A lateral ligament from the inner side of the

lateral lobe is tolerably well defined. It passes backward and upward to the first ring

of the trachea, to the cricoid, and perhaps to the inferior horn of the thyroid. The

levator glanduhe thyroidece is a small muscle often found passing down from the hyoid

bone to the capsule. It may or may not be connected with the pyramidal process.

Sterno-lhvroiil imisile

Fig. I 51 1.

Stenio-hyoid muscle

Left internal jugular \ein

Left pneumogastnc ne^^ e

Left common carotid arterv '^^awTi*^

Inferior laryngeal nerve
Inferior thyroid artery

Prevertebral fascia

Right internal
jugular vein

Pneuniogaslric 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 glands, 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 primary lobules^ from .5-1 mm.

„•;, y : .."
'i'

,^ '-''•-. Acinus dis-

; -
; // .' -'ji^ tended with
/',X^^ colloidInterlob-

connective-
sue septum

% ;'' V jr jr'^" ITndistenHeH
» i-'' •«•»'•'

..
// »j acinus

-mm-

i-i Interacinous
•'".' connective

tissue

Section of thyroid body, showing acini in various degrees of distention. X loo.

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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of secretion and the distention of tin- acini. Tluir lining consists of a single layer of

fairly regular polygonal cells, about .010 mm. in diameter, the height of the cells

varying with the dilatation of the follicle. In young subjects, in whom the acini are

generally less completely tilled than in older ones, the epithelium oi the follicles

approaches the columnar tyi)e. A similar condition is often to be noted in certain

acini, e\ en in thyrt)ids in which the usual distention affects the majority of follicles.

A distinct basement membrane is wanting, the cells resting directly uj)on a somewhat
condensed stratum of the surrounding connecti\'e tissue. Since the ej^thelial 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-

latetl, 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-
endorff), as representing distinct elements, is doubtful, since specific differences

probably do not exist.

Vessels.—The blood-supply 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. 1513.

^V- ^F

).Acinus

-Interlobular
vessels

subcla\ians. 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 ner\-e

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

very much increased, as very minute branches would then sjiring into importance.

An enlarged tortuous artery tends to curl around the nerve. There was no artery on

the right in one case and none on the left in five cases of this series. An artena

thvroidca inia springing from the arch of the aorta and ascending in the median line is

occasionallv seen. From the rich superficial arterial j^lexus numerous branches pass

along the interlobular sejita, 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 veiJis are very numerous. Emerging- from the organ, they form a large

' Dwight : Anatom. Anzeiger, Bd. x., 1895.

Section of injected thyroid body. X 46.
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plexus licncalh llie capsule, from which the blooil escapes by three chief courses on
each side. The superior thyroid veins are douMi-, and follow the artery to open either

into the internal jugular directly or into the facial. They may communicate with

the lini;iials. The middle thyroid \iiii, less rej^ular, passes from the side of the lobe

into the internal jui^ular, anastomosing, as a rule, with the pharynjji^eal \enous plexus.

The inferior thyroid \eins, generally two in number, Sf)me 5 mm. in diameter, come
from the dei])er part of the ori>an aiul form a rich j)lexus in front of the trachea under
the middle layer of the cervical fascia, draining, for the most i)art, into the left in-

nominate ; but a vein may end at the anj^Ie of the two innominate veins. The in-

ferior thyroid veins can lie injected from below.

The lympJiatics l^egin within the organ as ix-rifollicular lymph-spaces ; from
these plexuses f\)lk)w the interlobular septa in their course to the exterior, where they
constitute a superficial plexus from which the lymph passes in all directions. Some
runs upward from the isthmus to small lymj)h-nodes in front of the larynx, some
from the sides to the deep inlands about the internal jugular, and some from the

isthmus and adjacent parts downward to pretracheal lymph-nodes.
The nerves are derixed, for the most part, from the cervical sympathetic. It

is probable that hlaments are contributed by sympathetic fibres running- in company
with the inferior laryngeal and the hypoglossal nerves. In addition to the fibres

destined for the walls of the blood-vessels, the terminal twigs end around the follicles

in close relation with the glandular epithelium.

Development.—The thyroid is developed from three anlages, an unj)aired

median and two lateral. The median anlage (Fig. 152 1) appears in embrvos of from

3-4 mm. as an epithelial outgrowth from the anterior wall of the })nmitive 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 ca\ity 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 thyroid, which meanwhile rapidly increases

as a bilobed mass, passes to the lower level of the lateral anlages. The position of

the primary outgrowth is later indicated by the depression on the tongue, the fora-
men ececum, just behind the apex of the V-row of the circumvallate papillae. Occa-
sionally the evagination persists, and then forms the thyro-glossal duet, a narrow tube

extending for a variable distance from the tongue towards the th\Toid body. The
lateral anlage appears on each side as an epithelial outgrowth from the ventral wall

of the fourth pharyngeal furrow (Fig. 1521), the minute pocket soon becoming trans-

formed into a sac, which early separates from the pharynx. The three primary rudi-

ments grow ventrally, and later, in embryos of about 20 mm.
,
join to form the definitive

thyroid surrounding the larynx. Of the three, the median anlage contributes the

most important part of the thyroid body. Comparative embryology emphasizes the

significance of the median anlage as the thyroid proper ; indeed, all participation of

the lateral rudiments in forming the organ in certain animals is denied (Verdun ).

The histogenesis of the thyroid 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 primitive 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 occasionally found 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 pharyn.x, 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 upward or downward growth from the primary diverticulum.

113
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PRACTICAL C0N.SII)I:RATI()X.S: THE THYROID BODY

Congenital absence of the thyroid body, or its atrophy with loss of function,

occurrinij at any time before puberty, is apt to be followed by the interference with nu-

trition antl with normal mental and physical development that produces the condilicMi

known as crd/fi/s/fi. Similar atrophic chanj^^es occurrinj^ later in life cause f/n.vd-

dcff/a, and the same condition—also known as cac/uwia strumipriva—may be l)rought

about by the complete excision of the gland. Calcification of the gland may take

place in old age. The isthmus may be congenitally al)sent and two separate lobes be

present, representing the originally distinct embryonic lateral anlages of the organ.

Accessory tliyroids ma}- 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 thvroid gland mav i)e temi)orarily enlarged in women during menstruation.

Hypertrophy o\ the thyroid gland (goitre) may be {a) parenchymatous when
it results from a general hyperplasia of the gland-tissue

;
{b) vasc2i/ar, due to a

great increase in the size and number of the blood-\essels
;
(r) cystic, characterized by

the formation of walled-ol5 cavities within the already enlarged gland
;
{d ) fibrinous,

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
; {f) 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 ex])lain 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

ha\'e any anatomical bearing, are : (i) The sn'cUing rises arid falls -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 connectiAC tissue. (2) Dyspncca.

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 ner\es.

(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-suj:)ply 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) being normally one of the most vascular structures of the body.

They are most common in the exophthalmic form. (7) The frcmor, tachycardia,

2iX\A protrusion of the eyeballs seen in Graves's disease in association w'ith thyroid

enlargement ha\e no satisfactory anatomical explanati(jn, alth<jugh the close relation

of the sympathetic ner\e and middle cervical sympathetic ganglion to the inferior

thyroid artery, the distribution of their vasomotor fibres to the thyroid vessels, and

of other associated fibres to the ocular apparatus, and their possible central connec-

tion
—"probably in the medulla" (Treves)—have been invoked to explain the phe-

n Muena of this form of goitre.

operations on thyroid enlargements vary with the character of the latter.

In the adenomatous and cystic varieties, after division of the capsule of the

gland, the tumor or the cyst may generally be shelled out with the finger or by blunt

dissection (enucleation). Under 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 slunild always be partial,

—

i.e., a portion of the gland should be left in place with sui^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 are always

separated from the thyroid by the capsule. 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 have 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-defined lobules by a few delicate septa which support the blood-vessels.

1 Journal of Anatomy and Physiology, vol. xxxii., 1898.

Thyroid and parathyroid
bodies viewed from behind

;

p^yp", right superior and in-

ferior parathyroids ; 5/, supe-
rior thyroid artery ; a, anasto-
mosis ; «, recurrent laryngeal
nerve. {Ginsburg.)
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The gland-tissue consists of closely placed poly.uonal epithelial cells, about .010 mm.
in diameter, varyinj^ly disjjosed as continuous masses or imjierfectly separated cords
and alveoli. The cells possess nnmd nuclei which contain chromatin reticula. The
cells are surrounded by a honey-comb of delicate membranes, fibrous tissue appear-
in<4' only in the immediate \icinity of the larj4er blood-\essels and not Ix-tween the

eijithelial elements. The latter lie aj^ainst the endothelial lining;- of the relatively

wide and numerous cajjillaries, the attenuated membrane of the intercellular honey-
comb alone intervening. While admitting- the independence of the parathyroids as

• - V •

V • • * it ^
;

FlG

•

Seclioiis of human parathyroid bodies, showiiis: different types of structure. A. principal cells arrange<l as
uniform continuous masses; />', broken up into lobules by vascular septa (v) ; C, disposed as acini, some of which
contain colloid (c). ', 200. {After Welsh.)

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 [)arathyroids 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 ])ituitary

body, in both organs colloid-containing alveoli being occasionally j^resent.

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 chiefiy sympathetic fibres destined for the walls of the blood-vessels.

THE THYMUS BODY.

The thymus is apparently an organ of service 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 aj)pcar and it gradually degenerates. When in

its prime it is moderately firm and of a ])inkish 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 fih'oiis 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 ol>liquely from the front in such a way that

above the left lobe overlaps the other. The lobes 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 tlie pliaryngeal
pouches is given by Kohn in Merkel and Bonnet's Krgebnisse, 13d. i.\., 1S99.

"Archiv f. niik'ro. Anat. u. Entwick., Bd. .xlvi., 1S95.



THE TIIVMLS BODY. 1797

the aorta and the puhiioiiaiy artery after they have emerii:e(l from the heart-sac. It

is in ct)ntact with a lari^e part of the arch of the aorta, and is ,i,M-ooved on the posterior

surface by the innominate veins and the superior vena cava. If stron»;lydeveloped,

its highest part mav rest on the tracliea antl even on the GLSopha.i,ais where this tube

appears on the left of the former. It extends laterally on each side into the interval

between the pericardium and the pleura. At the time of its ^nx-atest size, a hori-

zontal section in this region shows the thymus as a thick crescent ( Fig. 151.S}, which

becomes thinner as the organ atrophies. Behind the very top of the sternum its out-

FiG. 1516.

Common carotid artery

—

Pneumogastric iier\e —

Internal jugulai
vein

rinroid body

Suspensory ligament

Trachea

Left lobe of
ihvnius

Dissection of new-born child, showing thyroid and thymus bodies in 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 suspensory ligaments. The

internal mammary \'essels run in front of it.
• v r v.

Weight and Changes.—According to Friedleben, the average weight of the

thymus at birth is 13.7s gm. ; the statements of authors, however, vary widely, Sappey

giving 3 gm. and Testut, from twenty observations, an average of 5 gm. When heavi-

Sst, 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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Groove for

left iiii

Aortic
impression

gressiiiij ; this increase is said to continue even after puberty, the orj:;^an, liow-

ever, beconiiny^ tliinner and softer. Althouj.jh later ahnost completely replaced by
adipose antl connective tissue, the thynuis ne\er entirely disa|)pears, remains of its

tissue beinjj;^ present even in extreme
Fig. 1 51 7. old age (Waldeyer;. 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 fro/en 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 de\elopment, since

it begins as an epithelial outgrowth
from the third pharyngeal pouch, for

a time attains the nature of a tubo-

alveolar 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 subdivide 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,—closely packed lymphocytes lying within the narrow meshes

of the supporting reticulum. The latter consists of stellate anastomosing cells.

Posterior aspect of thymus body hardened in situ.

II rib-cartila.e:e

Fig. I 518.

Sternum 1 1 rib-cartilage

Left lung

111 ril

Right lung

.\zygos vein

1 1 1 rib

frachca

1\- rib lUad ..t 1\' rib Head of IV rih 1\' rib

Transverse section of body at level of fourth thoracic vertebra ; from child of .ibout one year

In addition to the usual elements, eosinophilic cells are found throughout the

cortex particularly in the neighborhood of the capillaries. According to J.

Schaffer, the cortex of the thynuis contains nucleated and other developmental



THK Tin'Ml'S BODY. 1799

stages of red hlood-cells, aiul therefore must he regarded, at least exccptionalK-, as a

blood-fonnino organ. This fuiietioii, however, is tleiiietl b\' Haiiimar.

Tlie mcdidlaty substance, although Narying in its details accordinj^ to the gen-
eral condition of tiie organ, consists of a supporting framework, composed of

brandling cells, within the meshes of which lie small mononuclear lymphocytes, less

frequently polymorphonuclear leucocytes. Occasional eosinuphiles are seen ahjng'

the blood-vessels, as well as multinuclear giant cells. Islands or cords of flattened

elements, regarded by many as epithelial in nature and derivatives of the primary
entoblastic anlage, also occur. The medulla of the fully developed thymus, or of

the organ just entering upon its retrogression, contains numerous spherical or ellip-

soitlal masses of concentrically dis|)osed, flattened moditied cells. These bodies are

the corpiisc/cs of Hassall, which were formerly regarded as the remains of the epithe-

lium of which for a time the thymus was composed. Found only in the medulla,

they vary greatly in form and size, sometimes being simple spherical masses (.012-
.020 mm. in diameter), at others composite bodies (.1 mm. or more in diameter)
consisting of aggregations of small groups. The centre of the concentric bodies
often consists of slightly glistening, homogeneous, or granular substance which is

""
ti) >, "^^s^ Interlobular

J^^P"^^^ \_ Blood-
%\ ''^ ' iA vessels,

''eW ' .W V, ' ^' ^^ >\ injected

Corpuscle
of Hassall Vv

Cortev

Transverse section of thymus body of child, showing general arrangement of lobules. X 25.

albuminous, not fatty, in nature. According to Hammar, the corpuscles of Hassall

arise from hypertrophied reticulum cells, the latter being directly derived from the

primary epithelium.

Vessels.—The arteries are chiefly from the internal mammaries, but 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 relati\'ely poorly supplied. The veins between the

lobules, which chiefly drain the capillaries, unite to form the larger trunks carrying

the blood from the organ. These run in many directions, the most important bemg

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 \vith

the thymus-tissue, the existence of intralobular passages, corresponding to lymph-

sinuses, has not been established.
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The nerves are small antl come from the sympathetic and the vapus. They
are traceable ah mi; the arteries and c(»nnective-tissiie septa, and end cliielly in the
walls of the blood-vessels. Bovero has described terminal lilameiits which i>a.ss from

the interlobular j)le.\uses into
Fig. 1 520. the medulla.

Development. — The
thymus prc)i)er cjrij^inates from
a pairecl anlaj^e ( I'ij;^. 1521)
which apj)ears as an ei)ithelial

out,!.;rowth from the \entral

wall of the third pharynj^eal

pouch. From this results a

^>: . ^/;v^^-"'. ^-^ ^0i>^^<:• -i^. long cylindrical mass of closely

^:^ 'i'M^^ 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-

matine 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 character.

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. For a

time the two originally distinct anlages develop independently ; later they come into

close contact in the mid-line, and form the single irregular organ the bilateral

,^^^-

puscles of Hassall
in medulla

Section of thymus body, showinR details of cortical and medullary
substance. • 200.

Fig. 1 521.

Reconstructions of developing thyroi<l, thymus, and parathyroid bodies in embryos of 14 mm. {.-i) and of 26 mm.
(B). int. median thyroid; //, lateral thyroid; l\\ thymus; /, thyroid

; p^, p-, superior and inferior parathyroids;
7>t-. vena ( ava superior ; a, aorta. ( Toinm^u 1 (uui I >ti/u>i. 1

derivation of which is indicated b\- the connective tissue separating the right and left

divisions. The upper ends of the latter are often continued as far as the thyroid

as lateral processes. Subsequent to the second year regression sets in, and the
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thymus structure is larm-'ly rcplacctl by til)rous and adipose tissue, vestiges of the

characteristic tissue, ho\ve\er, persisting ( hig. 1522).

In addition to the cliief anlage from the third pharyngeal pouch, a rudimentary

outgrowth occurs from

the ventral wall of the F'f- '522.

fourth one, external to

the origin of the lateral -^sr;^

thvroid. Accorilingto
"^ "*

CiroschulT," this anlage

may persist in man as

ihcparat/iyinus, a small

body which occurs in

close association, or

even encloses, the para-

thyroid derived from

the dorsal wall of the

fourth pouch. The lat-

ter, therefore, corre-

sponds to the third

pharyngeal pouch in

giving rise to both a

parathyroid and a thy-

mus ; in addition it pro-

duces the lateral thy-

roid anlage.

According to Beard,

Prenaut, Bell and
others, the transfor-

mation of the thvmus into a lym])hoid 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" regards

the lymphocytes as entering from without.

Fat

Thymus tissue
TiWt/Siftrf.gi^Pg '/ -

Section of thymus body of man of Iwenty-eiRht, showing- invasion and replace-
ment of thymus tissue bv 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

rtnal surface, corresponding to the bottom of the hat, and an anterior and ?i 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 con\ex

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 tilled by areolar tissue. The ayi-

terior surface bears a deep fissure, the hilum, in the main parallel with the base, sub-

dividing it into two approximately equal regions. The posterior S2irface is con-

siderably smaller than the anterior, owing to the projection of the latter over the

front 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 dirty 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 diaphragin. 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. xvii., 1900.
* Ibid., Bd. .xxvii., 1905.
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part is between the non-peritoneal posterior surface of the hver anil the abdominal
wall. This, of coiirsi'. like the two precethn^ areas, has no peritoneum. The rest

liis in cdiilac t 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

tjuite peritoneal, resting; against the stt)mach, the s])leen, and the tail of the pancreas.

Structure.—The suprarenal bod)- 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 \\\\\\. in thickness ), which surroimds the central vieilnlla. Where
thinnest, as towards the borders, the medulla is reduced to a narrow zone and maybe
entirely wanting ; where best developed, as in llu- middle of the organ, it may attain

a thickness of o\er 3 mm. The corte.\ is usually of a dirty yellow color, presenting

Fig. 1523.

Crura of diaphragtu

A
Capsular vein in groove^

for vena cava

Hepatic surface

—

Peritoneal surface —
Inferior \ eiia ca\ a

Rii;lit kiiliiey_t

((L-liac artery

Superior mesenteric artery

<"apsular vein
emerging from liilum

I. eft renal vein

.Left kidney

Anterior aspect of suprarenal bodies hardened iti iitu.

Fig. 1524

Diaphragmatic surface

Renal surface

1 )ia|ihragmalic surface

Kciial surface

'<^J
Left RiKlil

Posterior aspect of sui)raretial 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 e.xact 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 corte.x.

The cortical substance consists of a delicate framework of connective 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 somewhat tortuous or

coiled groups of cells. The zona fascicvlata forms the chief part of the corte.x, and

maintains the radial disposition of the cell-columns. The zo7ia reticularis, next the
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Capsule

Cortex

iiK'clulIa, includes the net-works of epithelial eleiiieiits formed by the union of the cyl-

inders. The cells throui,di()Ut the cortex are very similar, heiiiij; rounded polN^onal

elements .015-.020 mm. in diameter, and very often contain tat granules. Tlnjse

composin<j the zona fasciculata are lar«j^est, while those within the reticular zone are

more or less pigmented and responsible for the darker tint of this portion of the C(jrte.\.

The incdii/Ian' substance consists chieHy of net-works composed of anastomosinir

cords of ei)ithelial cells from .020-.036 mm. in diameter; in addition there are numer-

ous blood-ve.ssels, particularly veins, and many bundles of nerve-t'ibres with jrantjlicjn-

cells. The ])rotoplasm of the medullary cells is finely j^ranular and possesses an

especial atiinity for chromic acid and its salts, staining yellow or brown. They
vary from polyhedral to cohmmar in form, and often border large blood- and lymph-

spaces. The cells of the medulla are

more prone to undergo post-mortem F^^'- ^525-

change than those of the cortex.

Vessels.—The chief arteries

sup])lving the organ are the three

suprarenal or capsular arteries,—the

middle from the aorta and the su-

perior and inferior from the phrenic

and renal arteries respectively. They
break up into a dozen or more fine

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 cap-

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 vena 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 Ivmphatics 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 plexuses,

chiefly for the \\-alls of the blood-vessels. The greater number of the nerves, how-

ever, pass to the medulla, where they unite into coarse plexuses, from which liner

twigs are distributed to the vessels and the cords of medullary 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-

Cortex

Capsule

Section of bupiareiial bod\ in<.Iu<liiig entire thickness of organ,
sliowing; general arrangement of cortex and medulla. X 27.
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mcnts ; but in all cases they exhibit the characteristics of sympathetic cells. Indeed,

so niunerous are the latter that the suprarenal is regarded by .some anatomists as an
ors^an accessory tt) the sympathetic nervous system.

Development and Growth.—The genesis of the suprarenal body has been
tlu- subject of much discussion and uncertainty, especially as to the origin of the

medulla. Comi)aratiye and embryological studies clearly indicate that the mam-
malian suprarenal body consists of two sei)arate and distinct organs, which, although
intimatrl\- uiiilecl as corte.x and medulla, j^ossess a different origin and function."

According to the investigations of

Fig. 1526. Aichel," the suprarenal in the higher

^ _____-,<—-^ mammals first a])i)ears in close rela-

tion to the W^ollifian body, the anlage
arising from the proliferation of meso-
blastic cells at the ends of invaginations

of the mesothelium lining the body-
cavity. The indi\idual cell-groups

thus arising with the several invagina-

tions fuse into the general anlage of the

suprarenal. The primary close asso-

ciation of the latter with the Wolfifian

body is later lost, the subsequent mi-

gration of the organ bringing it into

secondary relation with the permanent
kidney.

Regarding the origin of the me-
dulla two views obtain. According
to the one now widely accepted, the

medullary jiortions are developed from
cells which are deri\ed from the ad-

jacent embryonic sympathetic gan-
glia, the chief support of this opinion

being found in the close correspond-

ence of the medullary cells with the

chromaffin elements of symi)athetic ori-

gin occurring in other localities, such
cells wherever found exhibiting an

especial affinity for chromium salts.

When fully dex'eloped. the medullary

cells may be regarded as highly special-

ized cells which elaborate a powerful

stimulant that passes into the blood

(Vincent). The other view, supported

by Janosik. \'alenti, and Aichel. attri-

butes the origin of the medullary cells

to the same mesoblastic anlage that

produces the cortical cords of which
those of the medulla are only sj^eciali-

zations. The differentiation of the su-

prarenal inhi cortex and medulla occurs

comparatively late and long after the

primiti\e organ has become sharply de-

fined from the surrounding tissue. For a time the entire organ consists of cells which

are identical in aj^pearance. During the third month this common tissue difierenti-

ates into cortex and medulla, in consequence of the breaking up of the outer zone into

columnar masses by the advent of connective-tissue trabecuLe from which delicate

fibrillae arise, forming the inner boundary of the cortex. Within the central ])art of

the organ thus defined numerous venous capillaries appear and break up the tissue

> Vincent: Journal of Anatomy and Physiolo.e:}', vol. xxxviii., 1903.
'^ Arciiiv f. mikro. Anat., Bd. hi., 1900.

t'

fe

iF^.».

^i'lf
Zona

fasciculata

Caijillan-

Medulla

fi§:^ji^^i.^mmy''
Section of suprarenal body, showing details of superficial

and deep portions of cortex. X 225.
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into tlic cords of imxlullary cells which lie directly in cont;ict with the cnduthcliiini oi the

veins. The subsequent ingrowth of the nervous constituents provides the unusually

rich su])])ly of nerve-fibres and tj^anglion-

cells distin^uishinm the medulla. These ^'""•- 1528.

orj^ans are proportionally very laru^e in

the fcftus (Fi,^. 1529). At birth the

antero-posterior diameter is i cm. and the

i^reatest transverse diameter at the base is

Fir,

Capillary.

Medulla

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 vfin. K 25.

Fig. 1529.

Suprarenal

Kidnev-

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

mostlv 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 plexuses, or beside

the testis or the ovary. The accessory su-

prarenal situated within the broad ligament

in the \icinity of the ovary is regarded by
Marchand and others as a normal and
almost constant organ. The latter under-

goes compensatory hypertrophy 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,

Fallopian tube

Round ligament
Bladder

Suprarenal

Kidney

Rectum
r)vary
I 'terns

Hypogastric
artery

Dissection of three months female foetus, show-
ing huge suprarenals, lobed kidneys, and sexual

glands.
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therefore, are supernumerary. The bodies, on the contrary, situated within the

broad ligament, or in intimate rehitit)ns with the epicUdymis, are jjrobably 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.

HcmoryJiage into the sujjrarenal body in new-born infants has been observed

(post mortem) in a number of cases. \'arious opinions as to its cause have been

expressed. They have been summed up ( Hamill ) as follows : (i ) 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 jiolc, and from

the frictions and flagellations used to resuscitate the apparently dead-born; (3)
asphvxia from delay in the establishment of respiration at birth ; {^) 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; (9) 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 difificult labor is the exciting cause, and that in those dying later some form of

infection is responsible.

In cases of tumor of the suprarenal body the following symjjtoms have been

noted (Mayo Robson) : {a) shoulder-tip pain, probably explained by the fact that

a small branch of the phrenic nerve passes to the semilunar ganglia ; ib) pain radi-

ating from the tumor across the abdomen and to the back, not along the genito-crural

nerve
;

(f) marked loss of flesh
;
{d) nervous depression with loss of strength

;

(<f ) digestive disturbance, flatulence and vomiting
; {f ) 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 (Fig. 976), consists of two entirely distinct parts which differ both in their

genesis and structure. These arc the so-called anterior and posterior lobes. The
latter, being derived from the diencephalon, is aj^propriately 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 dejire.ssion 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-\essels. Fine

processes extend from the capsule inward and form a delicate net-work, rich in capil-
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laries. the incslu-s of wliich are occupied l)y spherical or coril-hke masses of cuboidal

or polygonal epithelial cells. The latter are apparently of two kinds,—the smaller

and slis,ditly staining- chief cells, from .003-004 mm. in diameter, and the larger and

Fig. 1530.

Interlobar sci>tiini

Posterior or cerebral lobe

-I'.lood- vessel

\iiterior or
oral lobe

Connect ive-tissui.

trabecula
/

'"-.,_^ ; -^~ — Capsule

Transverse section of pituitary body, sliowing relation of anterior (oral) and posterior (cerebral) lobes. X 7.

deeply staining chromophile cells (.005-. 008 mm.), so called because of their marked
affinity for certain dyes. The two varieties of cells seem to be intermingled without

definite arrangement, and are regarded by some as the expression of differences de-

pending upon merely functional changes, the two kinds of cells being essentially

identical.

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. I 531.

Chief cells

Chief cells_^-3ii^^, te

Capillar\

Colloid

Capillary

Chromophile cells

Section of anterior lobe of pituitary body; three acini contain 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 resembling the acini of the thyroid body. The colloid-contain-
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ing acini lie chiefly aj^ainst the posterior hjhe, in which location a number of such
spaces ( Fiij. 1531), of moderate size and linecl with cuboidal ej^ithelium, are usually

normally present. althoui,di colloitl vesicles may l>e absent in other parts f)f the ante-

rior lobe ( Schoenemann ).

The absence ot excretory ducts, the activity of the ejMthelial cells as excretory

elements, and their intimate relation to the blood-vessels all suj)j)ort the view that

Wall cif rhombencephal'

Pituitary evaj^iriatioii from diencephalon

Pi; iiitary evaKination from oral cavily

.("ommuiiicatioii with oral
cavity

Wall of oral caviiv

Portion of sagittal section of rabbit embryo, showing early stage of development of pituitary body, y 80.

Cerebral evagination

Wall of diencephalon

the anterior pituitary lobe is to be re.Q^arded 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

Fig. 1 533. cavity of the interbrain

(diencephalon), the an-

terior lobe is derived

from an ectoblastic

outgrowth from the pri-

mary oral cavity which
apjiears during the

fourth week. The cere-

bral end of this evagina-

tion {Rathkes pouch)
soon expands into the

hypophysial pouch,
which remains con-

nected with the mouth
for a considerable time,

until the formation of

the base 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. niikro. Anat., Hd. Ivii., 1901.

Wall of.

rhombencephalon
Oral evagination

Portion of sagittal section of rabbit enibrvo. showing development of
pituitary body. > 80.
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thus represents tlu- condition existing in some animals, in which the i)ituitary stalk
persists during life, passing through a canal in the base of the skull and connecting
with the oral epithelium. During the latter half of the second month the hypo-
physial sac sends tubular out-

grt)wths into the surrounding vas-

cular mesoblastic tissue. Later
these tubules become separated
from the main pouch, until the

latter finally becomes entirely con-

verted into a mass of small, tor-

tuous tubules or acini which in

large jxut lose their narrow lumen
and become solid masses separated
by septa of vascular connective

tissue. The anterior lobe thus
formed becomes pressed against

the under surface of the brain-lobe

with which it is closely bound.
The posterior pituitary lobe

is developed from the tubular
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-
posed of tissue w'hich resembles
neuroglia and contains few or no
cells that can be identified as ner-

FiG. 1534.

Wall of diencephalon

Posterior (cerebral) lobe

Ant.rior (oral) lobe

—-Developing
acini

-Wall of oral cavity

Portion of sagittal section of rabbit embryo, showing later
stage of developing pituitary body. Anterior lobe now con-
sists of numerous tubular acini. X 50.

\'Ous elements. Further details concerning the posterior lobe are given in connection
with the brain (page 1130).

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 (glomus caroticum), also known as the carotid gland and ganglion

intercaroticnm, is a small ovoid body measuring usually about 5 mm. in length, from
2. 5-4 mm. in width and about i. 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
outw^ard. When freed from the surrounding fat and connective tissue, the carotid
body appears of a grayish or brow nish 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) of

spherical masses or ' * lobules,
'

' from . 2- 5 mm. in diameter, which consist of a com-

114
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plex of blood-vessels, nerve-fibres and peculiar cells. The latter are irreji^ularly,

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 polygonal cells, about .01 mm. in diameter,
with large round nuclei. Their protoplasm is finely granular and is especially jjrone

to change, being best jireserved in solutions of chromic acid salts. When so treated,

they take on the pecuUar yellow color entitling them to be classed as chroviaffinc
cells. The large number of nerve-fibres within the carotid body is remarkable. Thev
are mostly nonmedullated 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 chromafifine cells likewise, since the nerve-fibres surround the groups of

these elements.
Fig. 1535.

Carotid Body

Blood-vessel

Capillaries

Section of adult human carotid body
; one entire lobule is shown. X 170.

In view of ( i ) the identity of its elements with other chromafifine 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 in 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 paragan^lio7i caroticum for the organ. Concerning its function nothing is

definitely known.
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 (glomus coccygcum), also often called the coccyq^eal gland, or

Liischka s gland (in honor of the anatomist who described it half a century ago'), is

a small reddish yellow ovoid body which lies embedded in fattv 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 , tt) whose ante-

' Archiv f. mikros. Anatomie, Bd. 40, 1892.
'Archiv f. mikros. Anatomie, Bd. 56, 1900.
'Die Hirnanhan^ und die Steissdriise des Menschen. Berlin, 1S60.
* Archiv f. mikros. Anatomie, Bd. 64, 1904.
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rior surface the little or^an is attacheci, its loiij^ axis lyint; transverse to that of the

blood-vessel. Approached from the posterior surface, the body is found just beneath

or within a small openiii!:;^ in the tendinous insertion of the levator ani muscle into the

last coccygeal segment, covered by the origin of the external sphincter muscle

(Luschka). The dimensions of the organ are small, its transverse and greatest

diameter being from 2.5-3mm. audits thickness less than 2 mm. It sometimes is

divided into two or even more tiny lobes. The body thus described is, however,

only the largest of a series of nodules which includes a variable number of structures,

for the most part of minute size, irregularly grouped around the chief mass

(Walker). The additional nodules are in many cases connected with the principal

body 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

-^i^^^j-^

Capillaries

Cells

Blood-vessels

Section of human adult coccygeal body. X 220.

The Structure of the body, as seen in transverse secdons (Fig. 1536), 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, somedmes, a thick-walled artery. The proportion of cell-masses to the connec-

tive dssue 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 condensadon 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 fi\'e layers, the

individual cells being indistincdy oudined and composed of clear protoplasm con-

taining a reladvely large and deeply staining nucleus. Concerning the mooted ques-

tion as to the presence of chromafifine cells within the coccygeal body, the tesdmony

of Walker, Schumacher and especially of Stoerk ' as to their absence seems convin-

cing. The last-named investigator concludes that these cells at no period exhibit the

chrome-reaction, and, further and in opposition to Jakobsson, that they have no his-

togenedc reladon 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. Anatomie, 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.

LAB

RAB-

THE AORTIC 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 ple.xus of the sympathetic ner\'es.

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.
Fig 1537. The right body is usually the larger,

,c a with an average \ertical length of 1 1 .

6

mm. the corresponding dimension of

the left body being 8. 8 mm. The e.\-

tremes of length for the right body
are from 8-20 mm., and of the left

one from 3-15 mm. The width b
about one-hfth of the length, and the

thickness something less. The sur-

face of the little organ is smooth and
its color light brown. Whilst its

consistency is about the same as that

of the neighboring lymph-nodes, the

body is softer than the adjacent sym-
pathetic ganglia. The aortic bodies

are essentially organs of foetal life or

at most of early childhood, and in

the adult they are represented by
mere atrophic remains (Zucker-

kandl).

The structure of the aortic

body includes a fibrous capsule, which

is prolonged into the interior as con-

nective tissue strands that accompany
the numerous blood-vessels entering

the organ. The arteries, minute

twigs from the aorta, the inferior

mesenteric and sometimes the sper-

matic, break up into a rich capillary

net-work whose wide meshes are

filled with closely packed cells of

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 chromaftine cells. According to the obser\ations 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 chromaftine cells, it is highly probable

that the aortic bodies are to be regarded, along with the medullar)- portion of the

suprarenal and the carotid bodies, as appendages or paraganglia of the sympathetic.

' Verhandlungen der Anatom. Gesellschaft, 1901.

let

Aortic bodies of new-born child : RAB. A.4^, right
and left aortic bodies ; a. aorta : ;»/, inferior mesen-
teric arter}-; lei. left common iliac : ic. inferior cava :

/»-•. left renal vein : ap. aortic sympathetic plexus :

u. ureter. • 2. ( Zuckerkandl. 'i



THE ORGANS OF RESPIRATION.

This tract includes the organs by which an interchange of gases takes place

between the blood and the air. It consists of the larynx, the trachea or windpipe,
and its subdivisions, the bronchi, the lungs, and the serous membranes, the plcum,
which surround them. Morphologically this tract is an outgrowth from the fore-

gut. The larynx is a specialized ai)paratus for the production of the voice, situated

at the beginning of the windpipe, of sul^cient importance to be considered by itself.

THE LARYNX.

The larynx consists of a number of cartilages which, by their relative changes
of position, modify the approximation and tension of two folds of mucous 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 hyoid bone and leading to the trachea. It is practically subcutaneous in front. Its

superior 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
bv mucous membrane, the folds of which form important morphological parts of the

larvn.x.

THE CARTILAGES, JOINTS, AND LIGAMENTS.

The cartilages which form the framework of the larynx are three single ones : the

cricoid, ihe thyroid, and the epiglottis; and three pairs: the arytenoid cartilages, the cor-

niciihc laryngis or cartilages of Santorini, and the cuneiform catiilages 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- Fig.

mately 25 mm. in the male and from 16-23
mm. in the female. The cricoid is 3 or 4 mm.

Articular facet,

thick in the lower part and in the upper as for arytenoid

much as 5 or 6 mm. The posterior aspect is
'^^^^^ ^^'^

somewhat quadrilateral, the upper border de-

scending very steeply at the sides. Internally for tifyrord^

the cricoid is perfectly smooth. The lower cartilage

border presents a slight median descent in front Cricoid caniiage, right lateral aspect,

and an inconspicuous notch behind. Never-
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 emiyiencc 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 conxex

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
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Fig. '539-

CarliliiKC of Saiiloriiii

Posterior surface for

aryleiioideiis

Posterior crico-

arytenoid lij^aiiient _,

Muscular process

Posterior ridj;c (.n

cricoid cartilage

Depression for_[!

crico-arytetioideus
posticus

Cricoid and arytenoid cartilages from behind.

extremely varial)le in all its details. A median nd^c dixides the posterior surface of

the cricoid cartilage into two symmetrical di-pressions for the orij^^in of the posterior

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 lonj;^ diameter extendiny^ upward, backward, and inward. The facet, which

is nearly plane, faces chiefly outward, but also

somewhat upward and a little backward. The
lonj^ diameter is about 5 mm. and the cross one

nearly as great. A ridjjje connectinj^ it with the

sui>erior articular facet bountls the posterior sur-

face of the cartilage. The anterior surface of

the cricoid is somewhat convex vertically, so

as to resemble an o\-er-large tracheal ring.

The Thyroid Cartilage. — This, the

shield -shaped cartilage, consists of two quadri-

lateral j)lates, 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, ox coruua, 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 thyroidea) is a deep median depression of the uj)per 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 api)le ( protubcrantia laryn}jca). 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 tubercle 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.

Fig. 1540. The oblique line is a ridge running
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-

ternallv 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 90° and in woman 120°. It is chiefly

through the thyroid cartilage that the male larynx accjuires its relatively large size.

glottis

Oblique line, end-
ing in tubercles
above and below

tnferior comu.

Thyroid cartilage, with epiglottis, right antero-Iateral aspect.
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Development and Growth.—The thyroid, probably formed from the fijurth

and fifth branchial arches, is originally rounded in front, llie angle becoming promi-
nent at puberty, when the great increase in size in tlie male and the greater promi-
nence occur. A slight strip of cartilage, separate from the rest, is found in the angle
in early childiiood ; sul)se(|uent]v it becomes less and less distinct.

Variations.— It is not rare to find a foramen near the iijiper outer angle, a little below the
superior tuhercie, whicii transmits the superior larynii^eal artery and e.xfeptionally some fibres
of tile external branch of the superior laryiii^eal nerve. Assuming that the thyroid is developed
as above stated, the foramen represents a'cleft between the fourth and fifth branchial bars. It is

common for one of the superior horns to be shorter than tiie other, and not very rare for one to
l)e al)sent. Our experience agrees with that of others in finding the ab.sence 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 the cricoid and the inferior horns of the thyroid, are very
indefinitely shaped. The facet of the thyroid is on the inner side of the inferior horn,

and is nearly plane, but either par-

FlG. 1541.

Cartilage triticea

Thyro-hyoid
membrane, left

half

Cartilage
of Santorini

Posterior
crico-arytenoid
ligament

Posterior
crico-thyroid
ligament

ticipant of the joint may be the

contained one. The capsule is

lax, 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 /iga?nent, is triangular in

shape, with its base attached to

the upper edge of the cricoid car-

tilage and its truncated apex to

the lower border of the thyroid. This is the strongest part 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 lateralpart (¥\^. 1544), 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 alae without being at-

tached. The upper 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-thyoid 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 alae and the

lateral parts 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-

Trachea

Cartilages of larynx united by their ligaments ; right half of thyro-
hyoid membrane has been removed

;
postero-lateral aspect.
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rior horns of the thyroid and the tips of the greater horns of the liyoid. They
may be artificially dissected to resemble cords ( li«amcnta th\ rcohyoidea lateralia),

although in fact they are continuous, not only with the rest of the membrane, but

with its expansion which mingles with the fasciie of the neck. As a rule, a little

nodule (cartilago triticea) is found in the middle of this lateral thickening (Fig.

1 54 1 ). 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

e.xtends 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 irregoilar 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 atitero-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 \\i(tvocal

process for the attachment
Fig. 1542.

Crista arcuata

Fovea oblon^ta, for

thyro-ar>-tenoideus
muscle

Muscular process

artilage of Safitorini

Aj'ex

Tuh>ercle for false vocal
cord

Fovea triangularis

Anterior border

Vocal process -

Articular facet Articular facet

Right ar>tenoid cartilaKe, capped by cartilage of Santorini.
lateral aspect ; B, postero-medial aspect. X J.

A, antero-

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 triang-ular. 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 e\ident 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 \'ertical fibres, which
have been called xh^ 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 fonvard 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 fonvard towards the tongue, the posterior

surface is convex, 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
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cartilaginous stroma is full of pits, or even perforations, containing glands. The
mucous membrane is attached to it very closely, so that in dissecting the cartilage it

is difficult to tleterniine its true outline

The Ligaments of the Epiglottis.—'X\\Q.thyro-epii:;lottic ligament is an elastic

band continuing the stalk of the e])igl()ttis into the angle of the thyroid, just below

the notch. Owing to the ill-defuied structure of the epiglottis, it is often hard to say

what is ligament and w hat is stalk. The glosso-cpiglottic ligaments, one median and

two lateral, are three folds of mucous meml^rane with more or less elastic tissue within

them, extending from the front of the epiglottis to the tongue, with which they have

been more particularly described (l)agei575). The hyo-epiglottic ligament^ is de-

scribed as a bundle of elastic tissue extending between the middle of the anterior

surface of the epiglottis and the u])j)er border of the hyoid. Such a structure may
be artificially dissected ; but the important point is the presence of a mass of very

dense areolar tissue, probably largely elastic, and with fat in its meshes, which forms

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 upper

border of the hyoid. This mass gives support to the epiglottis, 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 Fig. 1543-

tongue.

The Movements of the Epiglottis.—The old idea that

the epiglottis turns over backward like a lid to close the

larynx in sw^allowing is disproved. That it could ever be i^B>^^ SfeU_!i^ Depressions

so bent is unlikely. In swallowing it is carried bodily N%,>^ •^f/'fl^
for glands

backward, probably receiving the bolus on its laterally

concave posterior surface and transferring it to the grasp

of the pharynx. 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.

The corniculae 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
their 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 IVrisberg) 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 elastic sheath of the larynx is a layer of areolar tissue, rich in elastic

fibres, w'hich 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 (ligamenta ventrlcularia), 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.

^ Dieuiafe : La membrane glosso-hyoidienne. Bibliographic Anatomique, tome xi., 1901.
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The inferior thyro-arytenoid ligaments ( liyamenta vocalia) are a pair of

bands of tilnous lissui', (-hiclh- ilasli( , siipixuliiii; the free edt^es of the true vocal

cords, exteiuiiny^ from the aii^le of tlie ihyrokl a little below the false ones to the

vocal processes of the arytenoids. These lij^ameiits are continuous with the lateral

parts of the crico-thyroid membrane, as the thickened and mo<hhed upper borders

of which they may be rej^anled ( Fi.^^ 1544)' Each band is triangular on section,

having the free edge at that of the

Fig. 1544.
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Ossification of the Larynx.—The
process, bcii^iiiiiinj^^ as it does at about
twenty, is a normal change. Chievitz

'

found some ossification in every male'
larynx of over twenty and in every fe-

male one of over twenty-two. It ap-

pears at al)()ut the same time in the
cricoid and thyroid,—namely, at about
the beginnintj 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 apjjears 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 or 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 Icnver Ijorder of the cricoid is still cartilaginous. The youngest
man observed by Chievitz with complete ossification was forty-four and tlie yoiuigest woman
seventy-si.x.

The Thy7'oid.—The process begins near the i)osterior 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 stiperior 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 with complete ossification

of the thyroid was fifty and the youngest woinan seventy-six.

The .Irytenoids.—The jirocess begins in the base, bi man liie starting-point is the mus-
cular process, but in woman it is less certain. The youngest man in whom tlie process was
cotnplete was seventy-five and the youngest woman eighty-five.

The cartilago triticea, 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.

THF FORM OF THE LARYNX AND IT.S MUCOU.S MEMBRANE.

The shape of the laryn.x depends not only on the cartilages, but also on folds of

mucous membrane stretched over bands of connecti\'e tissue and over muscles.

The cavity of the laryn.x is subdivided into three parts : the siipraglottic, the

glottic, and the infraglottic.

The supraglottic region fvcstihulum laryngis) begins with the entrance to the

larynx, an o\al (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 arvepiglottic fold which passes from this on
either side back over the toj) of the arytenoid car,tilages. It is interrupted in the

median line behind by a notch. On either side of this the fold presents a small

swelling (tubcrculiim corniculatum), caused by the cartilage of Santorini, anterior to

which is a larger one (tubcrculum cunciforrae) containing that of Wrisberg. Between

• Archiv f. Anat. uiid Phys., Anat. Abth.. 1882.
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these and the sides of the epiy;^lottis the fold contains only the general fibrous envel-

ope and some stray muscular lil)res. Below the entrance in front lies the jiostevior

surface of the epiglottis, concave from side to side, and presenting in the median line,

from abo\e downward, first a convexity, extending so far l)ack as to overhang much
of the larynx, then a hollow, and finally a prominence, the tubercle or cushion. A
deep crease descends on each side, bounding the lower part of the ei)iglottis, and
meeting its fellow below the tubercle. The mucous membrane is very closely attached

to the epiglottis, and so thin that the straw color of the cartilage is seen through it,

turning into red at the lower part. The jiits 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. 1545.
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Cricoid cartilage

-Foramen caecum
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GlossQ-epiglottic fold
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Superior thyroid cornu

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 \'ocal cord. Farther back a shallow groo\-e, the. philtruju, 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 jiart of the laryn.x, the rima glottidis or

chink of the larynx, is the interval between the true cords in front and the arytenoid

Fig. I 546.

CartilaRe of epigloltis

Areolar tissue

Mucous membrane covering epiglottis

Fissure between cartilages

of Santorini

Cartilage of Santorini tubercle
Sterno-hyoid

Thyro-h\oi<l

Sinus pyrlformis

Sufiorior
cornu of hyoid (cut)

Stemo-masloid

i'revenebral muscles
Fourth cervical vertebra

Aryleno-cpiKi'Jii"- kji'J 'tul;

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. '\\\^ 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.

!v Appendix ol
^ ventricle

Arvtenoideus

l-ar\-nx has been partly cut across at level between
false and true vocal cords ; upper half of figure represents

under surface of upper piece, which is turned backward.

a superior thyro-aPk-tenoid ligament), many glands, and some fibres from the thyro-

ar^'tenoid muscle. The trne vocal cords (plicae vocales^ arise a little below 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 bottom of the thyroid notch to the

lower border of the thyroid. Ta^uchi ' gives the average distance in men from the

notch to the vocal cord as 8.5 nun., and from below as 10.5 mm. In women he

finds these distances 6. 5 mm. and S mm. respccti\cly. The cords arise either di-

rectly from the thyroid, just on each side of the depth of the angle, or from a

Fig. 1549.
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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 w'hich 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 has not. Behind
the cords the glottic region is bounded by the arytenoid cartilages, and, as the true

Fig. 1550.
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Interior of larvnx as seen with laryngoscope. A, rima glottidis widely open ; /i. rima glottidis closed.

cords end at the vocal processes, a considerable part of the chink of the glottis is

bounded by these cartilages. The posterior part between them is called the respira-

torw and the anterior, between the cords, the vocal \>-ax\.. According to Moura,^ the

entire length of the chink in the male is 23 mm., of which the vocal part is 15.5 mm.
1 Archiv f. Anat. u. Phys., Anat. Abth., 18S9.
* Bull, de I'Acad. de M^decine, Paris, 1879.
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and the respiratory 7.5 "nn- In the ftiualc the kn]L,^th 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 j^dottidis \aries with the position of the

arytenoids, and the theoretically straight lines of its borders may both be approxi-

mated and ilrawn asunder, and, moreover, may be bent at the junction of the two

parts.

The vintricle or lary>i<rt\jl sinus ( vciitriculus lar\ni;is) is a pouch, lined with

mucous membrane, oi)eninn into the larynx between the true and false cords of each

side. The horizontal elliptical t)penin^ 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 a.scends.

The ascent may be due to an appendix of the ventricle ( Fij^. 1551 ). which may bean
almost separate cavity connected with the front of the ventricle by a slit or an irregular

Fir,. 7 i^c;i.
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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 ventricle.

It may ascend to a height of 15 mm. from the bottom of the ventricle. These cavi-

ties are compressed latcrallv, 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 over-development t)f

the ventricles are met with. They may e\en 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

' Virchow's Archiv, Bd. xcviii., 1884.
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contact, tlic-y closf the j^lottis ami prevent the entrance of air, hut from their shape
they seem unfitted to prevent its exit. This, according to the general teaching, is

accompHsheil by the \al\ular action of the false cords, to which the ventricles con-
tribute, but it is not ( K ar that they contain the musculature necessary for such action.

The infraglottic region fconus clasticus) expands laterally beneath the true
cords so as to bec(jme practically circular before reaching the lower border of the

cricoid. The little fossa beneath the arytenoid cartilages is the upper i)art of this

region, which is broadest between them.
The mucous membrane of the larynx is in parts thin and tightly bound

down to the cartilages bemalh it, and elsewhere thick, with much subjacent areolar

tissue. It is very intimately connectetl to the free part of the epiglottis and to all of

its intralaryngeal surface, but less so to the anterior part near the tongue. It is closely

applied to the arytenoids and also to the lower part of the cricoid. It is thin and
adlieres 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 abruptly changes to stratified squamous. Mucus-secreting goblet-cells occur

in varying profusion among the columnar elements. The superficial layers of the

fibro-elastic stroma of the mucous membrane contain many lymphocytes, which in

places are so numerous that the tunica propria resembles lymphoid tissue.

The glayids are very general. They 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 w-ithin 3 or 4 mm. of the free edges,

but in the infraglottic region form nearly a continuous shallow layer to within 2 or 3

mm. of the free edge of the vocal cord. The laryngeal glands arc tubulo-alveolar in

form and mixed mucous in type, in addition to the mucus-producing cells containing

groups of serous elements.

Lymphoid tissue, as distinct nodules, is occasionally obser\'ed on the posterior
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surface of the epiglottis and the side and back walls of the larynx, its most usual

position beinu; the ventricle (Fig. 1551 ). Within the laryngeal pouch the lymphoid
tissue is so constant and plentiful ihai /atyngea/ ions// has been suggested (Fraenkelj

as an appropriate name for these collections.
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THK 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 cr/co-tliyro/d, the poster/or cr/co-aryteno/d, the /atera/ cr/co-aryieno/d, the thyro-

aryteno/d, and the arytenoid. All of these, except the last, are in pairs. Prom a

physiological stand-point these muscles may be divided into three groups : the con-

str/iiors, including both the adductors of the cords and those which draw together the

supraglottic portion of the larvnx ; the d//ators, which abduct the cords ; and those

which mod/fy the tens/on of the cords without necessarily approaching or separating

them. The constrictors are the lateral crico-arytenoids, the thyro-arytenoids, and
the ar)'tenoid. 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

thyro-arytenoid, detached fibres

of which ha\'e 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 or/g/n

is from the whole of the anterior

surface of the arch, except for a

slight intenal between the mus-
cles. The internal fibres are nearly

vertical and the lateral ones nearly

horizontal. The /nsert/on 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 very striking, and also not to be seen. 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.

Act/on.—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 that

Posterior margin
of thyroid car-
tilage

Inferior thyroid
cornu

ricoid cartilage

Muscles of lar\nx from behind.
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upon the cricoid cartilaj^c dev(jl\(-'s the whole, or nearly the whole of the movement.
Although the movement is generally described as rotation on a transverse axis pass-

ing through the two crico-thyroid joints, the articulati(jn is of so vague a character

that a great deal of sliding occurs.

The posterior crico-arytenoid muscle ( Fig. 1554; is very distinct and
occupies the hollow on either side of the median ridge on the back of the cricoid

cartilage. It is triangular, with rounded angles at the base, which is at the ridge,

and the third sharp angle at the posterior border and upi)er aspect of the muscular

process of the arytenoid. The origin is not from the whole of the fossa on the cri-

coid, but chiefly from the region of the ridge whence it springs by tendinous fibres.

It arises also from the lower part of the cricoid, but not frfjm the part near the

arytenoid. It passes over the capsule of the joint, with which it is intimately fused,

and is inserted as above stated, some of its fibres becoming tendinous.

Actio?i.—It pulls the muscular process downward and inward, thus raising and
everting the \ocal process and consequently enlarging the cleft of the glottis.

Two occasional small muscles in the neiijhborhood of the inferior horn of the thyroid are

probably aberrant bundles of the posterior crico-arytenoid. One, the posterior crico-thyroid,

slightly diverging from the lower e.xternal fibres, nins from the back of the cricoid upward and
outwai^d to the internal aspect of the inferior horn of the thyroid. The other, \.\\^ posterior thyro-

arytenoid, runs from the lower horn upward to be inserted with the posterior crico-arytenoid into

the muscular process.

Kpiglottis

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

membrane. It x-i, inserted '\v\\.o \\i^ 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

inserted into the upper surface of

the vocal process 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 internal po7'tion (ra. thyreoar)tae-

noideus vocalis) is a prismatic mass, triangular on section (Fig. 155 1), forming the

bulk of the true cord, 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

modify its tension indefinitely by pulling upon it at various points. This view has

been denied by Luschka, and the point remains undecided

1 Archiv f. mikro. Anat., Bd. xxix., 1887.
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Fir. 1555

Body of hyoid
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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 jirobabj^v in the ordinary larynx they are few and far between.

The external portioti {V\<g. 1554) is a thin membrane on the outer side of the ven-

tricle, with its fibres spreading upward and backward towards the aryepiijlottic fold.

Some few fibres are, or niay be, found in the false cord, and some occasionally arch

over the ventricle. The external portion is very irrej^ular and inclined to give of?

aberrant bundles. The superioi- thyro-ayyteiioid 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
thvro-cpis^lottic muscle is simply fibres of the system of the thyro-arytenoid that pass

ujjward to the side of the epiglottis. We incline to consider the aryepiglottic muscle

( Kig. 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. intcrarytaenoideus) 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 cjMglottis.

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. moreo\er, 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 of? 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.

thyroid branch meets its fellow so as to form an arch across the median line and
sends j)erforatin!4 branches into the larynx through the crico-thyroid membrane.
The inferior laryngeal from the inferior thyroid reaches the reg^ion of the back of the
larynx from the side. It anastomoses with the superior larynj^^eal and sometimes
sends branches through or into the arytenoid muscle. The vocal cords possess
relatively few blood-vessels.

The veins correspond in the main to the arteries, but, owin^ to their jrreater

size and freer anastomoses, they seem in more immediate rtlalion with those of the
thyroid b(xly. iMt)reover, they tend to form a median descending \cssel in the front

of the neck. There is a plexus on the pharyni^eal side of the back of the larynx
which communicates through the folds at the sides (jf the entrance with the veins of

the dorsum of the tongue. The inferior laryngeal vein empties into the inferior

thyroid through a circular plexus around the entrance of the trachea.

The lymphatics of each side empty into two chief vessels, of which the superior
pierces the thyro-hyoid membrane, carrying the lymph from the supraglottic region
to the nodes under or near the sterno-mastoid. The inferior vessel descends under
the mucous membrane outward and backward to the nodes along the posterior sur-

face of the trachea. It may, however, open into an inconstant node in front of 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 nerves, both from the vagus. The superior, on
reaching the thyro-hyoid membrane, divides into an exter-

nal and 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-arytenoid 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 pharynx. Thus the superior laryngeal divides into

a motor branch that ends in one muscle, and a sensory division which plays the

greater part in supplving 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 (the 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 nerve 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 Traite d'Anatomie Humaine.
^ Vienna Akad. .Sitziingsbericht, 1884.
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In the ab()\c description we coincide with Onixii,' 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, Pusari, Ploschko, and others, include free terminations between
the epithelial cells and subejiithelial end-arborizations. According to Ploschko,

special end-organs, composed of columnar cells surrounded by delicate nerve-fibrilhe,

e.\ist within the true vocal cords. Taste-buds occur not only on the posterior sur-

face of the ejiiglottis, but also within 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 and rests, therefore, against its j^osterior 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 ojjposite 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-iive 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 be displaced sideways by external pressure.

Changes with Age and Sexual Differences.—At birth the larynx is very

small, but may be 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 e.xpansion, 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 j^rocess till about sixty, when
it goes on again with renewed activity. 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 COX.SIDERATIONS : THE LAR^'^X.

The Air-Passages.—Th^ hyoid bone \s 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 /nwa' 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 Anatomie aind Physiolofine der Kehlkopfnerven, Berlin, 1902.
* Ueber tof)Ographische Altersveriinderungen des Atmunjjsapparates. 1901.
' Archiv f. Anat. u. Phys., Anat. Abth., 1889.



PRACTICAI. CONSIDKRATION'S : Till': I.ARVXX. 1.S29

marked, because the ji^reat horn is held al)()ve by ihr digastric aponeurosis and llie

hyo-ylossus muscle and below by the thyro-hyoid ligament and muscle. Kxcep-

tiouallv the mitldle constrictor of the i)harynx may draw it somewhat backward and
inward. The attachments to the hyoid of the constrictor and of the hyoglossus and
54enio-hyo-t;lossus iiuariably make dejj^lutition and speech painful after this fracture,

while the tjenio-hyoid and digastric, by their contraction, cause pain on opening the

mouth. 'Fhe associated swellinu^ may involve the epiglottic mucous membrane and,

spreading thence, give rise to serious dyspnct-a.

The thyro-hyoid membrane, springing from the posterior upper margin of the

Inoiil 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 hyoid.

Thyro-lingual cvsts are sometimes found in tlie same situation.

A similar cystic swelling, lined with columnar epithelium and occupying the

same region, is referable to the persistence of the foetal 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 over 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

oi' 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

cervical 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, which 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 divide the internal branches of the superior laryngeal nerve, leading

ultimately to a pneumonia from the inspiration of foreign matter. In infrahyoid

pharyngotoniy such a transverse wound, hugging the lower edge of the hyoid, gives

access to the base of the pharynx and the supraglottideal region.

Above the hyoid a cut-throat wound would divide 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 increases 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 depri\ e 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 relatively 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 invoh-ement of

the laryngeal mucous membrane. If that is wounded, bloody expectoration, aphonia,

and dyspnoea are present, and tracheotomy may be urgently indicated. In any e\ent,

deglutition is painful. 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 l)y ino\iiiy the normal larynx laterally, and caused by the friction be-

tween the somewhat irrei^ular anterior surface of the vertebral column and the posterior

border of the thyroid, the corresi)oiKlin!L;' surface of the cricoid, and the lower j)art of

the pharynx, which move toj^ether. This normal crepitus disa])pears in relro])haryn-

geal abscess, but persists in retrolarynj^eal abscess (Allen). It should be remembered
that the superior corima of the thyroid are sometimes found separate from the body.

The cricoid and, much more rarely, the thyroid and arytenoid cartilaj4es 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 j. The
origin of the inferior constrictor from the cricoid accounts for the pharyngeal spasm
and dvsphagia said to acct)mpany disease of this cartilage (GibbsJ.

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 infrequendy 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 aj:companying 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, gi\'ing rise to a ihyro-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 (edema of the

glottis. The condition known Ijy this name may occur in anv 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. PLifusion of serum and
swelling are thus favored and, according to their degree, will produce hoarseness,

aphonia, dysi)n(ea, cyanosis, or positive suffocation. In some cases of oedematous
laryngitis the swelling affects chiefly the region below the glottis {subglottic a-dema)
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 the glo/tis,—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) during quiet respiration, and diamond- shaped (with tiie posterior angle cut
off) in forced breathing. As various forms of ulceration (tuberculous, syphilitic,

diphtheritic) may affect the mucous membrane covering the true vocal cords, or the

cords themselves, or the structures in their immediate vicinity ( especially the aryteno-
epiglottidean and interarytenoid folds and the ventricular bands), and as cicatrization

with subsequent contraction of scar tissue may follow, diminution of the calibre of

the riDia glottidis (stricture) is not uncommon.
Polyps, warty growths, and other benign tumors are found in the vicinity of the

vocal cords, and if they cannot be removed by intralaryngeal operation, may neces-

sitate thyrotomy. Subglottic tumors are relatively infrequent. They often spring

from the inferior surface of the vocal cords, intraglottic growths from the free

border of the anterior part of the vocal cords, and supraglottic growths from the

epiglottis and the aryteno-epiglottic folds (Delavan).

Spasm of the glottis (laryngismus stridulus) may occur, especially in infancy,

from reflex irritation, and may cause great dysi)noea 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 considerations 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 toxcemia, as the post-diphtheritic.

1. Those due to direct or indirect involvement of the superior laryngeal nei'ves.

{a) Se7isory 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-thyroid 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 placed 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 inferior laryngeal nerves.

(a) Lateral crieo-arytcfwid 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.

(^) In posterior crico-aiytenoid 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, toxaemia, and other central or general causes may produce any of these

forms of paralysis.

In hitubation of the larynx (employed in some forms of acute stenosis, as in

diphtheria or cedematous 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\iilcs skin, supcrticial and deep fascia, the junction

of the ahe of the thyroid, and the mucous membrane of the larynx.

Laryns^otomy (through the crico-thyroid membrane) may be indicated in adults

for impentlijiq: 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 exjjosed 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 g^reat

emergency that step may be postponed until the membrane has been divided. This

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.

lixcision 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 jiosteriorly. 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.
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Median sagittal section of formalin subject ; relative position of mediastinal spaces outlined in red.

cavity. The lungs, enveloped in their serous co\-erings, the pleurae, till 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 vertebrae to the skies of the sternum. The median space between the
pleurae is called the mediastinal space, and is subdivided into four parts called nicdl-

astina. The above statement of the lateral boundaries of the mediastinal space is

only a general one, for in the middle the mediastinal space expands beyond them
and in front is restricted by the advance of the pleurae beneath the sternum. The
superior mediastinum is that part of the space above a i)lane jjassing from the disk
below the fourth thoracic vertebra to the junction of the first and second pieces of the
sternum. This is occupied by the upper 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 cesophaj^us, the thoracic duct, the pneumogastric,
the phrenic, and the sympathetic nerves. The region below the abo\e-mentioned
plane is subdivided by the pericardial sac into an anterior, middle, and posterior
compartment. The middle mediastinu?n is occupied by the heart within the peri-

cardium. The roots of the lungs are partly in this and in the superior mediastinum.
The shallow anterior mediastinum is between the middle one and the sternum. It

contains the lower part of the thymus, a few lymph-nodes, fat, and areolar tissue.

'Yho. posterior mediastinum, between the spine and the middle mediastinum, contains
the oesophagus, the aorta, the thoracic duct, the azygos veins, the pneumogastric and
sympathetic nerves.

PRACTICAL CONSIDERATIONS: THE MEDIASTINUM.

Woioids 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 mediastinal 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

infra). 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.

Ttonors 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 eflfusion ; medi-
astinal effusion, (c) The pulmonary vein : oedema of the lung ; haemoptysis.

2. Compression of arteries (much rarer than of venous channels), {a) 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 the suprasternal notch or
over the sternal ends of the clavicles ) ;

pallor; giddiness; anginose pains, (b) The
pulmonary artery : distention of the right heart ; dyspnoea ; ultimately—as a sec-

ondary result of the cardiac condition—ascites ; oedema of the lower extremities
;

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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geal nerve : posterior crico-arytcnoid paralysis with stridor and inspiratory dyspnoea
(page 1273). (r) The sympathetic : various iHstinbances of vision ; irregular jjiipils.

4. Compression of the thoracic duct. l"2maciation ; chylo-thorax ; chylous
ascites ; mecliastinal effusion of chyle.

5. Compression of the air-passages, (a) The trachea : stridor ; dyspncea.
{d) The bronchi : feeble breath-sounds ; dyspnoea ; recession of the suprasternal

and supraclavicular fossije and base of chest ; cough. (c) The lungs and pleura :

dyspnoea ; collapse of the lungs
;

pleural effusion.

6. Compression of the heart ami pericardium. Displacement of the heart
;
peri-

cardial eflfusion ; irregular heart action.

7. Compression of the oesophagus. Dysphagia.
8. Outward pressure uj^on 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

Fig. 1558. absence of vocal fremi-

tus ; increased area of

transmission of heart-

sounds.

Of course, all of

these symptoms are not

present inanyoiven 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 tliat the chief symp-
toms are apt to be those

of pressure upon the su-

perior vena cava, inva-

sion of the suprasternal

fossa, involvement of the

Trachea and bronchial tree, anterior aspect. A", /-, rlRhf anrl left bronchus; CCrviCal glauds, bulgmg
A, left apical bronchus dividing into ventral (a) and dorsal (k'i branches; B, qj- t-TOsion of tllC Ster-
coiitiiniatif)n of main bronchus; f>, b' , \cntral and dorsal branches; c, cardiac

, ,
,

bronchus. uuni, and dyspuoea. (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 pncumogastric, recurrent laryngeal or sym-
pathetic nerves, the greater a/.ygos 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
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Fig. 1559-
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second pieces of the steriuini, where it divides into tlie two bronchi. The point of

di\ ision is usuallv on the rij^ht of the nietlian Hue : sometimes s(j far as to he behind
the ri^ht ed^e of the sternum. The trachea is a cyUnchical tube, flattened behind.

Tlie con\exity is ckie to the so-called rinj^s, which represent only about three-cjuarters

of a circle. The lenj^th is difficult to determine with accuracy (jn account of the elas-

ticity of the or^an as well as of its variation. It may be said to be, on the averag^e,

from 10.5-12 cm. (4—4-^^ in. ) in man ami from 9-1 i cm. (373-4^ in.) in woman.
The isolated trachea can be stretched and compressed to a surprisinjj; extent, and
even in life the changes are considerable. The antero-postericjr and the transverse

iliameters are not very ditlferent, except just at the lower end, where the trachea

enlarges transversely. It is very plausibly stated by Lejars ' that in life the windpipe
is more or less constricted by the

tonic contraction of its muscles.

According to him, it grows con-

tinuallv smaller from above down-
ward. Braune and Stahel "^ be-

lieved that after death it is largest

in the middle. We have no doubt
whate\er 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 trans\erse

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 rhigs of hyaline car-

tilage, which 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 very irregular in many respects. Sometimes one end bifurcates,

the rings above and below ending prematurely. Occasionally bifurcation of the oppo-

site ends of alternate rings is obser\ed. 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. Involuntary muscular fibres of the trachealis 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 Chirursie, 1891.
= Archiv f. Anat. u. Fhys., Anat. Abth., 1886.
^ Der Bronchialbaum der Menschen, u. s. w., 1880.

V^

.Perichondrium

Fibrous tunic

Transverse section of trachea, showing general arrangement
of its wall. X So.
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A layer of connective tissue. representinjL,^ a snbmiicosa, separates the cartilage

and muscle from the mucous linini,'^ of the trachea. The submucosa contains small

ag^^^regations of fat-cells and the tracheal inlands. The latter, tubulo-aheolar

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 membrane, smooth and attached with considerable firmness to the

underlying tissues, is clothed with stratified ciliated columnar ei)ithelium. 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

thethyroidplexus, 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 lymj^h-

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 Ploschko, are similar to those of the larvn.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 \essel 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 ner\es run up at the back of either side of the

Mucous
membniiie

(jlands

Cartil.-i.ije

Transverse section of trachea and ctsophaKUs of child, seen from below.
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trachea, the left one being the first to reach this position. The inferior laryngeal

artery and veins are near them. The relations of the artery and nerve are given
with the relations of tiie thyroid. The remains of the thymus lie in front of the

trachea within the thora.v. Owing to the forward inclination of the sternum, the

trachea is more deej)ly placed as it descends. A lymph-node or, more 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 modified by other

factors than the length of the trachea.

Growth and Subsequent Changes.—In the infant the trachea measures
from 4-5 cm. in length, begins at a higher point in the neck, as has been show-n for

the larynx, and divides at a higher point in the thorax. The level of this division

\aries very much in the foetus, but at birth is generally opposite the third thoracic

\ertebra. The lowest position is opposite the fourth and the range extends over

two \ertebrie.

There are comparatively few records of the changes during cliildhood.^ We have found
it opposite the lower part of the fourth thoracic vertebra in a child whose age was estimated at

about three. Symington * has found it at the top of the fifth in two children of six and oppo-
site tlie fourth in one of thirteen. In the young adult it is opposite the disk between the

fourth and tifth thoracic \ertebrie, 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

tile 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.

MerkeP thinks we may accept the following statement of the diameter of the upper part of the

trachea without fear of being much 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 sixty in woman. His youngest case of complete ossification was at fifty in man and

seventy-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 BIFURCATION OF THE TRACHEA AND THE ROOTS OF
THE LUNGS.

The carina trachea' (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 mixed 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, especiallv when membranous, is difificult to measure, but these authors

belie\-e that it mav 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 by the interby-onchial ligament, 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 excessi\'e 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 Altersv^eranderungen des Atmungsapparates, 1901.

^ Handbuch der Topograph. Anat., Bd. ii., 1899.
^ Denkschrift der Acad. Vienna, 1897.



I83S HITMAN ANATOMY.

the spur on the left of the middle of the trachea in 57 per cent., in the middle in 42
per cent., and on the rii^ht of it in the remainder.' Seinon, in 100 examinations 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 off a branch'
before entering the lung), the pulmonary artery and vein, the bronchial arteries and
veins, the lymphatic vessels and nodes.

Fig. 1561.
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The bronchi ( P'ig 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 before it enters the lung. While
treating of the root of the lung we 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 of? 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 \ery

differently given. According to Aeby, the transverse diameter of the right bronchus
is from 13. 5-21 mm. and that of the left

Continuation oi right main bronchus

Bifurcation of trachea, seen from above alter section of
windpipe just above carina.

Fig. 1562.
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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 division is

the main trunk, the eye is apt to follow

the upper border of the primitive bron-

chus, which carries it along the upper
branch. It is very difiFicult 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, nn 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.

Right
apical ,

bronchus /<

Left bronchus

Bifurcation of trachea laid open after incision along an
terior wall of trachea and bronchi.
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W'e have made measurements on two casts from frozen sections of the adult, and one from
a section of a cliild thought to be of about tliree years, and have calculated the angles between the
prolongation of the axis of the terminal part ot the windpipe and that of each bronchus. An
attempt was also made to measure the angles from a skiagraph made by Blake' after injecting
fusible metal into the trachea of a hardened body. Two observations oil adults by Kobler and
V. Hovorka^ are included for comparison.

It seems that Xhtt suhhac/u-a/ anjr/i-^ that of divergence of the bronchi, is about 70°. We have
found it precisely that in another sjiecimen. Kobler and v. Hovorka measured the lateral
angles in the hardened bodies of sixteen new-born infants. The average was right 25.6, left

4S.9. The variations ranged on the right from 10 to 35 and on the left from 30 to 65. We
found their average angle of divergence 74.5. This shows that, C(jritrary to the general im-
pression, the bronchi are not more nearly vertical in the infant than subsequently. Aeby gives
the angles of divergence of two new-born children as ^,2) ^'i<J 61 ; .Mettenheimer* as 50 and 63.

Vessels.—The pul))ionary artery at its bifurcation is anterior to the bronchi
and at a lower plane. Each branch of the artery rises over the bronchus and comes
to lie more or less external to it. This apparent crossing of the bronchus by the
artery occurs on the right just after the origin of the first secondary bronchus. The
usual teaching, following Aeby, that the artery actually arches o\er the extrapul-

FiG. 1563.
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monar\' 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 pHhno7iary 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 vei?is 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 ple.xuses both before and
behind.

' .'\merican Journal of the Medical Sciences, 1899.
^ Sitzbericht. Acad., Vienna, 1893.
' Morpholog. Arbeit. Schwalbe, 1894.
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The dimensions of the Utn^-roots are difficult to determine. They are nar-

rower below tlian above and shorter behind than in front. The lower posterior 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 about i cm. longer. They are thickest

above, and expand as they approach the hilum of the lung, where the diameter is

approximately 3.5 cm., the left one being rather the thicker. The height at the

hilum is from 56 cm., ])r()bahl\- somelimc-s rather more.

The Relations of the Roots.— Below 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 api:)lied to it

behind than elsewhere. The oesophagus is behind the very beginning of the left

root. The i)leura is reHected over each root, which it completely envelops as it

passes from the jxu-ietal 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.

llofo/ds of the cervical j)ortion 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 completely,

in which case the lower end may retract below the le\'el 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).

Stenosis 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 ccsophagus), the impaction of a foreign body in

the latter tube may cause tracheal narrowing. The trachea may be inx'olved 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, suffocating 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 cither the sound conveyed
from the sac or is produced by the air as it is dri\en out of the trachea during the

systole (Osier). The sign known as "tracheal tugging" also depends ujion 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, foi' the
removal of foreign bodies, or as a preliminary step in other operations, as excision

of the tongue.

It may be done at any point i)et\veen the cricoid cartilage and a short distance

above the suprasternal notch. The ditticulties of the operation increase with the

distance from the cricoid because («) the depth of the trachea frf)m the surface in-

creases as it approaches the thorax
;

{^b) it is more mo\able
; [c) it is more com-

pletely covered in by the sterno-hyoid and sterno-thyroid muscles
;
{d ) it is more

apt to be overlapped by the common carotids ; or {e) crossed by the left common
carotid when it arises from the innominate artery ; or by (y ) various venous trunks,

as the transverse branches between the anterior jugulars, or the inferior thyroids, or

even by the left innominate vein, which,—lying as it does in front of the trachea,—in

the presence of venous congestion, may extend above the le\el of the top of the

sternum. Moreover, in children under two years of age the upper ii<\^^ of the vas-

cular thymus 5j;land 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 jjosition.

For these reasons tracheotomy is done with comparatixe rarity below the level

of the isthmus, wdiich 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. The incision should be

exactly in this line, extend about two inches downward from the cricoid, and divide

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 uj^per 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 be 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.

Foreign 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
;
{b) 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 tracheae 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 symptoms 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



1842 HIMAN ANATOMY.

The symj)tonis that uoiikl suj^gest arrest in the larynx are xiolent cou^h, alter-

ation or loss of voice, frequent spasm, stridor, and rapidly increasinj^ dyspnoea (from

swelling^ and oedema of the mucosa). In the trachea a foreign Ixxly is apt to cause

moderate but persistent cough, hurried resjjiration, occasional reHex spasm of the

glottis, and slight dyspnoea. Arrest in a division or subdi\ision of a bronchus, if

the body is large enough to l^lug 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 (hyperttmia 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 jiericardium, 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 vertebr£e. This is behind the lower part of the

arch of the aorta and on a horizontal line passing through the sternal angle (angu-

lus Ludovici) and the root of the spine of the scapula. As at their origin they are

nearer the posterior than the a;iterior wall of the thora.x, auscultatory sounds in the

primary bronchi can best be heard between the scapula; 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 may, 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, bv 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 ftrachealis 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. Bryant 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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tinuni ; the spinous process of any dorsal vertebra, with the exception of the first,

eleventli, and tweUth, denotes the situation of the posterior extremity of the rib

articulating with the transverse process of the vertebra immediately below ; the tips

of the spinous processes of the first, eleventh, and twelfth dorsal vertebra are above
rather than opposite the transverse processes of the vertebrae immediately below

;

the space between the ends of the transverse processes and the angles of the ribs

\aries from one to two and a half inches, according to the numerical position of the

rib ; the incomplete rings of the bronchi render those tubes easily recognizal)le by
touch ; they are found about an inch and a half anterior to the opening in the

thoracic wall.

THE Ll'NGS.

The lungs are a pair of conical organs, each enveloped in a serous membrane,

—

the pleura,—occupying the greater part of the cavity oi the thorax, and separated from

each other by the contents of the mediastina. Although in general conical, the lung

differs in many res])ects from a true cone. The base is concave, moulded over the con-

vexity of the diaphragm, and descending farther at the back and side than at the front

and internally. The apex is not over the middle of the base, but much to the inner

and 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 surfaee ( 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 internal ox mediastinal surface.

The borders are the inferior, which surrounds the base, and the anterior and
posterior, which bound respecti\'ely 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 individual 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 internal surface T facies mediastinalis ) is approximately plane, except for

the cardiacfossa, 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 outline of the hilum in the left lung is approximately oval, 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 being

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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causinj:,^ the expansion which makes the outUne trian,u^ular, the inferior vein beinj^ in the
lower angle. The inner surfaces are also marked by certain adjacent structures which
require a separate account for each lung.

The r/j^/i/ /ufi^ presents a vertical groove
above and in front for the superior vena
cava, and one for the vena azygos major,

which is distinct behind the upper part

of the hilum and above it wliere this

vein runs forward to the cava. The right

subclaxian 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

ape.\. The inner surface of the /^y? /foiq-

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 jxirt diverging

from the aortic groove.

The base (facies diaphraj^matica) 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
^ 565- 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-
.__>^ niaphraRmatic surface nubrium. The anterior bor-

PreccdiiiR lung; median aspect. tier 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 sharj) concavity where the border curves outward around the

Fig.
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heart. As this concavity ends in front, the anterior and inferior borders enclose a

j)r()longation of the lung towards the median line, known as the lingula. The pos-
terior border is variously described.

Often the term is applied to the thick

mass of lung that fills the region of the

thorax 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 sharjj

as it descends, but becoming vague and
etliaced at the lower end. The position

of this line is not the same on both sides,

nor is it probably always dependent on
the same causes. On the left it is more
regular, beginning as the posterior bor-

der of the groo\'e for the subcla\'ian 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 relation to the subcla\'ian

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 groox'e lies on the side

of the vertebra', and consequently is the

farther back the more the aorta is on the

side of the column. On the right 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 groo\'e for the major
azygos vein, below which
it tends to pass betw-een the

oesophagus and the pericar-

dium, and finally disappears

a little above the low^er

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 fissure

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
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encroach souK-wliat aiUcriorly in the Icfl, tcnninaliiij; below the liii^ula. The left

luiv^- is thus dividetl into a suptrior aiul an iu/crior lobe. In the rij;ht luii^ a middle

lobe is cut oft from the superior by a secondary fissure, which starts from the main

fissure far back on the lateral aspect ami runs forward, either straight or with an

upward or a downward inclination. The foregoing descrijjtion aiJjjlies 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 completely dividing 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 deejj and may end

prematurely, or even be wanting, so that the middle lobe is a very irregular structure.

The lefi superior lobe comjirises the ape.v 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 kjbe 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 oft' 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 Sfreat difficulty in properly
examining; tlie luntjs, their marked teiulency to variaiion would doubtless be mure fully ajjpre-

ciated. .Schaffner ' lias shown tliat an accessory inferior lube is very frequently found on the

under surface, extendin.i^ up onto the inner surface in front of the broad ligament. This lobe
may be merely indicated by shallow fissures or sliarply cut off from the rest, it may present
a toujjue-like projection inward or may comprise tlie entire inner portion of the base. It usu-
ally represents, when present, from one-fifth to one-third of tlie t:)ase. It may occur on either

side or on both, but is larj^er and more frequently well defined on the riiL^ht. (3n the other hand,
it is present, or at least indicated, ratlier more often on the left. Schaffner found it in 47.1 per
cent, of 210 lunjjs. The lobe of the riijht lung represents the subcardiac lobe of many mam-
mals, that of the left being evidently its fellow. The irregularity and occasional absence of the
fissure marking off 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 abo\e the l)ase, l)ehind the termina-
tion of the inferior vena cava, may very rarely become more or less isolated as the lobus cavcc.
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 jiart 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, partly, perhaps chiefly, by the absorption of dirt, but also by the greater
quantity of i)igment. Before middle age the hmgs 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 cm. in 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 e.xceeds 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 base, while
the surface within the fissures is the lightest of all. Moreo\er, the pigment on the
external surface, before the coloration has become general, is often in strijies 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, are 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.

• Virchow's Archiv, Bd. clii., 1S9S.
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TIk* weight of the liiny is dirticult to clctorminc, ouir.^r to the imixjssibihty of
quite exchulini^ tluids. Sappey ])Uts it at 60 or 65 ^in. lor the f(etus at term, and at

94 R'li- on the

Fig.
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External surface of lung, showing polygonal areas
corresponding to lobules mapped out by deposits of
pigmented particles within connective tissue.

new -horn infant that has l)reathed (thus show-
ing convincinj^ly the vvorthlessness of the
method). Krause gives the adult weight
as 1300 gm. in the male and 1023 gm. in

the female. Atcording to Hraune and
Stahel, the weight of the right lung is to

that of the left as irxv. 85.

The specific gravity of the lung be-
fore breathing is grealt-r than that f)f water,
so that the lung sinks in it. Wilmart ' has
recently stated it as 1068, which is the
same as Sappey' s statement and greater
than that of Krause (1045-1056). After
breathing it may be as litde 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. respectively.

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 steeply. 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 very forced.

On their way they give of? secondary

bronchi, which are di\'ided into ven-

tral and dorsal branches. The ven-

tral 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

apex and the posterior portion lying along the spine ; the latter is supplied by the

' La Clinique, 1897.

/

w^^-^'

Relations of bronchial tree to anterior thoracic wall,

by X-rays. {After Blake.)
shown
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dorsal branches, which are small and irrcj^ular. There are usually four lar^e and well-

marked ventral secondary bronchi, l)esi(les one or two insignificant ones the nature
of which is not easily determined. The \entral bronchi describe a spiral course
through the lung, cur\'ing 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 10 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 respectixely. It is really

the first dorsal branch of the right i>rimary bronchus, but we have not included it in

the dorsal branches. On the left the a])ical 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 sitbcardiac bronchus, which on the right arises usually from
the main trunk between the first and second ventral bronchi, or from the second

ventral bronchus. It
Img. 1570. j-m^^ 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 bronciius e.\-

tenciiuij: tliroui^h the

lung and giving off both ventral and dorsal branches. After tlie l)ifurcation of the pulmonary
artery, each of its subdivisions reaches the front of the primary bronchus of each king, 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 Ael)y the cparterial hroncjuis. Thus on the riglit all but one of the branches,
and on the left all, without exception, are given off below the crossing, and are called hypartcrial
broichi. Aeby attached so much im])ortance to this relation that he considered llie little irregu-

lar mitldle lobe of the right lung, because it is sui)pli<-d by the first hyj^arterial bronchus, the

representative of the left upj^er lobe, the right upjier lobe being without a mate and the two
lower lobes houKjlogous. It is difficult to understand why such a relation should be of so great
import. Narath,'' in refutation of Aeby, pointed out that during f(etal life the ]nilnu)nary artery is

a very insignificant, and withal variable structure, 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. Narath showed also that the so-called ejjarterial apical bronchus of the right lung is

present in the left, arising from the first ventral instead of the i>riniary 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 si)ring 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.
" X'erhandl. d. Anat. Gesellschaft, 1892.
^ Annals of the New York Academy of Sciences, 1898.

Relations cf bronchial tree to posterior thoracic wall, as shown hv X-rays.
( A/trr Rlakr.

)
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departure from it one with symmetrical eparlerial bronchi. The type found in man is the most
common amoni; mammals. Huiitin>;t(^)n would do away entirely witii the terms "eparlerial"
and " hyparterial," e.xcept for jnirposes i)f topography. Certainly there is no need of tiiem in

human analt)myas a special study ; whether or not the arterial relations should, as Naralh main-
tains, be absolutely discartled in comparative anatomy, we must leave undetermined."

It must l)e admitted that were our knowlediie derived solely from the iuunan lung it would
be impo.ssible to make out this plan. We shall now describe what is actually to be seen.

Distribution of the Bronchi.— In the right lung the apical bronchus, with a diameter of
about 10 nun., arises about 2 cm. from the trachea (often nearer and rarely farther), and,
enteriui; the lop of the hilum, divides as described above. The diameter of ihe main trunk, after

^ivinj;- otY the apical branch, is 12 mm. The first riji;iit ventral branch arises from its outer side,

about 5 or 6 cm. from the bifurcation of the trachea, and riuis downward, outward, and for-

ward. It is about 8 nun. in diameter. The apical brancii and the first ventral sui)i)Iy the supe-
rior lobe, of which the middle lobe is really a part. Shortly after the ori.ti;in of the hrst ventral
branch the chief bronchus seems to break u]) into a bundle of branches running mcjstly in the
same general direction, but divergin.y;. It is usually not possible to determine which is the
main trunk, but the subcardiac branch may sometimes be distinguished. In the left lung the
first branch is the first ventral, with a diameter of 12 nun., arising some 40 mm. from the bifurca-

tion. It gives of? the apical, 7 or 8 nun. 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 supplying the superior lobe, while the lower sheaf of branches supplies the inferior.

The secondary bronchi give off l)ranches of 4 or 5 mm. in diameter, which diverge at acute
angles from the parent trunk, and in turn give off smaller branches at continually greater angles.

The branches to the lobules are probably the fourth or fifth branches. They 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 recently Justesen* defend the theory that the origin of the bronchi is

throughout 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 hyparterial branch 7.2 mm. 7.7 mm.
Above the third hyparterial 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 from the main bronchus. The
right apical bronchus may spring from the trachea, as in the sheep and other mammals. We
have such an instance in' which" it is separated from the chief bronchus by the azygosvein.

The dorsal secondary bronchi are particularly likely to be reduced in number. The ventral

ones may also be reduced by two having a common origin or by one becoming merely the

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 surface of the lung is covered with lines of con-

nective tissue containing- blood-vessels and lymphatics, with pigment either within the

latter or free, the lines marking off litde polygons (Fig. 1568), which are the bases of

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 typical ones at the surface. The bases of the pyramids at

the surface are bounded by four, five, or six sides, the larger diameter \'arying from

10-25 ""Til. 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. The
lobules are separated from one another by a layer of connective tissue containing

' The latest and most elaborate work on this subject is Naratlijs Der Bronchialbaum der

Saugethiere und des Menschen, Stuttgart, 1901.
2 Archiv f. Anat. u. Phys., Anat. Abth., 1887.
^ Human Embr\-ology, 1892.
* Archiv f. mikro. Anat., Bd. Ivi., 1900.
* Zeitschrift fiir Heilkunde, Prag., Bd. x., 1890.
^ Bibliographie Anatomique, 1898.
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Fig. 1571.

Diagram showing relations of terminal sub-
divisions of air-lubes. ./?, 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);
P,l. branch of pulmonary artery follows bron-
chiole ; PI', imlmonary vein at periphery of
lung-unit. [Aftfr Milli'i .)

vessels. Each lobule is entered by an iutralohulc.r bronchus (.5-1 mm. in diam-
eter), accompanietl by its artery,—not (juite at the apex of the j)yramid, but siij^iuly

to one side of it. The bronchus divides into two, at an an^le of from 9o°-ic)o°, a
little abo\'e the middle of the lobuU-, ha\inm previously jj^^iven off two or three col-

lateral branches to its ujipcr part. in ilic tliinl

quarter of the lobule the two sul)(livisions (2-3
mm. in length ) aijain split, with aljout the same
deu^ree of divergence as the parent stems, but in

a plane at ris^ht aiii^les to that of the pre\ious

splitting,''. This is repeated in three or four suc-

cessive bifurcations, a varying mmiber of col-

lateral branches being given off. Thus the imin-

ber of branches in the third quarter is much in-

creased ; but it is in the last cjuarter and towards

the periphery of the lobule throughout that the

tubes break up into the great number of truly

ultimate bronchi. The various collaterals, s])reatl-

ing and even reascending, undergo sulxlivision

also. Laguesse and d' Hardix-iller ' estimate the

number of tenninal bronclii ( diictuli alvcolaresj

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 six 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 grouj) of

larger and irregular cavities or air-sacs (sacculi

alveolares), into which 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
Fig. 1572. nerves, is the true lung-unit,

and calls it the lobule. We
cordially agree that this is

the true hinsr-nyiit, 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-

lol)ular bronchus antl artery.

In some animals the lobules

are perfectlv 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.

' BiblioRraphie Anatoniique, 1898.

^Journal of Morphology, 1893. Archiv f. Anat. u. Phys., Anat. Abth., 1900.

Corrosion-preparation of lung, showing lung-iniits
ending in terminal bronchi ib,h) \ r, atria ; </, air-sac

a. minute bronchus
alveoli. .H.
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The intralobular bronchus is accomjxuiiccl by some areolar tissue, and certain

fibrous prolongations extend into the lobule from the connective tissue disj)osed

about its surface. Althouj^h superficially these appear t(j di\ide the lobule inttj from
four to twelve f)arts, they

Fin. 1573.
Uroiicliiulc

Broiichiul

Cartilage

j>enetrate but a sh(jrt dis-

tance. They are not real

j)artitions, and the sub-

divisions they sugj^est

ha\'e n(j morpholoj^ical

sij^nificance.

Structure.—As far

as their entrance into the

lunj^^s, the bronchi pos-

sess essentially the same
structure as the trachea.

After the division of

the ijronchus within the

lung, the cartilage- rings

are replaced by irregu-

lar angular plates, which

appear at longer and
longer intervals until

they finally cease, the last

noclules 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 conlinuous 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

Pulmonary
artery

Section of lung, showing small air-tubes and branch of pulmonary artery. y 35

Fig. 1574.

"•>^

1 unica
propria

I pithelium

(. )blet-cell

Muscle

(Miller).

The walls of bronchi of medium
size consist of three coats, which

from without in are : f i ) an exter-

nal fibro-elastic tunic w^hich 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 lymphoid 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

(. irlil jgc

Portion of wall of small bronchus. X iSo.
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j^oblet-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 epithelium 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 re])resented by two varieties of cells, the large, flat, plate-like elements

(.020-. 045 mm. ) and the small nucleated polygonal cells (.007-015 mm.) occurring

singly or in limited groups between the plates. Before resjMration 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 interjiosed wall, which consists of the

two layers of delicate elastic membrane beneath the epithelium lining the alveoli and

Fig. 1575-

Air-sac

Passage from
atiiiini into air-sac

Alveolus

Terminal bronchu

Pulmonary artery

Bronchiole

Section ot lung, showing general relations of divisions ol air-tubes. X 50.

the intervening capillary net-work, 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 comjjonent capillaries. The latter are

not confined to a single plane, but pursue a sinuous course, projecting first into one
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 j^late-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, ins])ired

foreign particles may pass between the epithelial cells into Ivnijih-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 \ery frequent

presence of pigment-loaded leucocytes within the alveoli, as well as outside the alve-
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Capillary
net-work

Portion of injected and inflated lung. X

olar walls, it is hiti^hly prohal)le that such cells are important ag^ents in transporting

the particles of inspired carbon through the wAlls of the air-cells. Additional par-

ticles, houex'cr, usually occupy the cenient-substance between the alveolar epithelial

cells, sometimes lying appar-
•^'°- ^576. ently within the cytoplasm of

the latter.

Blood-Vessels of the
Lung.—'\\\it pul»io)uiry artery,

serving- not for the nutrition of

the lung but for the aeration of

the blood, is very large,—at

first larger than the bronchus,
which it follows very closely

throughout its ramifications to

the terminal bronchi. Situated

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 lung, 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 artery along the main bronchus is between the ventral and dorsal branches
;

but, as he states, this

is not constant. We Fig

ha\'e found certain

ventral bronchi in

the lower part of the

lung with the artery

before them. An in-

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-

cording to Miller, that the subpleural net-work is filled ; formerly the latter was
held to be supplied by the bronchial arteries.

The pulmonary 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

1577-

Smaller cells

Larger cells

Section of lung, showing collections of particles of carbon in perivascular connective
tissue. X 140.
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Portion of injected lung, showing relation of blood-
vessels to bronchi; pulmonan.' arteries (blue) accompany-
inj< bronchi (white)

;
pulmonary veins (red) at periphery

of lobule. X 2

near the bottom. The}' arise from the capillaries in the walls of the air-chambers,

running first on the outside of the Umg-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. 1578.

in the main lower and to the inner side

of the latter. Corrosion i)re|)arations

(F"ig. 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 commimication 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 anv close connection with the bronchi,

anastomose with other veins at the back of the roots of the lungs.

Anastoynoses behvcen the

Fig. 1579
Pleura

/
Pulmonary and the Bron-
chial Systems.—Not onlv do
the capillaries at some places

drain into either system of

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
CESophageal artery. There
are also deep connections

between the arteries of the

two systems on or near the

secondary bronchi and their

branches. {b^ The com-
munications between the two
systems of \eins are very

extensive. Apparently all

the blood from the smallest branches of the bronchial arteries returns bv 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-

"^^ ^\
^^-

^f
( m\__

—

Pulmonarv vein
\

Lymph-vessel

Section of injected lung, showing lymphatic accompanying peripheral
branch of pulmonary vein. X 60. (Miller.)
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kandl,' the j)ulmonary veins anastomose freely witli those of the organs of the pos-

terior meiHastinum, and even of the portal system.

The lymphatics of the lung are very numerous. The deeper ones jirohably

begin as lymph-spaces within the interalveolar septa, distal to the terminal bronchi,

distinct lymphatics being found only along the arteries and veins. These commu-
nicate with the subpleural lymjihatic plexus. Surrounding the walls of the terminal

bronchi Miller found usually three lymph-vessels. The latter increase in size and
number as the calibre of the air-tubes enlarges. On reaching the bronchi the lym-
phatics form plexuses 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,

where cartilage-rings are present a double net-work exists, one on each side of the

cartilage, the inner lying within the submucosa. The lymph-nodes of the lungs are

deeply pigmented, owing to the colored particles of foreign substances inspired.

Nerves.—The nerves of the lungs, from the pneumogastrics and sympathetics,

form the very rich anterior and posterior 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, Berk-

ley). The nerves are destined chiefly for the walls of the blood-vessels and of the air-

tubes. Berkley describes interepithelial end-arborizations within the smaller bronchi.

THE RELATIONS OE 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 oblique 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 nexer above the level of the neck of the first rib. It

was formerly 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 some 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 curve 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 little 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 little 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 eleventh 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 little, is very nearly horizontal. The course of the border of the left

lung is essentially the same, except that, leaving 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 very symmetrical.

' Sitzungsberichte d. Wiener Akad., Bd. Ixxxiv., 1881.
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Apart from variations in the luniks themselves, the different shapes and sizes of

the chest, with the consequent differences in the incHnation 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 alwavs 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 alx>ut as much as the thoracic walls. The greatest changes of relations are below

and at the side. It is said that in the a.xillary 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 a.xillary line never 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.

Sefnidiagrammatic 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 relatioyis 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,
Jena, 1888 and 1890.
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trace the course of each fissure separately. The fissure of the right lung leaves the
vertebral column either at the fifth rib or at the interspace above or below it. The
fissure tends to follow the fifth rib, being in the axillary line still, either beneath it or
beneath an adjacent intercostal space. Towards the front the fissure gets relatively
lower, ending in most cases either at the fifth space or beneath the sixth rib, near
the junction of the bone and cartilage, from 5-10 cm. from the median line. The
secondary fissure of the right lung leaves the chief one somewhat behind the axillary

line, and, running about horizontally forward, ends at a very uncertain point.
Rochard, in his small series of twelve observations, found it at the third intercostal

space seven times. Once it was higher and four times lower. The fissure of the left

lung leaves the side of the spine at a less definite point, ranging in most cases
from beneath the third rib to the upper border of the fifth, and being sometimes even

Fig. 1581.

\

jM^.

Seinidiagrammatic reconstruction, showing relations of pleural sacs (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 relations of the brojichi 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 bodv hardened with formalin, the bronchi being injected

with an opaque substance. The bifurcation was normally placed. We attach the

^Gazette des Hopitaux, 1892. Our description is almost wholly a synopsis of Rochard's
work.

* American Journal of the Medical Sciences, 1S99.
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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 i)oint to the right of the fourth thoracic spine to
a point on the eighth rib three inches to the left of the spine. The ccjurse 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 sterncj-chondral articulation to a point on the fifth

rib just internal to the maminillary, and of the right bronchus from the same point
above to the intersection of the fifth rib with the parasternal line." The hilum is

opposite the bodies of the sixth and seventh thoracic vertebrae 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 di\ided into a visceral 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^y 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 mediaslinal

pleura, 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 ligament of the lung ( ligamen-

tum 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
of the structures of the other medi-

astina. Above it is in contact with the

thymus on both sides, the superior

vena cava on the right and the arch

of the aorta on the left. The phrenic

ner\'e descends on each side between

it and the pericardium in front of the

root of the lung. 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 pleura, and is here stretched so tightly across the terminations

of the intercostal veins as to keep their walls distended, Anteriorlv it crosses the

areolar tissue of the anterior mediastinum below the remnants of the thvmus. It

Semidiagrammatic reconstruction, showing relations of
right pleural sac (blue) and lung (red) to thoracic wall ; lateral
aspect.
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is coiUiiuK'd oiitwaiil, both before and behind, to Ixcome the costal pleura, and is

oontiiuioiis above wiUi the r^7-77Vvi'//'A7/;v/ which Hues the dome in the concavity of
the first rib. It passes below iiUo llie diaphniii^matic pleura which invests the upper
surface of the diaphragm. Laterally, and still more behind, it follows for a certain
distance the vertical libas of the diaphragm, and then is reflected onto the thoracic
wall so as to line a potential cavity iietween the two layers which, excej)! for some
little serous Huid, are here in apposition. Villous projections occur aloni^ the borders
of the luniks, especially at the inferior border, where they form a dense, but very
minute frins^e, not o\-er i mm. broad.

Relations of the Pleurae to the Surface.— In some places the lungs and
the pleune are always in the same relation ; in others the pleurae extend a certain
distance beyond the lungs, which till them in complete inspiration so that their out-
lines correspond ; in other places the
pleura', extend so much beyond the lungs '^\g. i 583.

that even in the most extreme insj^ira-

tion the latter do not reach the limits of ')

the former. At the apices the relations

of the lungs and pleura 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 le\el a space exists in the pleurae

into which the lungs enter during deep
inspiration. This is notably the case at

the left half of the body of the sternum.

The pleurae 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, never approach closely the

lower border of the chest at the sides,

for the diaphragm arising from the inner

surface of the frame of the thorax 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 above 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

vvith 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 little 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 wall;
lateral aspect.
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Fig. 1584.

teriorly. The former teachin^^ according,'- to which the left pleura describes at the
front a curve somewhat similar to that of the left lung, is quite wrong. However, the
point at which it leaves the sternum, the extent to which it is in contact with the
right pleura, 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 b(xlies of adults,

the reflection of the left pleura at the fifth 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 sternum 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 fomth 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 f)f 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 dis])osition 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 subserous layer is very thin o\'er 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 previou.sly believed. They form a fine net-work over the lung.

Those of the parietal pleunne come from the aortic and superior intercostals, the in-

ternal mammaries, the mediastinal, the oesophageal, the bronchial, and the phrenic

arteries.

' Arcliiv f. Anat. u. Plus., .\iiat. Abtli., 1885.
- Morpliol. Jahrbucli, 1891.

EndotheHuin
or free surface

Connective-tissue
stroma of pleura

Seitioii throuKli free edjje of lung, show
ing visceral pleura. X 150.
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Fig. 1585.

Injected lymphatics of pleura, seen from surface.
75- (Milh-r.)

The vei7is of the visceral pleurae are tributary to the pulmonary system ; those
of the parietal pleune open into the veins corresponding;^ to the arteries. It is

important to note that the intercostal spaces have many veins and that the [)leura

over the ribs has but few, these chiefly communicatinj^ with the veins above and
below them. Owinj^ to the arranj^ement by
which the intercostal veins are kept open, the

xenons circulation of the parietal pleura^ is

tuuler the influence of the suction power both
of respiration and of the heart.

The lyviphatics are numerous over the

lunij^s and also in the intercostal spaces.

Those of the parietes open into both inter-

costal and substernal lymph-nodes.
Nerves.—The nerves of the visceral

pleurcC are from the pulmonary plexuses, con-

taininjr both pneumoj^aslric and sympathetic
tibres ; those of the parietal pleurae are from
the intercostal, the i)hrenic, the sympathetic,

and the jjneumogastric 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 i)rimitive

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 oesophagus 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 bronchi.

Fig. 1586.

CEsophagus

Lung-tubt

Part of sagittal section of rabbit embryo, show-
ing lung-tube growing downward and forward from
primitive lar>'ngo-pharjnx. X 40.
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Fu;. 1587.

The latter, from their relation to the prineipal stem of the pulmonary artery which
accompanies the chief air-tube, are regarded as dorsal and \entral. They alternate

with one another, and usually number four in each series ; not infrecjuently, how-
ever, the third dorsal bronchus fails to develop, thereby leading to a corresponding

reduction and asymmetry in the scries. In the left lung the first dorsal bronchus

springs from the correspontling ventral bronchus instead of the chief tube, as on
the right sitle. This arrangement is probably associated with the fusion of the

upper and middle lobes in the left lung.

The secondary bronchi elongate and give origin to tertiary bronchi, and these,

in turn, to air-tubes of lesser calibre, until the ramifications entl as terminal bronchi

and the associated di\'isions—atria, air-sacs, and aheoli—of the lung-unit. Since

the fore-gut is clothed with entoblast, it is evident that the lining of the respiratf»ry

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

^^j..^ \^ of the bronchial tree, tlie 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,

li later forming the chief constituents of the alveolar walls.

Tiie mesoblastic tissue remains between the lobules as

the interlobular septa, as well as contributing all con-

stituents of the walls of the air-tubes e.xcept the lining

epithelial and its glandular derivatives, which are ento-

blastic. By 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

^^^' f \ ^/* expansion following the establishment of respiration, the

Sjl^ { WKl i^ 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 pharyngeal end of the pri-

mary respiratory tract is surrounded in front and later-

ally by a U-shaped ridge, known as \.\\& furcida, 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 rid_q;cs which bound the larvngeal aperture at the

sides. During the fourth month a furrow on the median side of the arytenoid 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 arytenoid 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
bronchiial tree. A, fourth week; B,
beKinnins: of fifth week ; C, close of
fifth week. (His-Merkel.)
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of Wrisber^i (cuneiform) and of Sanloiini (corniciila laryngis) are formed from
small portions separated from the epii;l()ttis and the arytenoids respectively. The

Spinal RTJiijflioii

Neural canal
\

Spinal iiinl

X

Fig. 1588.
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Portion of transverse section of rabbit embno, showing developing lungs. Y 30.

epiglottis and the cricoid possibly represent rudiments of the cartilages of the sixth

and seventh branchial arches.
Fig. 1589.
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Changes in the Relations of

the Lungs and Pleurae to the
Chest-Walls.—At birth the thora.x

is small, relatively very narrow, with

the lower part undeveloped and with

more horizontal ribs. The costal car-

tilages are relatixely long to the ribs

proper. Nevertheless, at birth and in

childhood the borders of the lungs have
very nearlv 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-

quentlv the pericardium is at first less

coxered 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 very slight progressive sinking of

r^-**?Unexpanded i^
»'veoli *g.,.,,^^._..

Section of foetal lung, showing cuiiipa>.l chujactei ul uiiin-

flated pulmonan- tissue. X 200.
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the lower border of the luii^ during the period preceding old age, which is more
rapid than the senile increase of the declination of the ribs.

PRACTICAL CONSIDKRATIONS: THH LUNCiS AND PLEUR/E.

The Lungs and Pleurae.—Many of tlie most important practical (juestions

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 acquaintance 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 licaring 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 \alue, 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 their nearness to the larynx, so that laryngeal, 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 scapuUe (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 respirator)' note. The entrance of

the air into compartments of various sizes within the pulmonary tissue breaks up the

air-column which carries the sound and distributes the vibrations, so that the sounds

are mutifled and soft (West).

If the bronchial tubes or tubules are obstructed, as from hyperc-emia 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 (pneumothora.x, 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 {etnpyema) 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 sitles and fn^nt, aiul it has been su^|;cstcil that this is due to contact between
a bronchus antl a ril), the latter con\eyinj4- the breath-sounds (hrectly to the ear.

Il the hu-ynx or trachea is narrowed, tlie air has to pass through a constricted
aperture, must do so at a {greater rate, and will make a louder noise,

—

slridor.

Rates are caused by changes in the mucous and epithelial lininj; and contents
of the air-passages. Like the normal breath-sounds, they are louder and noisier the
nearer they are to the larynx or the lari>:er the tubes in which they are produced.

Mucous rales are moist, are thought to be produced by the bursting of air-

bubbles in viscid or watery mucus occupying the larg;er air-])assages, as in bronchitis,
and \ary in character {i.e., in fineness or coarseness, 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.

Crepitant r&les are dry rfdes, 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 fine crackling sound, "like that which is heard when a
small bunch of hair near the ear is rolled backward and forward between the tips of

the finger and thumb" (Owen). If a similar condition affects the lumen of a tube,

i«- 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
{
pul))ionary vomica, 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 metallic 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 {pneumothorax), or pus
{empyema), or blood {heemothorax).

Percussion-sounds 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 effusion, as in oedema ; dull if there is consolidation of lung-

tissue ; and is absent (fiat) if there is either plastic exudate or fluid effusion in the

pleural cavity. In pneumothorax, or over a ca\'ity in the pulmonary tissue, especially

if it is superficial, the percussion-note is tympa?iitic.

Injuries.— Cojitiisions 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 interlobiilar emphysema, the air having escaped from

the ruptured air-cells into the connective-tissue spaces of the lung ( vide infra) ;

generdl 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; pneumo-
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thorax, the air cnterinjj;^ the pleural cavity ; in traumatic interlobular emphysema, or

pneumothorax, the chest on the affected side will be hyper-resonant, the vesicular

murmur w ill be feeble or absent, and in the latter there may be amphoric breathing

antl—if there is a coincident eftusion—metallic tinklini^ ; lucmoptysis, not an invaria-

ble symptom in either these injuries or lacerations by fractured ribs, probably because

they are usually on the external luny;^ surface and remcjte from the larger bronchi

(Bennett) ; hcemotlwrax, indicated by percussion dulness gradually extending upward,
by weakness or absence of respiratory murmur, by brcMichial breathing over the

compressed lung, and by absence of vocal fremitus.

Pcnclratinjr -u'ounds of the lung will ha\'e many of these signs jjIus the escape

of blood from the external wound. In the absence of haemoptysis, the possibility of a

wound of the costal j)leura and of an intercostal or internal mammary artery

causing hiemothorax, 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-plircnic sinus—exists

between the costal and diaphragmatic layers, a wound could penetrate both layers

and the diaj)hragm and o\ii:n the abdominal cavity and involve the liver or spleen

(page 1788) without implicating the lung, which even in forced insjiiration 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 drixen back towards

its root and the vertebral column by the atmospheric pressure from without, and
partly drawn there by its own elasticity even 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 direct from injured lung-tissue

when pleural adhesions about the wound prevent the formation of a pneumothorax.
Its occasional occurrence in laceration of the lung w'ithout external wound and
without involvement 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.

Pneumocele—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 primary it therefore follows

{a) 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 (<^) a very large wound when the lung escapes

at the moment of injury (Bennett). Treves says that these recent herni^e are most
common at the anterior part of the chest where the lungs are most movable, 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 divide only the costal pleura,

as a wound of the lung itself tentls to the jjroduction 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 fa\-oring 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 the alHloniiiial imisck-s aiv all sui)|)lic(l h\' the lower intercostal nerves,

the respirator)' movements on the affected side are painful and are therefore greatly

limited. Accordingly there will be hurried, shallow breathinj^ with a weak vesicular

murmur on the affected side and exasji^iji^erated respiratory souiuls on the oj)posite

side. Pain and tenderness in the cijij^astrium may result from implication of the

trunks of the lower intercostal ner\es when the ])leurisy is near the ha.se of the chest.

When it is his^lur the i)ain may he felt in the axilla and down the inner side of the

arm from iuNoKemeiit of the intercosto-humeral nerve, or in the .skin over the seat

of disease through the lateral cutaneous branches of the u|)per intercostals ( Hilton ).

In diaphragmatic pleurisy the pain may be intensified by pressure over the point of

insertion of the diai)hrai;-m into the tenth rib (Osier).

Pleural cjfusion [liydrotliorax, empyema), in addition to the signs already

described {vide supra) ^ causes, when it is of suflticient amount, additional symptoms,
as bulging 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 ca\a or greater

azygos vein), and displacement of other viscera. If tin- fluitl 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
time the heart is pushed 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 tifth 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).
Evaeuation of the fluid may be effected by paracentesis—in i)]eurisy with serous

effusion—through the sixth or seventh intercostal s[)ace in the mid-axillary line, or

through the eighth or ninth space just anterior to the angle of the scapula. The
same regions are selected for tlioraeoto?)iy—incision and drainage—in empyema. The
former site is usually preferred for anatomical reasons already given (page 170).

Pneiwionia 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 two 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 vocal 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 af?ects by

preference the upper lobe) would be above the spine of the scapula posteriorly, and

lower would be more marked anteriorly.

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 low^er and posterior portions of the lower lobes in

weak or aged persons kept long in the supine position.

Tuberculous infection of the lungs is found oftenest in the apices, probably

because of the relatively defective expansion in that region which exists in all persons,

and particularly in those of the so-called phthisical type, wath 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).



1 868 HUMAN ANATOMY.

Surface Landmarks of Thorax.—The most important of the bony jjoints

lia\e already I>een described in connecti«)n with tlie sj^ine, thorax, clavicle, and
scapula. The relations of the thoracic viscera lo tin- surface have likewise been given

(pao-e 1855).
Inspection or palpalioii ot the froiil of the chest will show (i/ ) the oblique eleva-

tions of the ribs and the interc>)stal dei)ressions
;

{l>) the curved arch of the co.stal

cartilages
;

(c) the steriKil ji^roove ; (// ) the auirulus Ludovici
; (r) the infrasternal

deiM-ession
; (/) the lower border of the yreat i)ectoral nuiscle

; (x'') the dij^itations

of the serratus maynus from the fifth to the eii;hth rib ; ( // ) the nij)ple (])a,i(es 168,

170, 171).

The infraclavicular fossa, the coracoid process, and the pectoral deltoid groove

ha\e been described in connection with the muscles and fascia- of the shoulder

( page 579).

Fio. 1590.
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Sui)rasttM!iril notch
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^^ ^Sternum
^^ ^/Acromion

- - Deltoid

'/y,

#

^ifonn cartilage

Infrasternal
ilcpression

Surface landmarks of tlio anterior wall nf the tlK)ra.\.

On the i)Osteri()r 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 vertebrie (page 148) ;

(c) the

median spinal or dorso-luml)ar furrow, the groove Ix'tween the erector spinae masses

overlaid by the trapezius al)ove 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 sjiace, and a portion of

the right bronchus ; ( r) a slight groove passing upward and outward o\-er the erector

spinie elevation from one of the lowest dorsal spines to this depression and marking

the lower edge of the trapezius f Ouain).

The landmarks of the ilio-costal space and luml)o-sacral region are sufficiently

described on j^ages 148, 349.



THE URO-GENITAL SYSTEM.
The uro-^i;cnital system comprises two groups of organs, the 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 groups 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 time

as the functionating excretory organ of the foetus, parts of the Wolffian 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 froni an additional tube, the Miillerian duct, which, how-

ever, is closely related to the [)rimary canal of the foetal excretory organ.

THE URINARY ORGANS.

These include the kidneys, the glands which secrete the urine, the iweters, 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 capsule (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 abovit 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. (45^ oz. ) in 'the male, slightly less in the female, and

measures about 11.5 cm. (4^^ in.) in length, 6 cm. (2^ in.) in width, and 3.5 cm.

(i^ in.) in thickness. The left kidney is usually somewhat longer, narrower, and

thicker, and slightly 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

which 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 liiluni (hilus renalis), bounds by
rounded edges, which leads into a more extended but narrow space, the si7iHS (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 nerves passing to and from the kid-

ney through the hilum, the sinus contains the expanded upper end of the renal duct

1869
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or ureter, which also emerges at the hiluiii. The interspaces between these structures

are tilletl with loose areolar tissue, in which lie accumulations of fat ctjntinuous 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 thev occupy an oblitjue jjlane, their anterior surfaces looking

forward and outwartl. The long axes of the organs are not parallel, but oblique to

the spine, in consequence of which dis])osition the ui)])er ends of the two organs are

closer (^8.5 cm. ^ than the lower extremities (11 cm. j, thejjlanesof 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 \ ariable extent upon the

umbMcal 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 ])ole

of the kidney, falling, as a rule, somewhat higher in the right than in the left organ.

Approximatelv the kidneys maybe said to lie opposite the la.st thoracic and the

upper two lumbar vertebrae, reaching to within from 2.5-3.5 cm. (i-i J^ in. ) of the

highest part of the iliac crest. The exact level of the kidneys, however, is subject
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to consicleralilc iiuli\iclual \ariati()ii, as well as usually (lifTcrint^ on the two sides in

the same subject. The v\^\\i organ commonly lies somewhat lower than the left, in

consetiuence chietiy of the greater permanent voliune of the right lobe of the li\er.

Not infrequently the kidneys occupy the same le\el, anil in excej)tional cases the

ordinary relations may be reversed, the right lying a trifle higher than the left.

Acldison ' found that in 30 j)er cent, of the sul)jects examined by him the right

kiilnev lay as high or higher than the left. Accortling to Helm," in women the kid-

neys lie, as a rule, about one-half of a lumbar \ertel)ra lower llian in men, this dilTer-

ence tlepending u[)on the smaller size of the \ ertebne and the greater curvature of

the lumlxir spine in the female sul)ject.

As a rule, the right kidney extentls from the upper bordiT of the last thoracic

to the middle of the third hmibar vertebra, or somewhat below the lower bortler of

the third lumbar transverse process. While always obliquely crossed by the twelfth

rill, the outer margin of the right kidney usually falls short of the ele\'enth 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 ele\'enth rib ; the
costal relations are, however, variable and influenced by the obliquity of the ribs,

which is greater when the ribs are well de\-eloped 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 accompanving 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 fix.-ffion

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. Anzeiger, Bd. xi., 1896.
' Archiv f. Anat. und Entwick., 1895.
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assumes tlie clKiracier of a distinct fascia (fascia rciialis), which at the outer border
of the organ spHts into an anterior and a posterior layer. The former passes in

front of the kichiey, renal vessels, and ureter, and, crossinj.^ the j^reat prevertebral

vascular trunks, joins the corresponding layer of the opposite side. Traced upward,
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

ct)vering the transver.salis, 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 behiml the suprarenal botly, which, in conjunction with the anterior layer,

is completely inxested on all sides except below, where it lies against the kidney, to

Fig. 1503.
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the support ot whicii organ it materially contributes. Although everywhere sepa-

rated from the fibrous tunic of the kidney by the inter\ening layer of fat ( tunica

adiposa), the renal fascia is attached to the renal capsule proper by bands of con-

nective tissue, which are especially strong at the lower pole, thus directly affording

support to the organ. Behind, the posterior layer of the renal fascia is likewise

atti*hed 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 o\'er the diaphragm ; belo\\-, it passes

into and is lost within the fatty subperitoneal tissue of the iliac fossa.

The fixation of the left kidney is firmer than that of the right, greater securit\-

being gained for the left organ in consequence of its more extensive relations to the
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fusion which takrs place diirini; the clcvclopnunt (page 1704) of the large intestine

between the original parietal peritoneum and that covering the ai)plied surface of the
primary mesentery of the descending colon ; in consecjuence, the left kidney is

invested anteriorly with a subperitoneal layer of exceptional strength. When, f<jr

various reasons, the tonicity of the tissues supporting the kidney becomes impaired
and these structures become abnormally lengthened, the organ may accjuire undue
mobility antl suffer displacement.

Relations.—Tlu- jjosition of the kitlncys being wholly retroperitoneal, the
posterior relations of bt)th organs are chieHy muscular, since they lie closely

applied to the diai)hragm, jjsoas niagnus, cjuadratus lumborum, and the posterior

aponeurosis of the transversalis, the parietal fascia and i)erirenal areolar tissue alone
intervening. The inecjualities in the supporting 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 Fig. 1594-

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 extent of the renal peri-

toneal investment. Primarily the entire

visceral surfaces of the kidneys are covered by serous membrane ; later this invest-

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 serous

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 liver,

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 li\'er 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,
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Iliac fascia

Iliacus
muscle

Diagrammatic longitudinal section, showing relations of
supporting tissue to right kidney. (Geroia.)
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separated by an extension of the jL^reater sac of tiie peritoneum. Tlie second part of

the <.liK)denuni <)\crlies tlie hihnn and the inner renal border, the non-jieritoneal area
being of uncertain extent in consecjuence 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 nK)re 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 j)ole.

The hepatic flexure occupies a triangular area, external to the adjoining duodenal
one and also non-peritoneal, which includes the outer and hjwer 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 \ariable ; 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 suj)rarenal body lies upon the median side of the upi)er pole, attached

Fig 1595.

Suprarenal area (iioii-peritoiieal)

Hepatic area
(peritoneal J

Colic area
(non-peritoneal;

Jejunal area
(peritoneal)

P\il)rarcnal area (non-peritoneal)

Splenic area
^ 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, except within the narrow attachment of

the layers of the lieno-renal ligament. Below the splenic area the kidney is covered

to a variable extent bv 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 abo\e,

behind, at the sides, and below. The fossee are deej^er 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 inner 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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takes in approximately tlie median half of the interior of the orj^an. The j^reatest

dimension of the sinus corresponds with the lonj,^ axis of the kidney, the shortest with
the distance between the anterior antl posterior walls. The space—most extended
vertically—is compressed from before backward, while its _t(reatest depth (2.5-3.5 cm. )

is just above the upper border of the hilum. The sinus is occui)ied in large measure
by the dilated upper end of the ureter, the renal pelvis, and its subdivisi(jns, the

calyces: the remaiiiinj^ space accommodates the blood-vessels, lymphatics, and nerves

that i)ass throui^h the hiliun and the interveninj^ cushion of areolar and adipose tissue

continuous with the i)erirenal fatty capsule. The fibrous capsule of the kidney covers

the rounded lips »»1 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 sinus are

beset with conical elevations, the renal papillce, which are well seen, however, only

after removal of the contents and the fibrous lininjj^ of the sinus. The papillae mark
the apices of the pyramidal masses of kidney-tissue of which the origan 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 comjjlete fusion,

the resulting compound papilla being often

groo\^ed and irregular in form. Usually from
eight to ten papillcne are present in each kid-

ney, but their number varies greatly, as few

as four and as many as eighteen having been
observed (Henlej. 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 by a number of minute openings,

barely recognizable with the unaided eye,

which mark the terminal orifices (foramina

papilla ria; of the uriniferous tubules from
which the urine escapes from the renal tissue

into the receptacles formed by the calyces

which surround the papillae 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 little evidence of the striking lobulation

marking the fcetal 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 reticiilus, 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 gradually 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 pel-

vis, lower
part

!— Ureter

Anterior surface of right kidney from which
fibrous capsule has been partly removed ; blood-
vessels and renal duct are seen entering and emerging
through hilum.

Although evidences of the latter occasionally persist in the adult human organ, 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 dejjree, 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 j no distinct papilla.- exist.

Fig. 1597.

On making a longitudinal section of the fresh kidney, from its convex border

through the sinus, the papilUe will he seen to form the free apices of conical masses,

the renal pyramids, the bases of which lie 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 striatecl renal pyra-

^ ^^ mids. constitutes the cortex; the medulla includes the conical

/ -J^^^m^t^^ areas formed by the pyramids and partially occupies the inner

k
"^ij^^r

two-thirds of the thickness of the organ. The cortex contrib-

^ ^t^P%. "'^^ ^^ \i\xW of the kidney, alone forming the entire surface,

T""-
^ ^. including the lips of the hilum, and receiving and surrounding

the bases of the pyramids. The cortical tissue further pene-

trates for a \ ariable distance between the pyramids, separating

the latter and in places gaining the sinus. These interpy-

ramidal extensions are xhii renal coluynns, or eohnuyis 0/ Bertm,
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 vessels never enter

the kidney by passing into the papilla, 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 kidney of new-
twin child, showing lobula-

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

viedullary 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 glomertdi, which are ne\er present

within the medullary rays or the renal

pyramids, although found within the

coluiTins of Bertin.

On sectioning minutely injected

organs, it will be observed that the

larger radially coursing interlobular ar-

teries, on gaining the boundary zone

bet\veen the cortex and medulla, break

up into smaller branches, some of which

Fig. 1598.

Renal papilla

Renal pelvis

Portion of
sinus

Renal
papilla

Ureter

Lxjnffitudinai st. tion of right kidney, showing relations of

pelvis and its divisions to renal substance and to sinus.

pass directlv towards the surface, while others change their direction and assume an

arched horizontal course, thus producing the impression of " arcades" at the base of

the pyramids. The terminal twigs— "end-arteries," since anastomoses are wanting

—ruii generallv 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 substance, the cortical lobules, the bases of which lie

at the surface and the apices within the jiyramids of the medulla. From the fore-

ii^oing" it is evident that each renal pyramid corresponds to a group of cortical lobules,

the tubules of which, on entering the medulla, become progressively less numerous
but larger, in consequence of repeated juncture, until, as the wide excretory ducts,

they end at the summit of the papilla. The relations of the pyramids to the pajjilhe

are less simple than formerly recognized, since, instead of each of the latter embracing
Init one of the former, Maresch ' has shown that a single papilla, as a rule, inclutles

from two to four pyramids,

which are blended into one Fig. 1599.

conical mass culminating in

the papillary apex.

Structure of the Kid-
ney. — The fundamental
components of the verte-

brate excretory organ, both
in the fcctal and mature con-

dition, include (i) a tuft of

arterial x'essels deri\'ed more
or less directly from the

aorta, (2 ) tubules 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 of man and the higher

animals by ( i ) the glomeru-
Uis, (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

connecti\e-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 ^•ariations in the character, size, and direction of the tubules.

The uriniferous tubule begins as a greatly 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.

Ascending
limb

Loop of Henle

Papillary duct-

Papilla

Diagram showing course of uriniferous tubule.
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I'lC.

pighian body the tubule becoiiK'S \er\' tortuous and arches towards the free surface

as the (proximal convoluted titbuU- (
_>

j ; 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 j)yramid

for a variable distance towards the

])apilla, then bends shar])ly 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
bcjdy, the neck of which it crosses,

and then, after arching over the cor-

puscle, gives jilace to the distal

convohded or intermediate tiibide

(6), a segment which, marked by
increased diameter and tortuosity,

crosses the general course of the

con\()luted tubule and is succeeded

by the narrower and arching co?i-

necting tubule (j). The latter

enters the medullary ray and, join-

ing with similar canals, forms the

s\xd\^\. collecting ttibule (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 (9), they terminate on the apex of the i)apilla at the orifices ( fora-

mina papillaria) which open into the calyces.

The relations between the various segments of the uriniferous tubules and the

subdivisions of the kidney are, therefore, as follows :

BIo.xl

vessel:

Section ol cortex, showing relation of labyrinth

and medullary rays. X 50-

Cortex

Labyrinth

Medulla

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)

Medullary ray ] Spiral tubule

Collecting tubule

Descending limb and
Ascending limb of Henle' s loop

Collecting tubule

Papillary ducts
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Fig. 1601.

Injected glomerulus, showing afferent and efferent vessels and
continuation into intertuhular capillaries. X 250.

AltlKnimh as a matter of coiux-nicnce the eiuirc canal, from its commencement
in the .Nhilpi^hian hotly to its terminatitMi on the papilla, has lieen described as the
uriniferovis tubule, both geneti-

cally and fimctionally two dis-

tinct parts must be recognized.

These are the unbranched uri-

niferous tubule proper^ which
includes all divisions from the

Malpitihian body to the termi-

nation of the intermediate tu-

bule, and the duct-tube, which,

when traced from the papilla

towards the cortex, undertjoes

repeated di\ision until from a

single stem the number of con-

necting tubules is sufificient to

provide each uriniferous tubule

proper with its own e.xcretory

canal.

I. The Malpighian Body.—This
structure, splicrical in form and from
.OI2-.020 mm. in diameter, consists

of two parts, \\\ii. gloinendusPiWd. the

capsule. The former is an aggre.a:a-

ion of tortuous capillary blood-ves-

sels into whicii break up the lateral

terminal twigs gi\en 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 vary-

ing angles from all sides of the interlobular arteriole and enter the Malpighian body as the vas

affercns. On entering the glomerulus, the afferent vessel divides into from four to six twigs,

each of which breaks up into capillaries. These may anastomose and form a vascular complex

that may be filled from any branch ; not infrequently, however, such communication does not

exist, each terminal twig
Fig. 1602. then giving rise to an i.so-

lated capillary territory,

the entire glomerulus con-

sisting of vascular lobules,

each drained by its own
radicle. Sooner or later

all the channels of exit

unite toform the single vas

efferens, through which

the blood from the en-

tire glomerulus 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 glomeruhis with a double layer derived from the wall of the tubule, which
seeiningly has suffered invagination by the vascular tuft. Such pushing in, however, is only

Capsule

Section of renal cortex, showing details of Malpighian body
;
glomerulus is

surrounded by capsule which passes into obliquely cut neck. X 200.
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Fig. 1603.

Blood-vessel

Convoluted tubules, cut transversely and ob-

liquely, sliowing character of epithelial lining.

X 400.

apparent, since the close relations of jijloineruhis anil capsule result from the growth of the latter

around the vascular tuft and not from inva).;;iiiation of the dilated tubule. The capsule consists

of a distinct membrana propria and a lininjj; composed
of a sin}j^le layer of Hat, i)latt-like cells, the modified

i-pitheliinn of the uriniferous tubule. In sections pass-

iiiL^ through the afTerent vessel and the neck the lumen
of ihe 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 cap.sule, the thicker of the

two, is firmly attached to the glomerulus by the deli-

cate interveninjjj connective tissue, the entire complex
appearin}.( rich in nuclei which belonj< to the epithe-

lium of the capsule, the endothelium of the capillaries,

and the connective-tissue cells.

2. The Proximal Convoluted Tubule.—After un-

der.i^oinjj; the consj^icuinis constriction markinjj the

iicck of the capsule, the uriniferous tubule aV)ruptly

enlarii;es into the convoluted seji^ment which forms ap-

proximately one-fifth of the lenjjth of the entire canal

and has a diameter of from .04U-.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 reticulimi and intervening homoge-
neous substance and a single layer of epithelial cells.

Although the histological details of the latter

vary in different, but not constant, parts of the coiuo-

luted segment, the lining cells present certain charac-

teristics, chief among which is the differentiation of

the cytoi^lasm of the cells intci a broader ojiter and

a narrow inner 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 (juter

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 (.005-

.007 mm.) of the epithelium of the

convoluted tubule are sharply de-

fined, the demarcations between the

individual cells are obscure and (iften

wanting, the tubule being lined by a

seemingly continuous nucleated layer

or syncytium. The lumen is not

uniform throughout the conv(jluted

tubule, in some places being wide and
in others reduced to mere clefts; these

differences depend chiefly upon tlie

varying height of the epithelial lining.

3. The Spiral Tubule.—Following the tortuous path of t.he convoluted tubule, the canal is

usually continued into the medullary ray by a segment which, w.hile comparatively straight, de-

Collecting
tubule

Spiral tubule

Blood-vessel

Portion of mediillarv r.Tv, showing spiral and coUerting tubules.
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scribes a wavy or spiral aiiirsi- in its ciesi «.nl to tlif |)\ ramici. Tliis, tlu- spiral tiihiiU- of Scliachuwa,
differs from the prerediiij; in the K'aclual rediulion of its diameter (.35-040 mm.) and in the
thick:iess of the epithelial lining, the cells of which, althon<,di retaining the ^'eneral character of
those of the conNohiteil tulnile. exhibit a distinct ilemarcation from one another and a narrow
homo.ueneous inner zone. The spiral tubules are ilistiuKuishable from the surrounding collecting
tubules by the li<,diter sharply delined cuboidal lininj; cells of the latter. Just before jjassin^ into
the medulla to become the descending limb of 1 leiile's loop, the spiral tubule tliniinishes in width
.Hid in conseiiuence ends as a canal of conical form.

4. The Loop of Henlc—'ll-n: c/(S((H(/i//_t,'^ /imd ui this l-like sej^nnent is tlistinKuished not
only by the conspicuous retluction in its diameter (.012-015 nun.), beinj; the narrowest |)art of
the entire uriniferous tubule, but also by the altered character of its epithelium. The latter
consists of low elements, so thin that the oval nuclei cause distinct elevations in the cells which
project beyond the iie<it.'ral level of the epithelium. Since the nuclei usually do not lie exactly

i-ic. 1605. Fig 1606.

Henlc s loop"

( ( Meeting tubule

Longitudinal section of medulla passing through
Henle's loop. X 400.

Ascending limb

Longitudinal section of medulla, showing parts
of limbs of Henle's loop. X 400.

opposite each other, the projections on
one wall 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-.028 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 e.xtension from the medulla
into the cortex. The outlines of the individual lining cells 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

iti 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 probably depending upon the intimate association between the termination

of the ascending limb and the Malpighian body. According to the reconstructions of Huber,'

1 Amer. Journ. of Anatomy, vol. iv. , Supplement, 1905.
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on ijaininj; the Malpi.^liian corpuscle the asceiuHii^ Mml) crosses the neck in close proximity to

the <ilomeruhis, with which it is connected by twij^s from the vas efferens ( Hamhurj^er '), and
then arches over tiie corpuscle to and in tiie succeedin<j convohited tubule. The i)osition of

the sudden transition from the narrow into the wider tube of Henle's loop varies, the chanjje
e.xceptionally occurrini.; after the turn is reached, sometimes within the loop itself, but most fre-

quently within tile desciiulini; liml) a short distance above the loop.

5. The Distal Convoluted Tubule.—On tjainintj the level of the C(jrrespon<linj.C Mali)i.<;hian

body, the ascendinj;- limb j^radualiy widens into the distal convolutetl or intermediate tubule, a
canal ajiproximatini^ the diameter (.040-045 nmi. ) of the surrounding^ convoluted tubules, but
differini^- fn)m the latter in its wider lumen and in the character of its epithelium. This consists
of well-delined cuboidal cells, with spherical nuclei, the cytoplasm of which, while j^ranular, is

comparatively clear and devoid of stria-

FiG. 1607. lions. The moderately tortuous path of

the intermediate tubule is marked by a
number of abrupt chanj^es in direction,

but in .ijeneral lies for a time enclosed by
the arch described by the corresponding
convoluted se^jment (Schweiger-Seidel),

which it finally crosses (Huber).
6. The Connecting Tubule.—This

portion of the tubule ( .023-. 025 mm. in

ibles the preceding seg-

epithelium, the lining

lieing lower, with a cor-

iased lumen. After a

y arched course, the cou-

nters 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 papilla,

and then passes into the renal pyramid.
During their course througli the medul-
lary ray the collecting tubules re])eatedly

unite to produce stems, which, while in-

creasing four- or fnefold in diameter, are

diminishing in number. In consequence
of this fusion within the pyramid, the col-

lecting tubules are disposed in groups

(Fig. 1609), 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 [zuisa rectcc) that are gi\en ofY

from the larger twigs within the boun-

dary zone for the supply of the medulla.

After passing to within about 5 nmi. of the apex of the papilla, towards which they converge,

the large collecting canals undergcj 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.

S. 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 b\- 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 comj)osed of conspicuous, clear colunniar

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 4.S-

1 Archiv f. Anat. u. Entwick., Suppl. Bd., 1S90.
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membrana proiiria almost as far as the termination (jf the canal. At this point the memljrane
fades away antl tlie ejiitheliuni of the duct becomes continuous with that clothing the surface of

the papilla and lining- the pelvis of

the kidney. Fig- 1608.

It is evident that the num-
ber of Malpighian bodies and uri-

niferous tubules proper is greatly .<s^n\ sJb^L'y^'-'-ij^e^^,'* •''.v ^-**T^-r^Pi Blood-vessel

^^Po;^

.-^^.

^^<^n^.;s^r.^:^V Ascending
>i [fi \ y limb of loop

;5
'Z.:^^

o U
Collecting
tubule

The Supporting Tissue.

—

The interstitial stroma holding in

place the tubules and the blood-

ves.sels consists of a net-work of

modified connective tissue, or re-

ticulum, which has been shown
by Mall to withstand pancreatic

digestion and to form a continu-

ous framework throughout the

kidney. The strotna is most abun-
dant along the paths of the in-

terlobular and the larger blood-

vessels, from the adventitia of

which delicate trabecuke e.xtend

in all directions to form the meshes
lodging the tubules, smaller ves-

sels, and capillaries. Within the

cortex the supporting 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 inore abundant than in the cortex, its amount increasing
towards the apex of the papilla, in which location considerable tracts of comparatively coarse
stroma-fibres separate the papillary 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.

£*
•%'•

Section across upper part of renal pyra-
mid, showing groups of blood-vessels sur-
rounded by uriniferous tubules. X 50.

Fig. 1 610.

Space for blood-vessel

Supporting stronia-tissue 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 nerve-
trunks and the lymphatics are provided with sheaths of the renal stroma.
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Fig

Blood-Vessels.— .Ir/cr/cs.—The renal arteries— usually one to each kidney,
Init not infrec|uenU\- two, and in exceptional cases three or even four—are of unequal
length, the right one being the longer in consetjuence of the parent stem, the aorta,

lying to the left of the mid-line. Embedded within the subi)eritoneal tissue and
covered by the renal fascia (page 1872), they pass laterally, acc{)mi)anied and more
or less masked by the renal veins, to the hilum of the kidney, during their course
giving off small twigs to the cajjsula adiposa as well as to the sujjrarenal bodies.

Just before entering the kidnev, or within the hilum, the renal artery di\ides into an
anterior (ventral) and a j^osterior (dorsal) l)ranch, each of which embraces the pel-

vis and di\-ides into four or the twigs that hug their respectixe wall of the sinus.

Preparatory to entering the kidney, each twig breaks uj) 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 pajjilla-, their

course corresponding in position to

the original tracts of connecti\e tis-

sue that se])arate the ])rimary di-

\isions of the fcctal kidney
(
page

1876) ; they are therefore appro-

priately designated intcrlobai- ar-

teries. The general expansion of

the branches derixed from the an-

terior and posterior arteries is par-

allel to the corresponding \entral

and dorsal surfaces of the kidnev :

the intervening zone along the

con\ex border of the organ con-

tains few, if any, of the larger ves-

sels and, in consequence, appears
lighter in color, constituting the

li'hite line of Brodel. The vessels

su])j)lying the kidney do not anas-

tomose, each such '

' end
'

' arterv

proxiding for a particular area of

renal substance. On reaching the

level of the bases of the renal

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 im])ression of a series of arcades

at the junction of the medulla anti cortex. From these vessels two series of terminal
branches arise, one for the supply ot the cortex, the other for that of the medulla.

Inferior division of pel\is

I'reter

Corrosion i>reparation of injected right kidney,
viewed from liehind, showinjj relations of brandies 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 Malpigliian bodies. The latter are arranged in cohmins in

correspondence with the path of the interloliular 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 liranches from the renal artery.

After traversing the capillary complex, 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 alreadv supplied the proper uriniferous tubules.

The medullary arterioles, derived from the arching 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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Fir.. 1 612.

Capsule

Straight twijjs (artcriohc rectcr) that at first siirn)UiKl tlie groups of collecting tubules and then
break up to take part in foriuing the capillary net-work (jf the nieilulla. From these meshes the
blood is collected by the straight venous radicles that accompany the arterioles and, with the
latter, constitute the vas(C rectcr, owing to whose presence the darker stri:e of the medulla are due.
\n consequence of numerous anastomoses the vascular sui)ply of liie medulla is less independ-
ent of that of the cortex, than was formerly su|)posed (Iluljer).

W'ius.—The \cins of tlie kichicy are also disposed as cortical and medullary
branches which enii)ty into kir^er stems {vcnce arciformes) that cross the bases of

the pyramids as a series of communicatin^^ venous arcades.

The blood within the cortical capillaries escapes by three paths: (i) through numerous
small veins that traverse the outer third of the cortex towards the capsule, beneath which they
empty into larger stems running parallel to the free surface of the kidney. From three to
five of these horizontal ves-

sels conx'erge towards a com-
mon point and thereby pro-
duce a star-like figure {vena

stellata), which is the begin-

ning of the interlobular vein

that, in comjxuiy with the cor-

responding arteriole, passes

through the cortex to become
tributary to the venous arcade
at the base of the pyramid ;

(2) through small venous
branches that empty directly

into the interlobular veins at

various levels
; (3) through

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 ven-

ulcc recta", straight vessels

that begin 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 papillas. 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 artery 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.

Stellate
vein

Coiinectiii.a:

vein

Capillary
net-work

IiUerk)biilar
\ein

Connecting
vein

Straight
vein

Interlobar
vein

Interlobar
artery

Medullary
arterioles

Capillary net

Papilla

Diagram showing arrangement of blood-vessels of kidney. (After Disse.)

The lymphatics of the kidney occur as a superficial and a deeper net-work.

According to the investigations of Stahr^and of Cnn^o,'^ th.e siiperjicia/ /ymphaiics

comprise a deHcate subcapsular mesh-work from which two systems of collecting

trunks arise ; the one passes into the kidney to join the deeper Ivmphatics within the

renal substance, the other pierces the capsule to unite with the perirenal lymphatics

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.
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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 chiefly 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 arc derived from the renal jjlexus formed by contri-

butions from the solar and aortic plexuses and the least splanchnic nerve. The

Fig. 1613.

Stellate vein

Glomerulus of
Malpighian body

Interlobular artery

Interlobular vein

Vasae rectae

of medulla

Capillary net-work in

labyrinth

^~/' V'. Capillary net-work in

medullary ray

Large blood-vessels at

jiniction of cortex and
medulla

Longitudinal section of injected kidnev of dog, showing general arrangement

of blood-vessels of cortex and adjacent medulla. X 40-

plexus accompanies the renal artery, which it surrounds with its mesh-work, mto the

sinus ; within the latter is formed a well-marked perivascular net-work from ^^hich a

number of twigs are given off to supplv the walls of the pelvis and ureter, while the

majority accompanv^he vessels into the kidney. The investigations of Retzius

KoUiker, Disse, Berkley, and especially of Smirnow,' have shown that all the renal

blood-vessels are generously provided with fibres for the supply of the muscular

1 Anatom. Anzeiger, Bd. xix., 1901
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tissue of their walls. In continuation the nerve-tibres pass between the uriniferous

tubules and form jilexuscs surroimding- the menibrana propria. Smirnow traced

the ullimate tibrillcL' w ithiii the tubules, their free endiny^s lyinj; between the epithelial

cells. The vessels and tubules of the medulla are prt)vided with similar but less

closely disposed ner\-ous filaments which are destined chiefly for the muscular tissue.

Accordinjj;^ to the last-nametl investigator, the nerves of the kidney include some
sensory and both mcHluUatcd and non-medullated fibres. The fibrous capsule also

possesses a rich ncr\ous supply.

Variations.—More or less conspicuous furrows are frequently seen on the surface of the
adult kidney ; these represent a persistence of the lobulation normally present in the fcetus and
the youuij: child.

In addition to variations in size, a marked deficiency on one side heinij usually compensated
by a lari;e organ on the other, the kidneys t)ften present different dej^rees of union depentling
upon abnormal approximation or fusion of the primary renal aniages. The C(jnnection may
consist of a hand, chiefly of til)rous tissue, that unites otherwise normal organs ; or it may he
formed by an isthmus of renal tissue tiiat extends between the a]>i)roximatecl lower ])oles ; or
the two organs may form one continuous JJ -shaped mass across the spine, then constituting a

"horseshoe" kidney. Extreme displacement and fusion may produce a single irregular organ
whose ]irimary double anlage is indicated by the presence of two renal ducts that descend on
different sides of the pelvis to terminate normally in the l)ladder. Absence of one kidney
occasionally occurs, the organ present usually being 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 afTect (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) Anomalies 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

niuch larger than the other, or become one single '

' disk-like' ' kidney lying in the

middine 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 \'ery few cases a supernumerary kidney has been foimd.

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 divide 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.

(^) Atiomalies 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
inay, 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-vessels 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 iKjrmal kichiey nio\ement—of ascent during
expiration or while lyinj^ supine, and of descent durinj4 inspiration or while standing
erect—does not, on an average, much exceed an inch in the \ertical direction. There
may also be a slight lateral nunement. 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 may be paljiable.

Three degrees of abnormal mobility have been arbitrarily but usefully agreed
upon for purposes of description : {i) The lower half may be felt by bimanual pal-

pation—the fingers of one hand being pressed into the ilio-costal sj^ace 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 li\er 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 : («) the perirenal fascia, which through its attachment to

the transversalis 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 ; id) intra-abdominal pressure, which, through
the upward thrust of the more mobile viscera, adds to the support that (c) 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 moves and the

radius of the arc of its movement ; id )
pregnancy, the removal of intra-abdominal

tumors or of accumulations of fluid, or other conditions that produce laxity and
weakness of the abdominal walls

; ((?) 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 w-all, but also through the modification in shape of the renal fossae,

the depth of which depends, ccsteris 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 depriving

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 abo\e-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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loft, because of the following conditions, which are of Naryinj^- relative importance in

tlillerent cases : (a) the left perirenal fascia is strengthened by some fibrous bands,

remnants of the fusion of the descending mesocolon with the primitive jjarietal peri-

toneum (Moullin), the left kidney being thus more firmly bound to the descending
colon than is the right to the ascending colon ; (d) the greater size, weight, and
tlensity of the liver as compared with the spleen, and its UKjre intimate associaticjn

with respiratory movements, making the impact of the former on the uj)per surface of

the right kidney both more frequent and more potent than the similar ccmtact of the

spleen with the left kidney
;

(/") the greater length of the light 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 offers less resistance to elongation tiian does the left renal artery
;

{d) the right kidney is usually lower than the left kidney (page 1871), and therefore

more easily loses the support of the parietes at the region 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

—

i.e., less narrowed at its

lower end—than the left, especially in women, owing to a slight torsion oi the lumbar
spine ( MouUin), or perhaps to the greater width and dexelopment of the right side

of the pelvis.

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,

pain, 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); nausea and vomiting, due to

a similar connection with the solar plexus and pneumogastrics ; 7ic2irasthenia, which
may be either a result of moval)le 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 digestive disturbance, flatulence, constipation, and e\'en

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. Tufifier 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 w^all 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 in (a) an
atrophy of the renal structure most directly exposed to pressure from the retained

urine (Virchow) ; and {b') 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 (Griffiths).

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 little value because (a) the ilio-costal space in some positions of the trunk and
thigh is somewhat hollow

; (<5) the thickness of the loin muscles and of the fat makes
the percussion-note dull even when the kidney is displaced ; and (^) in its normal

ri9
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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 1^73)-

Of course, obstruction of the ureter from other causes—as valvular UAds at the

ureteral orifice, thought to follow a congenital exceptionally oblique insertion of the

ureter into the pelvis (V'irchow), or l)rought about by distention of the pelvis

(Simon), or aggni\ated by swelling of the pelvic mucosa (Kiister, Cabot j—or ob-
structi\e disease of any part (jf the lower urinary tract may also result in a hydrone-
phrosis which, if infection occurs,—as it often does,

—

bcanuQ^, a /yvo>u/>/irosfs. 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 tiie 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, g.v.), or may
descend by gravity into the pehis, 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 calcuhis 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 in 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 between the lower intercostal and upper lumbar arteries, supplying
the parietes of the loin, and some terminal branches of the renal artery. This—

a

part of the "subperitoneal arterial ple.xus" (Turner)—is accompanied, of course,
by a similar venous anastomosis. Thus the application of cups or hot fomentations
or counter-irritants to the loin may act, at least temporarily, by enlar^nnj^- superficial

vessels and withdrawing blood from a con^-ested or inflamed kidney.

In somewhat the same line of thouj^ht, as to congestion, attention may be called

to the facts that the capsule antl pelvis of the kidney are the sensiti\e j)ortions ; that

renal pain, not tlepeiukiit on infection, or on the irritation of a calculus, or on dis-

placement, usually means increased tension ; that ^reat relief of both [jain and con-
U^estion is therefore often experienced after nephrotomies that are merely exploratory,
although, if the tension is due to accumulation of fluid within the renal pelvis, grave
renal congestion may follow its evacuation and the accomixuiying sudden relief from
habitual pressure just as it follows some cases of catheterization of habitually distended
bladders (Beltield) ; and that occasional cures of various forms of acute or subacute
nephritis, or of "albuminuria associated with kidney tension" (Harrison), have been
obtained merely by splitting the kidney capsule with or without puncture 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 (PZdebohls) 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 (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 favors 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.

Siibparietal 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 (Kuster)

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 fallinq- on the shoulders, may cause com])rcssion of the kichiey between

the lower ribs and the ilium, and is, therefore, not infre(iuently follcnved by hajma-

turia, indicating some degree of rupture of kidney-substance.

The rupture maybe (a) incompktCy—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)

complete internally,—into the pelvis of the kidney,—a more common condition, in

which haematuria, acute hydrone] )hrosis, from blocking of the ureter with bhjod-

clot, and vesical irritability are prominent symptoms, and the constitutional signs

of hemorrhage and toxa-mia are more marked
;
{c) complete externally,—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 maybe {e) trayisperi-

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 involving 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 ten 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 cai)sulc 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 hsematuria 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 re])ortetl 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 ner\-es

caused rigidity and tenderness of the anterior abdominal wall and gave rise to the

unfounded suspicion that the wound was transperitoneal.

Anuria 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, suj^plicd from the

same segments—the tenth, eleventh, and twelfth dorsal and first lumbar—of the

spinal cord. Excessive tension from compensatory hypera'mia has been thought to

explain this form of anuria, and the theory is suj^j^orted by the facts that the condi-

tion sometimes follows a nephrectomy, the remaining kidney being normal, and that,

whatever its cause, it is often relie\ed by nejjhrotomy of the hitherto sound kidney.

The susceptibility of the kidney to reflex stimulation or inhibition must be admitted,
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liowever, as cases of both polyuria and threatened siq^pression have followed the

gentle and partial insertion of the ureteral catheter ( Tilden Brown).

Tumors of the kidney have, as a class, the following distinctive anatomical

characters, which have been well summarized by Morris :

(a) The large intestine is in front of the tumor. Normally the right kidney,

unless enlarged, hes a little way from the lateral wall of the abdomen, behind and to

the inner side of the ascending colon ; not in close contact with the abdominal wall

and outside the asceniling colon, as the liver does. When the kidney is enlarged,

the ascending colon is usually placed in front of and towards the inner side of the

tumor. On the left side the descending colon is in front of, and inclines towards the

outer side of, the kidney below ; in some cases coils of small intestine may overlie either

right or left tumor if the enlargement is not sufficient to bring the kidney into direct

contact with the front abdominal wall. When the colon is empty or non-resonant,

it can be 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.

((5) There is no line of resonance between the kidney dulness and the vertebral

spine, and no space between the kidney and the spinal groo\'e into which the fingers

can be dipped with but little relative resistance, as there is between the spleen and
the spine.

(f) While a renal tumor tills 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.

(</) A kidney tumor can sometimes be recognized by its proneness to maintain

an outline resembling that of the normal kidney.

(<?) 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 have a considerable degree of

movement.
(y") As a rule, kidney tumors do not reach the mid-line, do not invade 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 le\'el

of the umbilicus, but external to it.

{ 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,

giv^e 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 tw^elfth 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 spinae 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 forward 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 \yill^ 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 distinctly yellowish (Morris), and which, if it is incised or torn
through^ and drawn into the wound, will present a funnel-shaped opening leading
down directly to the kidney (Gerota), which can then often be isolated by blunt
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dissection with the fing;er, and cither stitched in place, decapsulated, or opened, in

accordance with tlie indications.

It may be noted that 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 completely separated by the renal pelvis, and the vessels of which are given off

from the main trunk uf the renal artery (Hyrtl), indicates, as the line of safety, the

convex posterior or outer border. When the pelvis of the kidney is distended with

fluid, a white line on that border (Brodel's linej 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 di\ ision the remaining fourth (Brodel), so that in the

majority of ^ases 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 renal pelvis, and a long, narrow, tubular lower segment,
the tireter. 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 Wolffian

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 upper and a loiver sep;7nent (calyces majorcs),

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 bv corrosion, showing two forms of renal pelvis:

.,4, usual type; ^.variation.
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dibula (calyces minores), that proceed from the renal substance, where they surround

the j)aiiilla-.

The latter are embraced by the exjjanded leases of the conical calyces, the walls

of which are intimately blended with the kidney-substance annmd the sides of the

free part of the papilhe, a narrow cleft separatinj^ the latter from the enclosini; calyx.

The epithelium of the papillary tlucts is directly continuous with that lining the

calyx, while the subepithelial tissue of the latter blends with the intertubular renal

stroma. On laying t)pen the calyx, the pajiilla is seen as a conical elevation i^roject-

ing into the funnel-shaped envelope (Fig. 159H); although usually enclosing a single

papilla, the calyx may receive two or even more such projections.

The two general groups of calyces—an upper and a lower—o])en into the two
large primary subdivisions {superior and inferior pelvis) that ynn to produce the

main compartment of the pelvis. The lower end of the latter emerges through the

hilum and arches downwartl to pass—about midway between the hilum and the

inferior pole of the kidney—insensil)ly into the ureter; exceptionally 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 bkjod-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 which 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 jwsterior

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 being 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 leiigth 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 (Solger), constrictions regularly occur, above which the tube exhibits fusiform

dilatations or spindles (Schwalbe). The most constant narrowings are situated

(i) from 4-9 cm. (1^-3^ in.) below the hilum, at which point—the upper isl/imus

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 istlumis), 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—begins 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^ 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

external 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



1896 HUMAN ANATOMY.

Renal
papil

— Reflection
of calyx
onto renal
pajiilla

Pelvis

behind the descendintj i)art of the duodenum, hes to the ri^ht of tlie inferior vena
ca\;i, which it approaches ami e\en touclies in its descent, and is covereil l>y tlie

attachment of the mesentery. Above tiie left ureter may be covered by the pancreas
when that oryan is unusually broad, and below it is crossed by the attachment of the
sigmoitl Hex inc.

The pelvic portion (pars pdvina)—from 12-13 cm. (5 in.) in length—lies

against the lateral wall of the pehis, close beneath the serous membrane embedded
within the subperitoneal tissue, antl curves downward and forward to al)out 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 \'essels 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
Fio. If) 15 on its inner side by the vas defer-

ens, and pierces the bladder-wall

immediately in front, or under
cover of the anterior [)art, 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, this distance 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 \eins 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 part^ 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.

Ureter

Sagittal section ihrou.trh siiins of child's kidney, showing lower
part of pelvis and commencement of ureter. X lo.
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more or less blended, a distinct subniucosa heinju;^ wantiiiu^. The mucous membrane
is clothed with "transitional" epilluliuni consislinj^ of several strata of cells, the su-

perficial elements heiiii^ plate-like antl the deepest ones irregularly columnar. The
tunica proi)ria constitutes a sul)e|)ithelial layer of hbro-elastic tissue which blends with

the subjacent muscular tunic. Within the ureter the mucous membrane is usually

thrown into longitudinal folds, and in conse(iuence in transverse section the lumen
of the canal appears stellate. Neither well-marked papilla- nor true j»^lands are pres-

ent, althouijh in places the subepithelial tissue invades the epithelium and subdivides

the latter into nest-like i^^roups of cells. Occasional aggregations of lymphoid cells

occur, which in the vicinity of the calyces sometimes form distinct minute lymph-
notlules within the mucosa ( Toldt). On the paj)illa- the epithelium lining the renal

duct passes uninterru|ned into that of the papillary canals, while the underlying tunica

propria becomes continuous with the intertul:)ular renal stroma. The muscular tunic

consists of bundles of the iuxoluntary variety disposed as a thin inner longitutlinal

and a chief external circular layer. Within the renal peKisand its larger subdi\'isions

both layers are well represented, but are reduced on the calyces ; at the junction of

the latter with the kidney the circular muscle increases and surrounds the papilla

with a minute sphincter-like bundle (Henle). Except in the upper part of the renal

Fig. t6i6.

Epitheliu

Mucous coat, thrown
into longitudinal folds

Circular muscular bundles

section of ureter.

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 Jireteral 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 of 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. ureterica) 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. The
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vessels from these several sources anastomose and produce a net-work that encloses

the canal and sends twigs that break uj) into capillaries that supply the coats com-
posing its wall. The veins begin within the mucosa, beneath which they form an in-

ternal ple.xus that communicates with a wider-meshed outer ple.xus within the fibrous

coat, from which tributaries pass to the internal or common iliac and the spermatic

veins. The lymphatics 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 Icjwer

segment are tributary to the internal iliac nodes or communicate with the lymphatics

of the bladder ; while those of the ujjper part either empty into the aortic nodes or

join the renal lymi)hatics.

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 adventitia they 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.—These consist most often in more or less complete doubling of the canal on
one or both sides. While subdivision of the pelvis into an unusual number of tubular calyces

is rare, its cleavage into two separate compartments, 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 e.xist 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 kidney, since a part of the duct-

system of the latter is derived from the primitive ureter (page 1937).

PRACTICAL C0XSIDF:RATI0NS : THE URETERS.

The ureters may Vje 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 pelvis Cpage 1S96J may
leave on a lower level 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 tw'O branches without dilatation at the point

of division, each branch having a calibre a little larger than that of the ureter
;
{b)

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 ; ic) 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 vesicle, ejaculatory duct, or vas deferens.

As the opening is never anterior to the compressor urethrse, 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 mav 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 understood by reference to the embryology of the
ureter (page 1937).

Ureteral calculus is most often arrested {a) at a point from 4-6.5 cm. (i^-
2}4 in) from the renal pelvis

;
{d) at the point where the ureter crosses the iliac

artery; (<:) at the junction of the pelvic' and vesical portions; (d ) at its vesical

orifice. At these places normal narrowings are found in the majority of sul)jects.

The symptoms of calculus impacted in the ureter are difficult of distinction from those
of stone occupyins^ or enyaning- in the pelvis of the kidney, but it may be said that

if, after the usual phenomena of renal colic, vesical symptoms are marked and per-

sistent, and especially if they are associated with slight luematuria and no calculus

is detected in the bladder, the existence of stone in the ureter should be strongly
susj^ected. The l)ladder-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-supply of the ureter with that of the bladder and the geni-

talia and with the great intra-abdominal plexuses sufficiently explain the chief sub-

jective symptoms of calculus.

Complete and sudden blocking of the ureter by a calculus often i^roduccs 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 cajjable 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 rupture or other ureteral

injury, or might confirm a diagnosis of ureteritis or of tuberculous infiltration (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 le\el 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 ^'ertical 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 jvmction 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 extremitv of the

ureter :

(a) Vaghial 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 e.xaminiition should be made very gently, and
the linger should be ])assed 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.

{d) Rt'cfa/ Palpation.—The lower extremity of the ureter, when occupied by a

foreign botly or in a state of disease, can be felt through the rectum in the male, but

less readily than through the \agina in the female. A calculus imi)acted 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 higiier 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 dilificult, and if

the prostate is much enlarged the detection of the ureter is impossible. The normal
ureter is not likely to be clistinguished, even if the perineum be thin and the prostate

normal.

(f) Vesica/pa/pation—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.

WoiDids or siibparictal 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

evidence of slow urinary extravasation superadded.

After extraperitoneal rupture or wound the swelling due to extravasated urine

and subsequent cellulitis might be recognized in the loin or detected by 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 laver of muscular fibres.

Tumors of the ureters are almost unknown as primary conditions, but consider-

ation of the relations of the ureter (page 1895) will 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 ])elvic 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 ])art of its course,

surrounds and protects it in well-nourished individuals (Luschkaj, 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 \csical wall subjects it to pressure

when the bladder contracts, or when it becomes rigid from arterio-sclerotic disease.

Frequencv 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 l)ladcler-wall, it can be understood that incision of the mucosa over the intra-

parietal part of the ureter, for the purpose of extractint;- a calcukis, involves Httle

risk of pelvic cellulitis from extravasation of urine. It cannot be said that tliere is

no risk, as in one case a peritoneal fistula antl death resulted (Thornton).
Operations upon the ureter are frequent for the extraction of a calculus (uretero-

lithotomy); or the extirpation (ureterectomy) of an infected ureter (tuberculous or
pyogenic) either at the same time with its kidney (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—into the bladder, rectum, or elsewhere.

The anatomical factors relating to these operations cannot here be described,

but it may be said generally that whenever it is possible the extraperitoneal route is

selected to lessen the danger of peritonitis, and that the oblique lumbar incision

employed to reach the kidney (page 1893) 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 transperitoneally 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 cavity 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 in sitn, 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 inferior 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 \\\>t fundus 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 summit (vertex

vesicae), from which a median fibrous band (ligamentum umbilicalc 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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passes the

includes the uncertain part of the bladckr between the apex and the fundus. The
term 7uck is sometimes appHcd to the rej^^ion immediately surroundinjj;- the urethral

orifice, altlu)Ui;h a distinct neck in the usual sense does not e.xist. The intersections

of the lateral and i)osterior bor-
FiG. 1 61 7. ders mark approximately the

points at which the ureters enter

the vesical wall. As ])ointed out

by Di.xon,' 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

ape.x being the anterior angle.

Ampulla

Seminal vesicle

Urinary bladder, sliffhtly distended and hardened in situ,

from formalin subject ; viewed from above.

Fig. 1618.

The cavity of tlie slron^/y con-

tracted bladder, as seen in sagittal

sections of organs hardened in 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 eflfaced

(Luschka). The modifications of the

lumen sometimes seen, more freciuently 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-sliaped 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 emi:)ty 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 ^'m-

{}^-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 fossai 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

segment lengthen and undergo upward displacement and the apex rise much above the pubic

symphysis ; and onlv 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., 1S99.

Left ureter

Vasa deferentia

Superior surface

Cut edge of

peritoneum
l.atero-inferior

surface

I'rostate K'^nd, lateral surface

Preceding preparation viewed from side, showing relations

of bladder, associated ducts, and prostate.
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the urachus, but lies farther above and liehind, since the antero-inferior wall always remains
shorter than tlie postero-superior. The conditit)n of the rettuni and the pressure exerted by
the abdominal viscera inlluence in no sli^jht decree the form and position of the distended
bladder, since, when these factors are both unfavorable to unhampered expansion, the inferior

surface and fundus are depressed to a greater degree than when the bowel is empty and the

superior surface is little impressed by the overlyinj; orj^ans, the entire bladder assuminjj a more
vertical position and the ov(jid form beinj^ modified (Merkel). Under palholcjjjical ccjnditions

the bladder may suffer such enormous expansion that it reaches as hit(h as or even above the

umbilicus and occupies a large part of the abdominal cavity. (Jwing to its intimate attachment,

the part of the inferior surface united to the prostate and the pelvic Hoor undergoes least change
both as to form and relations.

Fir, 161Q.

External iliac

artery

External iliac

vein

Deep epigastric
artery

Spermatic vessels

Internal abdominal
ring
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^

Internal urethral orifice.

Fatty tissui
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—

Spong>' urethri

Navicular fossa

Ureter, entering
bladder
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Seminal vesicle

Rectum

Ejaculatory duct

Prostatic urethra
and utricle

Prostate

^Membranous urethra

Bulb of cavernous body

^ Bulbous urethra

Scrotum

Dissection of sagittally cut pelvis, showing relations of organs after fixation by formalin injection.

The capacity of the bladder durin,^ Hfe so obviously 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

—

xki^ physiological capacity of the bladder—may perhaps be

said to vary from 175-250 cc. (6-9 fi. 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.

without rupture of the dead vesical wall is much less than that of the lixiiit,^ orijan.

The bladder in the female has a smaller capacity than in the male.

The interior of the bladder varies in appearance according; to liie cf)ndition

of the mucous membrane. The latter is loosely attached to the muscular tunic

by submucous areolar tissue, and hence in the contracted state of the t)rgan is thrown
into conspicuous, mostly longitudinal i)lications ; when the bladder is iilled these

folds are elTaced and the inner surface aj)pears smooth. With excessive distention,

the interlacing- bumlles 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 trij^ouuni

vcsicic, included between the urethral orifice in front and the ureteral openings behind,

is distinguished by its smoothness under all degrees of contraction, even in the

empty bladtler being only indistinctly wrinkled. Over the trigone (Fig. 1620)
the submucosa is absent and the mucous membrane rests directly upon a comi^act
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 trigommi is marked by a band-like

elevation, xhn plica Jireterias, or ionis iiretericiis of Waldeyer, that unites the open-

ings of the renal ducts. This ridge, best marked at its outer ends, is less exident

and often interrujited near the mid-line, and is subject to much indi\idual 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 iiretc7'al 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 \-esical triangle the posterior bladder-

wall presents a slight dej-jression, the retrotriffO)ial fossa or fovea retrouretejica

(Waldeyer), that corresponds to the "bas-fond" of the French writers. When
abnormallv enlarged and j:)Ouch-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 coveriiiL; ])asses from the organ to Hne the i)ara-

vesical fossa, the sickle-shaped depression that sej)arates the contracted bladder from
the adjacent pelvic wall. In front these side folds, the lateral false lif^aments, meet
at the vesical apex, where they cover the fibrous band of the urachus and are reflected

onto the anterior abdominal wall as \\\it anteriorfalse lii>;amenl (li^amcntuin unihilicale

medium). An uncertain fold, the plica vesicalis transversa, often crosses the other-

wise smooth upper surface of the bladder. This peritoneal ridj^e, sometimes repre-

sented by two or more low wrinkles, extends laterally to be lost either on the pelvic

wall or, passini^ over the pelvic brim, towards the internal abdominal rinj^. Dixon '

found the fold well rei)resented in the male fcetus, and inclines to the view that its

production is connected with a drag on the peritoneum incident to the formation of

the inguinal pouches. Behind the peritoneum passes from the posterior border of

the empty bladder over the upper end of the seminal vesicles and the vasa deferentia,

to form a horizontal crescentic shelf-like fold (plica rectovcsicalis) 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 duplicature includes jjarts i)f the seminal ducts and vesicles, Dixon and I'irming-

ham ' have sugg^ested for its lateral and backward extensions, which contain bundles of invol-

untary muscle (m. rectovcsicalis) attached to the sacrum and rectum, the appropriate name,
sacro-genitalfolds, and pt)inted out their correspondence to the utero-sacral folds in the female

(page 2007). The median part 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
anipulUe 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 sexes, 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-vesicalfossa intervening. Occasionally a corre-

sponding depression exists in the male as a slight indentation between the posterior vesical wall

and the seminal vesicles (Dixon).

With the changes of form and position which the bladder undergoes when it becomes 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 pelvis 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,V in., may be uncovered.

Fixation.—The attachments 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 organ 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 peritoneum incident to distention and contraction, it is evident that

such peritoneal folds can contribute little to the definite support or fixation of the

bladder ; hence those parts of the organ possessing a serous covering are movable.

The inferior surface, on the contrary, is comparatively fixed 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 Physiology, 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 1899).
On either side of the mid-line the anterior ends of these tendinous arches pass as
strong fascial bands, the pubo-prostatic /ii^amcnts, 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 lii^amcnts. After leaving
the symphysis, the tendinous arches send e.\pansit)ns— the lateral true ligamefits—to

the side of the bladder, which materially assist in h.\ing 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 j the [jelvic fascia covering the upper sur-

face of the levator ani muscles (fascia diapbragina pelvis superior) sends more or less extensive
investments and thus binds them tu 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-visical muscles, while
others, the recto-vesical muscles, extend backward to blend with the rectal wall.

Fig. T621.

Symphysis pubis

Pubovesical space, cleaned out

Pelvic line.

Arcus tendineus
fasciae pelvis

White linr ^
(prcus 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 vein of the penis and filled with fatty areolar

tissue, the floor of which is formed by the fusion of the pelvic fascia with the trans\erse ligament

of the perineum. Above the level of the pubo-prostatic ligaments lies the prevesical space, or

space 0/ Retzius,\\\\\ch is bounded in front by the anterior wall of the peKis below and the

transversalis fascia above, and behind by a thin membranous condensation of areolar tissue, the

fascia umbilico-vesicalis (F'arabeuf), that passes from the iiehic 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 u ith 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. I'nder usual

conditions, however, the space may be regarded as confined chiefly between the antero-inferior

surface of the bladder and the adjacent anterior pelvic wall.

Relations.—When empty, 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 to

Di.xon.' when hardened in situ presents a rounded median ridge which, together with

the ureters, outlines two for\vard, 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 Physiolog}-, vol. xxxiv., 1900.
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from the latter by the retroinibic pad of fat from .5-1 cm. thick. The fundus—the
posterior part of the inferior surface inchided between the urethral opening and the
posterior border—is in contact with the median ends of the seminal vesicles and of

the ampulLne of the seminal ducts, by which structures and their musculo-adipose
bed the bladder is sejxiratetl from the anterior wall of the rccto-vesical fossa.

The internal orifice of the uret/ira lies immiMliately above the jjrostate, usually
from 1.2-2.5 cm.( '/2-1 in. ) above the plane passing through 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 orihce measures from 5-6 cm. (2-2J4 in.) ; in the horizontal

plane it lies from 2.5-3 cm. behind the symphysis, its nearest point on the latter

being about 2 cm. (Disse). These measurements are influenced by changes in the

position of the inferior surface, being shortest when the empty bladder is pushed
upward.

Fig. 1622.
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-Utero-sacral fold
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uterine pouch

.Vagina

Perineal body

Sagittal bcction 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 intestine 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 nf the vesical wall to the prostate and to the fi.xation to the pubis
aflforded by the pubo-prostatic (pubo-vesicall ligaments and enclosed muscle. The postero-

inferior surface, expanding backward and outward, comes into more extensive and closer rela-
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-Uterus

Utachus

Bladder

Symphysis pubis

Urethra

tions with the seminal vesicles and ducts. The condition of the rectum markedly influences the

de.ijree to which the distending bladder rises above the symphysis, since, when the bowel is empty,

and hence more intrapelvic space is available, the bladder gains a lower suprapubic level than

when its ascent is favored by a distended rectum. With the elevation of the vesical apex above

the level of the symphysis, the bladder ac(iuires a temporary relation with the anterior alxlominal

wall in front, and its sides, in case ui 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 subf>eritoneaI

tissue.

The bladder in the female lies lower within the i)elvis than in the male, chiefly in conse-

quence of the absence of the prostate, and w hen empty never (juite reaches the level of the upper

border of the symphysis. \\'hen 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 oi 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-

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-

embr>onic segment of the allantois, its foetal

form is essentially tubular. In the new-bom
child (Fig. 1623), in both sexes alike, the

bladder is spindle-shaped and extends from
about inidway between the umbilicus and
the symphysis to the level of the pelvic brim,

its anterior surface being in contact with the

abdominal wall. Only 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 le\el 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 with the growth and expansion

of the pelvis, its posterior wall increases more rapidly than the anterior, this inecjuality 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 vear the emptv bladder always remains alx)ve the symphy-

sis ; bv the ninth vear it has sunken below that level, but when distended the apex ri.ses within

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 within outward, four coats

' 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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Epithelium

are distinguishable,—the mucous, the submucous, the muscular, and the incomolete
serous.

The viucoKs coat varies in thickness with both location and the decree of con-
traction. 0\er the vesical trij^one, where always comparatively smooth, it is thin,

measuring only about . i mm. ; where strongly wrinkled by contraction, it may attain

a thickness of over 2 mm. The mucosa resembles closely that of the renal duct,

consisting of a tibro-elastic tunica propria covered with transitional epithelium. The
latter includes several strata of cells, the deepest of which are columnar, the middle
irregularly polygonal or club-shaped, and the inner plate-like, their deeper surface

fitting over antl between the underlying elements. Although glands may be con-
sidered as absent, tubular depressions are occasionally found in the vicinity of the
trigone which are regarded by some (Kalischer, Brunn) as true glands. Waldeyer
has suggestetl that these structures may be interpreted as representing in a sense
urethral glands displaced during the development of the vesical trigone.

The sub>?iucous coat, loose and elastic, permits free gliding of the mucous over
the muscular tunic when readjustment becomes necessary during contraction. Com-
])osed of bimdles 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

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 arranged in two fairly distinct chief layers,—a thin outer longitudinal and

a thick inner circular. Inside the latter, and virtwally 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, lea\-ing inter-

fascicular intervals which are occupied by connective tissue. In the vicinity of the

prostate extensions of the outer layer are attached to the anterior pelvic wall 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 de\'eloped only after

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

Mucous mem-
brane, thrown
into folds

— Obliijuely
-^ cut circular

bundles

Muscular
coat

Obliquely cut
onKitudinal
bundles

Fiorous coat

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 spfmider.

The outer fibrous coat of the vesical wall is strongest over the inferior surface,

where it recei\es reflections from the pelvic fascia; towards the ajjex 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 til>rous tissue surrounding the

seminal vesicles and ducts, and in the female is blended with the anterior vaginal wall.

Vessels.—The arteries supjjlying 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 by small twigs from the internal

pudic and the obturator arteries. The superior vesical sujjplies the upper segment

of tlie 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 membrane and empties into a muscular plexus which, in turn, is

received by an external 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-

culaV coat, according to Gerota,' being absent within the mucous membrane. Out-

side tli^e muscular coat they form a wide-meshed subperitoneal plexus, those from the

apex ai\d 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 lymj)h-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 \esical plexuses, which,

as subordinate divisions of the pelvic plexuses, lie at the sides of the bladder.

The sympathetic fibres accompany the arteries and are joined by the vesical branches

from the 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 mcon-

' Anatom. Anzei^er, Bd. xii., 1896.
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tinencc. In other less fortunate cases in vviiich the ureteral openings were on the

surface of the body, implantation of the ureters into the intestinal tract (page 1901^
has been done with varying degrees of success.

Extroversion (exstrophy) of the bladder, the most frequent congenital ab-

normality of this organ, is associated with failure oi the ventral plates forming the
abdominal wall to unite in the mid-line. In this conditi(Mi, which occurs in males in

from 80 to 90 per cent, of cases, the symphysis pubis and the anteri(jr wall of the

bladder frequently are also lacking, and the postericjr vesical wall—protruded by
intra-abdominal pressure—forms a rounded prominence, deej) red in color, from
chronic congestion. The ureteral orifices are often plainly visible. Cryptorchism,
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 period of ftEtal life, probably in connection with al^normalities of the

allantois and of the cloacal region of the embryo, and that the suggested exi^lana-

tions on a mechanical basis, as over-distention of the allantois or unusual shortness or

location of the uml)ilical cord, are entirely inadequate 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 occurs without extroversion, when the

posterior wall of the bladder will be concave instead of convex and partially covered

by the imperfect abdominal wall.

The posterior 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 1759J 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 herniie there has, of course, been an opportunity

for the stretching and elongation of the bladder-wall 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 cavity 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 i)ass above the level of the umbilicus and it may fill

almost the whole abtlomen.

Retention of urine—inability to em[)ty the bladder—may be due (a) to ol>struc-

tion at the neck of the bladder, the prostate, or the urethra, as from clots in bleeding
from the kidneys, ureters, or the bladder itself, prostatic hyjjertrophy, stricture, or
rupture of the urethra

;
{b) to affections 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 pushetl 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 vesicae 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 cori-

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.

Various operations (vide infra^ are so planned as to take adx-antage of this uncover-

ing of the bladder-wall, which permits access to that \'iscus and to its cavity without

danger of peritoneal infection.

Prevesical ififfamniatio?i may 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 may 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, uterine or periuterine inflammation, post-jjartum suppuration
of the symi)hysis ])ubis, and purulent thrombosis of the umbilical \ein in a new -l)orn

infant ( Thorndike ).

Collections of pus ha\e opened from here spontaneously throu,ii;^h the anterior
abdominal wall, into the rectum, the bladder, or the urethra, and int(j the peritoneal
cavity.

Rupture of the bladder rarely follows distention alone, but is not unconunon as
a result of trauma expended upon the pelvis or lower abdomen when the bladder is dis-

tended. The cases in which rupture follows over-distention from obstructive disease,

without the intervention of force, are usually prostatic in orij^in, as in retention from
stricture the urethra ordinarily ulcerates behind the constriction and i)eriurethral

extravasation of urine relie\es the tension.

The liability to traumatic rupture is directly proportionate to the degree of dis-

tention and consequent elevation of the viscus, and if that condition exists in a blad-
der the subject of chronic dilatation and atrophy, 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-five per cent, of ruptures are intraperitoneal, because, {a) in distention

the peritoneal becomes the most tense of the coats of the bladder-wall
;
{b) it is the

least elastic
;

(<-) 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; (</) 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.

Pathological (spontaneous) 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-C2i}\^^ 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); (r) owing to the
undeveloped condition of the prostate the bladder is more movable.

Woimds 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 mav or may not in-

volve the peritoneum.

The symptoms of rupture or wound will ob\'iously vary 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 litde 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 pistol 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 abo\'e-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 pcrnianeiU 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 abo\'e the pubes (^suprapubic pioictnre).

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 ecjually essential

predisposing condition of congestion. No explanation is required of the influence

of iyii) frequent micturition, however caused
;
{b) trauma

;
{c) vesical distention

;

(fl') acid urine ; (<') calculi or tumors; {/) cold and wet; {g) prolonged sexual

excitement: {//) cardiac weakness, in bringing about a congestion of the \esical

and \esico-])rostatic plexuses. The sudden removal of pressure when an habitually

distended bladder is emjiticd may be followed by congestion so excessive as to cause

hiematuria.

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 j)assage 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 Hexure 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, supj^lied 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 difference 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 nerve-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 ])resent, 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 jxiinful 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 same syniptt)iiis

—

ficciiiciU iiiictiiritioii, referred pains, tenesnuis—are caused
by a vt'sical calculus and have the same anatomical basis. They are most marked
if the stone is small, rou^h, and moxable, so that in the erect position it falls upon
the trigonal surface. Such a stone may roll or be forced by the stream of urine

into the vesical outlet and produce sudden interruption of micturition. This
symptom is seen most often in young male children, in whom the relatively vertical

position of the bladder, the marked tenesmus caused by the presence of the stone,

and the small size of the vesical orifice favor its production. The tenesmus in

children is often so excessive as to result in prolapse of the rectum, which is affected

by and participates in the straining expulsive efforts.

In a sacculated bladder a \'cry large stone niav lie in a pouch with but lillle of

its surface presenting towards the l)Iadder-cavity (encysted stonej and gi\e rise to

almost no subjectixe symptoms.
Perineal lithotomy is much less frequently done than formerly, on account of the

application of Bigelow's operation of litholapaxy 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-

lationshii)s.

The Male Perineum.—This region—a fissure when the thighs are approxi-

mated—becomes an ample lozenge-shaped space when the legs and thighs are flexed

Fig. 1625.

n

\
-Tuber ischii

Tuber ischii _
-Anus

-Subcutaneous
fibres of sphinc-
ter ani externus

— -Tip of coccyx

Dissection of perineum; skin has been removed, leaving superficial fascia undisturbed.
Sound has been passed through urethra into bladder and scrotum drawn forward.

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 posteriorly, and the upper limits of the inner 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 f Fig^. 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 rcdal triatigle (anal perineum). Its practical relations have
been sutticiently dealt with in the article on the rectum and anus (page 1693 j.

The anterior division, the iiro-genital triangle (urethral perineum), has for its

deep boundaries : posteriorly the deep layer of the superficial fascia ( fascia of CoUes)
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

Fro 1626

Internal per-
ineal ner\-e

Colles's fascia

Sphincter ani
extemus
Tuber ischii

Int. pudic arter>-

Pudic nerve

Anal fascia

Interior hemor-f
rhoidal arter\ |

Inferior hemor-f
rhoidal ner\-es1

rip of coccyx

Dissection of perineum, showing superficial and hemorrhoidal branches of internal pudic
arter>- and of pudic ner\'es on right side ; Colles's fascia exposed on left.

and ischia : anteriorly the pubic arch. 0\ er the uro-genital triangle the superficial

fascia is separable into two distinct layers, the superficial and the deep. The super-

ficial laver 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 tis.sue that

fill the ischio-rectal fossae. The deep layer, 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 e.vternal 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 divided, a definite space, the SKperfieial

perineal interspcue, 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 the ligament to the pubo-ischiatic rami, and behind by tiie union of the fascia

with the base of the Hgament.
This space or pouch contains the bulb and the crura of the penis and the

muscles covering them, the superficial transverse perineal muscles, the superficial

perineal nerves and vessels, and the long pudendal nerves ; in its anterior jjart the

internal pudic artery divides into its terminal branches, the dorsal artery of the penis

and the artery to the corpus cavernosum. It is very important in its relations to

wounds and ruptures of the urethra {q.v.}.

In the uro-genital triangle, half-way between the centre of the anus and the

perineo-scrotal junction, is the so-called "perineal centre," where the bulbo-caver-

nosus, the sphincter ani, and the superficial transverse perineal muscles meet, and
which corresponds to the middle of the posterior edge of the fibrous shelf formed
by the union of the two layers of the triangular ligament. These structures are

exposed when CoUes's fascia is turned back, and on either side a triangular space is

Bulbo-cavernosus muscle

Ischio-cavernosus muscle

Crus penis

Colles"s fascia, refiected

Triangular lig., inf. layer

Ischio-cavernosus, stump

Transver. perinei muscle

Tuber ischii

Sphincter ani externus

Levator ani

Pudic ner\e

Internal pudic artery

Greater sacro-sciatic lig.

Gluteus maximus

— CoUes's fascia, reflected

— Ischio-cavernosus muscle

Internal perineal nerve

External perineal nerve

Superficial perineal artery

Transversus perinei mus.

Anal fascia

.Greater sacro-sciatic lig.

Inf. hemorrhoidal nerve

^Inf. hemorrhoidal artery

Branrh of fourth sai^ral

nerve

.Bran ;h of fourth sacral

Dissection of perineum; CoUes's fascia has been cut aii

penis covered by muscles ; on right side ischio-rc( lal !

i to expose crura and bulb of
:i is partly cleaned out.

seen, the floor of which is constituted by the inferior layer of the triangular 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 interspace) between that and the superior layer Tas 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 {ligamentnm

transversiim pelvis) stretching from one pubic bone to the other, and leaving only

sul^cient space above it, beneath the subpubic ligament, to permit the passage of

the dorsal vein of the penis. The space between the two layers TFig. 1629) is

occupied by {a) the compressor urethrae muscle
; (3) the membranous urethra,

about half an inch in length; {c) Cowper's glands {glandulce bidbo-zirethrales);

{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

artery may come of? from the accessory j)udic when that vessel is present { page 8i8),
and will then be more anterior, and less exposed to division in litliotomy, than
usual ; or it may come ofT from the 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 sujierior or deep layer of the

triangular ligament is openetl, the prostate—i)artly covered by the median fibres of

the levator ani—and the neck of the blatider are exposed (Fig. 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
;

{c) inferior or superficial layer of the triangular ligament

Fk;. 1628.

Crus penis—

Colles's fascia ^

—

Triang. ligament —

Tuber ischii^

Sphincter ani -

Levator ani

-

Cfreater sacro
sciatic ligament

Coccyx

Gluteus maximus-

Ischio-caveraosus muscle,
turned aside

Crus penis

— Dors. 1 1 artery of penis, artery of
corpus cavernosum to the right
Bulli of penis

— Superficial perineal artery

~ Superficial perineal nerves

— —Tuber ischii

Dorsal nerve of penis

Perineal division of
pudic nerve

Internal pudic artery

Inf. hemorrhoidal nerve

Inferior hemorrhoidal
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Dissection of perineum, showing: inferior layer of triangular ligament
and inner wall of ischio-rectal fossa partially exposed.

(fascia triqoni tiroqenitalis inferior)
; (</) compressor urethrse muscle; (e) superior

or deep layer of the triangular ligament (fascia trigoni urogenitalis superior (/)
levator ani muscle ; ( _sr) prostatic fascia (sheath).

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. (3^ in.)
;

the antero-posterior diameter, from the coccyx to the jnibis, is also 9 cm. (3^/2 in.)

on the skeleton, 10 cm. (4 in.) as measured on the living person. (3) The centre

of the anus is about 4 cm. ( i ^A 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-

mately 4 cm. (i}4 in.) in front of the anus. (5) The bulb (and its artery) are just

anc'erior to this ; its position may be indicated bv 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 base of the hitter,

—

i.e., al)out one ami a half inches from the anus,

(6) Measured in the mid-line from the symphysis to the centre of its base, the tri-

angular lii;ament extends backward about one and a half inches. (7; The mem-
branous urethra, lying- between the two layers of the triangular ligament, is a little

below the middle of this line,

—

i.e., 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 length. (H) The dorsal vein passes above the

triangular ligament a little less than a half inch below the lower margin of the sym-

ph)sis ; the pudic artery and nerve pierce the superficial layer of the triangular liga-

ment a little lower. (9) The tlistance from the surface of the perineum to the pelvic

rtoor is about one inch near the symphysis and from two to three inches jxjsteriorly

and laterally. (10) The vesical orifice is on a horizontal antero-posterior 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 inferior layer of triangular ligatnent and corpus spongiosum have been par-

tially removed, exposing urethra covered by compressor urethrse muscle and Cowper's gland.

perineal surface. (11) 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 forward, 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 di\'ide the visceral layer of
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the pelvic fascia (which is reflected from the ^hiiul near its upper end), favorinji^ 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 fossa with the same
results ; or, if the prostatic 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 introducetl 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 U) one and a cjuarter inches in front

of the anus—and, opening the left ischio-rectal fossa, ends at the junction of the

outer and midtlle thirds of a line drawn lietween the jiosterior 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 ape.x 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-
eniosum, cut

Adductor brcvis -—

Obturator
internus

Levator ani-

Greater sacro-
sciatic ligament-

Coccygeus

—

Gluteus—
maximus, cut

Corpus cavernosum,
cut

Urethra

Subpubic ligament

Prostate

— Tuber ischii

Obturator
internus

I '.reater sacro-
M iatic ligament

Cluteus
maximus

Coccyx

\.

Deep dissection of perineum, in which root of penis has been removed, showing urethra

emerging from prostate, which is partly exposed between levatores am.

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 extraction 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 ; {b) the undeveloped condition
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of the prostate, ncccssitatintj the division of more of the vesical neck and increasing

the risk of openini^ up the pelvic fascia; (r) the greater mobility of the bladder

(the neck of which in the athilt is larj^ely tixed by its connection with the base of

the prostate), so that it has been pushed before the hn^^er and torn from the urethra
;

{d ) the situation of the bladder above rather than in the pelvis, the neck, therefore,

being relativelv higher than in the adult; (c) the looseness and delicacy of the

recto-vesical fascia, permitting the easy separation of the bladder and rectum and

forming a cavity which the finger may mistake for that of the bladder
; (/) the

relatively low level of the recto-vesical fold of peritoneum, exposing it to injury if the

wound is unduly prolonged upward.

Mtdian lithotomy in\-olves the division, through the median raphe of the peri-

neum, of the skin, superficial fascia, sphincter ani and portions of the other struc-

Corpus spuiigiosu

Pig. 1 63 1.

I I

i\
^•^

Adductor brevis

Corpus cavemosum

Adductor magnus.

—

Ramus ischii.

—

Biceps and
semitendinosus

Tuber ischii—
Obturator internus

Cut edge of anal
fascia

Greater sacro-sciatic

ligament

Gluteus maximus. r^
cut

Cut edj;e of visceral layer
of pelvic fascia

Cut edye of levator ani

Cut edge of pelvic fascia

Seminal vesicle, vas
deferens to inner side

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 prostatf ; 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 : («) dimin-

ished hemorrhage on account of the relatively slight vascularity of the mid-line : (^)

lessened risk of opening the pelvic fascia ; {c) 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, exj)osing the bulb and its artery to

danger anteriorly and the rectum posteriorly
;
{b) the lack of space for the extrac-

tion of even moderately large calculi
;

(f ) 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.

Suprapubic lithotomy 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 Rctzius. 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) has been sufficiently described.

The Jt'ffia/e bladder is less capacious than the male bladder. Its longest diame-
ter is transverse, as posteriorly the pelvic space is occupied 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 relati\ely 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 favor 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. F"oreign

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 the 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, -^ posterior segment—homologous with the canal in the female—beginning

at the bladder and ending at the openings of the ejaculators' ducts, and an anterior

segmeyit 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 a /><?/-

vie, a perijieal, and a peyiile portion. It is more usual, however, to describe the

male urethra as consisting of the prostatic, inembranons, 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. (3-4-11^ 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 o\ Waldeyer), it is en-

tirely surrounded by the prostate, which it pierces from base to apex (Fig. 161 9).

Notwithstanding, this part of the urethra admits of considerable dilatation, although

ordinarily its lumen is more or less obliterated bv 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 verumontanion,

that extends along the dorsal wall from the ridge (uvula ) 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 outline in consequence of the projection

of the crest. The most prominent and expanded part of the latter (cnlliciilus semi-

nalis) is occupied by the slit-like opening of x\\q prostatic utricle (utriculus prostaticus)

or sinus poeularis, a tubular diverticulum, usuallv 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, re.<,farded as the morphological e<iiiivalciit of the vaifina and uterus.
On the lateral lips of this recess lie the small orifices of tin- ejaculatory ducts, while
those of the prostatic tubules open into the j4;roove-like de|)ressions on either side of

the urethral crest. The internal urethral orifice lies ap|)ro.\imately on a horizontal
l)lane passini,'- tlirout^h the middle of the symi)hysis, about 2.5 cm. (i in.; behind
the latter and an eciual distance from its lower border.

The membranous portion
( pars mcmbraiiacea) curves downward and forward

from the apex of tiie prostate to the bulb of the corpus sponj^iosum, which it enters
somewhat (about i cm. ) in advance of its posterior extremity. In its course the
membranous urethra pierces both layers of the triangular ligament and is surrounded
by the fibres of the compressor urethne muscle ; behind it, on either side of the
mid-line, lie the tj:lands of Cowper. This part of the canal measures only about i cm.
in leui^th, and is the shortest, narrowest, and least distensible of the sej,nnents.

When empty, its mucous membrane is thrown into longitudinal folds, and on cross-
section its lumen is stellate. In

Fig. 1632.
conseciuence of its curved course,

the anterior wall is shorter than the

posterior, which marks the most
dependent ])oint of the subpubic
curve that lies about 18 mm. ( f

^

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 difificulty

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. (51^ in.). In the flaccid condi-

tion of the penis it presents a double curve (Fig. 161 9J, the fixed proximal part of

which continues the subpubic curve forward and slightly upward tlirough 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 prepubic
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 by the bulb and
the glans, it presents fusiform dilatations, the intermediate part being of more uniform
calibre. The first of these dilatations (fossa buibi) 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-

Bulbns
spongiosum

Spongy urethra.

Cowper's gland

Opening of duct of
Cowper's gland

—.Corpus
cavernosuni, cut
and turned out

Part of bladder and male urethra, exposed by opening and
turning aside anterior wall, showing posterior surface of prostatic,
membranous, and beginning of spongy portions of urethra.
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per's trlands open by slit-like orifices on the posterior wall or floor of this part of the
urethra. The terminal dilatation, the iiavicular fossa (fossa navicuiaris urethrae),

occurs at the extreme distal end of the canal within the tjlans and opens onto the
surface by a vertical slit-like aperture, the external urethral orifice (orificium urethrae
externum) or meatus, the most contracted and least distensible part of the entire pas-

sage. Since the lateral walls of the navicular fossa are in apposition e.xcept during
the passage of fluid, its lumen appears as a vertical slit on cross-section (Fig. 1674) ;

beyond the fossa. howe\er, the anterior and posterior walls come into contact, and
hence the lumen is here represented by a transverse cleft (Fig. 1674, Cj, which in the

region of tlie bulb is replaced by one of irregularly stellate outline.

The female urethra—about 3.5 cm. {lyi in. ) in length—is much shorter than
the canal in the male and cmbryologically corresponds to the portion of the latter that

lies between the internal urethral orifice and the openings of the ejaculatory ducts.

E.xcept at its beginning, the canal is firmly united behind with the anterior vaginal

wall, the downward and forward curve of which it closely follows until near its termi-

nation, where it turns more sharply forward (Fig. 1622). In consequence, the lf)wer

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 abf)ut 7.5 mm. during
phvsiological 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 tirethral crest, is more
conspicuous, ineffaceable, 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 urethral 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 duets, or tubes of Ske7ie, 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 directly 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 muscular 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

' Herzog : Archiv f. mikro. Anat. u. Entwick., Bd. Ixiii.. 1904.
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Fig. 1633-

Surface epithelium

propria

*->. -i --^I'L^^-Blood-

Section of mucous membrane of prostatic urethra, showing
gland-like crypts in mucosa. X 45.

the orifices of the ducts of Cowper's <.,fhuKls. The circular fibres, outside the lonj^itiuh-

iial, are best developed at tlie iiUerual orifice, where they form a hiyer three or four
times as thick as the long^itudinal, uliich they accomj)aiiy as a distinct, althouijh ch-

minishiuii;-, stratum as far

forward as the termination

of the membranous ure-

thra, disappearintr first on
the lower and last on the

u]iper wall of the fossa

bulbi. Beyond the pos-

terior third of the pars

spongiosum the intrinsic

muscle is wanting, the

muscular tissue surround-

ing the remaining parts

belonging to the erectile

tissue of the corpus spon-

giosum ( Zuckerkandl).
The iyiternal 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 involuntarv sphincter,

in front of which they extend. Below, the external sphincter is continuous with the

compressor urethrae muscle, as an upward prolongation of which it may be regarded
(Holl). As it passes between the two layers of the triangular ligament, the mem-

branous portion of the
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 f)f the

bulbo-cavernosus muscle
may also be included in

the extrinsic urethral
musculature.

T\\Q7{rethral glands,
or gla?ids of Littrt\ embrace two groups—those within the mucous membrane and
those withm the submucous tissue—the ducts of which are seen with a magnifying-

FiG. 1634.

Surface epithelium

Blood-vessels
in mucosa

Venous spaces
of cavernous
tissue

Section of wall of urethra in spongy portion, showing crypts
in mucosa and numerous venous spaces. X 35.
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Fig.

glass as minute openintjs on the mucous membrane. The former, the ititramncous

glands, are simple in structure, consistinj.j usually of a sinj.jle alveolus, le.ss frecjuently

of two or three, from .070-. 100 mm. in clianu-ter. They are lined with cylindrical

epithcliiun and occur in all ])arts of the urethra, heini; most numerous in the si)ongy

portion ( Merzoi^ ). The sii/i/iiuroits o/amis, although small, are larger than those

limited to the mucosa, but are less widclx' distributed, being absent in the ilistal half

of the pars membranacea and the ])r().\imal thiril of the spongy jiortion. The\- are

most abundant and best develo])ed on the upjier wall of the spongy [)f)rtion, anterior

to the ojienings of the ducts of Cowper's glanils ( Herzog). 'Iheir duels often extend

several millimetres oblicjuely backward, more or less parallel to the urethra, and divide

into two or iikm-c slightly expanded terminal tubules which are lined with cylindrical

epithelium. Where surrounded by the corpus si^ongiosum, the submucous glands lie

embedded within the fibrous tissue of the albuginea ; in the pars membranacea the

glands are surrounded by the l)undles of the comi)ressor urethra- 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 urcthralcs) which are little more than tubular depressions within the lining of

the canal and cannot be regarded as glands, although they often rccei\e the ducts of

submucous glands that

1635. open into them. One of

exceptional size (from 4-
1 2 mm. in length) is com-

\ M >^^ monly found on the roof

f%^!%!''^''-::.''^.',^^-^^. of the na\-icular fossa, its

j,R ;J5\Jvi"%.^ S^^y orifice being guarded by

W^Vjfe ''^^ " t-: •-
'.

' a fold of mucous mem-
brane (valvula fossae na-

vicularis ).

The Female 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 vuicoiis vievi-

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 \'estibule. In the female the V7'eth7-al 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 lacunie in the male, into which the ducts

of the glands frequently open.

'X\\ft muscular tissue o\ 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 fil)res, 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 urethne, 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 x-agin^e muscle (Lesshaft).

Vessels.—The arteries supjilving 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-

LoiiKitiiili'ial ^\ .;

muscle i-^i^"*-

lar ^'~.\^-if' : ' ' -

Longitudinal section of wall of female urethra. X 50.
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orrhoidal and the interior vesical ; the membranous j)orlion from llie interior hem-
orrhoidal and the superticial perineal ; and the spongy portion from the bulbar,

cavernous, and (.iorsal arteries from the internal pudic. In the j'tnuile the urethra is

supplied by branches from the inferior vesical, the uterine, and the internal pudic for

the upper, mitklle, and lower thirds respecti\ely.

rhe zr/fis, which form a rich plexus beneath the mucous membrane, in the

proximal part are tributary to the vesical and pn^static veins, and in the s{)ongy por-

tion to the dorsal vein of the penis and the internal pudic \eins. /n the fcniale the

veins empty into the vesico-vaginal antl jjutlendal j;le\us. Below they communicate
with the venous spaces of the clitoris and the bulbus vestibuli (W'aldeyer;.

The numerous lymphatics within the mucous membrane form a proximal and a

distal set. The former pass backward to join the lymphatics of the \ esical trigone,

the latter course forward and imite with those of the glans. The lymph-tracts from
the spongy and membranous portions of the urethra communicate with the internal

or pubic group of inguinal Ijmph-nodes ; those from the prostatic portion are aflfer-

ents to the internal iliac nodes. In thefemale the lymphatics from the upper 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 antl motor fibres to the striped muscle, and from the hypogastric plexus
of the sympathetic by way of the prostatic and cavernous plexuses.

PRACTICAL CONSIDERATIONS : THE MALE URETHRA.

Congenital abnormalities of the urethra are not common. Absence cA 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 reflex irritation of the susceptible

nerve-centres of an infant to require 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 penoscrotal 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 hypospadias the urethral opening may
be at any point on the lower 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 ^paj^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, zs f^ a) anterior diVxd poskrior ; i^b ) Jixcd dind movable ; (^c ) curved diud straight ;

(a) fiarrow and uide ; (e) dilatabk and non-dilaiable; ^J ) erectile and muscular

;

{^) penile, perineal, and prostatic.

(tf) TYiit anterior ur^xhva includes all the spongy portion and the /)(7j/'<fr/^r 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

urethrae 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 oftered by the un-

yielding inferior layer of the triangular ligament (the arbitrary boundary of the

"anterior" urethra posteriorly), and possibly, in the ordinar\- position of the male

organ, by gravity, as the movable prepubic downward curve of the urethra (vide

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)-

(b) The y?.iT(/ 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 spongv portion. It may be said to extend from the neck of the bladder to the

posterior margin of the suspenson,- 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 spongv- 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.

(c) 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 cur\es, into (\) a comparatively fixed subpubic curve, including

most of the prostatic urethra, all of the membranous urethra, and that portion of the

spongv- urethra posterior to the suspensory ligament ; and ( 2 ; a 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 suspensorv' 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 cur\'e. 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 prei)uhic curve can be straij^lUeiied by erectinj.^ or raisinj.^ up the jjenis as

is done tlurinj4 the use of urethral instruments, most of which, especially sounds and
catheters, are made so as to correspond in their curves to the theoretical fixed curve
above described. The catheters employed in certain conditions, esj^ecially prostatic

hypertrophy, are elongated and given a larger curve to correspond with the elonga-
tion of the prostatic urethra and the greater curve given it by the elevation of the
vesical neck (pagei98i).

{d) As the urethra, when not distended by the passage of urine, semen, or
instruments, is a mere valvular slit, the walls lying in contact, it has to be studied as

to width or narrozvness by various methods of dilatation during life and of injection

upon the cadaver. The result of such studies demonstrates that the narrow and
wider portions of the urethra alternate as follows : the external meatus (the nar-.

rowest), the fossa navicularis, the spongy urethra, the bulbous portion, the mem-
branous urethra, the prostatic urethra, the vesical orifice.

(<?) As to its dilaiability,—i.e., its sicsceptibility to distention by instruments,

—

the meatus is the least distensible, and then, in order, follow the 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 between the calibre of 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 vmstriped 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 by 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 difficult to evacuate the bladder w'hen 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.

(^) 'Wx^ penile urethra terminates at the anterior margin of the suspensory liga-

ment ; the peri?ieal urethra includes the bulbous (with the so-called pretrigonal or
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pre(li.iphraj4;matic portion) and membranous urcthrit ; the />rosta/7c urethra, of course,

extends thence t(j the blatlder. All of these terms are in constant use, and a consid-

eration of the urethra from the stand-points sujL,^}4ested by its subdivisions as above

described cannot fail to be useful in relation to its injuries and diseases.

Siifhutantous nipturt' of the urethra is rarely seen in its pemle portion. In the

y;reat majority of cases (92 percent. ) it alkcts the jjerineal portion (8oi)er cent, from

falls astritle, 12 per cent, from perineal blows), and in the majority of these the bul-

bous urethra suffers most se\erely. The mechanism of rupture varies with the size

and shape of the vulneratini; bodV. l>ut the urethra is usually crushed against either

the transverse ligament or subpubic arch, the anterior face of the jjubis (which is

placeil 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 mav 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 pro.ximity to the pubes and ischium
;
{d) the relative thinness of its

walls ; and (<') 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 perinco-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 alwavs 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 di\ided into anterior and posterior.

Anterior urethritis afifects that portion of the urethra in front of the compressor
urethne muscle ; the following characteristic symptoms and complications are due to

its situation : {a) free discharge from the meatus
; {b) ardor nrina:. 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) frequent and painful
erection, 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 donsal vein of the penis by clonic contraction of the com-
pressor urethra- 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 1(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
;

id) chordee, a cur\ation of the penis due to the fact that the inflammation extends to the

submucous connecti\'e 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 ca\ernosa are fully

engorged with venous blood. The infiltrated portion of the corpus spongiosum, how-
ever, remains rigid and undilatablc, the blood being unable to find its way into the

partially obliterated sjjaces. 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 in\ol\ed, the curve, of course, will be towards the affected

side
; {e) follicular or 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 ; (/) lymphangitis and bxibo, usually associated ^\•ith retention of

discharge and inflammation between the prepuce and glans, the infection extending
by the superficial lymphatics and reaching one of the superficial nodes Iving 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.



PRACTICAL CONSIDERATIONS : MALE URETHRA. 1931

A rare complication ( Cincperitis) may result from infection of the bulbo-

urethral glantls throuj^h tiu-ir ducts which empty into the Lnilbous urethra. The
first symj^tom usually developed is pain in the j)erineum, much increased by press-

ure, and rendering;- sitting' or walking markedly j)ainful. The inflammatory swell-

ing of the glands is resisted by the two layers of the triangular ligament between
wliich they are situated and by the deep perineal fascia, and this resistance, associ-

atetl with the determination of blood to the part by gravitation, imparts, as in other
inflammations where the same conditions exist, a tlirobbing element to the pain

which renders it peculiarly distressing.

Posterior UretJnitis.—Although it is true that the compressor urethrae muscle
constitutes a sj)hincter which, b\- its tonic contraction, keeps the membranous part

of the canal constantly closed against injections forced through the meatus, the

gonococcus, as it passes backward in the deeper layers of the epithelium, is not

arrested by this muscle, but with few exceptions invades the posterior urethra, from
which region it can readily extend to the prostatic ducts, the seminal vesicles, the

vas and epididymis, and, much more exceptionally, to Cowper's glands and to the

bladder.

To some or all of the above symptoms may then be added : {a) frequent and
urgent urination, as the normal slight desire to urinate, felt when the bladder is

moderately distended, the internal vesical sphincter dilates, and the urine comes in

contact witii the prostatic urethra, is transformed into an uncontrollable desire when
the prostatic mucosa is inflamed 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) cystitis (page 1914) may follow direct

extension of the infection by way of the mucosa
; {d) prostatitis (page 1980) from

its spread along the prostatic ducts or into the prostatic follicles
;

(<?) epididymitis

(page 1952); or {f~) 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 layers 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 jwethra 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 relatively 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 inflammatory

exudate or of urine.

The subjective symptoms 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 congestetl, the increasing jiressure jiroduces pouching or dilatation, the

retained urine, decomposing, setsuj^ a superficial inflammation, the mucosa is denuded
of its epithelial layer, urine escapes into the spongy tissue, and abscess or serious

e.\tra\asation may follow.

During this process (which may not pass through all these stages) the most
important symptoms having a definite anatomical basis are as follows :

(a) Frequency of urination : this arises first from the change in relation between
the expulsive force recjuired of the bladder and the accustomed demands upon it ; then

from extension of infiammation backward by continuity until the vesical neck is

involved ; often from the production of a genuine cystitis ; later from atony with

retention.

i^d) Dridd/ini^ after urination depends upon the retention behind the stricture

of some drops of lu-ine, 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

hyj)ertrophy by the fact that it is at first worse in the davtime, and only becomes
nocturnal later. The re\erse 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 very far ad\anced. 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 ckn-ing 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.

(c) 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 urinee, 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.

{d) Extravasation of urine is one of the most serious of the late results of

stricture. The localizing symj^toms—those which indicate the point at which the

urethra has given way—depend uj)on the course taken by the urine. In all that part

from the meatus to the scrotal cur\e, extra\-asation 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. Extra\asation 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 bv the inferior laver of the triangular

ligament posteriorly, and as it cannot reach the ischio- rectal sj^ace 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 conhned
to the region inchidcd between the hiyers of the triangular hgament, and only gains
access to the other parts after suppuration and sloughing have given it an outlet, the
consccuti\'e symptoms then depending upon the portion of the aponeurotic wall which
first ga\e way. If the opening is situated behind the superi(jr layer of the triangular
ligament,

—

i.e., in the prostatic urethra,—the urine may either follow the course of
the rectum, making its appearance in the anal perineum, or, as it is separated from
the pelvis only by the thin pelvic fascia, it may make its way through the latter near
the pubo-prostatic ligament, and may spread rapidly through the subperitoneal con-
nective tissue.

{e) The bladder, ureteral, and kidney changes are similar to those that follow
obstruction from any other cause, and cystitis, sacculated bladder, ureteral dilatation,

and pyonephritis are not uncommonly terminal conditions in cases of stricture.

Catheterism is one of the most important of the minor operations of surgery.
F"or 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 five 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 left 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 awav from the pubes
when the hold upon it is relaxed.

In urethral instrumentation it should never be forgotten that the elasticity 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 urethrae.

The extensibility of the inferior wall is brought into play even by 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 easilv

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 lonj^ar tlian the superior surface. The
term "surgical wall." proposed for the upper wall by Ciuyon. 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 \ascular 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 iiidi\ idual \ariations ; and in this connection it is imjxtr-

tant to remark that all three of these dilatations are excavated at the exj)ense 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 urethrct 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 anatomv of the various forms of urethrotomy and other operations on the

urethra is sufihciently dealt with in the foregoing and in the practical considerations

relative to the bladder, male perineum, and prostate {q.i\).

DE\ELOPMENT 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 the pronephros, the vieso-

nephros or Wolffian body, and the metanephros or definitive kidney.

The Pronephros.—The first of these, the pronephros, sometimes called the "head-kidney"

on account of its anterior position in its primar>- condition, in all higher forms is at best a nidi-

mentarj- and functionless organ ; nevertheless, it is of extreme interest as indicating the funda-
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ceral layers. X 100.

Fig. 1637.

Xc-ural tube

Somite
(\nlage of nephric duct

Parietal mesoblast

Body-cavity

Visceral mesoblast

Remains of intermediate mass

Section of sliRhtlv older embr>o, show-

ing differentiation of duct-anlage and mass in

which tubules develop. X loo-

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 fishes ( Myxitnd(r\, as a temporal-

structure the pronephros attains considerable development in many fishes and amphibians
;
in

the higher animals, even as an embr\onal organ, it remains ver>- rudimentary- and transient.

When' adequately represented, the pronephros consists of a more or less extensive series ot
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slightly trausversf (iihulrs witliin llic postL-ro-latcial lH)cly-uall tliat iiUfi'iially comimiiiicate
with the body-ca\ ity or ((lIoiu, the openinj^s l)eiiig known as >irpJiros/oniaia, and externally

join a common canal, ihv />r<>//r/>/i /it duct, wliich extends caudally and empties into the dilated

terminal seijment of the intestinal tnbe, the cloaca. In relation with the inner end of each
tubule, but projectinj^ freely into the body-cavity, lies a j^roup of convolutetl blood-vessels, the
g/onifiu/us, sup|)]ied by branches of the aorta. The.se three parts of the primitive excretory

Fig. 163S.

tegument

MalpiK'nan body of me.soi

Mesoiiephric t

Mesonephric tiuct

Parietal pfritoiicuin

Bony-c;

Nephrostome

Se.xua

Suprarenal body Gut-tube

somite continuous with cu:lom

e

[jliric tubule

nmephric duct

Mcsoblast of body-wall

Body-cavity (ctelom)

jiiierulus of proiiei>hros

"Aorta

Visceral peritoneum

Diagram showing fundamental relations of pronephros (on right side) and of mesonephros
or Wolffian body (on left side of figure). (IVied^rslieim.)

Fig. 1639.

organ provide for the essential reciuirements of the most elaborate urinary apparatus,—the pro-
duction of the watery constituents, the excretion of the waste ])roducts, and the conveyance of the
e.xcretion 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 tul)ule. 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 ofT 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 path 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
intermediate cell-inass. It may be assumed that in the
higher types the solid somite and the intermediate cell-

mass have arisen by fusion of the primarily distinct dorsal
and ventral mesoblastic plates (Fig. 1638). The inter-

mediate cell-mass soon separates into a small duct-antage,
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 dexelopment in certain fishes

and amphibians (e.specially 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 l)y

Janosik, it was represented by 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 excretory tubules opening into

a common canal, the IVoIffiau 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

Body-cavity

Longitudinal section of young embryo,
showing early stage of Wolffian body ; tu-

bules are joining duct. X 50.
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nulimentary character of the proneiihrt)S, the Wolfliaii body not only serves for a time as the

chief excretory or^an of the einl)rv.., l)iit in nianv lower vertebrates continues to functionate

duriuK life The anhiKe of tiie Wolltian thicl first appears as bud-like outgrowths from the dor-

sal side of the intermediate cell-mass ; these fuse into a strand which, se|iaratinK from the cell-

mass, lies as a solid cord beneath
the ectoblast. The latter takes no
l)art in the formation of the duct,

which is entirely of mesoblastic
orij^in, the ajjpearances leadinj^ to

the assumption by certain authori-

ties of its derivation from the outer
germ-layer dependiiif:^ upon the
temjiorary ajiposition or attach-

ment that the duct effects in con-
secjuence, probably, of its inher-

ited inclination, since in ancestral

forms the tubules opened on the

free ectoblastic surface. At first

solid, the W'oltTian 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 manmials the Wolffian
tubules are developed within the
ventral division of the intermedi-
ate cell-mass as solid cords that

later accjuire a lumen and an at-

tachment to the Wolffian duct. Although in the lower vertebrates (fishes, amphibians) retain-

ing a communication with the Cftlom 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, however, no longer projects freely into the body-
cavity. As in the kidney, the ghjmerulus is supplied by an afferent twig from a branch of the

aorta, and is drained by an efferent \essel that breaks up into a capillary net-work surrounding

the convoluted tubule and eventually

Wolffian duct

Mcscithtlium
Woin'iaii lubule Developing capsule

Part of transverse section of embryo, showing commencing develoi>-

ment of .Malpighian corpuscle in Wolffian body. X 150.

becomes tributary to the cardinal \ein.

The first appearance of the Wolffian

body in the human embryo occurs very

early (2.4 nmi. 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

tuSules, 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 embryo 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 (N'agel ).

When fully developed, about the

end of the second month, the Wolffian

body appears as an elongated organ
(Fig. 1720I which extends along almost
the entire length of the pt)Sterior wall

of the body-cavity, on either side of the

mid-line, from behind the lung-anlage to

the lower end of the giit-tube. Al)out

the eighth week, the Wolffian body en-

ters upon its stage of regression which,

continuing during the third and fourth

months oif fretal 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. 1641.

Capsule of Malpighian
body

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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Primary collecting
tubules opening
into subdivisions
of pelvis

Renal pelvis

of the fcEtus, to tlie formation of certain structures antl parts of the excretory canals of the

sexual j^Iands. In tlie male the Wolllian duct and tubules i)ersist chiefly as the vas deferens and
the epididymis ; in the female, in whom the

atroi)hy is more comi)lete, these remains are P jfi^a
represented principalh' by the epoopiioron and
tiartner's duct. In both sexes certain ad- /, ....

"'-'^." '"'

ditiona! rudimentary orj^an.s—the paradidy- !.^{.
mis in the male and the paroojjhoron in the ''Wf
female—are derived from the tubules of the >.^

sexual se.y;ment of the Wolllian body. A more
.•, ,

detailed account of these transformations is

given in connection with the development of

the reproductive organs (page 2037 and Fig.

1719).

The Metanephros or Kidney.—
The devcUjpnient of the dehniiixe kidney

in mammals begins as a pouch-Hke out-

growth from the posterior wall of the

Wolffian duct, a short distance above its

termination into the cloaca. In man the

renal diverticulum makes its ap])earance

during the fourth week, at which time

the embryo measures from 6-7 mm. in

length. At first 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 abo\'e 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-

FlG. 1643.

Malpighian
corpuscle of

Longitudinal section through developing kidney
;
por-

tion of atrophic Wolffian body is seen below. X 35-

Ampul'a— *e

—

primal \ collect gt b le V^

luted kidney-tubules (of

which as yet no trace is

present), and hence is

termed \\\(trenalblastema.

From the ventral and
dorsal walls of the primi-

tive pelvis, which is com-
pressed from before 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
by 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 two opposed views obtain.

According to the one, all parts of these canals develop as direct continuations of the
122

Largf col

lectingduct

Section of developing kidney, showing formation of urinifer-

ous tubules and collecting canals. X loo.
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Right
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 indejjendently within the renal blastema,

and, secontlarily, unite with the duct-system from the pelvis to complete the canals.

The careful studies and reconstructions of Huber ' leave little doul)t as to the cor-

rectness of the latter view, which,

moreover, accords with the prin-

ciple observed in the develop-

ment of the pronephros and the

W'olfitian bcjdy, in which the tu-

bules and the duct join subse-

quent to an independent forma-

tion. The attenuated pjroximal

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 indi\ idual 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 deri\ed 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 acti\e excretory organ, the Wolfifian 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

Cloacal membrane —

End-gut

Tail-bu;

Reconstruction of caudal portion of human embr>-o of seven-

teen days (3 mm. greatest length), showing cloaca connected
withgutana allantoic duct. X 48. (Draun/rom K'eibel model.)

Allantoic duel

Fig. 1645.

Gut-tube

Cloacal membran

Fig 1646.

Gut-tube
Wolfifian duct

Renal bud

—Ventral segment of

cloaca

Dorsal segment of cloaca

Bladder

^ begment
Septal fold

Allantoic duct

J_ Cloacal membrane

Reconstruction of rl'ii ' • Lion of human
embrv-o of twenty-six da\.s '5 mm. length);

Wolffian duct opens into ventral segment of

cloaca. X 75. ( Drawn from Kfibel 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. (Draun/rom Keibel model?)

investigations of Keibel. Retterer, and Nagel, upon whose conclusions the following

account 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

'.American Journal of Anatomy, vol. iv., Supplement, 1905.
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the end-scgnKiU of the j^ut dilated into an elongated chamber, the cloaca, from the
upper end of which the allantois passes forward and on the sides of which open the
Wolffian ducts. The ventral wall of this space is thin, and consists of the opjiosed
outer and inner germ-layers alone, no mesoblast intervening. This ecto-entol)lastic

septum is the cloaca/ nicin-

FiG. 1647.
\ cua cava

Allantoic ^^ " -\«-,.

diicl-

Aoitii

/

Bclly-slalk-

Tail

Recluin

I icte

Wolfliaii duct Renal pelvis

Reconstruction of cloacal region of human embryo of thirty-three
days (11.5 mm. length); cloaca now incompletely separated into uro-
genital and intestinal segments. X 25. (Drawnfrom Keibel model.)

bra)u-. During the fourth week
the subdivision of the cloaca

into a ventral and a dorsal

compartment begins I)y the for-

mation of a frontal fold that

projects downward from the

angle between the gut and the

allantois. Subsequently this

partition is supplemented by
two lateral folds that appear on
the side walls of the cloaca and
are continuous above with the

frontal fold (iMg. 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

.^^S= ""-^ 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 Wolffian 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 (Fig. 1649) and which is derived from both allantois and
cloaca, differentiates into the vesical trigone and the urethra as far as the openings of

Allantoic
duct

Rectum Notochord
WolfFian duct Ureter

Reconstruction of cloacal region of human embryo of thirty-seven days
(14 mm. length); ureter now opens independentlv 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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tlic cjaculatory ducts,—the pcrnKincnt representatives of tlie W'olfiian ducts. In the

female the tract produces the entire urethra, since the orihce of the sexual canals

opens into the uro-^enital sinus. The Madder, therefore, is composite in origin, its

Brcwd lij;anu-iit

Fig. 1649.

Bhuliler

Syiupliysii

Cliloris—:tr

l-'pitlu-lial knob

Amis ' tJ^
L'ro-genital sinus

Spinal cord

.Nolochord

Urelc-r

Miillerian ducts

Wdlllian duct

Recoiislruclioii of liunian embryo of nine weeks (25 mm. length) ; ureter has migrated to
bladder, leaving Wolffian and Miillerian ducts attached to uro-genital sinus, which is com-
pletely separated from intestine. 10. ( Draivii /roni Keihi'l 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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THE MALE REPRODUCTIVE ORGANS.

This group comprises the sexual glands (the testes), the (hiets (vasa deferential

and their api)enclanes (the seminal vesic/es), the copulative organ {\.\\(t penis), and
certain accessory glands (the prostate and Couper s glands). Although at first

situated within the abdominal cavity, the testes migrate through the inguinal canal

into the scrotum, which sac they usually gain shortly bef(jre birth. In their descent

they are accompanied by l)lood-vessels, lymphatics, nerves and their ducts, which

structures, with the sup])orting and inx'esting tissue, constitute the spermatic cord that

extends from the internal abdominal ring through the alxlominal wall to the scrotum.

thp: testes.

As often employed, the term " testicle" includes two essentially different parts,

the testis—the true se.xual 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.

Lower end of spermatic cord, wi
strands of creinaster

Tunica vaginalis
communis, cut

Tunica vaginalis
cut

Tunica vaginalis com

Tunica \agi

(Uobus major of

epididymis
.Appendix epidid\midis

Epididymis

Globus \

minor

Reflection of

tunica vaginalis
covering scrotal
ligament

-.Appendix testis

Right testis

Serous

Reflection of serous covering

A, antero-lateral view of right testicle after enveloping membranes have been cut and
turned aside ; j9, antero-median view of same.

than the right—that their long a.xes are not vertical, but directed somewhat forward

and outward. Each testis measures from 4-4.5 cm. (ij^-i^'i ^"- ) ""* 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 by the epididymis and attached to the spermatic cord, being

devoid of serous membrane and corresponding to the hilum. In consequence of the

obliquity of the long a.xis of the organ, the upper pole, capped by the head of 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.

2042). The testis is of a whitish color, and, although rcadilv \id(Hiiju;-, imparts a

characteristic impression of resihence when compressed between the liiiiners.

Architecture of the Testis.—The framework of the testicle proper consists

of a stout capsule, the tunica a/bui^inea, a dense lihro-elastic envelope from .4-. 6 mm.
in thickness, that i^ives form to the organ antl protects the subjacent soft ^glandular

tissue. Alont; the postericjr border of the testis the capsule is greatly thickened

and projects forward as the ))u\iiastinum tt'stis or corpus /{iq;hnion\ a wedge-shaped
botly ( frt)m 2.5-3 '-'"!• ''^ length), from which radiate a ninnber of membranous septa

that pass to the inner surface of the tunica albuginea. In this manner the space
within the capsule is subdividetl into j)yramiilal 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 completely separated from
one another, that correspond to lobules ( lohuli testis). Each of the latter is made up
of from one to three greatly convoluted seminiferous tubules, hekl together by delicate

vascular intertubular connecti\e tissue.

The seminiferous tubules—from. 1 3-. 25 mm. in diameter and from 25-70 cm.
(10-2S in.) in length—begin as blind canals, which are moderately i)ranched and

\ery 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 {tjibuli 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 ejiithelial

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

si)ermatic. 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 coni vasculosis 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, leucocvtes,

and eosinophiles that occur in varying numbers within the meshes of this tissue in

conjunction with blood-vessels and nerves, groups or cord-like masses of peculiar

polygonal elements, the interstitial cells, also occupv the intertubular stroma, especi-

ally in the vicinity of the mediastinum. These cells (Fig. 1654), from .015-.020
mm. in diameter, possess relati\cly small round or oval eccentricallv jilaced nuclei

and a finely granular protoplasm that usuallv 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
significance is obscure, but they are probably modified connecti\e-tissue elements
deri\'ed from the mesoblast of the germinal ridge (Allen, Whitehead).

The wall of the convoluted seminiferous tubules consists of a delicate tunica

prf)pria, composed of an inner elastic lanulla strengthened cxtcrnallv bv circularly

disposed fibres, within which are sexeral 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

1651
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causes are much less marked than in animals, in which sexual activity is limited to
dehnite periotls. St

"

'
•

thi

ing

in

^hnite I'^thkIs Seen m secli..ns of the mature human testicle (Fijr. 1656 ; the eiji-
elunn hmng the senumlen.us tubules inckules two chief kinds of cells, the j/^/>V/-/-
^4^^ and the spcrmaioj^aulu: 'llic former-the ce/is 0/ ^-.v^//—take no active part
the production of the spermatozoa, but serve chiefiy as temporary supports for the

more essential elements durin.i^r certain sta^-es of spermatoK^enesis. They are eloiu'ated
elements of irreo-ularly pyramidal form that rest bv expand.-d bases upon the mem-
brana propria, and project towards the lumen of the tubule between the layers of the

Fig 1652.
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Sagittal section of testicle of child, showinj^ general arrangement of framework and
gland-tissue and of canals connecting epididymis with testis. X 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 ff)rm 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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nicmbrana propria, ami the younjresl, from which the spermatic filaments are chrectly
derived, next llie kmien of the tubule. The first "generation, the spcnnatogo)ics, lie

at the periphery between the cells of Sertoli, antl, althouj^h small round elements,

Fig. 1653.
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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 spermatos^one destined for a succeeding division, while the other i)asses inward,
enlarges, and becomes a mother cell iix primary spcrmatocvte of the second genera-
tion. This element, consjjicuous by reason of its size and large nucleus, undergoes
mitotic division and gives rise to daughter cells or secondary sperjuatocytes. The
latter almost immediately divide and produce smaller cells, the spermatids, by the

transformation of which the spermatic filaments are directly produced. It is impor-
tant to note that the spermatids

Fig. 1654
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Blood-vessel 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

s])ermatocytes
; ( 2 ) division of

the latter into spermatids
; (3)

transformation of spermatids into

spermatozoa ; (4) completed dif-

ferentiation and liberation of sper-

X 300. 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

coincidently becoming oval and smaller, but rich in chromatin, and shifting to the
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end of the cell most removed
from the lumen. The mochficd

spermatids now beconieclosely

related with a SertoU coll, with

the protoplasm of which thev

fuse. The structure thus

formed, known as the spcrtna-

toblast, consists of an irrej^ular

nucleated conical protoplas-

mic mass (Fig. 1657, 27),

with the inner end of which the

radiating clusters of jxirtially

fused spermatids are blended.

The succeeding changes in-

clude the transformation of the

elongated nucleus of the sper-

matid into the head and of its

centrosome into the middle-

piece of the spermatic filament,

while from the protoplasm of

the spermatid, possibly in con-

junction with that of the sper-

matoblast, the flagellate tail-

filament is derived. As the

spermatozoa become more
and more differentiated, they

appear as fan-shaped groups

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 groups. 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.

lateil liuct

^r^ Blood-vessel

Part of mediastinum, showing irregular channels of rete testis. X 75.

Fig. 1656.
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The spermatic filaments or spermatozoa, the essential male reproductive
elements, arc, like the o\a, direct deri\.ilion> of epithelial cells that are descendants

Fig. T657.

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 middle-

piece of uncertain extent, and a greatly

attenuated and prolonged tail,—the

propelling organ of the flagellated cell.

The mature element measures about

.050 mm. in its entire length, of Avhich

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 fbre \\\A\. extends from the head to the tip of the tail (,Fig. 12) and is in-

Human spermatic filaments seen from the broad sur-
face, except a, which is in profile. > Soo.
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vested by a delicate envelope, with the exception of the last .005-006 mm. that con-
tinues uncovered as the attenuated end-piece. In front a minute s|)herical thickcn-
in^, the end-knob, marks the termination of the axial fibre, wiiere it j(jins, Ijut does
not penetrate, the head, and probably represents the centrosome of the spermatid.
Within the midtlle-piece the envelt)])e surrounding^ the axial fibre, after the acticm
of certain stains, exhibits markings that suggest the presence of a spirally arranged
filament of great delicacy.

Fig. 1659.

Coni vasculosi

Kfferent ducts

Rete testis

THE EPIDIDYMIS.

The epididymis, the greatly convoluted beginning of the seminal duct, is a
crescentic body, triangular in section, that covers the entire posterior border and the
adjacent part of the outer surface of the testis. Its enlarged up])er end or globus
wo/V?;- (caput cpididymidis) covers the superior pole of the sexual gland and is attached
to the latter not only 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 part, the body, gradually tapers as it descends to

the lower pole, at which point the epididymis presents a second and less conspicuous
enlargement, \}c\^ globus minor (cauda cpididymidis), that bends backward to become
the vas deferens. The latter passes

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 epididymidisj

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-

didymidisj formed by the efferejit

ducts and their tortuosities, the

coni vasculosi, that pass from the

upper end of the testis and connect

the rete testis with the canal of
the epididymis.

The latter f ductus cpididymi-

dis j, beginning in the globus major, receives the efferent ducts and becomes greatly
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

GlobuS'
minor

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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Fig. 1660.
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ill the canal of the epididymis, the tuhiiles l)ecoine narrowed and surrounded by a

thin layer of circularly tlisjxjsed involuntary muscle. The canal of the epididymis—
from .4-5 nun. in tliameter—is lined throughout by a double layer of tall and
slender cohunnar cells, the free ends of which bear groups of cilia of exceptional
len|L,fth 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 pro])ria and, especially in the globus minor,

almost entirely replaces the stroma
of the mucous membrane. E.xter-

nally the muscle fades into the con-
iiecti\e tissue holding together the

con\'olutions 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 fa. defereiitialis), 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 j)osterior group that accompany the canal

(page i960).

The lymphatics of the testicle, l^eginning 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-

companv the groups of veins, and finallv empty into the lumbar Ivmph-nodes.

The nerves of the testis and epididvmis, chiefly sympathetic fibres destined

for the walls of the blood-vessels, accompany the latter as the spermatic and the

deferential plexuses that surround the corresj^onding arteries. >Iedullated 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

Vas deferens

Section across lower part of epiciidyniis.
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to the well-established end-plexuses i^n the external surface (jf their membrana pro-
pria. The existence of intratubal nerves, however, needs further evidence.

Epididymis

<^:Or.

Appendix testis

THE APPEXDACiES OF THE TESTICLE.

Under this heading are included several vestigial structures that remain for a
variable period, some throughout life, as more or less conspicuous bodies attached to

the testis or to the ejjitlidyniis. They claim attention not ftnlycjn account of their

interesting morphological relations, but also since they may become the seat (jf

cystic and other pathological changes. The most imjjortant are ( i ) the appendix
testis, (2) the appendix epididymidis, (3; \\\q paradidymis, and (4; the vasa aber-
rantia.

The appendix testis, often called the unstalked or sessile hydatid, is a small
but fairly constant body (being j^resent in over 90 per cent, according to Ihk.l)
from 5-10 mm. in length and less than half as much in breadth, fixed to the upper
pole of the testis close to or slightly overlaid by the globus major (Fig. 1650). The
term '

' hydatid' ' is inappropriate, since the body is solid and not vesicular and its

form is irregular. Its free end often

presents a shallow, funnel-like de- Fig 1661.

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 Mullerian 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

testis or projecting as small ele\'ations on the free surface. The\' probabh- represent
the remains of Wollifian tubules that failed to retain their connection with the canal of

the epididymis (Wolffian 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 bodv (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 tubule's of the Wolffian body, although
their origin is still a subject of discussion and by some referred to the Mullerian
duct.

According to Toldt, an additional minute body {lou-er 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 mav 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,

Testis —

Sagittal section of appendix testis. X 25.
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when the canal retains its cimnection with the epididymis or testis, mav contain

spermatozoa.

The paradidymis, or origan of Giraldis, consists of an irrei^uhir j^^roiip of blind

tubules (from s-i) mm. in extent) that lie within the lower end of the sjiermatic cord,

above but close to the globus major and always in frt)nt of the \'enous ple.xus. This
organ {uppir panuHihuiis of Toldt) is regarded as rej^resenting a partial per-

sistence of the rudimentary tubules of the Wolffian body (page 1936) and is, there-

fore, the homologue of. the paroophoron. It is essentially a fcetal structure, usually

entirely disappearing after the first few years of childhood. The tubules (from . i-. 2

mm. in diameter ami lined with ciliatecl epithelium) rarely give rise to cysts.

The vasa aberrantia ( ductuli altcrrantes) include tubular appendages—usually

two, but sometimes t»nly 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 ejiididymis. 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 AVolffian tubules.

PRACTICAL CONSIDERATIONS : THE TESTICLES.

Alonorchism— the absence of one testicle (not to be confounded with cryptor-

chism, vide infra)—has been shown at autopsies to occur occasionally. It is

attended by no symptoms.
Anorehism—the absence of both testicles—may be inferred when the scrotum

is also absent or incompletely de\eloped, 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 anj' 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 w ith 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) /}?ff7ii)ia/ 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) Cruro-
Scrotal Retentio7i : 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, {a) \\\ peno-pubic ectopy the testicle is found beneath
the skin of the abdomen above the root of the penis, {b) 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 rugee, and the corresponding side of the scrotum is often atrophied.

ic) Femoral ectopy ^.pYi^avs as a mo\able tumor exhibiting the physical character-

istics of the testicle and the peculiar sensitiveness. Its position is that of complete
femoral hernia or of the inflanmiatory swellings which so commonly affect the glands
overlying the saphenous opening.

Of these, jierineal ectojiy is the usual form. Irregular dexelopment of the

gubernaculum may explain a and r, 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 of

the cases included in b.
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III its Ijcariiij^ 011 the ilcNt-lopiiuiit ami course of lu-niia and intlainination the

relation of misplaced testicle to the peritoneal |)ou(h, which accompanies it, is of

great importance. This pouch may remain open, coiuinunicating freely with the gen-
eral peritoneal cavity, thus enhancing the probability of the formation of hernia (jr (jf

the extension of inflammation ; it may be closed above but ojjen below the testicle,

favoring the tlevelopnient of hydrocele ; it may be obliterated. ExceiJtionally, espe-

cially when the testicle is retained but the vas has partly or com|)letely descended,
the funicular process of the peritoneum may extend as an o|)en pouch to the bottom
of the scrotum, thus allowing a hernia to pass far l)eyon(l the |)osition of the retained

testis.

Occasionally the testicle is found in the front of the scrotum (the epididymis
anterior and the vas deferens in front of the other constituents of 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 propriety of determining bv
palpation and by the test of translucency the position of the testicle before tap])ing

for hydrocele ; or, if these fail, of evacuating the iluid by incision instead of with a

trocar.

Torsion (axial rotation) of the testicle, including the sj^ermatic 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 ox fiingiis 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 hunbar

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 nerve-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 swelling is less

resisted and pressure is therefore less, and as the communication with the great
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al)cloininal plexuses is more indirect, "testicular nausea" is less jironounced and is

often absent.

Epididynw-oycliitis is usually of infectious ori^^in, the ji;^onococcus and the bacillus

tuberculosis beini^ the niicro-or^anisnis most often foiuul, althouj^h the inllammation

may occur in the course of any infectious tlisease, as scarlatina, mumps, or t\i)hoid

fever.

The ilirect channel otTered ijy the vas deferens explains the localization of the

gonorrhceal infection (page 1954;; the tlivision 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 epidid-

vmis bv the general infections. Syphilis more often affects the testicle itself because

svphilitic orchitis is usually a late manifestation ; the disease at this stage shows its

custt)marv j^redilection for fibrous and connective-tissue structures, and, beginning, as

it often tU)es, as a cellular infiltration of the tunica albuginea, it follows the trabeculae

intt) the interior of the gland. When sy])hilis affects the testicle during the second-

ary stage, it beha\es 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-j^oint. («') Violent conb-action of the cj-eviasicr

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.

ib) 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 ruj)ture may occur, even although they are healthy ; this is,

of course, more probable if thev are weakened and dilated. Such a rupture would
naturally take place in the cord, in the epididymis, or e\en 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 frequently 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 imjirobable that both of these factors are concerned in the production

of this form of epididymo-orchitis.

The various tumors of the testicle have no especial anatomical significance except

as to the routes by which thev involve the nearest lymj)h-nodes {^vide infra).

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



THE SPERMATIC DUCTS. 1953

with it are a few \X'iiis ; the cremasteric Hes to the outer side of the cord, near its

surface ; the spermatic is in front of the cord, surrounded by the anterior group of

veins, and can scarcely be distinguished from them. Each artery should have a
separate ligature, but the two sets of veins may be tied en masse ; the divided cord
should be secured with artery forceps until the end of the operation.

When the cord is extensively involved, the incision should be extended up along
Poupart's ligament. It is deepened to the peritoneum, which is stripped up, allowing
access to the lymph-nodes of the pehis. When the lymphatic inxolvement 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, moreo\er, one lying upon the external iliac artery which probably will be
involved.

Hydrocele—an efTusion into the tunica vaginalis—may begin in the acute form
{X'ide supra), may result from disease of the cord, the epididymis, or—more par-

ticularly—the testis, or may appear to be "idiopathic,"

—

i.e., with no discoverable

preceding pathological condition 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 pendent position, the less vigorous condition of the cremaster
and 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. All these conditions, which combine to bring about
a passive effusion, are naturally 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 themseh'es in both the

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 effacement of

the rugae, the drag upon the cord, and the referred pains sometimes caused by it

have been sufficiently explained {vide siipra^.

Congenital hydrocele depends for its existence upon the maintenance of a com-
munication between the tunica vaginalis and the abdominal ca\ity. The funicular

portion of the tunic does not become obliterated. The fluid may come from the

general abdominal caxity 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-
literated funicular portion of the vaginal tunic. This sac is closed from the peritoneal

cavity above and communicates with the tunica vaginalis testis below.

Bilociilar hydrocele is a comparatively 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 va:ginalis 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 avipidla

and the ejaculatorv duct : at the upper end of the latter the spermatic duct is connected
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with the scmiual icsic/e, a saccuhir or^aii rcpicsLiitinci: an oiitji^rowth from the main

canal.

The Vas Deferens.—This tube (ductus deferens) extends from the epididymis

to the ejaculatiHV duct and inchides ahnost the entire lenj^th of the spermatic duct,

with a diameter ()f from 2-3 mm. Hej^nnninj^ at tne o;lobus minor as the (Urect con-

tinuation of the convohited canal of the epididymis, the \as deferens is at first also very

tortuous, and by its windings forms a tapering mass (pars testicularis) 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.

External iliac

artery

External iliac

vein

Deep epigastric -

artery

Spermatic vessels

Internal abdoniin.il

ring

Obliterated
hypogastric artery

Uracil us

Suspensory \\v

ligament ot penis— -rr'

Internal urethral orifice

Pect

Internal iliac

vessels

Ureter, pelvic
portion

Vas deferens

Ureter, entering
bladder

^^j^Ai—Seminal vesicle

ajj.l Rectum

Spongy urethra

Navicular fossa —

Ejaculatory duct

Prostatic urethra
and utricle

Prostate

Membranous urethra

Bulb of cavernous body

Bulbrius urethra

Scrotum

Dissection of sagittally cut itelvis, showing relations of organs after fixation by formalin injection.

of larger and more uniform size (3 mm. ) as it enters the sjicrmatic 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. 1682), 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 pul)ic 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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Main lumen

i:

wall by t^oiii.u through the internal alxloniinal ring. Alter enierj^injr from the latter

it parts conipan)- witli the spermatic vessels, hooks over the external and posterior

surface of the deep epis^astric artery, crosses obli<iueIy the e.\ternal iliac vessels and
the pelvic brim, and enters the true pelvis. From its entrance at the internal rinjr

the vas lies within the subserous tissue iinmediatel)- bencalh iht- peritoneum, thrcjugh

which it may usually l)e traced.

During its further course (pars pelviiiaj the duct at rtrst lies along the lateral

pelvic wall, directed backward and slightly upward towards the ischial spine, crossing

to their inner 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 sul^peritoneal tissue covering the pelvic lloor to reach the vicinity of the seminal

vesicle in the space between the pcjsterior surface of the bladder and the rectum.

Where in relation with the seminal vesicle, the vas deferens presents a somewhat
llatleneil spindle-form enlargement, known as the ampulla (ampulla ductus dcfcron-

tis), from 3-4 cm. in length and from 7-10 mm. in its greatest width, that passes in

front and then along

the median side of the F'°- 1^63-

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-

patingin 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 ampulhe of the two sides converge as they descend, so that their

lower ends are almost in contact where the spermatic duct receix'es 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 apparently 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 ejaculatorv 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 V^ in.) in length, ends in the urethra by a
minute elliptical opening situated on the crest at the side of the orifice of the prostatic

Lateral
diverticulum

Circular muscle

Cross-section of ampulla of spermatic duct. V i8.



iQSf' HUMAN ANATOMY.

Fibrous coat

Lumen ~

Outer
loiiKitudinal—

muscle

Circular^',
muscle .

Inner
longitudinal'-'

muscle
Mucous

membrane

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 of the duct the lumen
of its upper and middle thirds is modifietl by a series of four or fi\e diverticula of de-
creasing size (Felix;. At such levels the usual oblique oval outline oi the canal is

amplitird 1)\- tlu- irregular dilat.iti<m>.

Structure of the Spermatic Duct.—The vas deferens is distinguished by the

conspicuous thickness of its wall ( from 1-1.5 nim. ) that encloses a relatively narrow
lumen (.5-7 mm. ) and confers ujx)!! the canal its characteristic hard, cord-like feel.

The wall consists of three coats, the mucinis. muscular, and fibrous ( F'ig. 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 e{)ididymis, consist-

ing of an imjjerfect 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 bundles of fibrous tissue.

The robust juuscular 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 with 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 (Fig. 1663; and covered with a single layer of low, columnar, non-

ciliated epithelial cells.

The cjaculatory 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 laver 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.

THE .SEMINAL \ESICLE.S.

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 upw^ard and outward, the long a.xes converging towards the mid-line as the

Cross-section of vas ik-ferens.
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origans taper, oftt-ii abruptly, at their lower tiuls to join tin- spermatic ducts. Usually
from 4-5 cm. in Iciii^lh, sometimes much loiij^tr and relatively slender and at others
short and broad, the seminal vesicles \ary greatly in si/e and in the iletail of arraujue-

ment of their component parts and not infrequently are markedly asynunetrical, the
right one beinji; often, but n'ot in-

variably, the larger. Imc. 1665.

Divested of the til)ro-mus(ular

tissue that invests the origan as its

caps/</r -.md blends its di\isions into

a tuberculatetl common mass, each
vesicle may be resolved 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 curve (Fig. 1667).
From the main canal an uncertain

number (from four to eight or

more ') of blind tubular diverticula

branch at \'arying angles and in

different 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 sexual 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
Fig. 1666. of which they 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 \esical and rectal wall, sur-

rounded bv numerous \eins that

continue the prostatic and \'esi-

cal plexuses. The lower half

of the seminal vesicles and the

ampullae lie 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 e\'en 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

ducts

Cast ot ampullae and seminal vesicles, showing wind-
ings and sacculations of lumen. (Pallin.)
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extent of tliis investment, however, varies wiili the tlcpth of the recto-vesical pouch,

which in turn depends upon the degree of distention of the btnuKhng^ organs, the

bladder antl the rectum.

Structure.— In their general make-u|) the seminal vesicles closely resemble the

ami)ull;e, j)ossessing a robust muscular wall composed of an inner circular and an
outer longitudinal layer of involun-

Fio. 1667. tary muscle. The mucous mem-
brane is consjMcuously modelled
by numerous ridges and pits, so

that the free surface appears

lioney-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 mav be re-
Diaeram showing course of mam canal in pieceding preparaiion.

i i i
•

'
i

•

a. ampulla ; r, seminal vesicle ; b, ejaculalory duct. (Pallin.) gardcd aS COUCemed m producing

the peculiar fluid found within

these sacs, which is of importance probably not only in diluting the secretion of the

testicle and supplying a medium favorable for the motility of the spermatic fila-

ments, but also in completing the volume of fluid necessary for efficient ejaculation

(Waldeycr i.

Vessels of the Seminal Ducts and Vesicles.—The arteries supplying the

spertnatic duct are derived chiefly from the deferential, a vessel of small size but long

course that arises either directly

from the internal iliac or from its Fic 1668

vesical branches. On reaching the

duct, just above the ampulla, the

arterv 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 supj^ly for

the seminal 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

Lumen

/

Pits of mu-
cous coat

Cross-section of seminal vesicle, showing
modelling of mucous surface. X 16.
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Partition scparatiti>{ adjaet-iit diverticula

Epithelium

number as they approach the blatUlcr and seminal vesicle ; in the vicinity of the latter

they communicate with the seminal plexus and empty with the trunks of the posterior
bladder-wall into the vesico-prostatic plexus. The jjoslerior and lateral surfaces of

the seminal vesicle are covered with a net-work of lar^e veins ( plexus vcnosus scmi-

nalis) that beconu- tributary to the vesico-prostatic plexus.

The ly»ipliatics (jf the seminal tlucts and vesicles are numerous and arranged as

deeper and superticial sets which form afferent 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-

plying the spermatic

duct are derived
from the hypogastric

plexus of the sympa-
thetic and consist

chiefly of pale fibres

destined for the in-

voluntary muscle,
some medullated
fibres, however, be-

ing present. They
accompany the
greater part of the

duct as the deferen-

tialplexus and have
been traced into the

muscular tissue and
the mucosa. Within
the former they form the <\&ws^ plexus myospermatieus described by Scla\unos,' 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.

Fibrous coat

^'^-l^^^ 'm^'
Portion of wall of seminal vesicle in longitudinal section,

showing pitting of mucous coat. X 45.

PRACTICAL CONSIDERATIONS : THE SEMINAL VESICLES.

The seminal vesicles are rarely injured. The two forms of infection that are

most common are the gonorrhceal and the tuberculous, although vesiculitis mav 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 rectum sufiticiently 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

tuberculous vesiculitis, in which condition, as in other forms—acute and chronic

—

of vesiculitis, there are apt to be pains referred to the loins, the hypogastrium, the

' Anatom. Anzei.a^er, Rd. i.x., 1894.
* Anatom. Anzeitjer, Bd. ix., 1894.
^ ZeJLsch. 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
tlie otlier side of the thigh, 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. Pyiemia has also been known to follow a sc])tic phlebitis

of the adjacent venous plexuses; pelvic cellulitis with diffuse supjjuration 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 sup])urati\e vesicu-
litis. The chronic form may be associated with persistent vesical irritability, with some
pain on emission of semen, with sexual excitability accomjninied 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 " spermatorrhcea.

"

THK 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 connecti\e tissue and invested

by certain coverings acquired in their descent, form a cylindrical mass, known as the

spermatic cord (funiculus sperniaticus j, that extends from the internal abtlominal 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 vary with the con-

traction of the cremasteric muscular fibres that
Fig. 1670. control the position of the testicle.

Posterior veins The constitucnts of the spermatic cord

vas deferens
^^^ numerous and fall under four groups.

I. The vas drfcreJis wkh its accompanying
deferential artery and plexuses of veins, lym-

phatics, and nerves. The vas, surrounded by
/^ft^UL::;^=T^r'"^°^''^'"P'"'" its arterv and a venous plexus, occupies the
'"Z}''i' i form plexus . ' '

.
1 1 •

^^ W''*^^Y«^--J/^ posterior part of the spermatic cord, and is

%>;^^^>-~JrJt^ readily distinguished as a hard, round cord,

^Tunica vaginalis from 2-^ mm. in diameter, by virtue of its
communis 11 i; 11unusuallv firm walls.Cremasteric fascia

c .- , ,. , A u A ^ 2. Thcsperjtiatic artery, veins, Ivwphatics,
Section across left spermatic cord hardened \\\

1 1
• 1

• '1

formalin, showing jiosition of vas deferens. and ncrves belonging to the testicle proper.

In contrast to the artery, the veins are particu-

larly large and numerous and form the conspicuous pampiniform ple.xns which con-

tributes in no small measure to the bulk of the cord.

3. The coverings zvith their blood-vessels and nerves. 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 infnndib-

iiliform fascia (tunica vaginalis communis ), a distinct layer continued from the trans-

versalis fascia ; (b) the cremasteric fascia, 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 (r) the interco/umnar fascia, a delicate sheet derived

from the aponeurosis of the external oblique at the margin of the external abdominal



THE SCROTUM. 196
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ring-, is most distinct above, becoming thinner as it descends, until over the testicle it

loses its identity as a distinct investment.

The coverings of the sjjermatic cord receive their t)lood-supj)ly from chiefly the
cremasteric branch of the deep epigastric artery ; additional cremasteric twigs from
the spermatic artery are distributed to the upper part of the cord, anastomosing with
those from the first-named source. The nerves include the jrenital branch of the
genito-crural and usually a twig; along the front of the cord from the terminal branch
of the ilio-inguinal.

4. The ) udinicntary strKctnrcs, the remains of the processus vaginalis, the [)ara-

didymis, and sometimes the vas aberrans. After closure of the communication between
the serous pouch and the jieritoneal cavity, the j^rocessus vaginalis is represented by
a delicate fibrous band ( li^aincntuin vayliuilc) that maybe traced, under favorable con-
ditions, from the internal abdominal ring abo\e through the spermatic C(jrd as far as

the upper margin of the tunica vaginalis below. The ixiradidymis (page 1950J lies

within the lower end of the spermatic cord, immediately above the epididymis, or
behind its upper pole, and in front of the venous plexus. Occasionally, when unusu-
ally developed, the vas aberrans (page 1950) may also extend into the lower end of

the spermatic cord.

In addition to the foregoing coverings proper, the spermatic 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 Colles's fascia in the perineum.

PRACTICAL CONSIDERATIONS : THE 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 freciuently 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 tero;o must be reduced to

a minimum (Treves). 4. Their tortuosity, frequent anastomosis, and few and imper-

fect valves. 5. The pressure exerted upon them 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 th?

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 fieces in

the bowel.

In the operation for varicocele by excision of the i)ampiniform 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 ])enis antl receivintj the spermatic cords,

its tjeneral 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, e\en in the

same individual, with the condition of the subcutaneous muscular tissue. VV' hen the

latter is contracted, as after the influence of cold, the scrotum is drawn up and com-
pact and its surface corrugated by numercnis trans\ersely curved 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 hahes and extends
longitudinally from the urethral surface of the penis o\er the scrotum onto the peri-

FiG. 1671.
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neum. Owing to the greater dependence of the left half of the sac, the raphe does
not occupy a strictly median position, but is deflected towards the left. Internally

evidence of the union of the scrotal hakes is found in the sagittal partition {scphun
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 (page 2041) independently of the cov-
erings of the spermatic cord and the testicle derived from the musculo-fascial walls of

the abdomen, the scrotum contributes additional en\eloj:)es for the enclosed structures.

These envelopes are the skin, which is here thin, delicate, and very elastic, unusually
dark, and beset with scattered crisp hairs and numerous sweat and sebaceous glands ;
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dud thv /uf/ica dartos, a layer of inodihed suhcutaneous tissiu-—the superficial fascia
distincruishecl by the presence of numerous lon^itutlinallv disposed bundles of invol-
untary nuiscle-fibres and much elastic tissue and by the entire absence lA fat.

The muscular tissue (i/ar/os museit), where best developed, as in the anterior
and lateral walls of the scrotum, is sutilicient in (juantity to be recognized as a dis-
tinct layer, but so closely attached to the inte.i,aMnent as to fcjrm practically a jxirt of
it. At the raphe, while some fibres follow the skin and remain superficial, the majoritv
enter the septum, being especially well developed in the lower part, and at the attached
upper border pass over into the tlartos of the penis and the perineum. The numerous
bundles of elastic tissue within the tunica dartos in the upper and anterior part of the
scrotum become condensed into robust bands which efficiently aid in supporting the
scrotal sac, since they are continued laterally at the sides of' the penis and (ner the
spermatic cords into the superficial fascia of the abdomen, and in the mid-line blend
with the suspensory ligament of the penis. Those on the posterior surface are
attached over the pubic and ischial rami.

Enumerated from without inwartl. the layers interposed between the surface of
the scrotum and the serous ca\ity surrounding the testis are : (

i ) the skin, (2) the
modified superficialfascia or innica dartos, (3) the intcrcolumnarfascia, (4) the cre-
mastericfascia, (5) the infundilm/iform fascia, and (6) the timica vagina/is. Of
these the first two alone, strictly considered, are contributed by the scrotum, the
remaining layers being 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 b)- a loose
layer of areolar tissue, devoid of fat, that permits a ready separation. j)articularly in

front, between the external scrotal envelope and the coverings proper of the testis.

Beneath the posterior surface of the scrotum the connection is firmer ( Disse j. This
separation, however, is arrested at the lower part of the scrotum, owing to the {presence
of the scrotalligament (Fig. 1723), a mass of fibrous tissue that anchors the lower
end of the tunica \-aginalis and the testicle to the external envelopes.

With the exception of the serous coat, the tunica vaginalis, these coverings have
been considered in connection with the spermatic cord (page i960) ; it remains, there-

fore, to describe more fully the serous coat to which incidental reference has been made
(page 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 sexu:il 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 e.xtensive but incomplete investment for the testis and the epididymis and
the former lining the serous cavity into which these organs, thus co\ered, project.

With the exception of small spaces caused by the elevation of the epididvmis, espe-

cially of the globus major, these two layers are practically in contact and separated

by only a capillary cleft. Whatever space e.xists is filled by a clear straw-colored

serous fluid.

In addition to walling the ca\'ity, the parietal layer in\-ests the spermatic cord for

about 12 mm. above the testicle and the blood-vessels behind, and then is continued

into the visceral laver along the line of reflection that passes o\er the back of the

testis to its lower pole on the one side and along the posterior surface of the epi-

didymis on the other, thus leaving an intervening uncovered strip as a passage-way

for the duct, vessels, and nerves.

From the line of reflection the thin visceral layer completely invests the testis

and the epididvmis, adhering intimately with the tunica albuginea. and dipping

deeplv between these organs to form the digital fossa /sinus epididymidis ). This

pocket (Fig. 1650), the entrance to which is narrowed by two transverse folds ( liga-

menta epididymidis 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 in\oluntary muscle—the tn. cremaster interims of 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 infundibuliforni fascia. exten<ling upward
into the s])erniatic cord.

Vessels.—The <//'Av7V\ysuj)plyini( the scrotum.—as distin^^uished from th(jse 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 e.xternal pudics, supplemented
above by twigs from the superficial external pudics. The back of the scrotum and the

septum are supplied by the jjosterior scrotal arteries, superficial branches from the

internal pudics. Free communication exists not (jnly 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 zri/is, numerous and plexiform in arrangement, form trunks that follow the

general course of the chief arteries, becoming tributary to the external sa])henous or

the femoral and the internal pudic veins. They anastomose freely with the adjoining

venous paths of the penis, perineum, and pubic region.

Fio. 1672.
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The Ivmphatics of the scrotum are \ery numerous and form a superior 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 \icinity of the root of the scrotum. Those from the sacral plexus supply the

posterior surface of the scrotum and arc from the perineal or inferior pudendal

branches of the small sciatic nerves and the anterior or external superficial perineal

branches 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 internal, 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 awav from threatened trauma, the .scrotum is redundant fmore so on the left
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side on account of the j;rcatcr Icn^lli of the kit spermatic LX)rcl ) and lax. Atlvantaj^e

of these facts is taken in certain operative procedures, as in makinj.f the Haps in Roux's
operation for xcsical exstrophy, or excisinj.^ a portion of the scrotum ( l(» secure tinner

support for thr \ascular structures of the con!) in varicocele.

The reduiulancy, thinness, and elasticity of the skin and the laxity of the falU-ss

areolar tissue connecting the internal and i-xternal layers coinhine to fa\'or : (a ) marked
discoloration and i^reat extra\asation (»f blood in cases of hemorrhaj^e from the vessels

between the two layers : hence in orchitis K-eches are a|)plied, not o\er the scrotum,
but in the line of ihc coid in the unjin ; (^) (.xtrt-nie distention, as in larj^e scrotal

hernicC, in hydrt)cele, in bulky testicular tumors; (c) extensive cetlema in general

anasarca, as a result of pelvic venous thrombosis, or accompanying an infectious cellu-

litis or an extravasation of urine, which, when it proceeds from a solution o{ contin-

uity anterior to the triangular ligament, is directed by Colles's fascia into this cellular

space between the two layers. The thinness of the scrotal skin, increased when it

is distended, makes it, in spite of its \ascularity, very susce])tible to j^anj:i^rene from
j)ressure, as in " strap])inj4" an inflamed testicle, or from unclerlyint,^ cellulitis.

The longitudinal contractile fibres of the dartos draw the rechmdant skin into

transverse rugae which, by retaining extraneous dirt and the secretions of the sweat-

glands and sebaceous follicles, become often the starting-point cjf 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 frictif)n. It is lessened in old age, by debility, or by
continued warmth and moisture, the scrotum, in the presence of those conditions,

becoming smooth, elongated, and pendulous. It is useful in aiding the scrotum to

regain its normal size after distention, as following the tapping of a hydrocele or the

removal 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 neckj, and warm appli-

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 7-eflex)

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 ner\e.

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 fluid (hydrocele, haematocele), 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 pcrincalis) is buried beneath the integu-

ment and fascia of the perineum and the scrotum, only the free pendulous distal

portion of the organ is visible in the undissected subject.

When exposed throughout its entire extent, the penis presents a cylindrical shaft

or body (corpus penis), which begins above in a three-pronged 7'oot (radix penis)

attached to the pubic arch and the triangular ligament and terminates below in a

blunted conical end, the g/afis pe7iis. The anterior or upper surface (dorsum penis)

is somewhat flattened and formed by the corpora cavernosa. The posterior, under,

or urethral surface (facies lu-ethralis) corresponds to the corpus spongiosum, traversed
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Corpus caveinosiini

by the urethra, and is marked hv a nu-diaii raphe, which is continuous with that of

the scrotum and, as the latter, indicates the line of fusion of the original components

of tiie spongy body.

The conical g/ans, which forms the distal end of the organ, is limitetl along its

oblique base by a prominent rounded border, the corona glandis, that runs downward
and forward from the dorsum towards the under surface and marks a groove (sulcus

rctro<ilaii(iularis ) that separates the glans from the body of the penis. The constricted

zi)ne inimetliatel)' I)t'hiiui the glans constitutes the neck (collinn penis). Incon.se-

cjuence of the obliiiuity of the corona, the

Fig. 167?. dorsal expansion of the glans measures
about twice the length of its under sur-

face.

The skin coxering the pendulous
portion of thejienis—very thin, delicate,

and elastic, and possessing only fine

hair (lanugo) except in the immediate
vicinity of the pubes— is loosely attached

o\'er the boch' of the organ by subcu-

taneous tissue, de\'oid of fat, that jjermits

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 tunica dartos penis, that

resembles the similar layer of the scro-

tum. Just behind the corona the skin

forms a free duplicature, \.\\q prepuce or

foreskin { pracputiuni 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, the/reman (frenuhim prae-

putii), that extends as far as the pos-

terior border of the slit-like urethral

oj^ening. On either side of this fold a

shallow recess (fossa frenuli) extends the

preputial sac. The skin lining the latter

and co\ering the glans is modified so
that it somewhat resembles a mucous membrane, as which it is often inaccurately
described. \\'hile entirely devoid 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 Xha glands of Tyson (glanchilac pracputialcsj,

secrete unctuous material which, mixed with discarded epithelial cells, may collect

in the groove behind the corona as a cheesy substance, the smegma.
The corpora cavernosa (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
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somewhat expanded crura attached to the inner border of the pubic arch, the cavern-
ous bodies are at first separated by an interval occupied by the bulb of the corpus

Fig. 1674.
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Cross-sections of formalin-hardened penis at different levels. W, througli glans, near tip; /?, about
middle of glans ; C, through corona; Z), body, distal part; A", body, proximal part, cc, corpus caver-
nosum ; cs, corpus spongiosum ; da, dorsal artery ; ddv, deep dorsal vein ; e, fibrous envelope ; r^-, erectile

tissue of glans
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yV, fibrous tissue; j, fibrous septum; 5^2/, superficial dorsal vein; sy, super-

ficial fascia ; sk, skin ; ia, tunica albuginea ; u, urethra.

sponoiosum. 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 (septum penis). Lower the latter becomes
imperfect and replaced by a series of vertical bands, and hence is often designated the

pediniform septum,, the intervening

slit-like apertures permitting commu- r\o. 1675.

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-

lying glans. The dorsal and under
surfaces common to the closely ap-

plied cavernous bodies are marked bv
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 cavernosiun urethrae ), the third and
much smaller, although longer (about

17 cm. or 63/| in.), cylinder of erectile tissue, occupies the groove along the under

surface of the cavernous bodies. The two ends of this cylinder are enlarged, the
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Ibchio-cavernosus-
muscle

Bulbo-cavernosus'
muscle
Colles's fascia

—
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ii|)|)iT expanding" into a i)yrif()nii mass of erectile tissue, the urethral bulb ( bulbus

urcllirac), aiul the lower l^roacleiiiiiin into a conical cap of erectile tissue that co\ers the

ends of the corpora cavernosa ami contributes the bulk of the j^lans. With the

exception of the bulb, the niajtjr part of which lies behind the canal, the corpus sjjon-

yiosuni is traverseil by the urethra, the cavernous tissue completely surroundinij the

urinary tube. The bulb, attached by its ujjper surface to the inferior layer of the

triani^ular ligament and covered below by the bulbo-cavernosus muscle, presents a

slight median furrow (sulcus biilbi) that sujj^j^ests a division into the so-called //^;«/-

sphcrcs. Inlernally an imperfect median septum bulbi par.tially subdixides the erectile

tissue below and bt'liind.

The glans penis consists almost entirely of erectile tissue (corpus cavernosum

ijlandis) directly continuous with that of the spongy body. Its uj)per 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 frenum the fibrous envelope of the glans is prolonged
inward towards the urethra as a fibro-elastic band (ligamcntum mcdianum 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 septum i^landis, that in-

completely divides the erectile

Fig. 1676.
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roundsthe terminal part of the

urethra.

The penile portion of the

urethra is described with the

other parts of the urinary tract

in the male (page 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 (CoUes'

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 \\\q 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 supjjorted by fibrous bands that extend from the abdominal wall

and pubes to the dorsum penis. This triangular sheet, the suspeusorr lii^ament, in-

cludes a superficial and a deeper portion. The former ( liganientum fundiforrae peuis)

begins at the linea alba, from 4-5 cm. ( i Yz-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 (F"ig. 1671) at the so-called angle, where it divides into two

arms that embrace the penis and, after uniting on the urethral surface, are continued

into the septum scroti. The deeper portion ( lijfamcnturn suspcnsoriuni penis) contains

compact fibrous bands that pass from the symphysis to the corpora ca\ernosa, just in

advance of their separation into the diverging crura, to blend with the dense albuginea.

Structure.—Each of the cfMiiponent cylinders of erectile tissue is enclosed in a

robust sheath, the tunica albuiiinca, composed of dense white fibrous tissue, inter-

mingled with relatively 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 spongy body, is imperfect along the opposed median surfaces

of the two cylinders, where it forms the pectiniform sei^timi.

From the inner surface of the tunica albuginea septa and trabecuke are given off

which constitute the framework supporting the vessels and nerves and enclosing the

characteristic blood-spaces of the erectile tissue. Numerous bimdles of involuntary
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Fig. 1677.
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muscit\ circularly, lon.iiiliulinaily. and ohliciurlN' disposed, occupy the connective-tissue

trabecula- and j)latcs separating the venous lacuna-, around which they form ini])erfect

layers of contractile tissue. The trabecular muscle is most developed within the cav-

ernous and sponijy bodies and least so within the glans.

The arteries conveying blood to the cylinders of erectile ti.ssue are of two kinds,

—those nourishing- the tissues themselves {vasa nutritia) and those carrying blood to

the venous lacuna\ The latter are connected with the arteries either directly by

minute channels or throuij^h intervening capillaries. Within the trabecuUe of the

deeper parts of the erectile masses the deep arteries of the |)enis give off short, tortuous

branches {artcritr he/iciiiec), about 2 mm. in length, that project into the blood-spaces

with which they directly communicate by minute openings at their ends. Notwith-

stantling their exceptional development in man, the fact that the helicine arteries are

wanting in many mammals shows that they are not essential, although advantageous,

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

e.xcessive 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 lacuncs that occupy
the interstices between
the trabeculae are to

be regarded as \'enous

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 superficial^

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
;

{b') an inner peripheral zone of larger spaces of uncertain form and

from .15-20 mm. in diameter ; and (<r) a central zo7ie 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 (Eberth). The spongy body is further distin-

guished by the robustness of its trabeculae and the consequent reduction in the size of

the blood-spaces. Beyond 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 extensioris. The tributaries of the
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more superficially situated venous trunks, as the dorsal vein, arise chiefly from the
venous net-works of the peripheral /one. The veins possess an unusually well-

developed muscular coat, and in j)laces exhibit local cushion-like thickenings of their

intima similar to but less marked than those seen in the arteries.

Vessels.—The arkries of the penis constitute a superficial and a deep set, the
former supplying the integument and associated en\elopes, while the latter convey
blood to the masses of erectile tissue. The sitptrjicia/ 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 ca\ernosa are sujjplied

chiefly by the deep arteries of the penis, supplemented by twigs from the dorsal

arteries that pierce the albu-

FiG. 1678. ginea. Entering the cavern-

Central blood-spaces Inner peripheral spaces Outer peripheral spaces 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 veins of the penis, like the arteries, constitute a superficial and a deep
group which freely communicate and carry off the blood from the envelopes and from

the erectile tissue respectively. The superficial veins for the most part are tributary

to a subcutaneous trunk (v. dorsalis penis supcrtkialis ) 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

Trabeculae Bundles oi niubtie Ut-iise fibrous tissue of

tunica albuginea

Transverse section through periphery of corpus cavernosum. X 50.
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1

passes. Ct>nliiiiiiiH4 lK-t\vctn the sul)|)ul)ic and transverse lij^aments and piercinj; the
fascia, it j^ains the pelvis ami ends, after dividinjj^ into two trunks, in the pnjstatic
plexus. Be^innin^ above the corona by the union of two stems that collect branches
from the glans and tiie prepuce, the deep dorsal vein, as it courses upward, receives
tributaries from all three cylinders of erectile tissue. Those from the corpora caver-
nosa either pierce the albugiiiea as short branches that pass directly into the d<jrsal

vein, or emerj>e from their under surface along^ the urethral j^^roove and wind around
the body of the penis to reach the collectinj^ trunk on the dorsum, the anterior of

these circiinijlcx veins takini; 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 emerge where the crura diverj^e and, after establishinij communications
with tlie prostatic jilexus, become important tributaries of the internal pudic veins
that accompany the corresponding^ arteries. The corpus spongiosimi is drained by
anterior branches that convey the blood to the dorsal vein by joininij^ the circumflex
or other veins from the corjxjra cavernosa, and by posterior stems ( vv. urcthralcsj that

pass upward and backward and empty partly into the prostatic plexus and partly into

the internal pudic veins, the veins from the urethral bulb havin,<^ a similar tlestination.

Numerous anastomoses between the cutaneous veins and those from the erectile tissue

establish free communication between the superficial and deep 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-

responding vein and begins by the confluence of plexiform lymphatics within the

integument of the prepuce and frenum. During its course the dorsal trunk recei\es

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 with 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 fMarchant).

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 nerves. 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 plexus through the prostatic plexus

to the plexus cavernosus, where, joining the dorsal nerves of the penis, twigs ( ner\'i

cavernosi penis ininores) are sent to the posterior part and the crura of the corpora

cavernosa, while others (nervi cavernosi penis majores) are distributed to the lower

portions of the erectile masses, some fibres terminating within the spongy body.

Close net-works of non-medullated fibres have been traced within the bundles of invol-

untary muscle of the blood-vessels and trabeculae of the erectile tissue. Certain

cerebro-spinal fibres (nervi 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 (page 1017) lying within the papillae and

the Pacinian corpuscles within the subcutaneous stratum. The paths of the sensory

impressions lie within the dorsal nerves.
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Variations.—Apart from the unimportant in<livi(lnal (lilTLTcnces due to afje, jjrowtli, and
se.xual aitivily, the xarialionsof tlie jRiiis are tor the most part releraltle to im|)erfet.t develop-
ment anil are recoj^nized as malformations rather tlian ;us anatomical deviations. The e.xplana-
tion of many of tliese conditions is supplied by the developmental history of the structures
involved (page 2044)

.

I'RACTICAI, CONSIDERATIONS: Till-: I'KNLS.

The size of the penis bears less constant lelation to ^^eneral pliysical develop-

ment than does any other origan (if the body. The normal average size of the Haccid

jjenis of the adult is about three inches in circinnference 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 anil 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 j^ibcutaneous situation of an

atrophic or undeveloped organ which may be jialpated through iIk- skin and re\ealed

by an incision.

Micropenis (infantile penis) is not uncommon, and varies in degree from a mere
failure to attain quite the average size (annoying chiefly to sexual neurasthenics) to a

retention throughout life of the dimensions and development normal in early childhood

or infancy. Occasionally in such cases, after puberty and fcjllowing physiological

activity of the organ, rapitl growth takes place and cf)nditi(jns apj)roximating ncjrmal-

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 indi\idual. In congenital imbeciles it

is often of unusual size, and in dwarfs and hunchbacks it is not imcommonly 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 de\'elop-

ment predisposes to abrasions and fissures through which inoculation with venereal

diseases may occur.

Double penis has been recorded in a few instances, in at least two of which each

organ was functionally perfect.

The skin of the penis is thin and delicate (to maintain the sensitiveness of the

organ), and is lax and elastic (to ])ermit 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 (pyogenic

or erysipelatous) infection; its abundance in conjunction with the elasticity of the skin,

accounts for the di.sajipcarance of the j)enis in cases of very large scrotal hernia, in

hydroceles of similar size, and in ele])hantiasis 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. Over the glans it

practically disappears and the mf)dified integument closely embraces the erectile tissue

of the expanded anterior extremity of the corj)us spongio.sum.

Chancres anterior to the corona ( 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 ])aj)illary layer of the derma and to the \ascular net-work of

the papillse. At the frenimi, corona, or cerv^ix, where the cellular tissue is abinidant,

"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 birth the prepHce is iiornKilly adhiixnt to the- ^lans, its uKKJerate retracliun
barely exposinj^- the meatus. Coiuiiuied retraction everts the Hps of the inealiis and
then separates the epithehai adhesions between ^lans and ]jrepuce, uUinuitely e.\p(jsinjt;

a congested surface and causing punctati- heinorrliamcs.

This se])aration should normally take |)lace durini,'^ infancy or early childhood,
either spontaneously as a result of erections and of the i^row th of the or^an or because
of g^ratlual mechanical retraction by nurse or mother. When it fails to do this, the
condition of phimosis —inability to retract the prepuce—follows, and is due partly to the
persistent adhesions and partly to a frecjuentiy associated narrowing of ihe preputial

orihce.

Both these factors may be the result of disease, and ac(iuired ])him(jsis may occur
at any time of life and follow any form of inflammation of the skin co\erinj.i^ the j^lans

(ba/anitis), of the inner surface and cellular tissue of the prepuce { post/iitis), or of

both {ba/aiio-post/titis), the last named bein^ the most common. Following phimosis
there may be, (a) as a result of retention of secretion and of urine in the subjjreijutial

space, balanitic or heri^etic ulceration, or the development of papillomata ( venereal
warts)

;
{b) as a result of obstruction to the flow of urine and the consequent strain-

ing, vesical irritability, dilatation of the bladder, ureters, and kidneys, hemcjrrhoids,
and hernia (62 per cent, of cases of congenital phimosis) (Kempe, quoted by Jacob-
son)

; {c) as a result of nerve irritation (the region having an unusually rich ner\e-
supply), spastic palsies, reflex joint pains and muscular spasm (simulated coxalgia),
or even general conxulsions.

These complications are most apt to occur in infants and \'ery 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 {meatotoviy^ 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 remo\-ed 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 hremostasis is not secured or if anv 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 Iving immediatelv
behind the coronary sulcus. The penis seems to have a distinct ujiward kink or bend
just behind the glans. This appearance is due to the deep notch caused b}- 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 markedly interfered with, and ulceration and even sloughing involving

both the foreskin and the head of the penis may take place. This complication w ould

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 usuallv involves the foreskin onlv.
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Wlu'ii the svvellinj:;^ conseqiic-iit upon parajjliimosis is well (:lc\'C'l()i)ccl 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 intensified by the cedematous
swelling. Covering this furrow, and even overiajjping tlie 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 i)reputial muco-cutaneous margin; this is the actual

seat of ct)nstriction, and behind it is placed )et another ridge of swollen integument.

The /'asc/a penis (page 196.S) gives the organ s(Miie of its most important j^hysical

characteristics. The tensile strength of the |)enis, because of its tough fibrous invest-

ments, is sufficient to bear the entire weight of the body. That j^ortion of this fibrous

investment which covers the blunt extremities of the two cavernous bodies where they

are capped by the glans, delays, and sometimes prevents, the backward extension of

inflammatory or infiltrating processes, particularly cancerous infiltration, which pri-

marily iinoKe the glans. This fibrous sheath, being a continuation of the deep layer of

the superficial fascia, also limits the forward extension of urinary and ])urulent infiltra-

tions l)eneath this fascia, such infiltrations leaving the glans uniinohed. The free

blood-supply to the penis and its rich innervation insure rapid healing in case of

wounds, and justify conser\'ative treatment c\'en although the organ has been nearly

sex'ered or extensively crushed.

Contusion of the penis is often followed—owing to the laxity of the skin—by
such rapid and pronounced ecchymosis and ci;dema 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 disajipears. When injury has not only occa-

sioned extensi\e extra\'asation of lilood, but has lacerated the urethral canal, the

inflammatory phenomena obscr\ed after rupture of the urethra quickly develop.

M()reo\er, there is immediately bleeding from the meatus, which should lead to

prompt diagnosis and appropriate treatment.

Wounds, 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.

Fradtire, 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 A-igorous erection, the penis is subjected to a sudden twist or bend. The
resulting condition is not unlike that caused by contusion, but the subcutaneous

effusion 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.

Chro7iic induration (ossification, calcification, chronic inflammation) 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 afTected side

during erection, which is incomplete in the region anterior to the induration. The
condition is unknown before forty or forty-fi\^e, and is probably analogous to the

thickening and toughening of the j)almar 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.

Lv^nphangitis may follow peripheral inflammation of any type, but is usually of

venereal origin.

The diagnosis between lymphangitis and phlebitis of the dorsal xein is based

upon the much smaller size of the lymphatic vessels as comj^ared with the x'ein ;
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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furrow bclwccn iIk- lut) cavL-rnuus botlifs. I'lilcbilis occasions much more marked
CEclema.

Epitheliomix of the penis is not uncommon. It usually follows prolonged subpre-

putial irritation. It in\ol\es 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 connecticjn with the

anatomy of the penis and of the urethra. The patient is placed in the lithottJiny posi-

tion, and the skin of the scrotum is incised along the whole length of the raphe. VV'ith

the finger and the handle of the scalpel the hakes of the scrotum are separated down
to the ct)rpus spongiosimi. A full-sized metal catheter is passed as far as the trian-

gular ligament, and a knife is inserted transversely between the c(jrpora cavernosa and
the corpus spongiosum. The catheter is withdrawn, the urethra is cut across, and
its deep end is detached from the i)enis back to the triangular ligament. An incision

is made around the root of the i)enis continuous with that in the median line. The
suspensory ligament is dixided 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 corpora cavernosa
and the two dorsal arteries require ligature. The urethra and corpus spcjngiosum are

split up for about half an inch, and the edges of the cut are stitched to the back 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
brought 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 sexual 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 pardy glandu-

lar and partly muscular and traversed by the urethra and the ejaculatory ducts. In

general form it resembles an inverted

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 I ^ in. ) , a breadth

or transverse diameter of from 3.
5-

4.5 cm. (ifi-i^ in.), and a thick-

ness of from 2-2.5 cm. (|--i in.).

Its average weight is about 22 gm.

(1^ oz. ). Marked increase in size

and weight is common in elderly

subjects.

The oblique upper surface or

base (basis prostatae. fades vesicalis) is applied to the under surface of the bladder,

with which it is inseparably blended by muscular tissue surrounding the urethral ori-

fice, and is pierced by the urethra usually slighdy in ad\ance of the middle. The
base is outlined by free rounded borders, so that its limits are separated from the

vesical wall by a groove. Th^ 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

tate, posterior
surface

Slight groove produced
by symphysis

Inferior surface

Cut urethra
in apex of

\ prostate

r \'as
\ deferens

Ureter

Seminal
vesicle

Slightly distended bladder, hardened in situ, show-
ing prostate, seminal vesicles, and seminal ducts ; viewed
from below and behind.
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\inpulla

Inferior wall
of bladder

Internal urethral
orifice

Urethral cresi

Prostatic urethra

I'rostale, middle lobe

—Ejaculatory duct

Portion of sagittal section showing prostate and related structures.

that often presents a shallow concavity. The junction oi the upper and posterior

surfaces is marked by a transverse crescentic slit (iiicisura piostatacj into which sink

the ejaculatory ducts in their course tn the inethra. The imperfectly defined ued^e-
shaped mass Ixiunded l)y

Fig. I ftSo. the urethra in fnjiit, the ejac-

ulatory ducts at the sides

and behind, constitutes the

so-called middle lobe ( lobus

medius), the base of which
lies beneath the vesical tri-

U^one. The prominent jxir-

tions of the j)rostate lying

external to the ejaculatory

ducts are known as the lat-

eral lobes, which, however,

superficially are not dis-

tinctly marked of?. The.

prominent con\ex lateral

surfaces, directed outward,

downward, and forward, and
behind limited by rounded
borders, in front pass insen-

sibly into the narrow con-

vex anterior surface ( facies

anterior) that is approximately vertical and faces the symphysis.

The urethra traverses the prostate with a A-ertically placed cur\e, the conca\ity

looking forward, 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 urethral

crest, on the most expanded and ele\ated part of which (colliculus scminalis) are situ-

ated the openings of the pros-

tatic utricle (utricuhis prostati- Fig. i68i.

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 en\'el-

ope or capsule, the extension

of the \'isceral la\-er 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-\esical 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 membrane

Lumen of

urethra

-Urethral mucous
membrane

Urethral crest

Prostatic
utricle

Ejaculatory duels

Section across prostatic urethra above entrance of ejacula-

tory ducts, sho\N-ing crescentic form of urethral lumen pro-

duced by encroachment of urethral crest. X lo.
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attachctl to the lower surface of the blackler, lyin^ Iniieath the \esical trigone.
Be/oii\ its apex rests upon the superior layer of the trianj^iilar lij^ament, surrouiuled
by fibres of the compressor urethrie muscle that constitute the external vesical

sphincter (pa^e 1925). In front, the rouniled anterior surface is directed towards
the pubic syniph)'sis, from wliich it is separated b)- an inter\eninj4 wedj^e-shaped
space occujjied by loose areolar tissue containing part of the jjrostalic plexus of \eins
and fat. The i)ubo-])n)static ligaments ( the continuations of the arcus tendineus of

the two sides) stretch i)elwecn the symphysis and llie ])rostate and C(jntaiii muscular
tissue prolonged from the latin- ;iii(l llie bladder. . // ///cs/Wts, the jjrostate is embraced
by the le\ator ani muscles, the prostatic venous plexuses, embedded within the
reflections of the pcl\ ic fascia that here constitute the capsule of the gland, inter-

vening. Behind, the prostate is in relation with the ampulhe of the vasa deferentia

and the seminal vesicles above and with the lower jjart of the rectum beUnv, separated
from the latter l)y the dense capsule antl 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'f^- '682.

other hand, the at- >
^'

tachmentS of the
Terminal <luct openning into alveoli -r-lv' . - ''I^^^ -• .v" i- / - 3i5

le. V^ V -^-^ ^^-.;-vrAV V.

Iiitcrlohiilar

coniiectivCv
tissue mw^^

Blood-vessel

prostate to the trian- involuntary

gular ligament and
l)elvic 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 />-(7W(r'7r<7rX' consists of an external investing fibro-elastic en-

\elope, the capsule proper, and a median septum, which encloses and blends with the

walls of the urethra. Betw^een these denser lamellae numerous partitions radiate and
subdivide the organ into from thirty to forty pyramidal lobules occupied by the glandu-
lar tissue. The involuntary 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-dorsallv,

enclosing the urethra in an annular thickening. In conseciuence, the interior of the

prostate is occupied by a dense iibro-muscular micleus, 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 variously disposed muscle-bundles.

The glandular 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

Portion of cross-section of prostate gland.
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2.- 1 , Muscle cell

\: a9v?n. Small concretion

of the colliciihis. Bfjuiiiniii^ at tlu'ir narrow orifices, these excretory tubules ((hictiili

prostatic!) pass outward into the lol)ules, and after a course of about I cm. divide into

tubules that repeatedly branch and expand into the terminal alveoli. Throuj.,diout the

{greater j)art of their course the wavy ducts are beset with saccular and tubular di\er-

ticula, simple or com])ound, that j^i\ethe canal an irregular lumen and c<tnstitule what
have been termed the i//(c/ alveoli as distini^uished from the Itrminal alvioli. The
latter form a series of irrej^ularly branched tubular and saccular spaces lined with a

single or imperfect double layer of columnar e])ithel!al cells,—the secrc-tinm elements of

the Inland. In places the alveoli intercommunicate and form net-works of spaces of

\ariable lumen. The e])ithelium in the ducts and their di\erticula cr)rresponds with

that lining- the more deej)ly situated alveoli, the chanj^e into the transitional variety

of the prostatic urethra not takinj^ ])lace 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 orj^^^an, especially in advanced
life. These bodies (Pig. 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.

Fig. 1683. Their nature is uncertain,

but they probably consist of

a ccjlloid substance gi\'ing

the reactions of albumen.

The secreiio?i of the

prostate gland ( S2iccus

prostaticus) is milky in ap-

pearance, thin in consist-

ence, slightly alkaline in

reaction, and possesses a

characteristic odor ( P'iir-

bringer ). It is discharged

into the urethra and min-

gled with the fluid enter-

ing by the seminal ducts

during ejaculation, and
j:)robably ser\'es an impor-
tant purpose in facilitating

and perhaps stimulating

the motility of the sj)er-

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 (P'iirbringer).

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

cajiillary net-works that surround the abeoli. The veins are exceedingly nvmier-

ous, forming close mesh-works within the glandular tissue and around tlie ducts.

They 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 /ymphatics are numerous and form a net-

work on the lower and posterior surface of the organ from which on either side pass

two trunks, a superior and a lateral. The upi)er 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 deri\ed from the

hvpogastric plexus, mmierous minute ganglia being included along their course.

Peripherally situated Pacinian corpuscles are said to be connected with the sensory

fibres (Griffiths).

f'^X'^JSal Epithelium
V gi

'

i l^^ CI.,lining alveoli

tissue

Blood-vessel

Portion of section of prostate gland, showing details of alveoli.
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Development.—At iihoiit the third month of f(Ltal hfc tlic wall of the primitive

urctlira uiuUii^oLS thickening, leading to the i)roiliietion of an annular mass of meso-

l)lastic tissue that surrounds the lower ends of the Wolliian ami Miillerian chicts

( later the ejaculatory ducts and the prostatic utricle resi)i-cli\ely ) and subse(|uently

becomes dillterentiated largely into unstriped muscle. Into this penetrate solid epi-

thelial outt^rowths, from the lininj^ of the urethra, which expand into branched cylinders

that ii^ive rise to the prostatic j^^landular tissue. These outj^frt)wths are arranged in

three groups (Pallin), a ventral, an ujjper and a lower dorsal. The ventral j^roup

liixes rise to the ,<;landular tissue in front of the urethra, which at first is relatively

atnnidant, but soon suffers reduction, and in the adult organ is often almost wanting.

The dorsal groups protluce the important glands of the median and lateral lobes.

For a time the latter are arranged as tw(j separate lobes, but afterward become
consolidated by the capsule and broken up by the iinasion of the tibro-muscular

septa.

At birth the prostate measures about 12 mm. in its transverse dimension and
remains small until i)uberty, when it begins to rapidly enlarge, acquiring its full pro-

portions with the establishment of se.xual 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.

Anionji the latter have been persistence of the original independence of the lateral lubes, ab-

sence of the middle and the presence of a fourth l<jbe. Variations in the 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 below 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, Griffiths).

These facts sufficiently demonstrate the essential relation of the prostate to the gen-
erative system. It, however, affords passage to the prostatic urethra, its un.striped

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 eflfects 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-\esical

plexus may be dangerous in amount ; and if a wound e.xtend 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 CoUes, or the recto-vesical space and the pelvis from similar division of

the recto-vesical fascia.

Disease of the prostate, if infectious, is usually 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 inflammation from the

numerous follicles.
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Prostatitis is attended by (a) much swelling, owiiiji;^ to the vascularity and
spongy structure of the gland. As the forward enlarj^eineiit of the jjrostate is pre-

vented by the resistance of the dense pubo-pnjstatic lij^anients, the subpubic liga-

ment, and the firm superior layer of the trian_t,'^ular lijj;^ament, the swelling is greatest

in the posterior two-thirds of the gland. Its downward extension is evidenced by
(/Oasense of weight and uneasiness in the perineum and (r) rectal irritation and
tenesmus. Its u]>ward and backward spread is shown by (d ) interference with mic-

turition, due to compression of the jjrostatic luethra and ele\ation of the vesical out-

let. The svmptoms of (<) painful ant! freciuent micturition and (/ ) vesical tenesmus
are due in ])art to the mechanical obstruction, but chieHy to the extension of the

inflammation to the trigonal region and to the obstruction by pressure of the j)ros-

tatic venous plexus into which the \esical ])lexus empties, causing intense conges-

tion of the vesical mucosa. The unyielding character of the prostatic sheath produces

{ff) the heavy, throbbing pain felt in the infrapubic, perineal, and rectal regions, and
results in such tensipn that (//) referred pains 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 nerxe), over the posterior iliac spine (eleventh dorsal

nerve), or e\en in the soles of the feet (third sacral nerve) (Tre\es); reflex irrita-

tion of the inferior hemorrhoidal ner\ e mav 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 peKis is resisted by the dense in\'estment

contributed by the pelvic fascia; towards the perineum, by the superior layer of the

triangular ligament. It sometimes points towards the rectum, from which it is sepa-

rated by a thinner and less resistant layer of the pehic 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 o\er 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); (<5) a primary change in the bladder necessitating a compensatory
hypertrophv of the prostate (Harrison); (r) a growth analogous to uterine fibro-

myoma (Thompson); {d^ the persistence, in an adjunct sexual organ, of physiological

activitv 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 (luantitatively 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, mvomatous, or fibrous in its character, although

usually the glandular element predominates. It may involve particularly the lateral

lobes, or may affect almost exclusi\ely 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 {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 elongation 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 outlet,

which are carrietl up by reason of their intimate connection with the prostate,
especially with its median lobe, the base of the bladder remaining relatively un-
affected ; (r ) the formation in this manner of a pouch or jxjcket ( post-prostatic pouch)
in the l)ladder at a lower level than the vesical outlet.

The i)idiyect results of these conditions are the (/lani^cs in the d/udder occdn'umutd
by {a) the mechanical obstruction which the enlarged prostate offers to the ready
and complete evacuation of its contents, {d) the circulatory disturbance incident to
pressure on the prostatic veins into which the blood from the vesical veins passes,
and (f ) 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-prostatic p<juch, the bladder is not
entirely emptied at each act of micturition, a certain am(nmt of residual urine remain-
ing behind. This may gradually increase as the obstructi(jn becomes more marked,
ultimately causing dilatation of the bladder, 7>.<ith atony ccjusecjuent on jjartial de-
generation of its muscular walls, or, in consecjuence of the more vigorous bladder
contraction required to empty the bladder, the trabecuhe may become enormously
hypertrophied, the inner layers forming pronounced ridges. These by their con-
traction exert 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 fasciie. The hypertrophy and sacculation 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

hyper^emia 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
ill 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, {c) Feeble urinatio7i,

due to the weakness, atony, or paresis of the overstretched detrusors, {d) Inter-

rupted urination, due usually to spasmodic contraction of the external vesical sphinc-

ter and compressor urethrae 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

sphincterybr a brief interval only. When there is sufficient 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 urine,

which may always be taken as a symptom of retention with overflow, the intravesical
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tension of the overfull bladder beini^ sufticient to overcome the resistance offered by
the tonic contraction of the sphincter muscle plus that due to the prostatic enlarge-

ment, (y") Complete retention 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 finally destroyed all power of contraction in the bladder, {g) Referred
pains, similar to those noted as occurring in acute prostatic swelling {vide supra).

(//) Constitutional disturbanee, due to se])tic;emia or ura-mia, or both.

Operations.

—

Prostatotoniy.— Incision ox 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 applied to an oj)eratit)n which consists in opening the

urethra at the apex of the prostate by a median perineal incision, and di\iding the

obstructing portion of the gland by means of a probe-pointed bistoury, cutting from
within outward. The channel may be further enlarged by di\ulsion with the finger.

The anatomy and relations of the parts invoK'ed have already been described (page

Of the various operative procedures to which the jMostate 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 removed by enucleation with the finger.

The possibility of total removal of the prostate, and especially of such removal

without coincident injury or removal of the prostatic urethra and ejaculatory ducts,

has been vigorouslv 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 Hfe, as they exist in the human male during

the first four months of foetal existence. After that period, in the human foetus, 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 sul:)stance of the prostatic mass—that constitute the

true capsule of the prostate regarded as a whole. This capsule extends over the entire

organ e.xcept along the upper and lower commissures, or bridges of tissue, that unite

the lateral lobes abo\e 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,—\iz., 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 i)art 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 marked in front and on the sities of the j^rostate. The
larj^er arteries also lie between the true capsule and the sheath, numerous small
branches passinj; from them throuj^di the true capsule for the supply of the jjrostatic

substance.

Freyer illustrates his view by imat,Mning the edible portion of an orange composed
of two segments only, instead of several, with the septum between them placed
vertically, antl says that the thin, strong, fibrous tissue which c(ners 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 re[)-

resented by the two lobes of the jirostate. Further, the rind of the orange would
represent the outer capsule or prostatic s/icalh, contributed by the pelvic fascia. In
the method of supra] )ul>ic prostatectomy now known by his name, it is the true cap-
sule as alxne describeil 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 encajjsuled adenomatous tumors being found embedded witiiin

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 e.xtravesical. 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,—namely, 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—corte.x—containing both
muscular and fibrous tissue CShattock), and that the envelope formed from the pros-

tate by the e.xpansion 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), {b) the under surface of the recto-vesical

fascia (avoiding urinary infiltration), and (c) the prostatic urethra and ejaculatory

ducts (minimizing interference with micturition and with potency), which separa-

bilitv 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 mav 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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THK (iLANDS OF COWPER.

Cowper's plands (glandiilac liiillKmrcthralcs) arc two small ovoid bodies situated

alonjj^ the under surface of the nK-inbranous portion of the urethra (Fiij. 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, althoutjh their contour is irregular and somewhat
knobbed. Their color is reddish yellow and their consistence firm. They lie within

the ileep perineal interspace between the two layers of the triangular ligament em-
bedded within the fibres of the compressor urethne 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 l)y small slit-like orifices on the lower
wall of the bulbus urethr^e 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 e.xcretory canals. The divisions of the gland
are united by interlobular connecti\e tissue and invested in a general fibrous en-

velope in which a considerable quantity of unstriped muscle occurs. The secretion

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-

sor)' sexual organs.

Vessels.—The arteries supj)lying 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 afTerents to the

internal iliac Ivmph-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 represented by rudimentarj' glands embedded entirely within the substance of
the corpus spongiosum.
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THE FEMALE REPRODUCTIVE ORGANS.

The reproductive origans of the female comprise two groups—the internal, situ-

ated for the most part within the pelvis and above the pelvic iloor, and the external,

embraced by the sub[)ubic arch and below the triantjular ligament and supported by-

attachments to the surrounding bones, fascia, and integument. The internal organs
are the sexual glands, the ovaries, which produce the ova, the oviducts or Fallopian
tubes, the canals con\'eying the sexual cells, the uterus, and the va_s;ina, the passage
which, beginning within the pehis, 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 vagina represent the excretory canals of the sexual glands
which in the embryo, as the Miillerian ducts, for a time are separate. After fusion

of their lower segments has taken jjlace, the unpaired tube thus formed becomes the

vagina and the uterus, the latter being specialized for the reception and retention of

the fertilized ovum during gestation.

The external organs, often termed collectively the vulva (pudendum mulicbre),

include the clitoris, the labia, and the enclosed vestibule and vaginal orifice and the

gla?ids 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. (
1 1^ 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. (^-i^ in.), and a thickness of from .6-1.5 cm. (j^-S/s 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 wome-n being reduced to one-half or less of its normal proportions.

The ovary presents two surfaces—a. median C 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 lower (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

hilum (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 zvhite 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.— Althounh subject to cle\iati(ins due to the influence

of other organs, especially the pull of the uterus, and of prei^nancy, the lon^^ axis of

the normally placed ovary, in the erect posture, is approximately vertical (Fij^:. 1684).

The margin attached to the broad hyament of the uterus is directed forward and

slij^htly outward and the free convex l)t)rder backward and inward. The outer sur-

face usually lies in contact with the peritoneum coverinuj the lateral i)elvic wall within

a more or less well-markeil depression, the oz'uriau fossa ( fossa ovarica ). This recess,

trian_i,ailar in its y^eneral outline and \arial)le in de])th, is included within the anj^le

formed by the diveri^inj^ j)eritoneal folds co\erin_y the external and internal iliac vessels.

In favorable subjects, in which the amount of suljperitoneal 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

Internal iliac artery

Fimbriated end of Fallopian
tube, pulled forward

Susjiensory —
ligament of ovary

External iliac

vessels

Round ligament

Deep epigastric
artery

Mesosalpinx

Obliterated
hypogastric artery

Fallopian tube

Bladder

Symphysis pubis

IVritoiieum, cut edge

i'^
— L'reter

Riftbt ovary,
median surface

—Ligament of ovary'

Rectum

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 co\ers 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 (Rieffel).

The vertical position of the ovary is maintained by the suspensory ligament

( liganientiun siispcnsoriiuii), also called iufuudibulo-pdvic ligatncnt, which is a trian-

gular band of dbro-muscular tissue, attached to the uj:)pcr 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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ligament. It jxisses 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

ihe enclosed fil)ro-niuscular tissue lie the ovarian vessels antl nerves, which thus gain

the broad ligament in their passage to the ovary.

The anterit)r margin of the o\ary is attachetl to the posterior surface of the

broad ligament by a short but broad band—the viesovariu iu.-.—covered 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 lower

end of the ovary is connected with the posterior border of the uterus, between the

oviduct and the round ligament, by a cord-like band, the iilcro-jovarian ligcunoit or

lineament of the ovary ( iiyaiiicntum ovarii ijropriumj. This band, from 3-4 mm.
thick, lies within the posterior layer of the brf)ad 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 produces deviations from

its typical location. These in-
FiG. 1685.

epitlielium _^fl_ - *^' '~^'^~,.-X.^^'-

tluences affect particularly the

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 ovary

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 stratum
position of the normal ovary is granuiosum '^'.

fairly constant, the close relation

of the oviduct to the median
surface, aided by the pressure

exerted by other organs within

the pelvis, 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

fixation.

Structure.—The ovary consists of two principal parts, the cortex Czona

parenchyraatosa)—a narrow superficial zone, from 2-3 mm. thick, that forms the

entire periphery 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 chiefly 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-cells, which some-

what resemble the elements of involuntary muscle in appearance, are arranged in

ling
to grow

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 (chiefly, however, obliquely vertical to the
surface) and are seen cut in dilTerent 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 albuginea. Embedded
within the stroma lie the most characteristic components of the cortex, the ci^ff-sacs

or Graafian follicles. These are seen in dififerent stages of dexelopment, but for the
most j)art are small, inconspicuous, and immature, in the human ovarv being much
fewer and less prominent than in many other mammals. Corresponding with their
stages of de\eloj)ment the egg-sacs may be divided into />rimari', ^^ro-rinir, and ma-
turiug follicles. In general, the youngest lie nearest the surface, the more advanced

deeper and towards the
Fig. 1686, medulla, while tho.se ap-

" ' -i.^ proaching 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
nenes. In the mature
organ, with the excep-
tion of the encroaching
ripening Graafian folli-

cles, egg-sacs are not
found within the me-
dulla. The larger ves-

sels are accompanied bv
bundles of in\oluntary

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 outline in consequence of their tortuosity and plexiform arrangement.

Follicles and Ova.—The xmvn^Xwx^ 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 e,s[g (ovulum) surrounded by a single layer of flat-

tened epithelium or mantle cells (Fig. 1685). Immediately outside the latter lies the stroma,

in the interstices of which the young egg-sacs are lodged. The priinarr ova are approximately

spherical and measure from .035-.045 mm. in diameter in ordinan,- sections, b>it a third more in

the fresh nnshrnnken condition (Xagel). They possess a finely granular cytoplasm, a centrally

placed spherical nucleus, about .016 mm. in diameter, and a nucleolus. The primar>- 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 priman,- 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, \\\e. 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-

VK

Section of medulla of ovan.-, showing; numerous blood-
vessels and fibro-muscular stroma. X 75.
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centrically disposed connective-tissue fibres, and an inner (tunica interna), composed of round
antl spindle cells, and provided with numerous capillaries. Alter the follicular epithelium has
been formed, the ovum itself begins to grow, the e.\|)ansion proceeding uniformly and affecting

all parts of the cell, including nucleus and nucleolus. It attains its ma.ximum diameter coni-

jxiratively early and long before the follicle has reached full growtli. Through the agency of

the follicular epithelium, the egg becomes invested with a protecting envelope, the zona
pellucida, after u hich little or no further increase in the size of the ovum takes place ( Nagel i.

At first solid, the growing follicle is converted into a vesicle containing fluid by the

vacuolation and breaking vlown of cells within the middle layers of the follicular epithelium, the

resulting clefts fusing into a common si)ace. The intra-epithelial cavity S(j formed contains

accumulating fluid, \.\vi liquorfolliculi, that is supi^Iied by the continued pn^liferation, vacuolation,

and destruction of the follicle cells and by the transudation from the snrnjunding blood-vessels.

This Ihiid increases in amount to such an e.xtent that it soon occupies the greater part of the

expanding egg-sac, now entering ujion its final stage of growth.

The inaturitig follicles (follicuii oo()ii(>ri vesiculosi) occupy the deeper parts of the cortex

and reach to the medulla. With their expansion and con.seciuent re(|uirement of space, the

vesicles seemingly rise, appropriating more and more of the cortex, until the entire thickness of

the latter, and sometimes a part of the medulla in addition, is occupied l)y the ripe follicle,

which just before its final rupture attains a diameter of from 1-2 cm. or more, and appears on the

Surface ipilhcliuni^

lM(i. 1687.
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free surface of the ovary as a tense rounded elevation. After liberation of the ovum, the folli-

cle is converted into the conspicuous corpus luteuin (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 granularity and
a faint yellowish color. Next the inner layer of the capsule lies a delicate inevibrana propria,

against the inner surface of which is applied the stratum granulosu)n, composed of the outer

layers 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 pedtmculated spherical mass of epithelial cells that projects into the cavity

occupied by the liquor follicuii. 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 layers 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 ovum proper.

The radial striations which the envelope sometimes exhibits (hence the name, zona radiata,

under which it is often described) are probably due to the processes of the epithelial cells 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 Irom .16-20 mm. Its cytoplasm, or vite/liis, exhibits dififer-

entiation into a peripheral protoplasmic and a central dcutoplasiuic zone. According

to Nagel, within the former are to be distinguished a narrow slight superficial

marginal layer, apj^.-irently

KiG. 1688. homogeneous and free from
^-^'\j ,' yolk-particles, and a finely

granular_zone containing mi-

nute and scattered deutoplas-

mic granules. The dark or

central deutoplasmic zone is

consjjicuous on account of

the irregular refraction of the

N^^ ^% enclosed yolk-particles that

''t^v ^- /_ represent the important nutri-

^'-
*'^,t -> ti^'^' materials for the embryo

contained in the eggs of birds

and rejjtiles, 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-

telline membrane, in the mam-
malian ovum is doubtful. In

the fresh condition the egg-
cytoplasm is usually closely

apjilied 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 germinal vesiele,

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 germinal 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 inadecjuate. According to Nagel, when the

follicle approaches maturity the inner laver 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 wavv and projects into the

cavity of the follicle as vascular paj^illae 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 \ italitv 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 proligenis, into the

cavity of the egg-sac. When rupture of the follicle occurs, the expulsion of the

t%% and the epithelial cells immediately surrounding it is followed by hemorrhage

Almost mature human ovum taken from frcsli ovar>'. Ovum, with
germinal vesicle ami spot, is encircled by clear zona pellucida, which is

surrounded by cells of the follicular ejiitheliuni. 300. i^lValdeyer.)

Fig. 16S9.

^Corpus
,'^ luteum

Ovary has been laid ojjen by
longitudinal incision, exposing
follicles and corpus luteum.
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into the cavity of the former ei^t;-sac, which now becomes converted into a c<jrpus
luteum.

The latter, lonj^ known as the corpus lutium veriou when associated with preg-
nancy, grows to huge cHuu-nsions and forms a conspicuous oval mass that may
approach 3 cm. in length and occupy a considerable i)art of the entire cortex.
When impregnation does not lake place, the yellow body ( ni>w called the corpus
luteum spurhmi) is smaller, seldom exceeding 1.5-2 cm. in diameter. The classic

distinction of "true" and "false," apart from difference of size, has no anatomical
basis, since both forms possess identical structure. The assumption that the presence
of a large corpus luteum is positixe i)roof of the existence of pregnancy, must l)e

accepted with cauticjn, since yellow bodies of unusual size are sometimes observed in

ovaries of virgins.

Shortly after the rupture of the follicle and the replacement (jf its contents by
blood, the opening in the wall of the egg-sac is closed. The rapid proliferation and
growth of the lutein cells pro-

duces an irregularly plicated Fig. 1690.

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-

low body becomes broken up by numerous radially disposed vascular septa and their

prolongations. With the production of a solid corpus luteum and the absorption of

the blood (evidences of which latter for a long time remain as hematoidin crystals),

the active role of the lutein cells is finished. These elements now lose their distinc-

tive yellow pigment {lutein), undergo fatty metamorphosis, and finally entirely dis-

appear. With the subsequent shrinking and decrease in the vascularity of the corpus

luteum, the connective tissue, which now constitutes the entire mass (^corpus fibro-

surn), undergoes hyaline change, becoming clear and non-fibrillar. In consequence

the aging corpus luteum loses its former appearance and is transformed into an irreg-

ular body, light in color and sinuous in outline, sometimes know-n as the corpus

albicans (Fig. 1691). This gradually suffers absorption, but remains for a consider-

able time, especially when associated with pregnancy, as a conspicuous light corru-

gated area within the cortex, the last traces of its scar-like tissue finally disappearing

in the ovarian stroma. The greatly increased vascularity, within the wall of the ripe

Graafian follicle and later around the corpus luteum, subsides as the yellow body

V^
Lutein cells

'^ Proliferating

o ^\'V "-tlN of inner
i.j— I j^j^j. qJ theca

Blood-vessels

Section of human corpus luteum. X 70.
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undergoes rcjjression, until all the new vessels concerned in its nutrition have disap-

peared and the circulation of that particular part of the t)vary is permanently reduced.

The function usually ascribed to the corpus luteuni is tluit of filling the empty follicles and
thus restorinji the uciuilibriuiu of circulation and tension. Clark ' regards the corpus luteuni as

a preserver of the circulation, since, when performing its functions most perfectly (during the

earlier years of menstrual life), it etlects the eliminaliun of the effete follicle and the sui)ertiuous

blootl- vessels \vitiu)Ut leaving dense and disturbing scars. Later in life, however, when the

ovarian .stroma becomes denser, the corpora lulea are less efficient and are incompletely absorbed,
their remains imjiairing the circulation until, finally, the follicles are no longer matured and
ovulatimi ceasis.

The origin of the lutein cells has long been a subject of discussion, and even at present

two opposed views share the support ui eminent anatomists. According to the older theory,

advanced by Baer, these cells are modilied connective-tissue elements, derived from the pro-

I"lG. l6nl.
Blood-vessels

Mesosalpinx

Corpus lutcum
Mesovarium

Corpora lutea

Medulla

—ii^ Remains of corpora 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
Hischoff, 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, ba.sed 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 arterv with the ovarian branch of the uterine.

The trunks (aa. ovariccr propn'ce) given off from this anastomotic arch pass to the

ovary 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 (Fig. 1692), inunediately after gaining the medulla each
stem divides into two branches, the medullary or parallel arteries, that proceed in a

direct course towards the opposite free margin of the organ, lying just beneath the
corte.x, to which they distribute eortieal branehes at regular intervals. In their course
to the periphery the cortical branches, losing the characteristic corkscrew-like tvvist-

ings of the jiarent stems, supply hundreds of follieular txvigs 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 a.ssuring an adequate
blood-supply for the growth of the follicle (Clark). At the ])eriijhery, the cortical

arterioles pass into the veins through an intervening capillary net-work.

' Archiv f. Anat. u. Physiolog., Anat. Abth., 1898.
' Welch Anniversary Contributions, 1900.



THE OVARIES. 1993

Fig, 1692.
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The z'cifis follow the general arrangement of the arteries within the cortex and
medulla ; the i)airs t)f ])arallel \ein.s, however, do not unite into single stems, but
emerge from thi- hilum as independent tortuous trunks. Within the mesovarium they
are interwoven with the bundles of involuntary muscle, and when distended present
a conspicuous venous complex {du/dns ovarii). The veins proceeding from the
ovary {vv. ovariccc proprite) become tributary to both the uterine and the o\arian
(pampiniform) i)lexus.

The lymphatics begin in the cortex as net-works within the thecie surrounding
the Graafian follicles and as lymphatic clefts within the oxarian stroma. Fnjm these

radicles the larger and irregular channels enter the medulla, where they form con-
verging stems that follow the blood-\essels and leave the hilum of the ovary usu-
ally as nine larger trunks (Polano) that pass ujjward 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 sympathetic plexus surrounding
the ovarian artery (plexus arteri^e ovaricse),

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-librillae end in the

walls of the follicular blood-vessels and do hot penetrate beyond 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 Wolfitian 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 .se.x-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, xh^ p?'iwordial ova (Fig. 1717), usually

regarded as originating from the transformation of the germinal epithelium. At
first the latter and the subjacent stroma of the Wolfifian body 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 Wolffian body—the two chief factors in

the histogenesis of the o\'ary.

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 ovary. {Clark.)
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nuikitucics of the siiiallcr aiul less speciali/cd cells ot the germinal epithelium. The
larger tracts are sul)clivicletl into smaller spherical cell-a,t,^^'^regations (the f^g-bails

of W'aldeyer) by the coiuimietl iiiter^routh ami mutual imasion of the tissues, and
the " ej^^g-balls, " in turn, are broken up by the same j)rocess until the fmal division

results in the isolation of the ultimate groups, the (primary follicles, that include the

primary ova surroundetl by a single layer of flattened g^erminal epithelium. In

places the larger compartments are cylindrical and attached to the germinal e|jithe-

lium, appearing as solid outgrowths connected with the surface ; to them Pfliiger

gave the name "egg-tubes" and attril)uted an aggressive invasion. Since the con-

nective tissue of the WoUiian stroma first invades the deeper stratum of the germinal
epithelium, this region, the fu-

FiG. 1693.
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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 ovary, 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 bv ad\anced life nearly all ha\e
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 developinj? ovar>' from human embrjo,
?rero\vth netween wrni:

stroma tissue derived from Wolffian body.
showiiiR interprowth ^rminal epithelium and

: 560.

Numbers of follicles witliiii the cortex also are continually undfry;ointr destruction. This

affects especially the primary follicles while they lie naked within the stroma, and are unjiro-

vided with a theca, the ovum undery:oin.c: hyaline desjeneration and, alonti with the mantel-

cells, finally entirely disappearintj within the ovarian stroma. Reijinninj:: in the young ovary

lonj^ before puberty, as well as throui^hout the period of sexual maturity, certain efjg-sacs are

continually transformed, more or less fully, into Graafian follicles that develop to a certain

sta.a;e and are then arrested, after which they enter upon re.efression, de.2:enerate, and finally may
completely disappear. This process, known as atresia of the follicles, is probably closely

related to alterations in their hloocl-supply ( Clark ).

With possibly few exceptions, the formation of new follicles cea.ses 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 whether the hitter ever uiulerj^o division. In cerlaiu c;i.ses it i.s also possible that the
delicate partition separatiiiij two closely applied lollicles may disappear, the ova thence
occupying the conunoii sac (I-M)ner.

)

The chanjris in form and position which the o\'ary underi.!:oes diiriiii^ life are
conspicuous. In the new-born chikl tlie organ is relatively long (from 12-18 mm.;
and narrow (from 4-5 mm. ), triangular on cross section, and lies entirely above the
brim of the pel\ is, with its long a.xis transversely placed and its inner pole close to
the fundus uteri. During the first two years, owing to the increasing capacity of the
pelvis and interabdoniinal pressure and its attachntents to the uterus, it gradually
sinks into the pelvic cavity, during this descent the direction of its long a.xis becoming
more vertical. At birth the surface of the ovary is marked with furrows and folds,

inequalities that disappear as the organ expands in consequence of the rapid increase
in its stroma-tissue during the first year or two. Later the growth of the young
ovary is gradual and slow, until the advent of sexual maturitv, from the twelfth to

the fifteenth year, when the organ undergoes sudden increase and accjuires its definite

form and size. Further enlargement, however, usually takes place in women who
bear children, until towards the fortieth year. The rejieated 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

smooth organ of childhood. After the cessation of menstruation, about the forty-

fifth year, gradual decrease (involution) of the ovary follows, until the organ may be
redticed to a dense fibrous body of less than half of the original size.

Variations.—.Abnormalities in the sexual g:lands of the female are. for the most part,
referrible to developmental deviations. Incompleteness or modification of its descent affect

the position of the organ, so that 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 pardy or entirely through the
inguinal canal into the labium majus. Variations of position in the adult are commonly asso-
ciated with diseased conditions of the peritoneum and adjacent organs and are tlierefore patho-
logical. The adult ovary may present marked deviations from its typical form, sometimes
being unusually long, spheroidal, flattened, triangular, crescentic, or irregular.

Siipernmnerary 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 <=ituation is

along the white line marking the transition of the peritoneum into the germinal epithelium.
Isolation of a portion of the ovarian aniage, often probably by a peritoneal band (Nagel), is

responsible for these bodies, which consist of normal follicle-bearing ovarian tissue.

PRACTICAL CONSIDERATIONS : 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 a.xis of the ovary is approximately vertical, its

external surface lying against the pelvic wall close to the obturator vessels and nerve.

The ureter and uterine artery lie behind and below it.

Prolapse of the ovary occurs most frequently as the result of subin\olution after

labor. If involution is in any way arrested or rendered incomplete, the conditions

favorable for prolapse of the o\-ary will be present,—increased weight of the ovary
and rela.xation and lengthening of its attachments.

The left ovary is more frequently prolapsed than the right, because it normally
becomes more enlarged during pregnancy, and therefore suffers more from subinvolu-

tion, and because the arrangement of the veins on the left side is stich that venous
congestion is very liable to occur (Penrose). An analogous anatomical condition

exists to that which, in the male, favors left-sided varicocele, the left ovarian \ein

emptying into the renal vein at a right angle, while the right ovarian vein empties

into the vena cava at an acute angle (page 1961).
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 coittis or defecation,
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because of direct tnuinia. Tlie pain is often nauseatintj ami may he Mi in the breast

on the same sitle.

In spite of its small size the oxary ijives origin to a great variety of tumors and
cysts which may grow to enormous proportions, filling and distending the abdomen.
As they grow they at first crowd the uterus and other pel\ ic 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 carefvilly to establish a correct diagnosis as to the origin of the

tumor. The anatomical structures involved in the pedicle arc the mesovarium,
mesosalpin.x, Fallopian tube, and broad ligament.

THE FALLOPIAN TLBFS.

The Fallopian tube ( tuba lUcrinac ) c)r oviduct is in principle the excretory canal

of the sexual gland, the o\ary, since it conveys the ova liberated from the Ciraafian

follicles to the uterus, into which it opens. The relation between the ovary and its

duct, however, is exceptional in that these organs are not continuous, but only in ap-

position, the ova liberated from the o\ ary finding their way into the expanded end of

I'lG. i6t)4.
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Fimbriated extremity of right oviduct lay in position shown and not in relation with ovar>-.

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. i ^y^ in.), although variations

from 6-20 cm. {2^^-"]'^ 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
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comparatively straij^ht aiul constitutes the isthmus (isthmus tiibae uteri nac), about 3.5
cm. (I -''a in. ) in lenj^tii aiul from 3-4 mm. in dianu-ti-r. 'Ihrou^lioui llie succecdinjj
S cm. (3 '8 in.) of the tul)e, known as the ampulla ( arn|»ulla tiiltac utcriiiac), the
diameter tjrackially increases (from 6-.S mm. ) until the caii.il suddenly expands into

the terminal trumpct-shapcd iHjundihulnni. Tlu- marji;insof the latter are prolonged
and slit U]) into loni,^, irrej^ular processes, \\\^ funlnicc, from KJ-15 mm. in leng^th, the

resulting //;;i/v7<?Av/ <'.i7;v-w//)' of the tube resembling, when i-xamineil in Huid, an ex-

panded sea-anemone ( \agel ). One of the fimbriae ( fimbria ovarica ) is usually longer
than the others, attached to the free border of the mesf)salpin.\ and stretches towards
the ovary, the tubal pole of which it often, but by no means always, reaches. The
lumen of the oviduct varies greatly at different ixjints. Heginning at the lateral angle
of the uterine cavity as a minute, inconspicuous opening (ostium uterinum tubac),

commonly obscured by mucus and about i mm. in diameter, the canal traverses the

uterine wall ( jiars utcrina) and gains in size and longitudinal folds, so that on crf)ss-

section the isthmus i^resents a stellate lumen. Within the ampulla the plications of

the mucous membrane become progressi\ely more marked, api)earing in transverse

sections as a complex figure of primary and secondary 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 fimbriie. The outer or ovarian end of the oviduct

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 o\ the wall of the tube, a sj)ecial

sphincter, however, not being demonstrable. The mucous lining of the oviduct is

continued from the infundibulum onto the fimbricp, 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 e.xterior 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

oxiduct. 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 Fr.lopian 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 F'allopian 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 invests

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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anipiilla, and thinnest and most rclaxt-tl in the infundihulum and fimbriae. The
mucous membrane is thrown into lonj^itudinal folds, which increase from 5-15 low
ridjijes in the commencement of the isthmus to double the number in the ampulla,
where they attain a much greater heiy^ht as well as conii)le.\ity of arranj^cment, the

main folds beint^ supplemented by secondary and tertiary ones, so that in transverse

section the lumen a])pears almost occluded by branchinju^ villus-like projections. The
surface of the mucosa is covered with a simple layer of columnar ejjithelium (from
.015—.020 mm. in heij^ht ) provided with cilia that ])roduce a current directed from
the infundibulum towards the uterus, and thus, while facilitatintf the proj^^ress of the

ova alonjtj^ the tube, retard the ascent of the spermatozoa. The elaborate plications

and recesses within the outer j)art of the ampulla favor the temporary retention of the

se.xual 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. 1695. chief plications mav
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 muscular coat,

most robust towards
the uterus and thinnest

at the infundibukmi

(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 advcutitia ), 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 arteries supplying the oviduct are derived from the tubal

branches of the uterine and ovarian vessels. The branch from the uterine artery

(ramus tuharius a. uterincr^ 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 ( ramus tuharius 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

^;j^>;;

Longitudinal
muscle

.^^•i..^

^^5^^

Cross-section of oviduct near outer end of ampulla. X 35
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formed nunicrous twiy^s are given olT to the wall of the F:ill()j)ian tube and to the

mesosalpinx. Those distributed to the oviduct gain the canal along its nonperitoneal

tract between the i>eritoneal reflection and, piercing the wall, break up into capillary

net-works within the muscular and mucous coats. The veins, which begin within the

walls of the tube, esj^ecially between the muscular layers, and as a subserous net-work,

follow the arteries and become tributary to both the uterine and tnarian trunks.

The lymphatics, after emerging from the wall of the tube, form three or four

stems that accompany the l)lo()d-vessels and pass in front of the attached border (jf

the ovary. For the most part they follow the f)varian lymphatics through the sus-

pensory ligament to become finally tributary to the lumbar lymph-n(Kles surrounding
the aorta. It is probable that some of the lymphatics of the tube communicate with

those of the fundus uteri (Poirier, Bruhns).

The nerves supplying the Fallopian tube, numerous and chiefly sympathetic
fibres, follow the arteries and, therefore, reach the oviduct from Ijoth the ovarian and
the uterine ple.xus. Within the subserous tissue they form a pcritu/xjl plexus from
which twigs penetrate the wall of the canal and are distributed ])rincii)ally t(; the

muscular tissue, some filaments taking jxu't in the {jroduction of a subepithelial plexus
within the mucous membrane (Jacques).

Development and Changes.—The early development of the oviducts is

directly associated 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 foetal 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 o\'i(luct participates 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 timbricC shrivelled. Owing to the atrophy of

the muscle its wall becomes thinner ; the ciliated columnar epithelium is replaced by
cuboidal 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 forniation of the Miillerian ducts.

Retention of the fcetal tortuosity, stunted development or entire absence may affect one or both

tubes. Complete doubling of the oviducts may occur in association with supernumerary ovaries.

Occasionally partial duplication 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 i:)rolapse 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 fa\oring movement in that direction.

An impregnated ovum may adhere to the wall of the tube, gi\'ing 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.
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The chief causes of tubal pregnancy are patlioloj^ical or abnormal conditions of

the tube. The more important of these are: {a ) congenital, such as e.xaj^y^erated con-

volutions, diverticula, and atresias ; (d) sayging^ and attachments by adhesions dis-

torting the tube ; (r) pressure from surrounding structures ; {d ) thickening of the

tubal walls, interfering with peristalsis ; and (<) destruction of the cilia or narrowing
of the tube following salpingitis. C()mj)lete 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 t(j the fourth

month, and may be intraperitojual,— i.e., directly into the peritoneal ca\ity ; or

extraperitoneal,—i.e., downward, cleaving the layers of the broad ligament, and
hnally 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 ftttus 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 P'allopian tube offers a pa.ssageway in the opposite direction for the entrance

of infections, es{)ecially goncjrrhteal, 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 fimbriae 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 niav 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 ca\ity followed by sharp attacks of localized pehic
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 pyosalpin.x, e\'en 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-wa\' to the

umbilicus. If hemorrhage occurs into the tube it is called an hcrmatosalpinx.

The proximity of the right Fallopian tube to the appendi.x 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 relatixe 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 Wollifian body and its duct play a very important role

in the production of the excretory canals for the sexual gland, and the Miillerian 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 fcetal remains include the epoophoron,

Gartner s duct, \.\\e paroophoron, and the vesicular appendas^es, which may be appro-

priatelv described in this place.

The Epoophoron.—This rudimentary organ, parovariiun or organ of
Rosenmiiller, lies between the layers of the broad ligament (mesosalpinx) in front

of the ovarian vessels, in the area bounded by the am]nilla of the oviduct, the

ovarian fimbria and the tubal pole of the ovary. It is quite flat, triangular, or
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trapezoidal in outline, and nieasincs from 2-2.5 <-'"^- '> l<-*'ij.fth and about 1.75 cm.

in width. It consists of from 8-20 narrow wavy canals, which, bej^inning with

closed and slightly expanded ends, diverge from the vicinity of the hilum of the

ovary and join, almost at right angles, a common chief duct that lies close and parallel

to the oviduct and bears to the smaller tulniles the relati(jn of the back of a comb to

its teeth. The transverse tubules (ductiili transvcrsij, the remains of the sexual

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 embrycjnic structures. The common
longitudinal canal (ductus opoophori ioiinituditiaiis ), closed at both ends, is a persistent

portion of the Wolftian duct. From its embryological relations it is evident that the

epoophoron is homologous with the epididymis (the transverse tubules corresponding

to the ductuli efferentes and the coni vasculosi, and the longitudinal duct to the

canal of the epiditlymis), since both are direct derivations from the Wolffian 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 Fallopian

Fio. 1696.
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Broad ligaments, viewed from behind, have been 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 frequentlv 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 ttssues. In common with the sexual organs, the epoophoron increases

during the years leading to sexual maturity and atrophies in advanced age. Durmg
pregnancy it is said to be unusually vascular (Merkel).

Gartner's duct results from' the more or less extensive persistence of portions

of the Wolffian 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. (Merkel) of adult subjects, in

children being relatively better developed. When complete, as it exceptionally is,

the duct continues from the epoophoron along the P'allopian 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 ])art of the body) enters the uterine muscle.

As it traverses the cer\i.\, 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 l)lindly iji 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 W'aldeyer 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, fiat,

irregularly round group of blind canals, which represent the remains of Wolffian

tubules. The accuracy of W^aldeyer'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 artery, 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 ) attached to the broad ligament by longer or shorter

pedicles. These structures present two general groups, the first including the con-

spicuous long-stalked hydatids of Morgagni, and the second the smaller vesicles, 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

(from 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 epooj:)horon, as the continuation of which it may be identified

(Watson). In stnicture the hydatid consists of a fibrous coat, lined by a layer of

columnar epithelium and covered externally with a delicate prolongation of the jDcri-

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 foetus,

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 deri\ed

from the upper end of the Wolffian (pronephric) duct, and is, therefore, the equivalent

of the stalked appendage of the epididymis (page 1949). The smaller \esicles 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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THE UTERUS.
The uterus, or womb, is a hollow liuiscular or^^an, receiviiiju^ the Fallopian tul)es

above and opening- into the upper part of the vaj^ina below, in which tin- fertilized

ovum is retained and inuler^oes development, antl from which the resulting ftetus

is expelled at the comi)k'tion of prec:;^nancy. Its lower segment is embedded within

the pelvic floor between the bladder and the rectum, while its iij){)er and hir^L-v end
is free and movable and rests upon the superior surface of tiie bladder (Fig-. 1700).
Before undergoinj^ the jjrofound changes incident to i)ret(nancy, the uterus, pear-

shaped in its general form, measures about 7 cm. (2->^ in.) in leng;th, of which the

lower 2.5 cm. ( i in.) constitutes the cylindrical neck or ceri'ix (cervi.x uteri), and the

remainder the body (corpus uteri). Its g^rcatest breadth is about 4 cm. (i^ in.) and
its thickness about 2.5 cm. (i in.). In women who have borne children, the uterus

seldom quite returns to its virgin size, but shows a jiermancnt increase of about i cm.

in its various dimensions, e.xcept in the cervix, which is relatively shorter than before.

The convex upper extremity of the organ, above
the level of the entrance of the Fallopian tubes,

is known as thefundus (fundus uteri), which in

front and behind passes into the anterior and
posterior surfaces and at the sides into the lat-

eral borders (raargo laterales). 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 completely invested with serous mem-
brane. 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-

ficiura externum 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 cervicis) is shorter and somewhat lower than the over-

hanging /(Jj-Z^t/*?;- //)^ (labium posterius cenicis).

The weight of the virgin uterus varies between forty and fifty grammes (iVS—

I 3/^ 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 3^ in.), of which 2.5 cm. (i in.)

belongs to the cervix. 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 cervicis 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 (oriOcium

internum uteri) above, where the contracted lumen of the virgin uterus expands into

External os

Anterior
fornix

Vagina

Uterus laid open hy sagittal section, showing
cavity and relations of labia to vagina.
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the cavity of tlie body. In cross-section the canal appears as a markedly compressed
oval. The position of the internal os corresjionds with the slijj^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 ridj^^es (plicae palmatae)—the

arbor vitcr uterincc of the older writers—consistin^LT of a chief median longitudinal fold

from which numerous secondarv rut^a- divert upwartl and outward on each wall.

Attachments and Peritoneal Relations.—In addition to the Fallopian tubes

that eml)ryt)logically 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 fibro-elastic tissue, muscular bands, and peri-

toneal folds. Most of these attach-

FiG. 1698. ments, or so-called litjaments, 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 Ligament.—With the

exception of a narrow strip along the

sides between the layers of the broad
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 pelvic wall and floor

as a conspicuous transverse duplicature

of peritoneum, the broad ligajtient (lig-

ameotum 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 broad ligament becomes not only more vertical, but also parallel

with the pelvic wall in consequence of the support afforded by the suspensory liga-

ment of the ovary. From tlieir 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 cavitv of bodv and cervix.
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ovary. As the tube crosses the medial surface of the latter org^an the broad liga-

ment is drawn over it, so that the ovary lies partly within a peritoneal pocket, the
bursa ovarii. The anterior border of the ovary is attached to the posterior surface
of the broad ligament by a short fold, the mesovarium, that encloses the hilum and
is continued into the modified serous investment that covers the se.xual gland. The
utero-ovarian ligament and the attached border of the ovary unequally divide the
broad ligament into an ui)per narrow triangular portion, the mesosalpinx, that

encloses the tube, and a lower broad part, the nicsomclriiim, that passes medially to

the sides of the uterus and becomes continuf)us with the perimetrium, as the serous
investment of that organ is termed. Within the mesosalpin.K 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 of smooth muscle prolonged from the uterus. Surrounding
the uterus, it is known as xSx^ parametriiim, and along the attached borders of the

ligament laterally, and below, becomes continuous with the 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. 1699.
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mentum teres), passes on each side from the upper lateral angle of the uterus. This

structure, a flattened cord from 12-14 cm. (4^i-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 peh'ic brim, and the e.xternal 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 e.xternal 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

involuntar}' muscle prolonged from the superficial layers 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

creniaster muscle. After gaininjx the pelvic wall, the round lijrament pursues a course

very similar to that of the vas deferens ; morphol()L,ncally, it corresponds to the

genito-inguinal lit,rament ( paj,a' 2( )40 j . In the foetus the round ligament is preceded

by a small peritoneal diverticulum representing the larger processus vaginalis pcri-

tonu'i in the male ; usually this disap[)ears, but may persist as a distinct serous pouch,

the lafial of lYiick, 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 f 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 Tixxd lines the shallow utero-vesica/ pouch (cxcavatio

vesicouterina ). Below the reflection of the peritoneum and as far as its attachment to

tlie 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 jiart of the back wall of the vagina before

being reflected onto the rectum as the vaQ;ino-rcrtal fold. The latter forms the bot-

tom of the deep scrow?. pouch of Doufflas (cxcavatio rcctouterina) that lies between the

uterus in front and the rectum behind. The lateral boundaries of the opening into

this pouch are formed by the two crescentic utero-rectal folds (plicae rcctouterina) that

curve from the hind surface of the cervix backward to the posterior pelvic wall at the
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sides of the rectum. Between the layers of these folds robust bundles of fibrous and
smooth muscular tissue extend from the uterus to be inserted partly in the rectum,
there constitutinjj;^ the utcro-rcctal muscle, and partly into the front of the sacrum as

the idero-sacral ligament. The latter structure contributes efficient aid in suj)porting

the cervical segment of the uterus, which is thus enabled to maintain its p(xsition

independently, to a certain degree, of that of the body.
Position and Relations.—The attachment of the cervix to the vaginal walls and

utero-sacral ligcuncnls gi\ c to the lower uterine segment a more definite positif)n than
that enjoyed by the body, which, being little restrained by its lateral attachments, is

especially aflected by the condition of the bladcler 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 cervix is comparatively fixed and directed backward and
the body more or less bent forward (antifiexed), the uterine axis exhibits a marked
flexure at t^e 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 infiuenced by the changing condition of the bladder. When
the latter is contracted and the uterus strongly anteliexed, 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 relaxed. 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 cervix, 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 axis 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—9 mm.)
at the entrance of the tubes and in the cervix, comprise three coats, the mucous,
muscular, and serous. The mucous coat, or endom-etrium, 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 uniforrhly distributed, since they are lost

during the disturbances incident to menstruation, and are often present only in

patches (Gage). The iiterme glands are simple tubular, or slightly bifurcated,

wavy invaginations of the mucosa, said to be 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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The arvica/ mucosa differs from that lining the body in being somewhat denser,

owing to the greater amount of fibrous tissue within its stroma, and in possessing a

taller epithelium, a single layer of columnar cells from .040-.060 mm. in height,

and larger mucous glands. The latter (yiandiiiac ccrvicales uteri), from 1-1.5 mm.
long and .5 mm. wide, are branched antl often reach with their blind ends between

the muscle bundles. The mucus secreted by these glands is peculiar, being clear

and exceeding tenacious, and sometimes is seen as a plug protruding from the

external os. Not infreciuently the orifices of the cervical glands become blocked,

which condition results in

the production of retention

cysts that appear as minute
\'esicles between the folds of

the plicie jjalmatie. These
bodies were formerly de-

scribed as the ovules of Na-
both {ovula Nabothi^. The
transition of the cylindrical

epithelium of the cervical

canal into the squamous cells

covering the vaginal portion

of the uterus takes place ab-

ruptly at the inner border of

the external os. At the inner

OS, where the cervical mu-
cosa passes into that lining

the body, the change is so

gradual and inconspicuous

that no sharp demarcation
exists.

The musciila)' coat, or

myometrium, although com-
posed of bundles of involun-

tary muscle arranged with

little individual regularity,

may be resolved into a robust

inner layer, in which the

bundles possess a general

circular disposition, and a

thin, imperfect (7?//rr A?irr in

which their course is for the

most part longitudinal. The
longitudinal muscle bundles

of the feeble outer layer, which is present only over the fundus and body, are con-

tinued beyond the uterus onto the tubes and into the broad, round, ovarian and
utero-sacral ligaments. The thick inner layer, the chief component of the myome-
trium, is distinguished by the number and size of the blood-vessels that traverse the

intermuscular connective tissue and, hence, is known as the stratum vasculare (Kreit-

zer). The bundles of this layer are confined to the uterus, except below, where
they become continuous with the muscle of the vaginal walls. At the three angles

of the body, corresponding to the two tubal orifices and the internal os, the dispo-

sition of the bundles .surrounding these openings suggests the existence of distinct

sphincters. In other places the innermost bundles are less regularly disposed and
are oblique or even longitudinal. Within the cervix the outer longitudinal layer is

unrepresented, the musculature of this segment con.sisting chiefly of circular and
oblique bundles, intermingled with a considerable amount of dense fibrous and elastic

tissue that confer upon the cervix greater resistance and hardness. The component
fibre-cells of the uterine muscle vary in form, being in some places short and broad

,-ft^
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and in others lonj^ and spindle form. UuiinL; pregnancy the ir usual leiiu^th (from
.040-. 060 nun. ) may increase tenfold.

The serous coat, or pirimetrium, continuous laterally with the peritoneal in\est-

ment of the broad lij.;;anient, is so closely adherent to the uterine muscle over the
fundus and adjacent i)arts of the antericjr and posterior surfaces that it is removed
with diHiculty. Lower, the |)resence of the inter\ enimLC h'o^f connective tissue ( para-
»ictrii(i)i ) renders the attachment less intimate.

Vessels.—The ar/<ru\s- supplyin_s^ the uterus are the two uterine, c-ach a branch
of the internal iliac that accomjjanies the ureter aloiii; the i)elvic 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 j^aining a point abenit 2 cm. from the

cervix and on a le\el with the internal os (Merkel), the uterine artery bends medially

and crosses the ureter oblicpielv and in front. It then traverses dense comiectixe

tissue, and on approaching- 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.
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uterine artery divides into its terminal l^ranches distributed to the fundus, Fallo-

pian tube, and ovary. In addition to a small branch to the ureter, just before

bending upward it gives of? 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 cervix 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 especially 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 artery 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 mvometrium and within the inner muscular layer break up into numerous

minute tw^igs that confer upon this stratum its highly vascular character. Within
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the mucosa the capillaries surroiiiul ihe glands and form a superficial net-work beneath
the epithelium.

The wins, already of ccjnsiderable size within the inner muscular layer, emerge
from the myometrium and form a tlense ])le.\us of thin-walled vessels that surround
the uterine artery at the sides of the uterus between the layers (jf the broad ligament.

The veins are arranged as an upper, middle, and lower group. Thi- first of these

includes the veins from the fundus and ujjper jxirt of the body, which become tribu-

tary to trunks that join the ovarian veins and leave the pehis 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 artery. 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 vmite into robust ascending stems that become tribu-

tary to the trunks following the uterine artery. The middle and lower groups freely

anastomose with the \esical plexus and also communicate with the hemorrhoidal
plexus.

The lymphatics, within the mucosa not demonstrable as definite \'essels 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 diverges from the fundus along the round liga-

ment to become afferents of the inguinal lymph-nodes. In addition to free anasto-

mosis among themselves, the uterine lymphatics communicate with those of the

vagina, rectum, ovaries, F"allopian tubes, and broad ligament.

The nerves of the uterus, being chiefly destined for the invohmtary muscle,

are numerous and of large size to corrq,spond with the highly de\eloped 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 i^ans;Jion, is cs]:)ccially large, and lies behind
the upper part of the vagina, receiving, in addition to the sympathetic, spinal fibres

from the sacral nerves and giving off twigs to the uterus. These latter pass to the

uterine walls between the layers of the broad ligament, particularly at the sides in

Cf)mpany with the blood-vessels, and penetrate the myometrium, to the fibre-cells of

which the ner\e-filanicnts 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 Wolfhan body, the relations of the Miillerian to the Wolffian

duct change. Instead of lying laterally to the Wolffian duct, as it does above, the

Miillerian duct gains the inner side of that tube as they ])ass into the urogenital fold

(page 203SJ which prolongs the lower end of the Wolffian 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 next the mid-line, side by side and in

contact with the Wolffian 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.

> Archivf. Anat. u. Phys., 1898.
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For a time this tube ends blindly and is continued to the urogenital sinus, with which
it unites, as a solid cylinder of larger cells ; this lumenless segment of the fused
Miillerian ducts rci)resents the anlage of the vagina. The extent to which the
Miillerian ducts uiulergo fusion is early indicated by a sharp inward bend of these
tubes just below the lower and medial c-nds of the U'oUlian bodies, the llexure on
each side corresi)onding to the attachment of fibres that jjass to the anterior abdom-
inal wall and later from the round ligament. The portions of the Miillerian ducts
above this point remain separate and ununited and become the oviducts, those below
undergo fusion and j^roduce the uterus and vagina.

After the vaginal portion of the united Miillerian ducts ac{|uires a lumen (by
the end of the fourth month), the uterine and vaginal segments of the tube are dif-

ferentiated by the tall cylindrical and the larger cuboidal epithelial cells that line

the two portions respecti\'ely. The transition zone, which becomes progressively
more marked, corres])onds to the position where later the cylindrical uterine epithe-
lium changes into the stjuamous vaginal 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 straighter

downward course of the latter. The more definite division of the uterus from the
vagina is effected by the appearance 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 epithelium, the cells lining the lower portion being taller, more cylindrical

and numerous than those of the lx)dy. The connective and muscular tissue of the

uterine wall are differentiated from the condensed mesoderm that surrtnmds the

epithelial tube. Distinct muscle is not distinguishable before the fifth mcMith, about
which time the cervical glands also make their appearance (Nagel), thus anticipa-

ting by some weeks the development 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 palmatae 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 above 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, even 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 afltects 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 plicc'e 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 cavity 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^li liberation of a mature ovum
may iKcur at any lime, sucli iiickpc-iuitiKc is (.•xtcplional, and in tlie vast majrjrily of cases
ovulation ami menstruation are synchronous processes, the uterine changes occurring regularly,

every tvvent\-eight clays, t)nly when the ovaries are functionally active. In anticipation of the
possible reception of a fertilized ovum, the uterine mucous membrane bec(jmes swollen, exces-
sively vascular and hypertrophied, with consjjicuous enl.irgement of the subepithelial blood-
vessels and the glands. The resulting thickened and modified nuicosa, now fn^m 3-6 mm.
in thickness, ofTers a soft velvety surface favorable for the implantation of the embryo-sac.
Should this pur|>ose be realized, the hypertroiihy proceeds, and the lining of the uterus is con-
verted into the deciduie and takes an important i)art in the formation of the placenta and at-

tachetl membranes (page 44). If, on the contrary, fertilization does not occur, the proliferative

processes are arrested and the hypertrophied nuic(^sa (now called the deiUiia inensiruaiis)

enters upon regression. Incidental to the latter arc subei)ithelial extravasation and rupture and
partial destruction of the e|)ilhelium, 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 provision of an
adecjuate source of nutrition and protection for the ffitus, and by the development of an efficient

contractile apparatus for the exi>ulsion of the same. From an organ ordinarily weighing about

45 grams (i '2 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. (al)out 2 lbs.) in weight and with a cai)acity of 5000 cc.

( 169 fl. oz. ) or more. This enormous increase depends especially 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 oi the previously existing muscle-cells and, during the first half of pregnancy,

the development of new muscle 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 mucous 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 deciduje, 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 jieriod of in\olution and
repair, the excessixe muscular tissue undergoing degeneration and absorption and the lacerated

mucosa regeneratif)n, the latter process being coni]>leted in from five to six weeks (Minot). In

sympathy with the growth of the myometrium, the roiuid 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 conditif)ns 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 t)f the lower part of these fcetal canals accounts for entire ab-
sence of the uterus and vagina. I)e|>ending upon the extent to which failure of fusion occurs,

all degrees of doubling are produced. In the most pronounced cases, in which the Miillerian

ducts remain separate throughout their entire length, two completely distinct uteri and vagina?
may result, each pair being capable of performing the functions of the normal 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 (uterus 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 Miillerian ducts fails to keep pace in its growth, all degrees of asymmet-
rical development may 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 develojiment may result in permanent retention of the f(ttal or infantile type of uterus.

PRACTICAL CONSIDERATIONS : ITERUS 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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appendages, tlu-ir blood- vessels, together with their nerves and their enveloping

connective tissue. This transverse fold of peritoneum is analogous to the mesentery

of the small intestine, serving the same purpose for the uterus and its appendages

—

/./'., to hold them in position and to transmit their blood-vessels and nerves.

The posterior comfiartmoil of the pelvis, the into- 11ferine, is the larger and

deeper of the two. The lower portion of it, included between the two recto-uterine

ft)lds of the peritoneum, is the pouch of Douglas, or recto-vaginal pouch, because it

lies between the rectum and the upper fourth of the vagina, from which it is separated

only by subperitoneal connective tissue. The rectum, bulging forward the posterior

wall, and the ovaries, hanging from the anterior wall, tend t(j fill this compartment,

the remaining space being occupied by small intestine and a portion of the sigmoid

tlexure.

Abnormally it mav be encroached upon by a retroposed uterus, which tends to

drag downward and backward its appendages, the tubes and oxaries, towards

Douglas's pouch, where they may be palpated 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 alwavs be drained, if drainage is necessary after operation in this region.

The anterior or vesieo-uferine comparinient of the pelvis extends below onl)-

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 readv separation of the two in the operation for the remo\^al 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 prei^nant uterus tilling the peU'is may press upon the iliac veins,

l)roducing 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, giving

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 indirecdy from the levator ani muscles, the

uterus is \'ery 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 ^prolapsed 7cterus 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 closed vaginal oudet ) is lacking because of the weak-

ened perineal floor. As the uterus reaches a lower level its ligaments become truly
'

' suspensorv' ' and resist its further downward progress as soon as their uterine attach-
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nients are below their pelvic attaclinienls. Normally their insertions and origins lie

approximately in the same horizontal j^lane 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 ])rotrusion of the ])elvic viscera, and directs the
a.xis of the vaginal canal forward instt-ad of directly downward, so that the intra-

abtloniinal jM'essure strikes the pelvic tloor at a right angle ; and by aiding in main-
taining the \agina 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 posteriorJiexioiis 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 anteflexion of the uterus, it is not always easy to

decide in a gixen case whether the degree of anteflexion is normal or abnormal.
When it is abnormal the most important symptom is dysmenorrhoea, 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 retroflexio7i or retro-

version of the titerns, 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 alwavs 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 revoh'es 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 cjuantity 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 mav 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 vagina or rectum. Sujjpuration takes place,

however, in only a small percentage of cases.

The condition is usually recognized by the rapid swelling and induration at the

sides of or behind the uterus, and in closer relation to it than is the swelling of a pyo-

salpinx or of an ovarian abscess. Pelvic collections of pus of this nature may be

evacuated through the \'agina by an incision made close to the cervix,—to avoid the

ureters and the uterine arteries ; Init it should be rememl)ered that this procedure

does not remove the focus of primary infectit)n, such as a diseased Fallopian tube.

Blood collections ( ha;matoceles) or tumors (intraligamentous) may also occur

between the layers of the broad ligaments.

The narrow lower border of each ligam "int 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 wall (page 2020).

The free upperborder 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 vessels

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 by 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 i953)- 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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THE VAGINA.

The vagina is a flattened muscular tul)e, 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. From 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 ajiproximately straight, directed from below
upward and backward, and corresponds in general w ith the lower part 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 somew hat more than a right angle.

The arched upper blind end of the vagina, known as the vault (fornix vaninae),

is largely occupied by the obliquely placed portio vaginalis and thereby reduced to

an annular groo\e that surrounds the neck of the uterus. This groove is deepest
behind, where it constitutes the posterior fornix, a

narrow pouch from 1.5-2 cm. in length lying between
the cervix and the adjacent vaginal wall. The recess

in front of the cervix, the anteriorforyiix , 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. {^lY^ in.), or from 1.5-2 cm.
shorter.

The opening at the lower end of the vagina (ori-

ficiura vaginae) is contracted, and in the virgin is still

further narrowed by a duplicature of mucous mem-
brane, the hyincji, of variable form but usually cre-

scentic in outline, that stretches from the posterior

wall forward and occludes more or less the \aginal

entrance. After rupture the hymen is for a time

represented by a series of irregular or fimbriated pro-

jections that become the cariaiculce hymenales. These
surround the opening of the vagina and undergo re-

duction and partial effacement after childbirth. The
anterior and posterior walls of the main and widest

part of the canal (corpus vaginae) are modelled by
median eIe\ations (columnae rugaruni), from which
numerous oblique folds di\erge 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 urethralis—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 \aginal 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 Cseptum urethrovaginalis), with which the vaginal wall blends without sharj)

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 of

Vagina of virgin, posterior wall

lias been removed exposing rugous
condition of anterior wall.
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Douglas. Below ihe latter, as far as the levator aiii imisclcs, the vagina and bowel

are connected by the dense recto-vaginal septum, strengthened by the intervening

prolongation ^)f the pelvic fascia. I'\irther down, where the rectum trends backward,

the i)artition broatlens into a wedge-shaped mass, the perinea/ body, which on
sagittal section appears as a triangle with the base below in the perineum (Fig. ijcxj).

At the sides the \agina is embraced by, although unattached to, the median (pubo-

rectal) portion of the levator ani muscles, which, in conjuncticjn with the pelvic fascia,

aflford efficient support. Below the pelvic floor, the vagina gains additional fixation

in passing through the triangular ligament with which it is ultimately attached. In

relation with the K)wer end of the vagina lie the bulbus vestibuli and Bartholin's

glands. The triangular interval, on each side, between the levator ani and the pelvic

fascia and the lateral surface of the \agina, is occupied by the veins of the vesico-

FiG. 1 704.
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;

visceral reflections of i)elvic fascia are seen extending to bladder, 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 papilke 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 hymen 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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anterior vaginal wall, from which bundles of muscular tissue are continued into the
urethro-vaginal scpium; behind, bundles pass into the recto-vaginal partition. Above,
the vaginal muscle is directly continuous w ith that of the uterus and below penetrates
the perineal body. Within, the conspicuous columnie nigarum, the muscular coat
as well as the mucous, is thickened, the elevations acquiring the character of erectile

tissue owing to the great num-FlG. 1705-

^"-^f^l^^^^-^
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Surface . .

epithelium '^X-:''

V --.'"• s-

S: ^'^^
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Section of wall of vagina. X 80.

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-

vaginalisj 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 \agina 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 fvesico- vaginal), that are

distributed to the middle and
lower portions of the vagina respectively. Those from the \aginal, of the two sides,

form encircling anastomoses from which an unpaired vessel (a. azygos vagune ) fre-

quently is given oft on the posterior, and sometimes anterior, wall. Additional

branches pass to the lower part of the vagina from the arteries to the bulbus vestibuli

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 w ith those from the

cer\ix 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 f 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 hvpogastric 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 as.sociation 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 membrane of the lower third with greater sensibility and send motor fila-

ments to the striated muscle surroundino- the entrance. Sensory nerve-endings of

different kinds have been described within the mucosa.

Development.— The vagina is formed by the? downward extension and fusion

of the Miillorian ducts. After union of the latter with the posteri(jr wall of the uro-

genital sinus and the appearance of a lumen, which at first is wanting, the genital

canal opens into the sinus l)y an apertiu'e, later the orificium vaginae, that lies between

and closely united with the Woltitian ducts. The latter subsecjuendy atrophy and

disappear, but may, in exceptional cases, persist to a greater or less extent as Gart-

ner's ducts. The entrance of the immature vagina is early guarded by an annular

fold that becomes the hymen and owes its differentiation to a pouching of the vaginal

wall behind a zone of thickened epithelium (Nagel). P'or a time, usually until about

the seventh month of fcetal life, the orifice of the vagina is occluded by epithelium.

The i)roliferation and thickening of the vaginal lining, which begin below, gradually

extend upward and result in the production of conspicuous rug^e, which, 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 slighdy 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 distinguishable before

the fifth month.

At birth, the vagina is relatively long (Fig. 1623) and its wall is comparatix-ely

thick, with conspicuous rugre 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 rugie, which from now on are

feebly marked in the upper part of the canal. After undergoing the stretching inci-

dent to labor, the rugae 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 vagince, where one canal may be very 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 \^aginal 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 wall, or

to a failure to expel the child.

While varying within normal limits with the distention of the bladder, when the

latter is emptv 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 ag^ainst the pos-

terior vay^inal wall, and that, therefore, this wall of the vagina must l>c 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 forni.x of the vagina and
anterior lip of the cervix. To expk»re tlie jiosterior fornix of the vagina considerable

pressure is required. To i)alj)ate structures in Douglas's cul-de-sac the bimanual
method of examination will be necessary, and a relaxed abdortiinal wall, to obtain

which a general aucesthetic 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 tlie urethra anteriorly, 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

(
i^age 2015).

The intravaginal portion of the cervix uteri can, with little or no pain, be grasped

by a tenaculum and drawn down towards the vaginal orifice 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 pcK-ic lymphangitis

or lymphadenitis (Penrose). These lacerations seem to invite the development of

cancer. Primary involvement of the body of the uterus is comparatively rare, the

great majority of cancers of the uterus beginning in the cervix. As a result of the

relations and contiguity of the cervix 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 \essel may result in

oedematous swelling of the lower extremities or in ascites.

An hypertrophied cervix 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 by 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 \agina 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 difificult. \'aginitis may be follow-ed by endometritis, as

the uterine and vaginal mucosae are directly continuous.

The hvmen 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 hvmen 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.

Fistula; between the bladder and vagina (vesico-vaginal), between the urethra

and vagina (urethro-vaginal), between the rectum and vagina (recto-vaginal), and
between the cervical canal and the bladder (utero-vesical), may occur.
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Redo-vcsical fistula in a woman has followed ischio-rcctal abscess, after the dis-

charge of which the patient passed gas and fiecal matter through the uretiira (Noble).
/ 'csico-vaginal tistuhe are usually due to sloughing consequent upon the impac-

tion of the head in a diliftcult labor ; they are not due, as erroneously believed, to the

use of forceps, but to too long delay in using them (Emmet).
Urethro-vaginal hstuhe following labor are rare. More frequently the com-

munication between the \agina and the upper i)art of the urethra is part of a larger

opening into the l^ladder. It is in reality a vesico-urcthro-vaginal fistula.

/ esico-iitfrint' fistuhe are usually due to a tear extending forward through the

anterior vaginal forni.x 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 dribbling 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 vesico-

iitcro-vaginal fistula.

Recto-vaginal fistuhe are found usually at the upper or lower end of the vagina.

At the upper end they are most frecjuently due to extension of an epithelioma of the

cervix into the rectum, and in the lower end 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 uwns pubis above and the zcrogeu-

ital cleft between them, the labia minora or nymphcB, and the enclosed vestibule, the

clitoris and the bulbiis 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 the pude7idu7ti (pudendum niuliebre), 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 major (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 (com-

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 (commissura 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 nymphae. 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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sonutimes as much as 8 cm, or more, is siii)|)(>rlecl 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 nymphse (labia minora pudendi), are two thin folds of

delicate skin that, for the most pari, lie concealed between the larger labia, unless

the latter are separated, and enclose the vestibule. Their length is from 2.5-3.5 <-'•"•-

their width about half as much, and their thickness from 3-5 mm. Near its anterior

end, each lal)ium 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

pn-puiiutn clitoridiSy while the medial limbs join at an acute angle on the imder side

of the clitoris to form \x.<,Jnnum (Ircnulum clitoridis). Behind, the nymphie grad-

ually fade away by joining the inner surface of the labia majora. In the virgin, and

when well developed, the medial l)order of the posterior ends of the nymphae are usu-

ally connected by a slight

1'"k; 1 706.
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lioth surfacesof 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 nympha? 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 intcrlabial

furrow ; internally the line of transition into the mucous membrane lining the vesti-

bule follows the medial attachment of the folds which oxerlie the vestibular bulb. In

addition to the two cutaneous layers, the nympha- 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 lal)ia 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 (vcstibuluin vaginae) is the elliptical space enclosed between the

labia minora, extending from the clitoris in front to the crescentic fremmi behind.

When the nynipha^ 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 ojienings of the

paraurethral ducts and of the canals of Bartholin's glands. The Jtrcthral orifcc occu-

pies a more or less conspicuous corrugated elevation (papilla urcthralis ) that lies about

External Rcnital organs of virgin ; labia lia\-e been separated to expose
vestibule and vaginal orifice.
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2 cm. l)c-hiiul the clitoris aiul breaks the smooth mucous surface of the vestibular rcjof.

The opening of the urethra is very variable in form, bein^ crescentic, stellate, crucial

or linear, a sagittal cleft of about 5 nun. being the most usual type. Close to the

urethral orifice, at the sides or somewhat behintl, lie the minute depressions marking
the openings of the paraurethnil ducts (page 1924). In young subjects, a pair of

fine sagittal folds can often be traced over the roof of the vestibule from the urethral

papilla to the frenum of the clitoris.

The area between the orifice of the urethra and that of tiie \agina is subject to

considerable intli\ idual \ariation in size and detail owing to ditfcrenccs in the extent

to which the lower enil of the anterior vaginal column (carina urethralisj encroaches
uj:)on the vestibule. After rupture of the hymen has occurred, the vaginal entrance
is surrounded by a scries of irregular fimbriated projections that form the caru7iailce

hymenales which, after labor, become reduced to inconspicuous nodules. Included

between the posterior margin of the hymen and the backwardly directed arching fold

of the fourchette is the fossa navicularis, a shallow, crescentic, pocket-like depres-

Labium majus

Fig. 1707.

Z'. A'r"'^'^'^''^ - --••,
Labium mini

Sebaceous glands on external^^ \|^'^^- ; y
<-''''

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, vinusually numerous and large, present a plexiform arrangement,

whereby the labia acquire the character of erectile structures. The collecting stems
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join those of the labia majora, as well as communicate with the veins of the clitoris

and bulb. The lynip/talics of the labia are \ery numerous, notal)ly in the more

superficial i)arts o'f the folds, a half dozen or more trunks jjassin^^ to the upper and

medial group of inguinal lymph-nodes. The lymphatics from the nymplue, also

very numerous, join the af^erents from the labia majora and end in the same inguinal

nodes. Communications sometimes exist with the nodes of the opposite sides

(Hruhns).
, • , r

The nerves supi)lying 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 hiaments from the perineal branches of the pudic and the small

sciatic trunks. The nymplue are highly sensitive and receive branches from the

superficial perineal nerves upon which special sensory endings are found within the

suix-pithelial tissue.

THE CLITORIS.

The clitoris, the homologue of the penis, repeats in reduced size and modified

form the chief ctmiponents of the organ of the male. Mori)h()l()gicaily considered, it

consists of two corpora cavernosa, united in front into the body and sejjarated behind

into the crura attached to the pubic arch, and the imjierfectiy developed and cleft

corpus spongiosum—known as the bulbus vestibuli and usually described as an inde-

j)endent organ.

The clitoris lies so buried within the subcutaneous ti.ssue and beneath the labia

that only its small conical anterior end, called the glans clHoridis, and the low verti-

FiG. 1708.
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Dissection of urogenital triangle of female, showing clitoris and bulhus vestibuli.

cal ridge of integument over the body f torus clitoridis) appear when the labia are

separated. The glans, about s mm. in diameter, is partly concealed by an annular

duplicature of skin, ihc prcputium clUoridis. that is free in front and at the sides, but

behind is attached bv a median fold, the freii^m. continucnis with the nymphce.

When e.xposed after removal of the labia and skin, the clitoris T using the term ni 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 cavcnwsa

and the diverging and much larger crura, from 3. 5-4 cm. in length, that are attached

to the sides of the subpul^ic arch, as are the corresponding parts of the penis. The

crura clitoridis are. however, relativelv fiat and blunt. The dependent body forms

a sharp bend with the diverging crura, being fixed to the lower part of the symphy-

sis pubis by a diminutive suspensory //[i^amcut. Owing to its attachments to the in-
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tegument and nymplia-, the position of the bod)- and its angle undergo but shght
change even in the turgescent condition of the organ. In their general structure

the corpora cavernosa clitoridis, apart from their reduced size and feebler develop-
ment, correspond with those of the j)enis, including cylinders of erectile tissue en-

closed by a tunica allniginea and separated where blentled by a septum. The glans,

however, is composed chieHy of fibrous tissue and contains little true ca\'ernous

structure ; it is, (if course, not ])erforated l)y the urethra.

The Bulbus Vestibuli.—The vestibular bulb consists of two converging
elongated masses of ca\ernous tissue, completely separated e\cej)t in front, where
they are connected by a narrow isthmus, the pars intermedia. 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 component parts have
remained ununited in consequence of the persistence of the urogenital cleft, each
half corres])onding to a semibulb of the united structure in the male. Each 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 i 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 tissue is the artery of the bulb
(a. buibi 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 (a. 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 of? chiefly by the dorsal vein and the venous channels that more closely

accompany the arteries. The most important modification is the presence of the
plexus i?itermedius (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 \'eins, the ca\-ernous 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 relatively 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 lar^'^e and supjilies the intetjunient of the glans and prepuce
with fibres connected with special sensory end-orj^ans.

THE GLANDS OP' BARTHOLIN.

The glands of Bartholin (giandulac vcstibiilares majores;, the homologiies of

Cowper's glands in the male, are a pair of small organs, situated one on either side

of the vaginal orifice, behiiul the bulbns \estibiili 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, ancl 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. e.xternal 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 i)asses obliquely inward and for-

ward, beneath the base of the nympha, to open in the groove between the latter and
the hymen about ojiposite the posterior third of the lateral boundary of the vagi-

nal orifice. The minute
Fig. 1709.
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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-

nute mucous follicles. The main duct, which sometimes exhibits am i)ullary enlarge-

ments, is clothed with columnar epithelium until near its termination, where its lining

becomes stratified squamous in character, to correspond with that of the vestibule.

The secretion of the gland is whitish in color and viscid.

Vessels.—The\?;'/^r/r.9 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 tninks of the \estibular bulb and of the vtigina.

The lv7uphatics jr.in those of the vagina and rectum that are aflerents 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 walls 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 inlands of the two sides often vary in size and may he asyniinetrically

placed. The ducts may l)e doubled and the lobules so separated that the usual j<land-mass is

replaced by isolated divisions. The glands are sometimes seemingly wanting on one or
both sides.

PRACTICAL CONSIDERATIONS : THE EXTERNAL GENITALS.

Owintj to the protected position of the vuKa 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 wounds inflicted by
horned cattle. Because of the laxity of the tissues and the free blood-supply in the

labia niajora large h^ematomata may collect, especially if the bulbus vestibuli is

opened. Again, 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 vuha 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 ver}^ slowdy

—

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 exti-eme
dilatation.

A small red vascular tumor, called a. urethral caruncle, is sometimes found pro-
truding, usually from the posterior wall of the female urethra. It is extremelv 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 give rise to a congenital
hernia or hydrocele in that part. Owing commonly to the presence of \aginal dis-

charge, the vulvar region is frequendy 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.
Although morphologically considered they are modified cutaneous glands and

developed in both sexes, the functional importance of the maniniar\' glands 7 mammae)
in the female entitle them to be reckoned as organs accessory to the reproducti\-e
apparatus. Each mamma, or breast, consists of a group of tAventy or more indi\idual
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and separate jjlands. opcnini; In- iiKlc-ptiulciit diuts, tliat c-olU-ctivcly constitute the

true secreting or^an (corpus mammae ». as dislinyuishi-d from the enveloping layer of

fat and areolar tissue.

As seen in the young, well (1(\ rlopcd subject, before the occurrence of preg-

nancy, the mammce form two lu inisiiluri( al projections that lie upon the thoracic

wall, one on either side of the sternum, extending frtjni the outer margin of the latter

to the a.xillary border and from the level of the second to that of the si.xth rib. The

Dudine of the organ is not quite circular Init elliptical, the horizontal diameter, from

IO-I2 cm. (
4-4-^4 in. ), being about (jne centimetre more than die \crtital. Tin-

height of the projectitm measures al)out 5.5 cm. The rounded contour of the breast

depends chiefly upon the fat that forms a complete envelope for the glandular tis.sue.

V\c.. 1 710.

Areol

^I.dlmleof gland-tissue

^Kxiiftory duel

Nipple

Vinpiilla

l-aclikTOus duct

Ltfl mainina drawn Horn living sul.je. l ; .huls and glandular tissue have l.e.n diawii Iroin dissecti'-n.

e.xcept beneath the nip])le and, in places, on the deep muscular surface. In the youn^

subject, in whom the gland has never enlarged in consecjuence of i)regnancy, the secre-

tory tissue is relatively small in amount and masked by the fat that i)enetrates between

the lobules. The appro.ximate summit of each breast, when firm and non-pendulous

as in young women, is marked by the conical or wart-like /ii/>/)/e (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 surrouiuled by the areola, a cutaneous zone

about 4. S cm. in diameter that is modc-lled bv minute low elevations produced by the

small subcutaneous areolar inlands, or ohnds 0/ Ahmti^fluicrw which represent isolated

accessory portions of secretory tissue. Although \-arying with tin- complexion, the
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Suspensory band

Pectoral muscle

])ij^iiientation of the inte«i;uniciit covcriiij^ the ni|)])le and arecjla is very sHght, and
lience tlie color of these parts is usually a rosy pink. After the earlier months of

prej^j^nancy the color of the nipple and areola chanj^es to brown, in varying shades of

intensity, which tint thereafter never entirely disai)pears, but becomes temjjorarily

augmented with each pregnancy.

The mammary gland lies within the superficial fascia of the thora.x, which not

only forms a general investment for the or-

gan, but also sends into it septa that mate- P'ig. 1711.

rially aid in supporting the fat and glandular

tissue. Local peripheral thickenings of the

fascia occur abo\e and below and 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 mammie con-

sists of from 15-20 or more flattened pyrami-

dal lobes (lobi mammae), each of which is a

distinct gland measuring from 1.5-2 cm. The
lobes are radially disposed, the groups of al-

\eoli 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

se\er3\ 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.

Dicrijig lactation the ah-eoli 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 contain 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. Finally, 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 ducts begin as the minute canals into which the ah-eoli open.

Fascial envelope

Sagittal section of mamma of young woman who had
never borne children ; hardened in formalin.
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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.
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Alveoli

Interalveolar
stroma

Section of mammary gland before lactation. X 170.

ducts that are formed by the

junction of the smaller canals.

On approaching the base of the

nipi)le, Ix'Ueath the areola, each

milk-duct presents a spindle-form

enlargement or ampulla (sinus

lactifcrus), 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 axial portions of the nipple.

Over both areola and nipple the skin is j>ro\ided with large sebaceous glands, the

secretion of which is increased

during lactation and designed Fig. 1713.

for protection while nursing.

Sweat-glands are absent over

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 Montgoju-

erf s glands. 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 nriammary gland (lac feniininuin) 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

Section of mammarv- gland durme inrt.-iiion, showiii.i; <

alveoli liiied with fat-bearing cells. X 170-

Interalveolar
septum

iistended
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composition of human milk includes over 86 per cent, of water, about 3 of albuminous
sulwtances, 5.3 of fat, 5 of su_<;ar, and less than i per cent, of salts. The chief mor-
phological ct)nstituents of milk are the milk-gloljules ( fat droplets liberated from tlie

alveolar cells), that vary in size from the most minute spherules to those having a
diameter of from .003-005 mm. and, exceptionally, even twice as much. Their
average numlier per cubic millimetre is something o\er one million (Bouchutj.
Whether the milk-globules are enclosed within extremely thin envelojjes of casein is

still uncertain. Whether the fat is actually produced within the cells, or is to be
regarded as only in transit, and, likewise, whether the milk leaves the cells already
emulsified, are also cjuestions undecidetl.

During the last weeks of pregnancy and for twtj or three days after its termina-
tion, the breasts contain a clear watery secretion, kncnvn as colostrum, that diflers

from milk in containing relatively little 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 mm., although they
may attain a diameter 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 off during the initial changes and

Fig. 1714.

a:
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of a few trunks that follow the perforating arteries and become afferents of the lymph-
nodes lying along the internal mammary arteiy, 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 empty, 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 symi)athetic fibres passing 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 upon the basement membrane surrounding the

aheoli 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

fore 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 mamma-. The occurrence of a definite niilk-ridge in

the human embryo is uncertain, although its presence has been observed (Kallius;,

and the position of supernumerary mamma 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. PVom 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 {vionoirc7n€S).

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 elevation now
becomes a depression of the surface. From the middle of this depressed area there

appears, shortly before or immediately succeeding ( Hasch ) 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 bv the lactiferous ducts with their ampullae, the

smaller ducts, and the immature aheoii. Quite commonly the mammary glands in

both sexes are the seat of temporarv activitv during the first few days after birth, the

breasts yielding a secretion resembling colostrum, j^opularly 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-jiroducing 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 ti.ssue is inconspicuous. After cessation

of menstruation the mammary gland graduallv 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 niainnice are fre(iuenth- asymnietrically developed, the left being often
larger than the righ.. W'liile very rarely on<: or hotli may t)e wanting, with or without associated
absence of tlie nipple, increase in their number is of relatively connnon occurrence. The super-
numerary mamm:e vary greatly in the extent tt) which they are develcjped, sometimes being
represented by well-formed accessory glands (po/v/fias/ia) that may become functionating organs,
but more often, particularly in the male subject, by only rudimentary nipples {polythelia), or
even by pigmented areas suggesting areoke. In women polythelia is usually associated with
greater or less development of glandular tissue. Although the astonishing frequency (14 per
cent. ) of polythelia in men, as announced by Bardeleben,' is to be reconciled only by accepting
many doubtful [)igment spots as of significance, the occurrence of rudimentary supernumerary
nipples in males is undt)ubtedly more common than formerly recognized. K.xceptionally above
and to the outer side, the usual position of the acce.ssory mamnue is below and .somewhat
medial to the normal glands, and in general corresponds to the mammary line of the lower
animals. The number of the accessory glands varies, as many as three pairs in one case, and
five milk-secreting organs in another, having been observed. They are often asymmetrically
placed and not uniformly developed. Comparative studies of the mamma; in the lower animals
and the disposition of the supernumerary organs in the human subject, suggest the probability
that man's remote ancestors normally possessed a greater number than two,'' the occasional
occurrence of the anomalous mammce indicating a reversion to the primary condition, in addi-
tion to the supernumerary mammce 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 mammae are also met with among the lower animals.

PRACTICAL CONSIDERATIONS : THE MAMMARY GLANDS.

The skin covering the breast is thin and movable, with plainly visible ctitaneous

veins which enlarge dtiring lactation, or in cases of mammary hypertrophy, or when
obstruction due 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 more 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 neoplasms
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 women
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.
2 An interesting review of the subject is given by Bonnet in Ergebrisse d. Anat. n. Entwick

Bd. ii., 1892.
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exists towards the bottom of which the ducts of the mamma converge. In such
cases the deprcsbion persists ; in others the areola is present, but the nipjjle absent.

In both, while lactation may be normal, the suckling of children is impossible. The
nipple may be absent or detective 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 multiparic 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 jxiinful erosions, fissures, and ulcers.

Atrophy of the mammary glandular elements is of normal occurrence after the

menopause, the fibrous and fatty structure being also aflected in many instances of

noticeable withering of the breasts. In early life this condition may result from
disease, or from remoxal 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. Amenorrhoea and pregnancy
are frequently associated with it.

Infection of the breast is usually 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 supra)—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 ampulke 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

submammarv' 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 supramammarv, connected by a narrow channel,

a form of X'elpeau'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 usuallv occurs. As the breast—glandular and
other structures, inckuling the skin co\ering it—is supplied chieflv 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 m^de on lines radiating out-



PRAC riCAL CONSIDERATIONS : MAMMARY GLANDS. 2035

ward from the nipple so that the larger lactiferous ducts converging to that point

may nut be wountled.

Carcinoma of the breast is the most important of the diseases affecting that

gland, about 85 per cent, of the neoplasms involving the female mamma being can-

cerous. About 99 per cent, of all neoplasms of the breast occur in the female, only

I per cent, in the male, " illustrating the law—of which many other instances might
be cited—that functionless, obsolete structures have but little tendency to take cm
the neoplastic process" (Williams). It begins most often in the cuboid (glandular;

e|)ithelium 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 neighboring tissues. In tracing

the methods 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. By way of the lymphatic vessels that emjjty into the lymph 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 lymphatics ; {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
e.xposed to minor traumatism ; or possibly because the alveoli are much more
numerous in the peripheral than the central part of the gland, the majority of mam-
mary neoplasms arising in the scats of the greatest development of postembryonal
activitv where cells still capable of growth and development most abound (Williams)—i.e., in the vicinity of the alveoli. Williams calls attention to the fact that the
'

' a.xillary tail' ' of the mamma lies close to the pectoral nodes and might be mistaken
for the enlarged gland. By placing the flat 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 may 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, embedded 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 rela.x the fascia, when the nodes may be recognized by 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 {b) 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 cedema and swelling of the upper limb, compression of the axillary vein, and
in widely distributed pain in the regions supplied by the brachial plexus: {c) the infra-

clavicular (cephalic) nodes, lying just below the clavicle, between the deltoid and pec-

toralis major muscles and, like the deep axillary 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 v^essels and receiving lymph from the scapular region, and often, when the
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central g^roup of nodes lies on the deep surface of the axillary fascia, forming one
large group with it. Involvement of these nodes with their afi'erent lymph vessels

probably accounts for the extensive infiltration of the structures over the upper
lateral and posterior aspects of the thoracic parietes occasionally seen in advanced
cases.

3. The nodes at the summit of the axilla may be inxolved through lym{)h vessels

passing above the pectoralis minor and through Mohrenheim's fossa without entering

the pectoral nodes.

4. The anterior mediastinal glands may be in\aded—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 (i)age 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 j)ulling 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 eyi ciiirasse is pro-

duced. In the later stages ulceration, infection, hemorrhage, and foul discharge are

frequent results of the cutaneous invoh'ement.

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 valuable 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 f Moore), or to the glands of the opposite axilla f Volkmann, Stiles), or to the

glands of both axillae (Scarpa, 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 suspensorv ligaments, and by glandular processes accom-
panying or contained within these ligaments (Stiles), shows the necessity for free

sacrifice of the skin overlying the breast.

(b) 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 gland and radiate in the paramammary fatty tissue (WiUiams) emphasizes the
need for incisions that shall permit the removal of all such portions of possibly dis-

eased glandular tissue.

(r) The usual defect in the rctroglandular fatty envelope, bringing the glandu-
lar lobules into intimate relation with the ])ectoral 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 ( vide supra) supplies the same indication as to
removal of the greater pectoral and—to a lesser degree—as to the lesser i)ectoral also.

It, of course, points unmistakably to the need for thorough cleaning out of the axilla.

In doing this it is well to remove the chain of lymphatic nodes—pectoral, central,

deep, subscapular, etc.—in one piece, not only because it minimizes the risk of

infection of healthy structures during the operation ( Cheyne;, but because if the
clavi-pectoral fascia (suspensory ligament of the axilla; and the axillary fascia,

together with the greater part of the i)ectoralis minor muscle (on account of the
continuity of its sheath with the clavi-pectoral fascia), are removed in one piece, the
groups of nodes enumerated above and embedded in them will be removed also

(Leaf). To this there are three exceptions: ( i ) a node of the subscapular group
sometimes projects backward and is found betw^een the teres minor and 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 of? 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 prominent—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 fin

close proximity to the subscapular nodes) the long subscapular nerve supplying the
latissimus dorsi muscle should be a\-oided. 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 close contact with
the outer surface of the serratus magnus muscle to which it is distributed. The
arteries met with or divided 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' by 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 convevance
and temporary storage of the products of these glands. Provision of the excretory
canalij is accomplished by the secondarv' 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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Portion of cross-section of early human enihryo, showing first appear-
ance of sexual glands within germinal ridges. X 60.

During the development of the Wolffian body, or mesonephros, a second tube,

the Miilleriafi duct, is formed within a linear thickening, the i^eyiital ridg^e, that

appears upon the ventro-lateral surface of the Wolffian body. Near the cejihalic end
of the latter, an e\'aginalion of the lining of the body-ca\ity into the genital ridge

occurs, by the contin-

FiG. 1716. uetl pnjlileration and
'A-^J^a downward growth of

the cells of which the

t\agination is con-

\ erted into a tube

—

the Miillerian duct.

This tube coninumi-
catesdirectly with the

body-cavity by means
of its trumpet-shaped
cc})halic e.xtremity,

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 theW^olffian body (Fig.

17 16). Over this raised area, the germinal 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. 'Y\\g.'s>^ A.xit\\\^ primary germ-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. Whether
determination of

sex is dependent
upon nutrition,
and, therefore,
more or less acci-

dental, or is established early and antedates the appearance of indifferent organs,

is a question still undecided.
Differentiation of the Male Type.—The development of the testis from the

indifferent sexual gland includes the invasion of the proliferated mesothelial cells of

Primary germ-cells

Proliferatitig
Wolffian stroma

Cross-section of germinal ridge of young human embr>'o, showifig
early differentiation of primary germ-cells. X 500.
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Fig
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epididymis
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the germinal ridge hy the uiulerl)ing niesoblastic stroma, whereljy the cpitheHal

mass becomes broken up into cyhnders and cords that extend into the subjacent

stroma. The cell-cords are ct)mposed of two kinds of elements, the numerous chief

epithelial cells and the larger spcrm-ccUs, the direct descendants of the indiffer-

ent primary germ-cells, which they embrace. About the fifth week a layer of

mesoderm insinuates itself between the superhcial and deeper portions of the epi-

thelial mass, thereby separating a peripheral zone. This ingrowth results in the

formation of a robust fibrous envelojje, the tunica albuginea, around the entire testis,

while the separated mesothclial la)er differentiates into the serous covering. The
cell-cords become subdivitled by the ingrowth of the niesoblastic stroma into smaller

spherical masses, which subsc^iuently are converted into the seminiferous tubules,

while from the stroma are supplied the interlobular septa and the intralobular support-

ing tissue. About the sixth week additional cell-cords grow into the young testis

from the adjacent Wolfilian tubules. These
ingrowths invade the attached border of

the testicle and become the vicdullary

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' olffian 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
niesoblastic stroma continuous wnth the

supporting tissue and framework of the

gland. At the approach of sexual ma-
turity the primary sperm-cells within 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 deri\-ed from the

mesonephros, establish the elaborate excretory passages of the sexual gland. From
the Wolffian tubules are developed the coni vasculosi and the ductuli efferentes, while

the Wolfifian 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 are the

paradidymis and the vasa aberrantia. The appendix of the epididymis, or stalked

hydatid, probably also owes its origin to the Wolffian duct.

Although, as is evident from the foregoing, the Wolfifian tubules and duct are

largely concerned in the development of the generative tract in the male, the Miil-

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

Fibrous-
capsule

\'-

Globus minor-

Ligament um scrotile's.,

.^

Longitudinal section of developing testicle. X 20.
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persists, the interveninc; portion of the Miillcrian chict is represented by Rathke's

duct. Since the prostate inland arises as an outtjrowth from the iiro}.,fc;nital sinus

(pam' i^jg). it has no ^ciutic rehition with the seminal ducts.

Descent of the Testes.—The development of the se.xual j^lands, in both

sexes, is attended with conspicuous mitjration from their orii^inal pf)sition on either

side of the upper two lumbar vertebra-, opposite the lower jiole of the kidney. In

the case of the testis, this mit^ration is so e.xtensive that by birth the organ usually has

passed through the abdominal wall and entered the scrotum, having completed

its so-called descent.

Certain peritoneal folds (mesenteries) and til)ro-nuiscular bands (ligaments) merit

brief description, since they are more or less concerned in the migration of the se.xual

glands. The Wolffian body is enclosed and attached to the posterior body-wall

by a fold {jnesoncphridium), of which the upper elongated end is continued to the

Fig. 1 7 19.

Ur CG Pr

DiaKrams illuslratiiiK differentiation of two sexes from indifferent type. A. Indiffrrent : G, sexual pland ; 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. Klobus major; VD, vas deferens; Pa. para-
didymis ; VA, vas aberrans ; SV, seminal vesicle ; AT, appendix testis ; AE. appendix epididjTiiidis ; B, bladder ; PU,
prostatic utricle; Pr, prostate; Ur, urethra; CG. Cowper's jjland ; CC, corpus caveriiosum ; R. rectum; RD, renal

duct ; K, kidney. C Female : O, ovary ; Ov, oviduct ; F, fimbria ; U, uterus ; V, vagina ; DEp, duct <>i epoopfioron ;

TEp, tubules of epoophoron ; Po, paroophoron; HM, hydatid of Morgajjni ; GD Gartner's duct; BG, Bartholin's

gland; C, clitoris; K, kidney; R, rectum. {Modifted/rom IViedersheim.)

diaphragm {plica phrenico-inesonephricd) and the lower to the abdominal wall in

the inguinal region {plica ini^uino-mcsonephricci). The earlv se.xual gland is also

provided w'ith a mesentery {mcsorchiiim or viesovariiini), 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 liQ;amcnt of the testis or orary'), that below

is attached at first to both the WV)lffian 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 W'olffian 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 W^olffian 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-



DEVELOPMENT OF THE REPRODUCTIVE ORGANS. 2041

i}i{^ui,iai lioanioit, corruspoiuls with the .irubcriiacuhmi testis in the male and witli the
rouiul hoaiiKiit of the uterus in the ft-inale. In the fcruier it is not directly attached

auunt, tile point of attachment later corre-

k;. 1720

S. \iial

..land

' WoKliaii
body

'/^Wolffian
/A tiibuk-s

—Wolffian
duct

Gut

to the testis, but only tliroui;h its li

si)ondinj^ to the orii^in

of the vas deferens
from the epididymis.

The testicle betjins

its descent tluriny the

second fcetal month,
coincideiitlv with com-
mencin]Li atrophy of the

W'olrtian both', and,

under the influence and
;4uidance of the <>enito-

inguinal ligament, by
the end of the third

month reaches the an-

terior abdominal wall

in the vicinity of the

later internal abdomi-
nal ring. This position

it retains until the close

of the sixth month,
when it enters u])on its

final descent.

Meanwhile, the

musculo-fascia layers
of the abdominal wall undergo evagination, resulting in the production of a shallow
pouch, the inguinal bursa, into which a sac of peritoneum, the processus vaginalis,
extends, together with the closely associated genito-inguinal ligament. The inguinal
bursa, in turn, sinks into the shallow scrotal pouch that has independendy 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 fascice. 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 elevation appears
on the floor of the bursa, which thus seeniingly becomes pushed up towards the

testis to form the rudiment of what in some animals becomes a well-marked projec-

tion, the C072US 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. 1721.
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Wolffian bodies and sexual glands of human cmbrvo of about six weeks
(17 mm. long). X 15. {Modifu'd from Kul/mann.)

\'as deferens

Deeji epigastric vessels

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

Peritoneal cavity -\

Int. obi. and transver. muscles - ^.—

Aponeurosis of external oblique

Peritoneum
Genito-inguinal li.gament—

Transversalis fascia
~'

Cremaster muscle—^'^,

Intercolumnar fascia—^—^n5^
, Processus vaginalis

Integumentary scrotal pouch —c \
.Mtachment of ligament to

/' thickened floor of inguinal—^ bursa

Diagram showing early stage in descent of testicle. (After IValdfyfr.)
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testicle, wliich, drawn from its mesentery (mesorchiiim), descends outside and behind

the peritoneal pouch that later constitutes its partial serous iiuestment, the tunica

vat-i-inalis. After the tlescent is comi)k.led, usually shtjrtly l)efore birth, but s(jnie-

times not until afterward, the tubular
I'lo. 1722.
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Diagram showing relations of descended testicle to

processus vaginalis, which still freely communicates with
peritoneal sac of abdomen. (After It'aldeyri .)

upper segment of the peritoneal sac

closes normally durinij the early months
of childhood. This closure takes place

first in the vicinity of the internal ab-

dominal ring and ii) the middle of the

tube, passing u|)ward 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 {lig-

amentum vaginale) 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 lavers 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 banci, the scrotal lii^a-

ment, that connects the lower end of the epididymis to the scrotal wall (Fig. 1687).

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

lying beneath the integument near the Y\g. 1723.

external abdominal ring, in the thigh, or '^ ~- ^" oncum

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.—Dex'clopment 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

Miillerian and Wolfhan 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.

Vas deferens

Deep epigastric vessels

Closed portion of

processus vaginalis

— Epididymis

Cremaster—

-

Infundibuliform fascia

Sac of tunica vaginalis

\'isceral layer-

Parietal layer —

Skin and dartos—-^

Diagram showing relations of testicle to serous mem-
brane after upper part of processus vaginalis has closed, its

lower part jiersisting as tunica vaginalis.
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In the female the W'olttian tubules and duct play a subortiinate role, remaining
to form rudimentary organs, the epoophoron (page 2000), the ])aroophoron (page
2002). and, when the Wolffian duet persists, the duct of Gartner (page 2001 ). The
broad ligament is formed bv the enlargement of the primary j^eritoneal fold containing
the Miillerian anil Wolftian ducts.

Descent of the Ovary.—The primary position of the ovary, at the side of

the upper two lumbar vertebrae, corresponds with that of the testis, the sexual
gland, as in the male, undergoing migration in order to gam its permanent loca-

tion. In the case of the ovary, however, this migration is much more limited,

notwithstanding the provision of the same equipment for descent as in the male, in-

cluding the genito-inguinal ligament, inguinal bursa, peritoneal evagination, and even
cremaster muscle. The gland

fails to reach the internal Fig. 1724.

abdominal ring and remains
until birth at the brim of the

pelvis in consequence 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 detinite

position, the o\-aries, 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 by inspection of the internal 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 geyiital tubercle. The latter rapidly increases in size and differentiates 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 xhft gefiifalfolds that lie on either side of the opening into

Sexual organs of female fcetus of third month, showing ovaries
still undescended and bicomate uterus. X 2.
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Cloacal membrane

Surface markings of cloacal resion of human embryo
of seventeen days (Fig. 1644). X 12. (Keibel.)

Fig. T726.

V

-Genital tubercle

:
Cloacal membrane

I
Lower limb

Caudal process

the urogenital sinus that appears when the cloacal membrane ruptures. Somewhat
later, about the ninth week, a pair of thick crescentic swellings, the outer genital, or

labio-scrotal folds, make their appearance on either side of the genital tubercle.

In the female, in which the original relations are largely retained, the genital

tubercle grows slowly anil is converted into the glans and body of the clitoris, while

the inner gc-nital folds become the nyniphie and the outer ones the labia majora.

The urogenital sinus remains as the vestibule and its opening as the vulvar cleft.

The wtdge of tissue between the posterior margin of the latter and the anus becomes
the perineal body.

A description of the development of the glands of Bartholin is given in connec-

tion with the consideration of these organs (page 2026).
In the male the modifications lead-

FiG. 1725. ing to the fully difi'erentiated external

organs are more pronounced in conse-

quence of the formation of the urethra.

The genital tubercle rapidly 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 divided 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 communication 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 converted 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 groo\e 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.

External genitals oi human embryo of about twenty-
seven days. (Kollmann.)

Fig. 1727.

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 de\elopniontal relations of tlie various parts of tlie urogenital system to the

embryonal structures, as well as their morphological relations to one another in the

two sexes, are shown in the diagrams (Fig. 17 19) and accompanying table :

Male.
Fig. 1728.

I'"h.malk.

Glaus ^yGlaus

Urethral groove

Scrotal fold

Anal groove

—

CoccvKcal-
ciniinjucc

Seven and a lialf weeks. {Heisos-)

Glans
Urethral groove closing

—Glans cliloridis

Laliium niajus
Nyniplia
Urogenital sinus

Anus

Coccygeal eminence

Glans clitoridis

Nynipha:

— Labium majus

\'aginal orifice

Eleven wrt-k^. i A'ollmann.)

Epithelial knob

Urethral groove
closed Glans clitoridis

Prepuce

Urethra

Nympha

Vaginal orifice

Fifteen weeks. (Herzog.) Sixteen weeks. {Kallmann.)

Development of external generative organs.

Male

Testis

Coni vasculosi and ductulieffer-

entes

Paradidymis
Duct of epididymis

\^as aberrans

Seminal vesicle

Appendix of epididymis

Appendi.x 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

Sexual gland

Wolffian tubules

{sexualgroup)

Wolffian duct

{upper end)

Miillerian duct

Renal outgrowth

from Wolffian duct

Lower segtnent of allantois

and part of cloaca

Urogenital sinus

{outgrowthsfrom wall)

Genital tubercle

Genitalfolds

Labio-scrotalfolds

Female

Ovary
Short tubules of epoophoron

Paroophoron
Main tube of epoophoron
Gartner's duct, when persisting

Hydatid of Morgagni
Oviduct
Uterus
Vagina
Ureter

Pelvis and collecting tubules of

kidney
Bladder

Urethra and vestibule

Paraurethral tubes

Bartholin's gland

Clitoris

Labia minora
Labia majora
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THE FEMALK PERINEUM.

The structures closing the pelvic outlet in the female correspond with those

found in the male, moditied, however, by the j)resence of the urogenital cleft and the

small si/e 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 1916), the perineal region is di\isible 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 "j^erineum," as above used, to indicate the entire region, and
when applied in a restricted sense to the bridge separating the anal and vulvar orifices.

Reference to sagittal sections (Fig. 1700) shows that this suj^erlicial bridge forms the

^
Fig. 1729.

Cut edge of super-
ficial layer of su-

perficial fascia

Prepuce of clitoris —

Glans clitoridis

Labia minora-!

Labia majora

Superficial fascia

_/ Superficial layer
f>f superficial
fascia reflected

("olles's fascia

N'ulvar fissure

— Posterior
commissure

Cut edge of skin

Anus

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, Xh^ 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 fossae 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 of? the inferior hemorrhoidal branches distributed to the skin and muscles sur-

rounding the anal canal.

Over the urogenital triangle the superficial fascia is divi.sible 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

CoUes's fascia, is devoid of fat and membranous in character. Behind, where it turns
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over the transverse perineal muscles, it blends with the posterior border of the tri-

anj^ular ligament along the perineal shelf ; laterally, it is attached to the ischial and
pubic rami ; and in front it is prolonged over the labia majora to become continuous
with the corresponding fascia (Scarpa's) over the abdomen.

Fig. 1730.

Glans clitoridis-

Supt-rficial-

fascia

Labia minora-

Vulvar fissure-

Labia majora-

CoUes's fascia-

Edge of cut skin-

Anus-

\

Inferior
pudendal nerve
Fascia lata

of thigh

Inferior
pudendal nene
Tuber ischii

Cutaneous branches
of internal an'i exter-

nal perineal nerves

From internal
perineal nerve

Inf. hemorrhoidal art.

Inf. hemorrhoidal
nerve

From fourth
sacral nerve

Coccyx

-

Superficial layer of superficial fasc iriiK>ved from urogenital triangle; Colles's fascia and cutaneous
nerves and vessels exposed.

Fig. 1 731.

Dorsal artery of clitoris Dorsal nerve of clitoris

Dorsal vein of clitoris

Glans clitoridis

Dorsal artery of clitoris

Crus clitoridis

Pubic ramus

-

Crus clitoridis

Bulbus
vestibuli

Triangular

-

ligament, in-

ferior laver

Tuber ischii

vilands of Bartholin

Dissection exposing bulbus vestibuli, Bartholin's glands and inferior layer of triangular ligament after removal
of overlying structures; left crus clitoridis displaced.

The fascia of Colles forms the lower boundary of the superficial perineal inter-

space, a triangular pocket limited 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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ncal muscles, and the glands of Bartholin, this space contains the crura of the clitoris,

the vestibular bulb and their associated muscles (ischio- and bulbo-cavernosusj.

Dorsal vein
of clitoris

lici. 1732.

Left dorsal
artery of Lliloris

Colles's fascia

reflected

Pars intermedia-

Ischio-_
caveriiosus

Bulbils vestibuli

Bulbo-
caveriiosus

TriaiiKular liga--

ineiit, inf. layer
Transversus"
perinei

Superficial fascia

External
sphincter

TT
Cilans clitoridis

Ischio-
cavernosus
Superficial
perineal artery

Inf. pudendal Der%'e

Ant. perineal artery

Post, perineal Der\e

Trans, perineal art.

Inf. hemorrhoidal

-Anus

~ Coccyx

Deep layer of superficial fascia (Colles's fascia) removed, exposing structures within superficial interspace.

Fig. 1733.

Glans clitoridis Dorsal artery of clitoris

Dorsal artery of clitoris / / Artery of corpus cavernosus

Dorsal vein of clitoris ^ ^ ^ ^ ... , ,. .

Dorsal ner\e of clitoris

Crus cliloridis'

Triangular
ligament, dee;

layer

Tuber ischii-

Deep trans-

versus perinei

Levator ani

Internal pudic
artery

Triangular
ligament

—Artery of bulb

Internal
-pudic artery

-Perineal division
of pudic ners'e

-Inf. hemorrhoidal art

-Pudic net^e

"Levator ani

-From fourth
sacral ner\-e

"Greater sacro-
sciatic ligament

Gluteus
maximus, cut

Gluteus maximus Coccyx 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 the urogenital cleft prevents the fusion not only of the vestibular
heniibulbs (the homologues of the halves of the corjjus spongiosum;, but also of the
bulbo-cavernosus muscles, which, therefore, are present in the female as separate
bands that encircle the vestibule.

The bulbo-caxernosus muscle, often called the sp/iiiictcr va^^uuc, arises from the
perineal centre, blending with the fibres of the external sjjhincter and the transverse
perineal muscles, and divides into a median and a lateral portion as it passes ftjrward.

The lateral and more sui:)erhcial 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 Holl ) partly covers the gland of Bartholin and the vestibular
bulb, and in front unites with the corresponding strand of the opposite side in a

Fig. 1734.

Clitoris (ilaiis »i clitoris

Gluteus
maximus
Coccygeus

Vulvar fissure

White line of pel-
vic fascia sligntly
displaced toward
midline

Tuber ischii

Levator ani

Anus

Coccygeus

Greater
sacro-sciatic
ligament

Gluteus
maximus (cut)

Coccvx

Deep dissection of i)erineum, exposing muscles of pel\ 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 perineal interspace. 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 urethrse. 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

fonvard 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.

129
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Abdomen, examination of, anatoniical rein

tions, 536
fascia, superficial of, 515
landmarks and topography of, 531
lymphatics of, 972
lymph-nodes of, 974
muscles of, 515
pract. consid., 526
ventral aptjneurosis of, 521

Abdominal cavity, 161 5

aorta, 794
regions, 1 6 1 5

hernia, 1759
incisions, anatomy of, 535
ring, external, 524

internal, 524
walls, lyinphatics of, 976

posterior surface of, 525
Acervulus, 1 1 2 5

Acetabulum, 336
Acoustic area, 1097

striae, 1258
Acromio-clavicular 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, 142

1

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, t,^

human, 35
stalk of, T,^

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
Ainniota, 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 fascia; of, pract. consid., 666
Ankle-joint, 438

movements of, 440
pract. consid., 450

Annuli fibrosi, of heart, 698
Annuhis ovalis, 695

tympanicus, 1493
of Vieussens, 695

Anorchism, 1950
Anthropology of skull, 228
Anthropotomy, i

Antihelix, 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, 181

2

bows, 847
septum, 707

Aponeurosis, 468
abdominal, ventral, 521
epicranial, 482
(fascia) plantar, 659
palmar, 606

Appendages,vesicular,of broad ligament, 2002
Appendices epiploic^e, 1660
Appendix epididymidis, 1949

testis, 1949
vermiform, 1664

blood-vessels of, 1667
development and growth of, 1668

mesentery of, 1665
orifice of, 1662

peritoneal relations of, 1665

pract. consid., 1681

Aquseductus 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, 5c)

fifth or third branchial, 61

first or mandibular, do
fourth or second branchial, 61

second or hyoid, 60
third or lirst branchial, 61

Arcuate nerve-fibres, 107

1

Area 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, ^^
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 urethrae), 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

carpai, of anterior radial, 788
of anterior ulnar, 782
arch, posterior, 789
of posterior radial, 788
of posterior ulnar, 782
reta, anterior, 791

centralis retina?, 749
cerebellar, inferior, anterior, 759

posterior, 759

Artery or arteries, cerebellar, superior, 759
cerebral, anterior, 753

middle, 752
posterior, 760

cervical, ascending, of inferior th\ruid,

766
of transverse cervical, 767

deep, 764
sujxjrficial, 766
transverse, 767

choroid, anterior, 752
ciliary, 749

anterior, 749
posterior, 749

circle of Willis, 760
circumrtex, anterior, 773

external, of deep femoral, 828
internal, of deep femoral, 828
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, S48
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, 737
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, 7 53
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Artery or arteries, frontal, of inferior middle
cerebral

, 753
internal, anterior, 753

middle, 753
posterior, 753

of ophthalmic, 7 50
Gasserian, of middle meningeal, 740
gastric, 798

short, of splenic, 800
gastro-duodenal, 799
gastro-epiploic, left, 801

right, 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, circumflex, deep, 821

superficial, 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, 839
mammary, of aortic intercostals, 793

internal, 763
lateral internal, 764

masseteric, 740

Artery or arteries, masseteric, of facial, 738
of internal maxillary, 740

mastoid, of occipital, 744
maxillary, internal, 739

anastomoses of, 742
development of, 742

median, 781
mediastinal, of internal mammary, 763

of thoracic aorta, 792
meningeal, anterior, 748

of ascending pharyngeal, 743
middle, 740

of internal maxillary, 740
posterior, of occipital, 744

of vertebral, 758
small, 740

mesenteric, inferior, 802
superior, 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

(Esophageal, 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, 760

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, 817

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. Si

2

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
stemo-mastoid, of external carotid, 743

of occipital, 744
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, 749
suprarenal, 804

inferior. 804
suprascapular, 767
tarsal, external, 845

internal, 845

Artery or arteries, temporal, anterior, oi

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., 76T

vesical, inferior, 811
middle, 811
of obturator. Si

3

superior, 811
vesiculo-deferential, 812
Vidian, 742
vitelline 32
volar, superficial, 78S

1 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
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Articulation or articulations, of palate bone,
205

of parietal bone, 199
sacro-iliac, 338
scajjulo-clavicular, 262
of sphenoid bone, 190
sterno-clavicular, 261

pract. consid., 263
of superior maxilla, 202
of temporal bone, 184
temporo-mandibular, 214

develo{)nienl of, 215
movements of, 215

thoracic anterior, 158
of thorax, 157
of thumb, 326
tibio-tibular, inferior, 396

superior, 396
of vertebral column, 132
of vomer, 206

Arytenoid cartilages, 1816
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., 149

1

internal, 15 14
ossicles, 1496
path, 1258

Auerbach, plexus of, 1643
Auricle or auricles, 1484

antihelix 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
A-xis, 121
Axis-cylinder, looi
Axones, of neurones, 997
Azygos system of veins, 893

Bartholin, glands of, 2026
Basion, 228
Bell, external respiratory nerve of, 1295
Bertin, bones of, 191

columns of, 1876
Bicuspid teeth, 1545
Bile-capillaries, 1715
Bile-duct, common, 1720

opening of, 1720
pract. consid., 1731

interlobular, 1 7
1

7

lymphatics of, 981

Biliary apparatus, 1718
Bladder, lymphatics of, 985

urinary, 1901
capacity of, 1903
development of, 1938
in female, 1908
fixation of, 1905
infantile, 1908
interior of, 1904
nerves of, 19 10
peritoneal relations of, 1904
pract. consid., 1910
relations of, 1906
structure of, iyo8
trigone of, 1904
vessels of, 19 10

Blastoderm, 22
bilaminar, 23
trilaminar, 23

Blastodermic layers, 22
derivatives of, 24

vesicle, stage of, 56
Blastomeres, 21
Blastopore, 25
Blastula, 25
Blood, 680
Blood-cells, colored, 681

colorless, 684
development of, 687

Blood-crystals, 681
lakes of dural sinuses, 852
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, 1489
of eyelids, 1445
of glands, 1535
of hair-follicles, 1394
of kidney, 1884
of liver, 1709
lobular, of liver, 1713
of lung, 1853
of membranous labyrinth, 1522
of nasal 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, 1 04
growth of, loi
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
suVjperiosteal, 98
tarsal, 419
temporal, 176
of thorax, 149
tibia, 382
trapezium, 311
trapezoid, 311
ulna, 281
unciform, 31 2

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, 145

1

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, 1456
Brunner, glands of, 1639
Buccal fat-pad, 489
Bulb, 1063

of internal jugular vein, 861
olfactory, 1 151
urethral, 1968

Bulbo-tecto-thalamic strands, 11 16
Bulbus vestibuli. 2025
Bulla, of ethmoid, 194
Burns, space of, 543
Bursa or bursa;, in

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 bursie, sul>deltoid, 578
subscapular, 578

Buttocks, landmarks of, 669
muscles and fascia; of, pract. consitl., ()4i

Ca;cum, 1660
blood-vessels of, 1667
interior of, 1661
peritoneal relations of, 1665
position of, 1662
pract. consid., 1680
structure of, 1663

Calamus scri{)torius, 1096
Calcaneum, 419
Camper's fascia, 515
Canal or canals, Alcock's, 817

alimentary, 1538
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, 1413
inguinal, 523
naso-lachrymal, 1479
neural, 26
neurenteric, 25
of Nuck, 2006
palatine, anterior, 201

posterior, 204
of Petit, 1476
pterygo-palatine, 205
reuniens, 1 5 1 5

of Scarpa, 201
of Schlemm, 1452
semicircular membranous, 1 5

1

5

osseous, 1 51

2

structure of, i 516
of Stenson, 201

of Stilling, 1474
Vidian, 189
Volkmann's, of bone, 89

Canaliculi, of bone, 86
lachrymal, 1478

Canine teeth, 1 544
Canthi of eye, 1442
Capitellum of humerus, 268
Capsule, external, 11 72

of Glisson, 1708
internal, 1173
Suprarenal (body), 1801

of Tenon, 504
Caput medusae, 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, 181

6

of auricle, 1485
blood-vessels of, 81
capsule of, 80
chemical composition uf, 83
costal, ] 53
cricoid, 181

3

cuneiform of Wrisberg, 181 7

development of, 82
elastic, 81
fibrous, 82
hyaline, 80
lacuna; of, 80
lateral, of nose, 1405
matrix of, 80
of nasal septum, 1405
of nose, 1404
perichondrium of, 81

of Santorini, 181 7

thyroid, 18 14
triangular, of nasal septum, 224
vomerine, 1406

Cartilage-cells, 80
Carunculae hymenales, 2016

salivares, 1581
Caruncle, lachrymal, 1443
Cauda equina of spinal cord, 1025
Cavity, abdominal, 1615

nasal, 223
pneumatic accessory, 226
segmentation, 22
synovial, of foot, 447
tympanic, 1492
of tympanum, 183

Cell or cells, animal, 6

of bone, 89
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, 11

reduction division, 18
Cell-mass, inner, 23

intermediate, 29
Cementoblasts, 1563
Cementum, 1552

formation of, 1563
Centrosome, 9
Cephalic fiexure, 1061
Cerebellar peduncle, fibre-tracts of, logj

inferior, 1067
inferior, fibre-tracts of, 1093
middle, fibre-tracts of, 1094
superior, fibre-tracts of, 1094

Cerebellum, 1082
architecture of, 1088
cortex of, 1090

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
lingulee of, 1084
noduli of, 1085
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Cerebellum, lobus pyramidis of, 1086
tuberis oi, 1087
uvukc of, 1080

medullary substance of, 1093
nuclei, internal of, 1088
nucleus, dentate of, 1088

eniboliformis (embolus) of, 1089
fastigii of, 1089
globosus of, 1089

Purkinje cells of, 1090
tonsil (amygdala) of, 1086
worm of, 1082

Cerebral commissures, development of, 1194
convolutions (gyri), 1135
fissures (sulci), 1135
hemispheres, 1133

architecture of, 11 55
longitudinal fissure of, 1133

lobes, 1 135
localization, 12 10

peduncles, 1 107
Cerebro-spinal fluid, 1023
Cerumen, 1489
Cervical Hexure, 1062
Cheeks, 1538

lymphatics of, 951
pract. consid., 1594

Choanae, 14 13
(bony), 224
primitive, 1429

Chorda dorsalis, 27
Chorda? 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

Cistema magna, 1203
Claustrum, 1 1 72
Clava, 1066
Clavicle, 257

development of, 258
fracture of, 259
landmarks of, 260

praciEt. consid., 258
sexuai^ differences, 258
surface lanatomy of, 258

Clinoid process, anterior, 189
processes, n.?iddle, 186

posterior, -t86

Qitoris, 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, 1 521 .

organ of Corti of, 1519
Reissner's membrane of, 1517
structure of, 1518

osseous, 1 5
1

3

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
Colliculi inferiores, 1107

superiores, 1 107
CoUiculus, inferior, internal structure of,

IIIO
superior, internal structure of, mo

Colon, 1668
ascending, 1668
blood-vessels of, 1672
descending, 1 669
flexure, hepatic of, 1668

splenic of, 1668
lymphatics of, 1672
nerves of, i 672
peritoneal relations of, 1670
pract. consid., 1685
relations of, 1668
transverse, 1668

Colostrum, 2031
corpuscles, 2031

Columnse 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 habenulce, 11 24
hippocampi, 1 1 38
hypothalamica, 11 28

Commissure, anterior, 11 85
of Meynert, 1 1 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
tyyiical, 74
wandering, 74

chemical composition of, 83
granule-cells of, 74
ground-substance of, 73
intercellular constituents of, 74
pigment-cells of, 74
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Construction, general {)lan of, i

Conus mediillaris, of spinal cord, 1021
Convolutions (gyri) cerebral, 1135
Cooper, ligaments of, 2029
Cora, sjx-miatic, i960
Corium, 1383
Cornea, 1450

pract. consid., 1453
structure of, 1451

Comicuhf hiryngis, 181

7

Comua sphenoidalia, 191
Corona radiata, 11 86
Coronoid process, of ulna, 281
Corpora cavernosa of penis, 1966

mammillaria (albicantia), 11 28
quadrigemina, 1106

Corpus albicans, 1991
Arantii, 700
callosum, 1 155
ciliare, 1457
dentatum, 1088
hbrosum, 1991
Highmori, 1942
luteum, 1990
spongiosum, of penis, 1967
striatum, 11 69

connections of, 1 1 7 2

development of, 1
1 93

structure of, 1171
subthalamicum, 11 28
trapezoides, 1079

Corpuscles, corneal, 1452
genital, 10 17
of Grandry, 1016
of Hassall, 1799
of Herbst, 10 19
of Meissner, 1017
of Ruffini, 1017
Vater-Pacinian, 1018

Cortex of cerebellum, 1090
cerebral, histogenesis of, 1192

local variations in, 1180
ner\'e-cells of, 11 76
nerve-fibres of, 11 79
structure of, 11 75

Corti, ganglion of, 1257
membrane, 1521
organ of, 15 19

Costal cartilage, 153
Cotyledons of placenta, 50
Cowper, glands of, 1984
Cranial capacity, 230

nerves, 12 19 «

abducent (6th), 1249
auditorv' (8th), 1256
development of, 1376
facial (7th), 1250
glosso-pharyngeal (9th), 1260
hypoglossal (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, posterior of, 220
fractures of, 238
interior of, 220
muscles and fascix", pract. consid., 489
pract. consid., 235
vault of, 220

Cretinism, 1794
Cricoid cartilage, 1813
Crista galli, of ethmoid, 191
Crura of penis, 1967
Crusta, 1115
Cuboid bone, 422
Cumulus Oophorus, 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
Danvin, tubercle of, 1484
Decidua, 44

capsularis, 46
cells of, 47
placentalis, 48
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, 1550

formation of, 1559
Dentition, first and second, 1564
Derma, 1383
Descemet's membrane, 1452
Deutoplasm, 15
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 ner\'es, 1376
of ear, 1523
early, 15
of elastic tissue, 77
of ethmoid bone, 194
of external ear, 1526
of external genital organs, 2043
of eye, 1480
of face, 62

of Fallopian tube, 1999
of femur, 359
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 86

1

of lymphatic vessels, 939
of lymph-nodes, 940
of malar bone, 210
of inammary glands, 2032
of maxilla, inferior, 213
of maxilla, superior, 202

of medulla oblongata, i loi

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, 1 009
of nose, 1429
of occipital bone, 175
of oral cavity, 62

glands, 1 589
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, 11 03
of prostate gland, 1979
of radius, 293
of reproductive organs, 2037
of respiratory tract, 1861

of ribs, I 53
of sacrum, 129
of scapula, 2 53
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, 1 793
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 sella,', 1200
Diaphysis, of bone, 104
Diarthrosis, 107
Dience])halon, 11 18

Diverticulum of Meckel, 44
Dorsum sellae, 186
Douglas, fold of, 522

pouch of, 1743
Duct or ducts, cochlear, i 517

of Bartholin, 1585
bile, 1 720
of Cuvier, 854
cystic, 1720
ejaculatory, 1955
Gartner's, 2001
hepatic, 17 18

lactiferous, 2028
lymphatic, right, 945
Mullerian, 2031
nasal (naso-lachrymal) 1479
pancreatic, 1736
paraurethral, 1924
parotid, 1583
of Rathke, 2040
renal, 1894
of Rivinus, 1585
of Santorini, 1736
spermatic, 1953
of Stenson, i 583
sublingual, i 585
submaxillary, 1584
thoracic, 941
thyro-glossal, 1793
vitelline, 32
of Wharton, 1584
of Wirsung, 1736
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

interior of, 1648
Dupuytren's contraction, 616
Dura mater of brain, 1 198

of spinal cord, 1022

Ear, 1483
development of, 1523
external, 1484 —

pract. consid., 1490
internal, 1510

membranous labyrinth of, 1514
osseous labyrinth of, 1511
perilymph of, 15 14

lymphatics of, 950
middle, 1492

antrum of. 1508
Eustachian tube, 1501
mastoid cells, 1504
pract. consid., 1504
suprameatal triangle, 1510
suprameatic spine, 1 508
tympanum of, 1492

Ear-point, 1484
Ectoblast, 23
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Egg-nucleus, 16
Ehistic tissue, 70

development of, 77
Elastin, 83
Elbow-joint, 301

landmarks of, 308
movements of, 303
pract. consid., 305

Embryo, stage of, 56
Eminentia hypoglossi, 1098

teres, log?
Enamel, 1548

formation of, 1561
Enamel-cells, 1561
Enamel-cuticle, 1550
Enamel-organ, 1560
Enarthrosis, 113
Encephalon, 1055
End-bulbs of Krause, 1016
End-knobs of free sensory nerve-endings,

loi 5
Endocardium, 702
Endolymph of membranous laliyrinth, 1514
Endometrium, 2007
Endomysium, 458
Endoneurium, 1006
Endothelium, 71
Enophthalmos, 1439
Ensiform cartilage of sternum, 156
Entoblast, 23
Entoskeleton, 84
Ependymal cells, 1004
EpicardiuTTi, 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, 1 81

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
Erj^throblasts, 92
Erythrocytes, 681

development of, 687
Ethmoid bone, 191

articulations of, 194
bulla of, 194
cells of, 192
development of, 194

Ethmoid turbinate bone, middle of. 19?
superior of, 193

uncinate process of, 193
Eustachian tube, 1501

blood-vessels of, i 504
cartilaginous j>ortion, 1502
mucous membrane of, 1503
muscles of, 1503
osseous portion, 1502
pract. consid., 1507

valve, 694
Exoccelom, 32
Exophthalmos, 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 fasciae, pract. consid., 492
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, 1999
pract. consid., 1999
relations of, 1997
structure of, 1997
vessels of, 1998
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Fallopius, a(|ucduct of, i8i

Falx cerelx'Ui, 1200
cerebri, 1199

Fascia or fasciae, 470
of abdomen, 51 5

anal, 1678
of ankle, pract. consid., 666
antibrachial, 592
of anus, 1675
of arm, ])ract. consid., 589
of axilla and shoulder, pract. consid., 570
axillary, 574
of back, 508
bicipital (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, 524
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, 515
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, i 569
Femoral canal, 625

ring, 625
Femur, 332

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
j)ract. consid., 393

Fillet, decussiition of, 1070
median, 1115

Fimbria, 1 1 59
hip])ocampi, 1 165

Fissure, calcarine, 11 46
calloso-marginal, 1139
central, of cerebrum, 1137
collateral, 1 139
ethmoidal, 141

1

of Glaser, 178
palpebral, 1441
parieto-occipital, 1138
portal, of liver, i 708
pterygo-maxillary, 204
of Rolando, 1 137
sphenoidal, 188
Sjjeno-maxillary, 222
(sulci) cerebral, 1135
of Sylvius, 1 136

Fistula, cervical, 61

Flexure, cephalic, 58
cervical, of embryo, 59
dorsal, of embrj'o, 59
sacral, of embryo, 59

Flocculus, 1085
Foetus, 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
landmarks of, 672
muscles of, 659

and fasciae of, pract. consid., 666
surface anatomy, 449
synovial cavities of, 447

Foramen or foramina, ca>cvun, 1574
ethmoidal, anterior, 192

posterior, 192
jugular, 220
of Luschka, 1 100
of Magendie, 1 100
mastoid, 180
of Monro, 1 131
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 foramina, spinosum, 1S8
stylo-mastoid, 182
thyroid (obturator), 3,^7

of vena cava, of diaphragm, 557
of Vesalius, 188
of Winslow, I 746

Forceps anterior, of cor])us c-allosum, 11 57
posterior, of cor])Us (.-allDSiuii, 1 1 58

Forearm, 281

as whole, 2t)c)

intrinsic movements of, agg
motion of on humerus, 303
pract. consid., 603

Fore-brain, 105c)

Formatio reticularis, 1076
reticularis alba, 1076

grisea, 1074
Fornix, i i 58

pillars of, anterior, 1 1 59
posterior, 1 1 59

Fossa or fossce,

duodeno-jejunal, 1647
glenoid, 178
hyaloidea, 1473
ileo-caecal, 1666
infraspinous, 250
inguinal, inner, 526

lateral, 1743
median, 1742
outer, 526

interpeduncular, 1107
intersigmoid, 1671
ischio-rectal, 1678
jugular, 182
nasal, 1409
navicular of urethra, 1924
ovalis, 695
ovarian, 1986
pararectal, 1744
paravesical, 1744
pericascal, 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
zygomatic, 227

Fourchette, 2022
Fourth ventricle, 1096

choroid plexus of, iioo
floor of, 1096
roof of, 1099

Fovea centralis, 1466
vagi, 1098

Frenulum of Giacomini, 11 66
Frenum of prepuce, 1966

of tongue, 1573
Frontal bone, 194

articulations of, 197
development of, 197

lobe, II 39
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, sei-ond, 62
inner, third, 62

Galen, vein of, 856
Gall-bladder, i 7 1

9

cystic duct of, i 720
fossa o{, I 708
lymphatics of, 981
nerves of, 1 720
pract. consid., 1729
vessels of, 17 19

Ganglion or ganglia, 1007
Arnold's, 1246
basal, 1 1 69
cervical inferior (sympathetic), 1362

middle (sympathetic), 1362
su])erior (sympathetic), 1359

ciliary, 1236
coccygeal (impar), sympathetic, 1367
development of, 1012
of Froriep, 1380
Gasserian, 1232
geniculate, 1252
habenulaj, 11 23
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, 1246
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
sympathetic, 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, 1107

median, 1107
(internal) internal structure of, mo

ganglion, 1252
Genital cord, 2038

folds, 2043
organs, external, development of, 2043

female, 2021
pract. consid., 2027

ridge, 2038
tubercle, 2043

Genu of corpus callosum, 1 1 55
Germinal spot, 16
Gestation, ectopic, 1999
Giacomini, frenulum of, 11 66
Gianuzzi, crescents of, 1534
Gimbernat, ligament of, 523
Ginglymus, 113
Giraldes, organ of, 1950
Glabella, 228
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Gladiolus of sternum, 155
Gland c^r glands, 1531

alveolar (saccular) comi)ouncl, 1535
(saccular) simple, 1535

anal, 1674
areolar, 2028
of Bartholin, 2020
of Blandin, 1577
blood-\'essels of, 1535
of Bowman, 1415
of Brunncr, 1 639
cardiac of stomach, 1624
carotid, 1809
ceruminous, 1489
ciliary, 1400
circumanal, 1400
coccygeal, 181 o

of Cowjxjr, 1984
cutaneous, 1397
gastric, 1623
of Hcnle, 1445
of intestines, i 637
of Krause, 1445
lachrymal, 1477

ducts of, 1477
of Lieberkuhn, 1637
of Luschka, 1810
lymphatics of, 1536
inammary, 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, i 583
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

Glascr, fissure of, 178
Glisson's capsule of liver, 1708
Globus pallidus, t i 70
Goblet-cells, 70
Golgi-Mazzoni corpuscles, 1019
Gonion, 228
Graafian follicles, i()88

Grandry, corpuscles of, 1016
Growth, 6

of bone, iot

Gudden, inferior coinmisstire of, 1 1 10

Gums, 1567
pract. consid., 1590

Gustatory cells, 1435
Gyrus or gyri, callosal (fornicatus), 1 1 50

(convolutions) cerebral, 1135
dentate, n66

Gyrus or gyri, development of, 1 190
hii)pocam])al, 1 1 51

Hair-cells (auditory) inner, 1520
outer, 1520

llair-fcjllide, 1392
blood-vessels of, i3(;4

nerves of, 1394
Hairs, 1389

arrangement of, 1391
develoj)ment of, 1401
growth of, 1402
structure of, 1391
whorls of, 1391

Hair-shaft, 1391
Haniular jjrocess of inner jjterygoid i)late, 1 89
Hamulus of Ijony cochlea. 15 14
Hand, 309

deep fascia of, 606
landmarks of, 320
lymphatics of, 964
muscles (jf, 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 tendinea- of, 697
columnar camea; 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
lym])hatics, 703
muscle of, 462
muscles, pectinate of, 695
nerve-endings in, 1015
nerves of, 704
position of, 692
practical considerations, 710
relations of, 693
septimi, aortic, 707

auricular of, 694
intermedium, 70(1

interventricular of, tiqft

primum, 706
secundum, 708
spurium, 707

Thebesian veins of, 694
tubercle of Lower, 695
valves. Eustachian, 694

auriculo-ventricular, 699
mitral, 699
])osition of, 692
structure of, 703
Thebesian, 695
tricuspid, 699

vein, oblique of, 695
ventricles of, 696
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Heidenhain, demilunes of, 1534
Helifotrema, 1514
Helix, 1484
Hemispheres, association lihrcs of, 11S2

of cerebellum, 1082
cerebral, 113J
commissural fibres of, 1184
lobes of, 1 139
projection fibres of, 11 86
white centre of, 1 182

Henle, glands of, 1445
lcx)p of, 1 88

1

Hansen, node of, 25
Herbst, coriiuscles oi, 10 19
Hernia, alxiominal, 1759

diaphragmatic, 1778
•femoral, 1773
funicular, i 70S
infantile, 1767
inguinal, 1703

direct, 1770
indirect, 1766

internal (intra-abdominal retroperito-
neal), i7 7y

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, loio

of neurones, 10 1

1

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 i)lexus, 984
Hypophysis, 1806
Hypospadias, 1927
Hypothalamus, 1 1 27
Hypothenar eminence, 607

lloo-caecal fossae, 1666
valve, 1 061

Ilio-femoral ligament, 369
liio-pectineal line, 334
Ilio-tiloial band, 634
Ilium, 332
Implantation, 35
Inijiregnation, 18

Incisor teeth, i 543
Incus, 1497
Inferior caval system of veins, 898
Infundibulum, 1129

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, 1 67 I

glands of, 1 63 7

large, 1657
'

appendices epiploicae, 1660
blood-vessels of, 1660
glands of Lieberkuhn of, 1657
lymphatics of, 1660
lymphatic tissue of, 1658
nerves of, 1 660
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
Peyer's patches of, 1640
pract. consid., 1652
structure of, 1634
valvute conniventes of, 1636
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, 1569

rhombencephali, 1061

Jacobson's nerve, 1264
organ, 141

7

development of, 1432
Jejuno-ileum, 1649

blood-vessels of, 1652
lymphatics of, 1652
mesentery of, 1650

130
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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, no
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, 181

5

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, 113
scapho-cubo-cuneiform, 446
of shoulder, 274
synovial membrane of, no
tarso-metatarsal, 446
of tarsus, metatarsus and phalanges,

pract. consid., 45
true, 108

motion in, 112
structure of, 109
varieties of, 113

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, 1869

architecture of, 1875
blood-vessels of, 1884
capsule of, i86g
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, 1881
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, jtosition of, 1870
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
uriniferous of, 1877

Knee, landmarks of, 671
muscles and fasciae of, pract. consid., 645

Knee-joint, 400
bursae 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, 1 7 1

7

Labia major, 2021
minora, 2022
nerves of, 2024
vessels of, 2023

Labyrinth, membranous, 15 14
blood-vessels of, 1522
canalis reuniens of, 151

5

cochlea of, 151

7

ductus endolymphaticus of, 1514
endolymph of, 1514
maculae acusticae of, 1516
saccule of, 1 5

1

5

semicircular canals cf, 151

5

utricle of, i 514
osseous, 151

1

cochlea of, 1513
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
LacuncC, of bone, 86

of cartilage, 80
of Howship, 97

Lambda, 228
Lamina cinerea fterminalis\ 1130

fusca, 1450
suprachoroidea, 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
of femur, 366
of tibula, 396
of hand, 320
of joints of foot, 453
of kne^-, 67 I

of knee-joint, 416
of leg, 671
of lower extremity, 669
of male perineum, 19 18

of neck, 554
of pelvis, 349
of radius, 296
of scapula, 255
of shoulder-joint, 2 So
of skull, 240
of spine, 146
of surface of thorax, 1868
of thigh, 670
of thorax, 170
of tibia, 390
of ulna, 287
of upper extremity, 618
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

corniculae laryngis, 181

7

cricoid cartilage of, 1813
cuneiform cartilages of, 181

7

development of, 1862
elastic sheath of, 181

7

epiglottis, 1 81

6

form of, 1 81

8

lymphatics of, 958
mucous membrane of, 1823
muscles of, 1824
ner\'es of. 1827
ossification of, 181

8

position and relations of, 1828
pract. consid., 1828
region, glottic of, 1820

infraglottic of, 1823
supraglottic of, 1818

sexual differences of, 1828
thyroid cartilage of, 1814
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, 14S1
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
atlanto-axial, anterior, 137
atlanto-axial, posterior, 137
of auricle, i486
broad, of uterus, 2004
broad, vesicular appendages of, 2002
check, of orbit, 1438
of Colles, 523
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, 1644
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, 1 7 2

1

metacarpal, superficial transverse, 607
nuchcB, 134
occipito-atlantal, accessory, 137

anterior, 137
posterior, 137

occipito-axial, 137
odontoid, or check, 136
orbicular, of radius, 297
of ovan.', 1987
palpebral. 1441

internal, 484
patellae, 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
stylo-mandibular, 475
subdava, 133
suprascapular or transverse, 256
supraspinous, 133
suspensory, of lens, 1475

of orbit, 1438
of ovary, 1986

thyro-arytenoid, inferior, 181

8

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, 1 150
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, 3 i

pericardii, 714
Littre, glands of, 1925
Liver, 1705

bile-capillaries of, 171

5

biliary apparatus, 17 18
blood-vessels of, 1709
borders of, 1707
caudate lobe of, 1709
cells of Kupffer, i 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, 1 708
hepatic artery of, 1 7 1

1

ducts of, 1 7 1

8

veins of, 17 10
impression, oesophageal of, 1708

renal of, 1709
intralobular connective tissue of, 171

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, 171

1

nerves of, 1 7 1

1

non-peritoneal area of, 1707
peritoneal relations of, 1721
portal (transverse) fissure of, 1708

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, I 707
weight of, 1706

Liver-cells, 17 14
Lobe or lobes, cerebral, 1135

frontal, 1 139
of hemispheres, 1139
limbic, 1

1
50

occipital, 1145
olfactory, 11 51

parietal, 1 143
temporal, 1 147

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, 1851
surfaces of, 1843
vessels of, 1839

Lunula, of nail, 1395
Luschka, foramina of, 11 00

gland of, 1 810
Lutein cells, 1990
Luys, nucleus of, 11 28
Lymphatic or lymphatics, of abdomen, 972

of abdominal walls, 976
of arm, deep, 965

sujjerficial, 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, 970
duct, right, 945
of ear, 950
of eye and orbit, 949
of eyelids, 1445
of Fallopian tubes, 988
of gall-Vjladder, 981
of glands, 1536
of gums, 951
of hand, 964
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Lymphatic or lymphalit-s, of the head, ()45

of heart, ij/o

hemolynii)h nodes, 935
intercostal, i)6{)

of intestine, large, 978
small, 1)77

jugular trunk, 958
of kidney, 982
lacteals, 931
of larynx, 958
of leg, deej), 994

sujxjrficial, 993
of lips, 951
of liver, 980
of lower extremity, 991
inammary gland, 968
of meninges, 948
of muscle, non-striated, 456
of nasal fossa, 1426

region, 951
nodes, 935
of nose, 1 407
of oesophagus, 971
of palate, 954
of pancreas, 979
of pelvis, 983
of pericardium, 716
of perineum, 987
of pharynx, 954
of prostate gland, 985
of rectum, 1680
of reproductive organs, external, fe-

male, 987
external, male, 986
internal, female, 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 mtiscle, 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, 931
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, 961
sinMjrlicial, 961

bronchial, 967
buccinator, 947
cervical, deep, inferior, 958

superior, 957
of ("lo(|uet, 992
c(Ehac, 973
dclto-])ectoral, 961
develojmient of, 940
e])igastric, 972
e])itrochlear, 961
facial, 947
gastric, 974
of head, pract. consid., 955
hepatic, 975
hypogastric, 984
iliac, circumflex, 972

internal, 984
inguinal, 991
intercostal, 966
of intestine, 1640
jugular plexus, 956
of leg, pract. consid., 994
lingual, 947
mammary, internal, 966
mandibular, 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
subinaxillary, 946
submental, 946
subscapular, 962
superficial cervical, 956
thorax, pract. consid., 971
tibial, anterior, 993
tracheal nodes, 967
umbilical, 972

Lymph-nodules, 936
Lymphocytes, 93

1

varieties of, 685
Lymphoid structures of pharynx, 1599

tissue, structure of, 936
Lymph-spaces, 931
Lymph-vessels, 934
Lyra, 11 58

Macula lutea, 1466
Maculae 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 V)one, yo
Mast-cells of connective tissue, 74
Mastoid cells, 1 504

pract. consid., 1508
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
Medullated fibres, 1003
Megakaryocytes, 689
Meibomian (tarsal) glands, 1444
Meissner, corpuscles of, 1017

plexus of, 1643
Membrane or membranes, Bowman's,

1451
of Bruch, 1456
cloacal, 1939
costo-coracoid, 568
crico-thyroid, 1 8 1 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), 1414
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, 181 5

of tympanum, 1494
vitelline, 15
vitrea, 1456

Meninges of brain, pract. consid., 1208
lymphatics of, 948

Menstruation, 2012
Mcirkel, tactile cells of, ioi6
Mesence])halfjn, 1105

development of, 1 1 i 7

internal structure of, 1109
Mesenteries, 1741
Mesenterium commune, 1697
Mesentery, anterior, 1744

of ajjixjudix, 1665 *

of jejuno-ileum, 1650
of large intestine, 1670
])ermanent, 1752
])osteri(jr, jiart ist, 1746

part 2nd, I 751
I)art 3rd, 1753

])rimitive, 1697
Meso-appendix, 1665
Mesocolon, 1670

development of, 1704
Mesoblast, 23

lateral ])lates of, 29
jniraxial, 29
parietal hiycr, 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 bones, 314
Metacarpo-phalangeal articulations, 327
Metacarpus, pract. consid., 319
Metanephros (kidney), 1937
Metaphase of mitosis, 1

2

Metaplasm, 8

Metatarsal bones, 428
Metathalamus, 11 26
Meynert, commissure of, 1115
Mid-brain, 1061
Milk, 2030
Milk-ridge, 2032
Mitosis, 1

1

anaphases of, 13
meta])hase of, 12

prophases of, i 2

telophases of, 13

Molar teeth, 1546
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 membranes, 1528

structure of, 1528
Mullerian duct, 2038
Muscle or muscles, abdominal, 515

abductor hallucis, 661
minimi digiti, 608
minimi, of foot, 663
pollicis, 608

adductor brevis, 626
hallucis, 662
longus, 626
magnus, 628
pollicis, 610

anconeus, 589
of ankle, pract. consid., 666
antibrachial, 591

post-axial, 598
pre-axial, 592

of anus, 1675
appendicular, 566
of arm, pract. consid., 589
arytenoid, 1826
of auricle, i486
auricularis anterior, 483

posterior, 483
superior, 483

axial, 502
of axilla and shoulder, pract. consid.,

579
azygos uvulai, 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 urethrse, 565
constrictor inferior of pharynx, 1606

middle of pharynx, 1605
pharyngis inferior, 499

medius, 498
superior, 497

superior of pharynx, 1604
coraco-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 inferioris, 485
diaphragma, 556
digastricus, 477
dilator pupillae, 1460

Muscle or muscles, dorsal, of trunk, 507
of Eustachian tube, 1 503
extensor brevis digitorum, 665

I)ollicis, O02
carpi radialis brevior, 598

longior, 598
ulnaris, 601

communis digitorum, 599
indicis, 603
longus digitorum, 655
longus hallucis, 656

ptjllicis, 603
minimi digiti, 600
ossis metacarpi 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 externi, 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 piiorum, 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

scapulae, 571
ani, 560, 1675
labii superioris, 487
labii superioris alacque nasi, 485
menti (superbus), 485
palati, 496, 1 57

1

palpebra; superioris, 502
levatores costarum, 540
lingualis, 1579
of lips, I 540
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

pollicis, 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, 592
psoas magnus, 623

parvus (minor), 624
pterygoideus externus, 476

internus, 476
pyloric sphincter, 1626
pyramidalis, 517

Muscle or muscles, pyriformis, 561
cjuadratus 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
superior, 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, 511
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

pupillae, 1460
vesical, 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
bursae 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-pharyngeus, 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 fasciie latic, 631

palati, 479, 1570
tympani, 479, 1499

teres major, 577
minor, 576

thoracic, 538
thyro-arytenoid, 1825
Ihyro-hyoideus, 545
tibialis anticus, 655

posticus, 654
of tongue, 1577
trachealis, 1835
transversalis, 519
transverso-costal tract, 508
transverso-spinal tract, 511
transversus perinei profundus, 565

superficialis, 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-ac'cessory, 495
vastus externus, 640

internus, 640
ventral, of trunk, 515
voluntary, motor nerve-endings of, 1014
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
Myometrium, 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, 14 13
lymphatics of, 1426
nerves of, 1426
roof of, 141

2

fossae, 1409
index, 1404
mucous membrane, 1413
septum, 223, 1410
triangular cartilage of, 224

Nasiim, 228
Nasmyth, membrane of, 1550
Naso-lachrymal duct, 1479
Naso-optic groove, 62
Naso-pharynx, 1598
Navel, 37
Neck, landmarks of, 554

pract. consid., 550
triangles of, 547

Nephrotome, 30
Nerve 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, 1268

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 anterior crural, 1327
perforating, of pudendal plexus,

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, 13 51

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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Nerve or nerves, ganglionic, of nasal,

1234
genito-crural, 1322
of glands, i 536
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

ilio-hypogastric, 1320
ilio-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
bngual, of glosso-pharyngeal, 1264

of hypoglossal, 1277
of mandibular, 1244

of lips, I 542
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

oesophageal, of vagus, 1272
of oesophagus, 1613
olfactory, 1220

development of, 1376
pract. consid., 1222

ophthalmic, 1233
optic, 1223

development of, 1482
pract. consid., 1470

orbital, of spheno-palatine ganglion, 1241
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

pophteal, 1335
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 pleurae, 1861
popliteal, external (peroneal), 1335

internal (tibial), 1339
posterior interosseous, 13 11

of prostate gland, 1978
pterj'goid, external, of mandibular,

1243
internal, of mandibular, 1242

pterygo-palatine (pharyngeal), of
spheno-palatine ganglion, 1242

pudic, 1349
pulmonary, anterior, of vagus, 1272

posterior, of vagus, 1272
(sympathetic), 1364

radial, 1313
of rectum, 1680
recurrent, of mandibular, 1242

of maxillary, 1237
respiratory, external of Bell, 1295
sacral, posterior divisions of, 1282
sacro-coccygeal, 1352

posterior, 1283
saphenous, internal (long), of anterior

crural, 1329
short (external), 1342

scapular, posterior, 1295
sciatic, great, 1335

small, 1348
of scrotum, 1964
of skin, 1389
of small intestine, 1643
somatic, 12 18
of spermatic ducts, 1959
spheno-palatine, of maxillary, 1237
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Nerve or nerves, spinal, 1278
spinal-accessory, 1274

pract. consid., 1275
splanchnic, (sympathetic), 1364
of spleen, i 787
stapedial, of facial, 1253
of stomach, 1628
of striated muscle, 464
stylo-hyoid, of facial, 1254
of sublingual gland, 1585
of submaxillary gland, 1585
subscapular, 1306
supraorbital, 1234
of suprarenal bodies, 1803
suprascapular, 1295
supratrochlear, 1234
sural, of external popliteal, 1335
of sweat glands, 1400
of taste-buds, 1435
temporal, deep, of mandibular, 1243

superficial, of auriculo-temporal,

1244
temporo-facial, of facial, 1254
temporo-malar (orbital), of maxillary,

1238
of testis, 1948
thoracic, 13 14

anterior, external, 1297
internal, 1303

branches of, 13 17
cardiac, of vagus, 1272
first, 13 1

5

lower, 1 3 1 5

posterior divisions of, 1282
posterior (long), 1295

pract. consid., 1296
pract. consid., 13 18
second, 13 17
third, 1317
twelfth (subcostal) 13 17
upper, 13 1

5

of thyroid body, 1793
of 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, 1898
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, 9(;8

bipolar, 999
multipolar, 1000
unipolar, 999

Nerve-endings, motor, 1014
of cardiac muscle, 1015
of involuntary muscle, 10 15
of voluntary muscle, 10 14

sensory, 1015
encapsulated, 10 16
free, 10 15
genital corpuscles, 1017
Golgi-Mazzoni corpuscles, loig
Krause's end-bulbs, 1016
Meissner's corpuscles, 10 17
Merkel's tactile cells, 10 16
neuromuscular endings, 1019
neurotendinous endings, 1020
Rulhni's corpuscles, 10 17
Vater-Pacinian corpuscles, ioi8

Nerve-fibres, 1000
arcuate, 107

1

axis-cylinder of, looi
cerebello-olivary, 1072
cerebello-thalamic, 11 14
cortico-bulbar, 1115
cortico-pontine, 1115
cortico-spinal, 1 1 1

5

medullary sheath of, looi
medullated, 1003
neurilemma of, looi
nonmedullated, 1003
rubro-thalamic, 11 14
of sympathetic system, 1356

Nerve-terminatians, 1014
Nerve-trunks, 1006

endoneurium of, 1006
epineurium of, 1006
funiculi of, 1006
perineurium of, 1006

Nervous system, 996
central, 1021
peripheral, 12 18
sympathetic, 1353

development of, 10 13
tissues, 997

development of, 1009
Neurilemma, looi
Neuroblasts, loio
Neuro-epithelium, 70
Neurogha, 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, looi
Neuromuscular endings, 1019
Neurone or neurones, 996

axones of, 997
dendrites of, 997
histogenesis of, ion

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, 1411
lateral cartilages of, 1405
lymphatic-s of, 1407
middle meatus of, 141

1

nerves of, 1407
olfactory region of, 1 4

1

3

j)ract. 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
amygdaloid, 1 172
arcuate, 1076
caudate, 1 169
cuneate. 1069
facial, I 231
dentate, of cerebellum, 1088
emboliformis (embolus) of cerebellum,

1089
facial, 1 251
fastigii, of cerebellum, 1089
globosus, of cerebellum, 1089
gracile,* 1069
internal, of cerebellum, 1088
of lateral tiUet, 1258
lenticular, 11 69
mammillaris. 11 29
olivar}', 107

1

olivar\% superior. 1257
red, 1 1 14
structure of, 8

trapezoideus, 1257
vago-glosso-pharyngeal, 1073
vestibular, of reception, 1259

Nuhn, glands of, 1577
.Vutrition, accessory organs of, 1781
Nymphae, 2022

Obelion. 228
Obex, 1096
Occipital bone, 172

lobe,- 1 145
protuberance, external, 174

internal, 175
Odontoblasts, 1558
CEsophagus, 1609

course and relations of, 1609
lymphatics of, 971
nerves of. 161

3

pract. consid., 161

3

structure of, 161

1

vessels of, 161

2

Olecranon, of ulna, 281
01factor>' bulb, 1

1
5

1

•

cells, 1 414
hairs, 141

5

lobe, 1 1 51

membrane, 1414
pits, 62
region of nose, 14 13
striae, 1153
tract, 1 1 52
trigone, 1 1 53

Olivary eminence, 1066
nuclei, 107

1

accessory, 1072
nucleus, inferior, 1072

Omental sac, 1703
Omentum, duodeno-hef)atic, 1746

gastro-colic, 1747
gastro-hepatic (lesser), 1745
gastro-splenic, 1747
greater, 1 747
greater, structure of, 1749

Oocyte, primary, 17
secondary, i 7

05plasm, I 5
Opercula insula;, 1137
Ojjhryon, 228
Opisthion, 228
Optic commissure, 1223

entrance or papilla, 1462
recess, 1 132
thalami, 1118
tracts, 1223

Ora serrata, 1467
Oral cavity, development of, 62

glands, development of, 1589
Orbit, 222

axes of, 222
fasciae of, 504
h-mphatics of, 949
pract. consid., 1438

Organ or organs, accessorv, of nutrition,
1781

of Corti, 1 519 i

genital, external female, 2021
Jacobson's, 141 7

reproductive female, 1985
male, 1941

of respiration, 1813
of sense, 1381
of taste, 1433
urinan.", 1869

Oro-pharynx, 1598
Orthognathism, 229
Os intermetatarscum, 432

magnum, 312
Osseous tissue. 84
Ossicles auditory, 1496

articulations of, 1498
incus, 1497
malleus, 1497
movements of, 1 500
stapes, 1408

of ear, development of, 1525
Ossification, centres of, 94

of epiphyses, 98
Osteoblasts, 95
Ostium maxillare, 1422
Otic ganglion, 1246
Ova or ovum. 15

rentrolecithal, 22
fertilization of, 18
holoblastic, 22
homolecithal, 21

human, 1990
maturation of, 16
meroblastic, 22
I>rimordial, 1993
segmentation of, 21
stage of. 56
telolecithal, 22
zona pellucida of. 1989

Ovary or ovaries, 1085
cortex of, 1987
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INDEX. 2077

Ovary or ovaries, descent of, 2043
development of, 1993
rtxation of, 198ft

Graatian follicles of, 19S8
hilum of, 1985
lijjament of, 1987
niedulla of, i()88

ner\os of, 1993
position of, 1986
pract. consid., i()()5

surfaces of, 1985
susjxjnsory ligament of, 1986
structure of, 1987
vessels of, 1992

Oviduct, 1996

Pacchionian bodies, 1205
depressions, 198

Palate, 1 567
bone, 204

articulations of, 205
development of, 205

hard, 1567
lymphatics of, 954
nerves of, i 573
]'ract. consid., 1592
soft, 1568

muscles of, 1570
x'essels of, 1572

Pallium, development of, 1189
Palmar aponeurosis, 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, i 734
vessels of, 1736

Panniculus adiposus, 1384
Papilla or papillae, circumvallate, 1575

dental, 1558
of duodenum, 1720
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, 1 583
relations of, 1582
structure of, 1586
vessels of, 1 583

Parovarium, 2000
Patella, 398

development of, 400
movements of, 409

Patella, pract. consid., 416
Peduncle, cerebellar, inferinr, 1067

cerebral, 1107
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, 197 i

pract. consid., 1972
prepuce of, 1966
structure of, 1968
vessels of, 1970

Pericaecal fossae, 1666
Pericardium, 7 1

4

blood-vessels of, 716
ligaments of, 7 1

6

lymphatics of, 716
nerves of, 716
pract. consid., 716

Perichondrium, 81
Pericraniuin, 489
Perilymph of internal ear, 1514
Perimetrium, 2009
Perimysium, 458
Perineal body, 2046
Perineum, female, 2046

lymphatics of, 987
male, 19 15

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, 1742
fossse of, 1742

pract. consid., 1754
Perivascular lymph-spaces, 93

1

Pes anserinus, 1252
hippocampi, 1165

Petit, triangle of, 574
Petro-mastoid portion

179
Petrous ganglion, of

1264
subdivision, of petro-mastoid

181
Peyer's patches, 1 64

1

Phalanges of foot, 432
of hand, 317

of temporal bone,

glosso-pharyngeal,

bone,
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Phalanges of hand, development of, 318
peculiarities, 3 1

8

pract. consid., 320
variations of, 319

Pharyngeal pouches, 1695
Pharynx, 1596

development of, 1603
growth of, 1603
laryngo-, i 598
lymphatics of, 954
lymphoid structvires 01, 1599
muscles of, 1604
naso-, 1598
nerves of, 1606
oro-, 1598
pract. consid., 1606
primitive, 1694
relations of, 1601
sinus pyriformis of, 1 598
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, 1124
Pinna, 1484
Pisiform bone, 311
Pituitary body, anterior lobe of, 1806

development of, 1808
(hypophysis), 11 29

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 connective tissue, 74
Plasmosome, 9
Plates, tarsal, 1444
Platyrhines, 1404
Pleura or pleurae, 1858

blood-vessels of, 1 860
nerves 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, 1297
supraclavicular of, 1295

constitution and plan of, 1293
pract. consid., 1294

cardiac, 1367
carotid (sympathetic), 1360
cavernous, of penis, 1374

(sympathetic), 13 61

cervical, 1285
branches of, 1285

Plexus or plexuses, cervical, branches,
communicating of, 1289

deep, of, 1289
descending of, 1288
muscular of, 1289
superficial of, 1286
supraiicromial 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, 1319

lymphatic, 973
muscular branches of, 1320

of Meissner, 1643
mesenteric inferior, 1373

superior, 1372
oesophageal, 1272
ovarian, 137

1

pampiniform, i960
paroti-d, 1252
pelvic, 1374

I

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, 11 03
internal structure of, 1078

Pontine flexure, 1062
nucbus, 1078

Portal system of veins, 919
Postaxial, 4
Pouch of Douglas, 1743

pharyngeal, 61

recto-viterine '1743
recto-vesical, 1743
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Poupart, ligament of, 523
Preaxial, 4
Pregnancy, 2012
Prepiice of ])cnis, 1966
Primitive streak, 24

significance of, 25
Process or processes, ciliary, 1457

fronto-nasal, 62
mandibular, 62
maxillary, 62
nasal, mesial, 62

lateral, 62

styloid, of petrous oone, 183
uncinate of ethmoid, 193

Processus cochleariformis, 182
vaginalis, 2041

Proctodaeum, 1695
Prognathism, 229
Pronephros, 1934
Pronucleus, female, 16

male, 20
Prophases of niitosis, 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

Protovertebrs, 29
Psalterium, 11 58
Pseudostomata, 72
Pterion, 228
Pterygoid plate, inner, 189

outer, i8g
processes of sphenoid bone, 189

Pubes, 334
Pulmonary systein of veins, 852
Pulp of teeth, 1554
Pulvinar, 11 19
Puncta, lachrymal, 1478
Pupil, 1459
Purkinje cells of cerebellum, 1090
Putamen, 11 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, 11 49

limiting sulcus of, 1139
Reissner's tibre, 1030

membrane, of cochlea, 151 7
Remak, fiVjres of, 1003
Renal duct, 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
strticture of, 1463

Retro-colic fossa, 1667
Retzius, prevesical space of, 525

space of, 1906
veins of, 924

Rhinencephalon, 1151
development of, 1193

Rhombencephalon, derivatives of, 1063
Ribs, 149

asternal, 150
exceptional, 152
floating, 150
pract. consid., 169
sternal, 150
variations of, 153

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
Rosenmiiller, fossa of, 1598

lymph-nodes of, 992
organ of, 2000

Rostrum, of corpus callosum, 11 56
of sphenoid bone, 1S7

Ruflfini, corpuscles of, 10 17
Ruysch, membrane of, 1456

Sac, conjunctival, 1443
lachrymal, 1478
vitelline, 32

Saccule, 151

5

structure of, 1 5 1

6

Sacral lymphatic plexus, 984
Sacro-iliac articulation, 33S
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Sacro-sciatic ligaments, 339
Sacrum, 124

develoi)ment of, 129
sexual differences of, 127
variations of, 127

Salivary glands, 1582
structure of, i 585

Santorini, cartilages of, 1817
duct of, 1736

Saphenous opening, 635
Sarcolemma, 459
Sarcous (muscular) substance, 459
Scala tympani, 1514

vestibuli, i 514
Scalj), lymphatics of, 948

muscles and fascia-, pract. consid., 489
Scaphoid, 309

bone of foot, 425
development 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 , 5 1 5 ,

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, 1381
Septum or septa, aortic, 707

auricular, 694
crurale (femoralc), 625
intermedium, 706
intermuscular, 470
interventricular, 696
lucidum, 1 1 59
median, posterior, of spinal cord, 1027

nasal, 1410
cartilage of, 1405

placental, 51

Septum or septa, primum, 706
Secundum, 708
simrium, 707
transversum, 1701

Serosa, 3 1

Sertoli, cells of, 1943
Sesamoid bones, 104

of foot, 432
of hand, 318

Sharpey's libres of bone, 87
Sh(julder, muscles and fascia of, pract

c<jnsid., 579
Shoulder-girdle, 248

surface anatomy of, 263
Shoulder-joint, 274

bursa; 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, 1671
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., S69
longitudinal, inferior, 871

superior, 870
pract. consid., 870

marginal, 872
of placenta, 53

maxillary, 1422; 20 (bony)
development of, 1431
pract. consid., 1428

of Morgagni, 497
occipital, 872
palatal, 1425
petrosal, inferior, 874

superior, 874
pocularis, 1922
pra^cervicalis, 6r

pvriformis of pharynx, 1598
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
a.xial, 103

Skene, tubes of, 1924
Skin, blood-vessels of, 1387

development of, 1400
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Skin, end-bulbs of Krause. 1389
L-nd-or^ans of RutHni, 13S9
genital corpuscles, 1389
Golgi-mazzoni corpuscles, 1389
lymphatics of, 138S
Meissner's corpuscles, 13S9
nerves of, 1389
pigmentation of, 1387
stratum corneum of, 1387

gcrminativum of, 1385
granulosum of, 1380
lucidum of, 1380

structure of, 1382
Vater-Pacinian corpuscles, 1389

Skull, 172
alveolar point of, 228
anthropology 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, 2 1

6

Smegma, 1966
Solitary nodules of intestine, 1640
Somatopleural 29
Somites, 29
Space or spaces, of Burns, 543

of Fontana, 1452
perforated, anterior, 11 53

posterior, 1107
quadrangular, of m. teres major, 5 78

of Retzius, 1906
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, i960
pampiniform plexus of, i960
pract. consid., 1961

ducts, 1953
nerves of, 1959
structure of, 1956
vessels of, 1958

filaments, 1946
Spermatids, 1944
Spermatocytes, primary, 1944

secondary, 1944
Spermatogenesis, 1944
Spermatogones, 1944

Sixirmatozoa, 1946
Si)ermatozoon, 16
Sperm-nucleus, 20
Spheno-ethmoidal recess, 141

1

Sphenoid bone, 186
articulations of, 190
development of, 190
great wings of, 187
lesser wings of, i88
pterygoid processes of, 189

Sphenoidal sinus, 1425
Spheno-palatine ganglion, 1240
Spigelius, lobe of, 1707
Spinal column, 114
Spinal cord, 1021

anterior horn, nerve-cells of, T03C
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, 1030
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 GoU, 1039
of Gower, 1044
lateral (crossed pyramidal),

1043
of Lissauer, 1042

white matter of, T036
ganglia, 1279
nerves, 1278

constitution of, 1278
divisions, primary, anterior, of, 1284

posterior, of, 1279
number of, 1279
size of, 1279
typical, 1284

131
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Spinr/i nerves, ventral (motor) roots of, 1279
Spine, 114

articulations of, 132
aspect, anterior of, 138

lateral of, 138
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, 17S7
lymphatics of, 982
movable, 1788
nerves of, 1787
nodules (Malphighian bodies) of, 17 84
peritoneal relations of, 1785
pract. consid., 1787
pulp of, 1783
structure of, 1783
surface anatomy of, 1787

basal, 1782
gastric, 1782
phrenic, 1781
renal, 1782

suspensory ligament of, 1786
vessels of, 1786

Spleens, accessory, 1787
Splenium, of corpus callosum, 11 56
Spongioblasts loio
Spongioplasm, 8

Sprains, of spine, 144
Squamous portion of temporal Ijone, 177
Stapes, 1498
Stenson, canals of, 201

duct, 1583
Stephanion, 229
Sterno-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
curvature 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, 161

9

position and relations of, ifiig

pract. consid., 1629
pylorus, 1618
shape of, 161

8

structure of, 1621
variations of, 1620
weight and dimensions of, i6ig

Stomata, 72
Stomoda^um, 1694
Strabismus, 1440

Stratum zonale, of thalamus, iia^^
Stria mcdullaris, 11 19
Stride, acoustic, 1096
.Structure, elements of, 5
Styloid process of uhia, 285
Sublingual ducts, 1585

gland, 1585
nerves of, 1585
structure of, i 587
vessels of, 1585

space, 1581
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, 1742
Substantia nigra, 1109
Sulci, development of, 1190

fissures, cerebral, 1135
Sulcus hypothalamicus, iTiq
Suprarenal bodies, 1801

accessory, 1805
development of, 1 804
growth of, 1804
nerves of, 1803
pract. consid., i8c6
relations of, 1801
structure of, 1802
vessels of, 1803

body, lymphatics of, 983
Suture or sutures, 107

amniotic, 3

1

coronal, 216
cranial, 216

closure of, 233
lambdoidal, 2 1 7

sagittal, 216
Sylvian aqueduct, 1108

gray matter, nog
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-fil)res 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
pelvic, 1374
phrenic, 137

1

prostatic, 1374
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Sympathetic system, plexus, renal, 1371
solar, 136S
si:)ennatic, 1372
splenic, 1370
suprarenal, 137

1

utero-vaginal, 1374
vesical, 1374

plexuses of, 1356
pract. consid., 1375
pulmonary nerves, 1364
rami communicantes of, 1356
splanchnic afferent fibres of, 1357

efferent fibres of, 1357
nerves, 1364

Symphysis, 108
pubis, 339

Synarthrosis, 107
Synchondrosis, 108
Syncytium of chorion, 49
Syndesmosis, loS
System, gastro-pulmonary, 1527

muscular, 454
nervous, 996
uro-genital, 1869

Taenia chorioidea, 1164
coli, 1660
fornicis, 1 163
semicircularis, 1162
thalami, 11 19

Tapetum, 1 157
Tarsal bones, 419

plates, 1444
Tarsus, 419
Taste, organ of, 1433
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, 154S
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, 1342
temporarN^ relations of, 1556
variations of, 1566

Tegmen t^'mpani, 1496
Tegmentum, 11 12

Tela chorioidea, 1097
subcutanea, 1384

Telencephalon, 1132
Telophases of mitosis, 13

Temporal bone, 176
articulations of, 184
cavities and passages, 183
development of, 184
portion, petro-mastoid, 179

squamous, 177
tympanic, 179

lobe, 1 147
Temporo-mandibular articulation, 214
Tendo oculi, 484
Tendon, 77, 468

conjoined, 518
Tendon-cells, 78
Tendon-sheaths, 470
Tenon, capsule of, 504

space of, 1437
Tentorium cerebelli, 1199
Terms, descriptive, 3
Testis or testes, 1941

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, 1942
tunica albuginea of, 1942
vessels of, 1948

Thalamic radiation, 1122
Thalamus, 11 18

connections of, 1121
structure of, 1 120

Thebesian valve, 695
veins, 694

Theca folliculi, of hair, 1392
Thenar eminence, 607
Thigh, landniarks of, 670

muscles and fasciae of, pract. consid.

642
Third ventricle, 1131

choroid plexus of, 1 13

1

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
svirface 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., 1794
shape and relations of, 1789
structure of, 1791
vessels of, 1792

cartilage, 1814
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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, ^S^

Tibio-fibular articulation, inferior, 396
superior, 396

Tissue or tissues, adifx)se, 79
connective, 73
elastic, 76
elementary, 67
epithelial, 67
fibrous, 74
muscular, general, 454
ner\ous, 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. 1 580

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,

1114
habenulo-peduncular, 1 1 24
mammillo-thalamic, 1 1 2

1

of m.esial fillet, 1076
olfactory-, 1 1 52

thalamocipetal, lower, 1122
Tragus, 1484
Trapezium, 311
Trapezoid bone, 311
Treitz, rrruscle of, 558
Triangle of Hesselbach, 526

rectal, 191

6

uro-genital, 19 16
Triangles of neck, 547

Trigone of bladder, urinary, 1904
Trigonum acustici, 1097

habenula.-, 1 123
hypoglossi, 1097
lemnisci, 1 108
urogenitale, 563
vagi, 1097

Trochanter, greater, of femur, 352
lesser, of femur, 353

Trochlea of humerus, 268
of orbit, 504

Trochoides, 113
Trophoblast, 46
Truncus bronchomediastinalis, lymphatic

968
subclavius, lymphatic, 963

Tul>e, Eustachian, 1501
Tuber cinereum, 1129
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, 170
Tympanum, 1492

attic of, 1 500
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, T154
Upper limb, muscles of, 568
Urachus, 525
Ureter or ureters, 1895

female, 1896
lymphatics of, 082
ner\-es of, 1808
pract. consid., 1898
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Ureter or ureters, structure of, 1896
Ureteral sheath, 1897
Urethra, 1922

crest of, 1922
development of, 193S
female, 1924

structure of, 1926
fossa, navicular of, 1924
glands of, 1925
lymphatics of, 986
male, pract. consid., 1927

structure of, 1924
meatus of, 1924
nerves of, 1927
orifice of, external, 1(124

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, 9S9
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,

Vallecula of cerebellum, 1083
Valsalva, 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 pulmonary artery, 700
rectal (Houston's), 1674
semilunar, 700
Thebesian, 695
tricuspid, 699

Valvulas conniventes, 1636
Vasa aberrantia of epididymis, 1950
Vas deferens, 1954

ampulla of, 1955
lymphatics of, 988

Vasa vasorum, 674
Vater, ampulla of, 1721
Vater-Pacinian corpuscles. 10 18
Vein or veins, allantoic, t,^

circulation, 929
angular, of facial, 864
auditory, internal, 869
auricular, anterior, 882

posterior, 883
axillary, 88

7

pract. consid., 888
azygos, S93

arch. 893
development of, 928
major, 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, 856
valves of, 856

cardinal, 926
posterior, 854
superior. 854
system of, 854

centralis retinje, 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, 800
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Vein or veins, cervical, deep, S59 '

middle. 884 '

chorda? Willissi, 870
choroid, 877
cihary, anteriur, 879 I

posterior, 879
|

circulation, ffX'tal, 929
circumflex, iliac, (\cc\), 910

superfuial, 917
of leg, 914

I

classification of, 852 '

clitoris, 909
colic, middle, 921

right, 921
condyloid, anterior, 874
confluence of the sinuses, 863

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
BotaUi, 930
venosus, 929

emissaries of foramen lacerum 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, 91 7

superior, of internal mamm.ary, 860
ethmoidal, 879
facial. 864

common, 864
deep, 865
pract. consid.. S«'i4

transverse. 8S2
femoral, deep, 914

pract. consid., o' S

foetal circulation, 929
of foot, deep, 010

superficial. 914
foramen lacerum 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
]jle.xus, 908
suijcrior, 922

hepatic, 902
pract. consid., 904

hepatica communis, 900
ileo-colic, 92 i

iliac, common, 905
pract. consid., 917

external, 909
pract. consid., 918

internal, 905
pract. consid., 918

ilio-lumVjar, 906
inferior cava, pract. consid., 900

caval system, 898
innominate, 858

development of, 859
pract. consid., 859

intercapitular of hand, 889
intercostal. 896

anterior, of internal mammary. 86c

superior, 896
accessory left, 896

intervertebral. 898
jugular, anterior, 884

external, 880
posterior, 884
pract. consid., 88

r

internal, 861
bulbs of. 861
prac. consid.. 863

labial, inferior, of facial, 865
superior, 865

lacunae 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. 869
maxillary, internal. 882

internal, anterior, of facial, 865
median. 890

deep, 886
mediastinal, anterior, 861

medulli-spinal, 898
meningeal, middle, 883
mesenteric, inferior, 922

superior, 921
metacarpal, dorsal. 889
nasal, lateral, of facial, 865
oblique, of heart. 695

of left auricle, 856
obturator. 907
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Vein or veins, occipital, S59
ophthalmic, anastomoses of, 8S0

inlcrior, 87^
pract. consid., 880
sujHjrior, 879

ovarian, 903
palatine, ascending, of faciai, 866

inferior, of facial, 866
palmar arches, 886

superficial, 8go
palpebral, of facial, 865
pampiniform plexus, 903
pancreatic, 921
pancreatico- duodenal, 921
parotid, anterior, of facial, 866

posterior, 882
parumbilical, 923
perforating, of internal mammary, 860
pericardial, 861
perineal, superticial, 907
peroneal, 91

1

pharyngeal, 863
plexus, 864

phrenic, inferior, 901
superior, 861

plantar, 910
external, 910

plexus, alveolar, 882
external, spinal, 897
hemorrhoidal, venous, 90S
internal, spinal, 897
pterygoid, 882
sacral, 905
of Santorini, 909
venosus mammilla;, 888

popliteal, 911
pract. consid., 91S

portal, 919
accessor}', 923
collateral circulation of, 923
development of, 928
of liver, 1709
system, 919

pract. consid., 925
pterygoid, plexus, 8S2
pudendal plexus, 909
pudic, external, 916

internal, 907
pulmonary, 852

anastomoses of, 8 53
pyloric, 923
radial, 886

superficial, 891
accessory, S91

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., R74
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, 867

pract. consid., 869
longitudinal, inferior, 871

sujxirior, 870
pract. consid., 870

marginal, 872
occipital, 872
petrosal, inferior, 874

superior, 874
spheno-parietal, 874
straight, 872

small, of Galen, 877
intestine, 921

sjxjrmatic, 903
pract. consid., 904

spheno-palatine, 882
spinal, 897

cord, 898
pract. consid., 898

splenic, 921
sterno-mastoid, of superior thyroid

867
structure of, 677
subclavian, 884

pract. consid., 885
subcostal, 8c)6

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
superficial, 882

temporo-maxillary, 882
testicular, 903
Thebesian, 694
thoracic, acromial, 890

long, 887
thoraco-cpigastric, 888
thymic, 861
thyroid, inferior, 860

pract. consid., 861
middle, 867
plexus, 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, go8
utero-vaginal plexus, 908
vaginal, 908

plexus, 908
valves of, 850, 851
vena cava inferior, 899

development of. 927
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Vein JT veins, vena cava suix'rior, 857
development of, 927
pract. consid., 858

cephalica pollicis, 889
salvatella, 889
suijrauinbilicalis, 923
Ihyreoidea inia, 861

venae comites, 851
vorticosa;, 879

vertebral, 860
vesical, 908
vesico-prostatic plexus, 909
vesico-vaginal plexus, 909
vitelline circulation, 929

Velum interpositum, 11 62
Ventricle or ventricles, fifth, 1160

fourth, 1096
of heart, 696
lateral, 1 160

anterior horn of, 1 160
body of, 1 161
choroid plexus of, 11 62
inferior (descending) horn of,

1 164
posterior horn of, 11 68

(sinus) of larynx, 1822
third, 1 131

Vermiform appendix, 1664
Vernix caseosa, 66
Vertebra or vertcl)ra^, 114

articular surfaces of, 116
body of, 115
cervical, 116
development of, 12S
dimensions of, 122
gradual regional changes of, 122
lamina; 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
oi Fallopian tube, 1998
of gall-bladder, 17 19
of labia, 2023
of larynx, 1826
of lips, I 542
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, 1978
of roots of lungs, 1839
of scrotum, 1964

Vessels of seminal vesicles, 1958
of sixjrmatic ducts, 1958
of sjjleen, i 786
of sublingual gland, 15S5
of submaxillary gland, i 585
of suprarenal bodies, 1803
of testis, 1948
of thymus body, 1799
of thyroid body, 1792
of tongue, I 580
of trachea, 1836
of ureter, 1897
of urethra, 1926
of urinary bladder, 19 10
of uterus, 2009
of vagina, 2018

Vestibule of mouth, 1538
of nose, 1409
cf osseous labyrinth, 1511
of vagina, 2022

Vicq d'Azyr, bundl<= of, 1121
Vidian canal, 189
Villi of chorion, 49

of intestine, 1635
lacteals of, 1636

Vincula tendinum, 471
Vital manifestations, 6

Vitelline arteries, 32
duct, 32
membrane, i 5
sac, 32

Vitello-intcstinal duct, 37
Vitellus, I 5
Vitreous body, 1473

pract. consid., 1474
Vocal cords, false, 1820

true, 1820
Volkmann's canals, of bone, 89
Volvulus, 1687
Vomer, 205
Vulva, 202 I

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, 1955
Womb, 2003
Worm of cerebellum, 1082
Wrist, anterior annular ligament, 607

movements of, 326
pract. consid., 613
surface anatomy of, 328

Wrist-joint, landmarks of, 330
pract. consid., 329

Xiphoid process of sternum, 156

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, 1R12

Zygomatic process of temporal bone, i
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Abdomen, 526
aiiatDiiiical relations in ixaininalion, 536
landmarks of, 531
lymph-nodes of, 990
sliajie and size of, 527

Abdonnnal aorta, 796
cavity, 526
diseases, symptoms of, 537
hernia, 1 759
incision, 535
regions, contents of, 527
sympathetic nerves, 1375
tnmors, diai;nosis of, 536

exploration for, 537
wall, contusions of, 52S

intermuscular infection, 529
malformations of, 52.S

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, 52S, 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, 581
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, 1867
popliteal, 995
prevesical, 1912
of prostate, 1980
psoas, 531, 643
retro-pharyngeal, 690, 1607
of scalp, 490

Abscess of sphenoidal sinuses, 1428
(jf sple(.-n, 1788
subdiaphragmatic, 1 757
subperitoneal tissue, 529
thyro-liyoid, 1830
oi tonsils, i6u8
of tympanum, I5<j5, 1509

Acromio-cla\icular articulation, 264
Adenoids, postnasal, 1420
Adventitious bursie in club-foot, 669
Age as a cause of hernia, 1759
Air embolism, 863

])assages, 1821, 1840
foreign bodies in 1841

obstruction in thorax, 1842
Albinism, 1461
Alveolar abscess, 1590, 1591
Amputation of arm, 589

of foot, 453
of jienis, 1975

Anal canal, 1689
ner\e 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, 14 18

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, 711

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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A|)peiKlix vcrmiformis, 16S1

Aqueous humor, 1476
Arches of foot bones, 436

of palm, 787
of |)elvis, 346

Arcus senilis, 1454
Arm, amputation of, 5.S9

deep fascia of, 589
landmarks of, 618
subfascial effusions of, 589
\eins of, 893

Arnold's nerve, 1492
Arterio-venous aneurism of elbow, 603
Artery or arteries:

anterior tibial, collateral circulation, .S44

ligation of, 843
w ciunds of, 842

of ai>pendix, 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, 1210

common carotid, aneurism of, 731
collateral circulation, 733
digital Compression of, 732
ligation of, 732

iliac, collateral circulation, 8g8
compression of, S07
ligation of, 807

coronary of lips, 1590
deep epigastric, 533
external carotid, aneurism of, 733

collateral circulation, 734
ligation of, 733

iliac, aneurism of, 819
collateral circulation, 819
compression of, 819
ligation of, 819

facial, ligation of, 738
femoral, collateral circulation, 825, S26

compression of, 824
ligation of, 824

gluteal, 814
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 circulaticMi, 810

ligation of, 810
mammary, compression of, 764

ligation of, 764
pudic, 814

lenticulo-striate, 12 10

middle meningeal, rupture of, 1208

occipital, ligation of, 744
popliteal, aneurism of, 832

collateral circulation, 833
compression of, 833
ligation of, 833

posterior tibial, collateral circulation, 838
compression of, 836

Artery or arteries (con/innci/ ):

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, 75,6

of second ixjrtion, 757
of third portion, 757

superficial temp<jral, ligati(jn oi, 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
stern(j-clavicular, 263
temporo-maxillary, 245

Articulations (see special regions)

Ascites, 1758
chylous, 944

Asterion, 241

Asthma, 1842

Auditory canal, direction of, 1491

external, 1491
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, 581

skin of, 582

Axillary artery, 769
fossa, 618
lymph-nodes, 965
vein, 888

Azygos \eins, 895

Balanitis, 1973
Barbadoes leg, 995
Barrel-shajied chest, 167

Bartholin's glands, cysts of, 2027

Beaded ribs, 169

Bellows chest, 167

Biceps, long head, dislocation ot, 5S9

rupture of, 589
Bicipital aponeurosis, 603
Bile-ducts, obstruction of, 1731

Bilocular hydrocele, 1953
Bladder, anomalies of, 1910

effects of distention, 1911

exstrophy of, 191

1

female, 1922
hernia of, 191

1

inflammation of, 1912

retention of urine in, 1912

rupture of, 191

3

variations from distention, 1912

wounds of, 1913
Blepharospasm, 1446
B(jnes (see names of bones

)

Boule de Bichet, 492
Bow-leg, 415
Brachial artery, 776
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Brachial plexus, 1292
Brain, association centres of, 1211

auditory centre of, 1213
hlockai^e of circulation in, 1210
centre for sijjht of, 1213
concussion of, 240
cortical regions of, 1210

embolus of, 12 10

hemorrhage of, 1 209
landmarks of, 1214
lobes of, 1215
malformations of, .1207

motor area of, 1211

tracts of, 1216
Rolandic fissure of, 12 14
sensory paths of, 12 10

somjesthetic area of, 1 2 1

1

speech centres of, 12 12

Sylvian fissure of, 12 15
Breasts, 2033

atrophy of, 2034
carcinoma of, 2035
hypertrophy of, 2034
infection of, 2034
lymphatics of, 2035
removal of, 2036

Breath-sounds of lungs, 1864
Bregma, 241

Broad ligaments, affections of, 2014
Broca's convolution, 1212
Bronchi, 1842
Bronchiectasis, 1S42
Bronchotomy, 1842
Bryant's triangle, 362, 364
Bulla ethmoidalis, hypertrophy of, 1420
Bunions, 668
Burns-Gruber space, 552
Burs:e of foot, 668

gluteal, 367
ilio-psoas, 644
infraserratus, 585
under patellar ligament, 646
popliteal, 646
prepatellar, 646
under semimembranosus, 647
of shoulder, 5S4
subgluteal, 642
sublingual, 1594
suprapatellar, 646
of thyro-hyoid membrane, 1829

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
Canaliculi, 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, 1053
Carpal joints, 331
Carpus, 319
Cartilages, semilunar, subluxation of, 411
Castration, 1952
Cataract, 1473
Catheterism, 1933
Cavernous sinus, 873
Cellulitis of abdominal wall, 528, 529

of loin, 530
Cephalhiematomata, 489
Cerebellar ataxia, 12 14
Cerebellum, lesions of, 12 14
Cerebral localization, 12 10

veins, 87S
Cerebro-spinal fluid of cranium, 1209
Ceruminous masses, 1491
Cervical lymjih-nodes, 959

plexus of nerves, 1292
ribs, 169
sympathetic nerves, 1375
veins, S63

Chancres of penis, 1972
Cheeks, 1594

sucking cushion of, 493
Chest (see also Thorax), 167

barrel-shaped, 167
bellows, 167

Chiene's lines, 364
Chimney sweeper's cancer, 1965
Choked disc, 1471
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, 16.S5

Colostomy, inguinal, 1688
,

lumbar, 1688

Common bile-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

fistukt of lachrymal apj^aratus, 14.S0

hernia, forms of, 1767
inguinal, 1767

hydrocele, forms of, 1953
of neck, 554

hypertrophy of gums, 1590
Conjunctiva, 1447
Constrictions of oesophagus, 161

3

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, 5S0
Cowperitis, 1931
Coxa vara, 362
Cranio-cerebral topography, 12 14
Craniotabes, 237
Craniotomy, linear, 235
Cranium, 235

adhesions of dura to, 23S
causes of infrequencv 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 cf, 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, j 255
Cup of palm, 621

Cut-throat wounds, 1829
Cyclopia, 1449
Cyst or cysts:

of Bartholin's glands, 2027
of thyrohyoid bursa, 1829
of thyro-lingual duct, 1829

Cystic bile-duct, obstruction of, 1731
Cystitis, causes of, 1914

symptoms of, 1914
Cystocele, 191

1

Decapsulation of kidney, 1S91
Deep epigastric artery, 533
Defects in mesentery, 1759
Deformities of pelvis, 345

Dentigerous cyst, 1592
Dermoids of face, 494

of orbit and face, 494
of scalp, 491

Diaphragmatic hernia, 1778
Diploic veins, 875
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 hii)s, 374, 375, 376, 377. 378, 379, 38<j.

of inferior maxilla, 246, 494
of knee, 409, 410, 411
of mid-carpal joint, 330
of jiatella, 418
of peroneus longus, 667
of phalanges, 331
of radius, upper end, 306
of ribs, 168
of .semilunar cartilages, 411
of shoulder, 278, 582, 583, 5S4
of spine, 145
of subastragaloid joint, 451
of thumb, 331, 617
of wrist, 329

Distention of colon, 1686
of gall-bladder, 1729
of les.ser peritoneal cavity, 1739, 1757
of stomach, 1630

Double fracture of pelvis, 347
Dugas's sign in shoulder dislocation. 5S3

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, 30
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
Enterotoniy, 1657
Entropion, 1447
Epicanthus, 1446
Epididymo-orchitis, 1952

from strain, 1952
Epigastric artery, peritont- al fold of, 1 766

fossa, 171

hernia, 1776
Hpi.y;Iottis, diseases of, 1830

Epiphora, 1479
Epiphyseal disjunction of humerus, 590, 591
Epiphysis of acromion, 253

of' clavicle, 259
of coracoid process, 254
oi femur, lower, 365

ijreat 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
<.)f phalanges of hand, 320
of radius, lower, 295

upper, 293, 294
of tibia, lower, 389

upper, 387
of ulna, lower, 286

upper, 2S5

Epiplocele, 1758
Epispadias, 192S

Epistaxis, 1419
Ethmoidal cells, infection of, 1429

labyrinth, hypertroph\- of, 1420
Eustachian tube, 1507

foreign 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, 1 762

causes of, 1759
component parts of, 1763
frequency of, 1763

iliac artery, S19
veins, 918

jugular vein, SSi

popliteal nerve, 1353
Extradural hemorrhage, 237, 1208

in children, 1208
ExtrameduUary 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

Face, lymphatics oi, 955
skin of, 492
vascularity of, 492

Facial artery, 738
bones, 242
nerve, 1255, 1510
ixiralysis, 1255
spasm, 1255
vein, 865

Fascia, clavi-pectoral, 580
lata, 642

rupture of, 643
of neck, 550
pectoral, 580

Fascial compartments of forearm. 604
spaces'of neck, 552

Fallopian tubes, 1999
disease of, 2000
pregnancy in, 2000

Fecal concretions in Ccccum, 1680

impaction of caecum, 16S0

Felon, varieties of, 617
F'emoral 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,

of neck, 367
sarcoma of, 366
shaft, fracture of, 365

of middle, 365, 644
subtrochanteric fractures ot,

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, 1214

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

-,66

644
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Foot bones, ej)ii)hyses of, 436
fractures of, 436
landmarks of, 437

Foramen of Winslow, as a jjuide to l)ile-ducls,

1732
. . , ,

Forearm, tascia 01, 603
fascial compartments of, 604
fractures of l)oth hones of, deformity in, 6.15

landmarks of, 620
veins of, S91

Foreign bodies in air-passages. 1S41

in (csophajjus, 1613

in pharynx, 1607

Fossa; of peritoneum, 1779
Fracture or fractures:

of base of cranium, 239, 240
of botii liones of forearm, 605
of carpus, 319
of clavicle, 259, 579
of cranium in childhood, 238
of cricoid cartilaj^e, 1.S29

-dislocation of spine, 145, 1053
of elbow, acute flexion 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, 1S28

of inferior maxilla, 245
deformity in, 493

of nose, 1408
of orbital walls, 1441

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, 16S

of superior maxilla, 243
of tibia, 387, 388, 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, 1951
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, 1 731
as a cause of pancreatitis, 1739

Ganglia of sympathetic, cervical. 1375
thoracic, 1375

Ganglion of wrist, 614
Gangrene of gall-bladder, 1730
riasserian ganglion, excision of, 1248

Gastrectasis, 1631

(Gastrectomy, 1633
Gastro-enterostomy, 1633
Gastroplasty, 1633

Gastroptosis, 1632
Gastrostomy, 1633
Gastrotomy, 1633
Genito-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

< edema of, 1830
spasm of, 1 83

1

tumors of, 1831
Gluteal abscess, 641

artery, 814
burs:e, 367

Goitre, 1794
operations on, 1795

Ciout in great toe, 453
Great sciatic nerve, 1352
Greater omentum, 1758
Grynfelt and Lesshaft's triangle, 1777
Gubernaculum testis, 1764
Gum boil, 1590
Gums, diseases of, 1590

Hsematomata of nose, 1418
Hiemato-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
operations on, 713
mixture of, 713
sounds of, 710
valvular disease of, 711
wound of, 713

Hemianopsia, 1470
bitemporal, 1471
heteronymous, 1471

homonymous, 1470
Hemiplegia, 1217
Hemorrhoids, causes of, 1689
Hemorrhage into (esophagus, 16 14

into suprarenal body, 1806

Hepatic abscess from dysentery, 1690
Hepatopexy, 1726
Hepatoptosis, 1726
Hernia, abdominal, 1759

of bladder, 191

1

diaphragmatic. 1778
epigastric, 1776
external, age as cause of, 1759

anatomical varieties of, 1762
causes of, 1 759
component parts of, 1763
frequency of, on right side, 1 762

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, conjienital, 1767
loveriiigs of, 1765
direct, 1770

coverings of, 1771
strangulation of, 1772

encysted, 176S
epigastric, 1 776
funicular, 1768
indirect, 1766

coverings of, 1 770
infantile, 1767
interparietal, 1768
mechanism oi, 1769
relation of inguinal fossa- to, 1765
taxis in, 1770

inguino-perineal, 1778
internal, 1779
at linea semilunaris, 1776
lumbar, 1777
of lung, 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

vaginal, 1778
ventral. 1776
ventro-inguinal, 1771

Herpes labialis, 1590
zoster, 1318, 1417

Hey's amputation, 453
Hip, congenital dislocation of, 380

joint, anatomy of dislocations of, 374
anterior luxations of, 377

reduction of, 379
disease of, 380

symptoms of, 380
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

Hydrocephalus, 235, 1208, 1209
Hydrophthalmos, 1477
Hydrosalpinx, 2000
Hydrothorax, 1867
Hymen, 2020
I lyoid hone, fracture of, 1828
Hypertrophy of ethmoidal labyrinth, 1420

of gums, congenital, 1590
of heart, 712
of prostate, 1980
of thyroid body, 1794
of turbinates, 14 19

Hypha?mia, 1476
Hypoglossal nerve, 1277
Hypopion, 1476
Hypospadias, varieties of, 1927

Idiot-skulls, 235, 236
lleo-caecal valve, 1681

passage of gas and fluid from rec-

tum, 1681

Ileo-femoral or Bryant's triangle, 362, 364
Ileostomy, 1657
Iliac abscess, 529, 530, 531

furrow, 349
llio-hyjiogastric nerve, 1330

-psoas bursa, 644
Imperforate anus, 1689
Incision for appendicitis, 1685
Indian operation on nose, 1407
Indirect inguinal hernia, 1766
Infantile hydrocele, 1953

inguinal hernia, 1767
Inferior vena cava, 900

tributaries of, 904
thyroid artery, 766

Infraclavicular effusions, 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
Inion, 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, 131

8

neuralgia, 131

8

Internal carotid artery, 747
hernia, 1779
iliac artery, 810

veins, 918
jugular vein, 863
mammary artery, 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

wounds, spontaneous closure of, 1653

Intestine, large, 1680
displacements of, 1686

distinguished from small, 1688

fecal impaction of, 1687

operations on, 1688

relations to disease, 1687

structure of, 1687

wounds of, 1688

small, contusion and rupture of, 1654

infection 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
typhoid ulcers of, 1654

syphilitic ulcer of, 1654
Intra-aponeurotic space of neck, 552
Intracerebral hemorrhage, 12 10

Intramedullary hemorrhage of cord. 1055

Intussusception, i68r

Intubation of larynx, 1S31

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, 1.S87

calculus of, 1S90
decapsulation of, 1891

disease of, 1890
floating, 1888

movable, 1888
anatomical causes of, 1888
degrees of. 1888

diagnosis from enlarged gall-l)ladder,

1730
frequency in females, 1888

on right side, 1S88
symptoms of, 1S89

operations on. 1S93

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
Knu( kles as landmarks, 622
Kocher's reduction of shoulder luxation, 584

operation on nose, 1418
Kyphosis, 143

Laceration of brain, 240
Lachrymal apparatus, 1479

congenital fistul:e of, 1480
duct, line of, 1480
gland, diseases of. 1479

Lagophthalmos, 1446
Lambda, 241

Landmarks of abdominal wall, 531
of ankle-joint, 453
of arm, 618
of brain, 12 14
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, 287
of ui)per extremity, 618
of wrist and hand, 621

Laryngeal paralysis, 183

1

Laryngotomy, 1S32

Larynx, affections of, 1828

excision of, 1832
fractures of, 1828, 1829
intubation of, 1831

oedema of, 1830
perichondritis of, 1830
tumors of, 1S31

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
traumatic luxations of, 1473
variations according to age, 1473

Lenticonus, 1473
Lenticulo-striate artery, 1210

Lepto-meningitis, 1209

l.esser peritoneal cavity, effusions in, 1739,

1757
Leucoplakia, 1595
Ligaments, broad, of uterus, 201.5

round, of uterus. 2015
suspensory, of Cooper, 580
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Linea all)a, 531
semilunaris, 532

as a site oi Iuini;i, 1776
transversa, 532

Lingual artery, 736
ligation of, 73^1

Lips, coronary arteries oi, 1590
diseases of, 1590
vascularity of, 1590

Lisfranc's amputation, 453
Litliolomy, lateral, 1919

median, 192

1

perineal, 191

5

suprapubic, 192

1

Liver abscess from dysentery, 1690
and hydatid cysts, 1728

anomalies and shape of, 1726
cancer of, 1729
cirrhosis of, 1727

collateral circulation of, 1727
enlargement of, 172S

injuries of, 1727
movable, 1726

operation for, 1726
operations on, 1728
rupture of, 1727

Localization of lesions of spinal cord, 1053
Location of parts of small intestines, 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 woimds of, 1S65,

1866
injuries of, 1865
penetrating wounds: of, 1866
l^ercussion sounds of, 1865
and pleurae, 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
cesophago-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

Lymphangitis of penis, 1074
Lymphatics of abdoniinal wall, 533

of breast, 2035
of face, 955
of lower extreiuily, 99.^

of vulva, 2027
Lymphoid tissue of appendix, 16S3

Macroglossia, 1594
Maceweii's osteotomy, 366, 415
Main en griffe, 616
Malar bones, fracture of, 243
Mammary glands, 2033
Mastitis, 2034
Mastodynia, 1318
Mastoid antrum, 1508

abscess of, 1508
diploetic cells of, 150S

lymph-nodes, 955
process and cells, 1508

pneumatic cells of, 1508
Mastoiditis, extension of, 150S

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

Meatotomy, 1973
Meckel's ganglion, removal of, 124S

Median basilic vein, 892
nerve, 1301
perineal lithotomy, 192

1

Mediastinal abscess, 1833
crsophagotomy, 16 14

Mediastinum, abscess of, 971
emphysema of, 1S33

hemorrhage into, 1833
lymph-nodes of, 971
symptoms of compression in, 1833
tumors of, 1833
wounds of, 1833

iMegalopenis, 1972
Meningeal vessels, rupture of, 237
Meninges of brain, diseases of, 1208

Meningitis, 1209
Meningocele, 235

of brain, 1208

of cranium, 1208

in nose, 1407
,of spine, 1051

Meningo-myelocele, 1051

Mesenteric cysts, 990
lymph-nodes, 990

Mesentery of appendix, 1682

its relation to herniae, 1759
Metacarpo-phalangeal joints, dislocations of,

331
Metacarpus, 319

fractures of, 319
Metatarsalgia, 452
Metatarso-phalangeal joints, dislocationsof, 45:

Microcephalus, 235
Micropenis, 1972
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Microphthalmos, 1449
Mid-carpal joint, 330

diseases o?, 331
Middle ear, 1504

meningeal artery, rupture of. 1 20.S

Mid-tarsal joint, 452
Mitral insufficiency, 711

stenosis, 71

1

Monoples:ia, 121

7

Monorchism, 1950
Morris's line, 364

point, 1899
Mouth, 15S9

and palate, roof of, 1592
structures in floor of, 1593

Movable kidney, 1S88
dia^osis from enlarged gall-bladder,

1729, 1730
liver, 1726
pancreas, 1738
spleen, 1788

Multiple eyes, 1449
spleens, 17S7

Muscie volitantes. 1474
Musculo-spiral nerve, 131

4

Nares, anterior, examination of, 141S
posterior, examination of, 1419

Nasal bones, 242
fracture of, 242

cavities, in respiration, phonation, and
olfaction, 141

7

sexual refationship of, 141S
fossae, 14 18

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
fasciie 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, 1S94

Nerve or nerves:
of abdominal wall, 533
anterior crural, 1330
of anus, 169U
brachial plexus of, 1294
cervical plexus of, 1292

sympathetic, 1375
circumflex, paralysis of, 1308
dental, in fracture of lower jaw, 245
facial, 1255

crossed paralysis of, 1255
in relation to ear, 1504

to middle ear and antrum, 15 10

fourth cranial, paralysis of, 1440
genilo-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, 13 14
obturator, 1330
oculomotor, jxiralysis of, 1440
Ojihthalmic divisions of fifth cranial, paral-

ysis of, 1440
optic, 1470

injuries of, 1471
peroneal or external popliteal. 1353

paralysis of, 1353
phrenic, paralysis of, 1292
pneumogastric. 1272
recurrent laryngeal, 1273
relations of j)eritoneum, 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 abdominal, 1375

thoracic, 13 18

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-sjiaces of, 1426
inflammation of, 1426
trauma of, 1426

diseases of, 1408
fcetal type of, 1 407
fractures of, 1408
hcematomata of, 1419
hemorrhage of. 141

9

Kocher's operatit)n on, 1418
malformations 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, 1687
of small intestines, varieties of, 1655

Obturator hernia. 177
nerve. 1330

(Jccipital artery. 744
Occipito-frontalis muscle, 490
Occlusion of common bile-duct, 1731
Odontomata, 1592
CEdema of glottis, 1830
(Esophago-pericardiac lymph-nodes, 971
Gisophagotomy, cervical. 1613

mediastinal, 1614
CEsophagus, carcinoma of, 1614

constrictions of, 1613
diverticula of, 1614
extrinsic disease of. 161

4

foreign bodies in, 1613
hemorrhage into, 1614
instrumentation of, 1615
malformations of, 1613
strictures of, 1614

Olecranon, fracture of, 285
Omentum, greater, as an aid in healing, 175S

in hernia. 1758
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Ophthalmic veins, S80
Ophthahnitis, sympathetic, 1475
Optic nerve, 1470

neuritis, 1471
Orbit, emphysema of, 1409
Orbital cavity, 143.S

abscess of, 1441

dermoid cysts of, 1446
fractures into, 144

1

injuries of, 144

1

tumors of, 1441

Orchitis, 1951
Os calcis, epiphysis of, 436
Ossification of penis, 1974
Osteomalacia involvinj^ pelvis, 348
Osteotomy for genu valjcum, 366
Otitis media, complications of. 1505

infection of brain from, 1509

Ovan-, 1995
pedicle of, 1996
prolapse of, 1995

Pachymeningitis, 1208

Palmar abscess, 613, 616
arches, wounds of, 7S7

creases, 621

Palpation of ureter, 1899
Panaritium, 617
Pancreas, abnormalities of, 173S

abscess of, 1740
cancer of, 1 740
injuries of, 173S
movable, 1738
operations on, 1740

Pancreatitis, 1739
acute, symptoms of, 1739
chronic, 1739
suppurative, 1739

Papillitis of opitic nerve, 1471
Paracentesis pericardii, 718

of thorax, 170, 1867
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, 41S

Pectoral fascia, 580
Pedicle of ovan,-, 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 effusions, 718
Pericarditis, 717

physical signs of, 717
symptoms of, 7 1

7

Pericardium, incision of, 718
layers of, 716

Perichondritis of larynx, 1830
Pericranium, 489
Perineal hernia, 1778

lithotomy, 1915
portion of rectum, 1689
prostatectomy, 1983
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
fossae, 1779

inguinal, 1765
Peritoneum, 1754

cancer of, 1758
effusions in lesser sac, 1757
internal inguinal fossfe, 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

I

infrahyoid, 1829
Phan.nx, 1606

foreign bodies in, 1607
relations of lateral walls, 1607

of posterior wall, 1607

]

Phimosis, 1973
1 Phlebotomy of external jugular \ein, 8S1

of median basilic vein, 892
Phlegmonous cholecystitis, 1730
Phonation, affected by nose, 141

7

Phrenic nerve, i 292
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Plithisical thorax, 143
Piebald iris, 1461

PijjeDii breast, 167, 160S

Pinguecula, 1447
Plantar al)scess, 667

fascia, 667
Pleural elTusion, 1867

Pleurisy, 1.S66

PneuniatiHxle of scalp, 491
Pneiiniocele, 1S66

Pneunmgastric nerve, 1272

Pneumonia, 1S67

Pomuni Adanii, 556
Popliteal abscess, 995

artery, 832
bursa", 646
fascia, 646
lymi^h-nocies, 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, 14 19
(esopha<jotomy, 16 14
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, 1980
hypertrophy of, 1980
injuries of, 197^

Prostatectomy, pernieal, 1983
suprapubic, 19*^2

Prostatic hypertrophy, causes of, 1980
effect of. 1980
symptoms of, 1981

Prostatitis, 1980
Prostatotomy, 1982

Psoas abscess, 531, 643
Pterion, 241

Pterygium, 1447
Ptosis, 1446
Pubic symphysis, 351
Pudendal hernia, 1778
Puerperal peritonitis, 1757
Pulled elbow, 293
Pulmonary capacity, 168

insufficiency and stenosis, 7 1

2

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, upi)er, 2c;3, 294
fractures of, deformity m, 604

of head, 294
of lower end, 294
»>f neck, 294
of shaft, 294

landmarks of, 296
Rales, 1865
Ranuhe. 1594
Rectal hernia, 1778

palpation of ureter, 1900
triangle, 1916

Recto-vaginal fistuke, 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

lymph 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, 1468
detachment of, 1469
tumors ot, 1469

Retinitis, 1469
Retro-calcaneal bursa, 668

-peritoneal hernia, 1779
-pharyngeal abscess, 960, 16*^7

lymph-nodes, 960
-visceral space of neck, 552

Rhinoscopy, 14 19
Ribs, 169

beaded, 169
cervical, 169
diseases of, 170
dislocations (jf, 168

fractures of, 169
as landmarks, 170
wounds of liver from fracture of.

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, 589
of bladder, 1913
of fascia lata, 644
of gall-bladder, 1729
of heart, 713
of kidney, 1891

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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Scalp, subaponeurotic infection of, 490
layer of, 490

superficial fascia of, 490
temporal rej:;ion of, 491
vascular area of, 49<^)

wens in, 491
Scapula, diseases of, 255

excision of, 254
fractures of, 254
landmarks of, 255
malformations of, 253
muscular action in fracture of, 5S0

Sciatic artery, S14
hernia, 177S

Scleral rupture, 1453
Scoliosis, 144
Scrobiculus cordis, 171, 52S

Scrotum, afTections of, 1965
layers of, 1964

Semilunar cartilages, subluxation of, 41

1

Seminal vesicles, 1959
vesiculitis, i960

Septum crurale, 1773
Sex as a cause of hernia, 1762

Shoulder, bursa? 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, S73
arterio-venous aneurism of, 873. S74
thrombosis of, 873

frontal, 242
lateral, 869

infection from middle-ear disease, S69
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, S69

sphenoidal, 242
spheno- parietal, petrosal, and parietal, S74

Sinusitis of nose, 1426
Skull (see Cranium)
Smell, loss of, 140S
SnufT-box, 622, 787
Spermatic cord, 1961

encysted hydrocele of, 1953
Sphenoidal sinuses, 242

of nose, infection of, 1428
Spheno-parietal sinus, 874
Spina bifida, 1051
Spinal accessory nerve, 1275

cord, cocainization of, 148
concussion of, 1052
contusion of, 1052
extramedullary hemorrhage of, 1055
intramedullary hemorrhage of, 1055

4.S

S|)inal cord, localization of lesions in,

malformations of, 1051
rellex centres in, 1055
trophic centres in, 1054

furrow, 533
nerves, origin of, 145, 146
veins, 898

Spine, caries of, 1053
curves of, 143
fracture-clislocation of. 1053
fractures and dislocations of,

injuries of, 143
kyphosis of, 143

forcible straightening of, 143
landmarks of, 146
lordosis of, 144
scoliosis of, 144

deformity in, 144
tt)rsion in, 144

sprains of, 144
.Spinous processes as landmarks, 148
Spleen, abscess 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, 163

1

cancer of, 1631
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
StritC 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
SuI)Cutaneous space of neck, 552
Subcuticular felon, 617
Subdeltoid bursitis, 279
Subdiaphragmatic peritonitis, 1757
Subdural hemorrhage, 1208

Subglottic oedema, 1830
Subgluteal bursa;, 642

triangle, 642
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SubliKanienloiis bursa ot knee, 646

SuhliiiKii'il l)iir.sa, 1594
Siibinaxillary lymph-nodes, 956
Snbineiital lynijih-ntxles, 955
Sul)occipital lymph-nodes, ^55
Subperitoneal' tissue, infection ot, 529

laxity of, 529
Superior thyroid artery, 735

vena cava, 858
Suiiernunierary spleens, 1787
Suiii)uralive cholecystitis, 1730
Suprameatal spine, 1508

triangle, 242, 1510

Suprapatellar bursa, 646
Suprai^uhic lithotomy, 1921

prostatectomy, 19S2

Suprarenal body, hemorrhage into. 1S06

tumor of, 1806

Surgical relations of cervical fascia, 550
Suspensory ligaments of Cooper, 580
Syme's amputation, 453
Symphysiotomy, 351
Symi)hysis pubis, 351
Synechite, jiosterior, 1461

Syphilitic disease of knee, 414
Sypiiilis of skull, 237

of teeth, 1 59

1

Syringo-niyelocele, 105

1

Tabatiere anatomique, 7S7

Tagliacotian operation on nose, 1407
Tali])es, 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 sy])hilis, 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, I95<j

descent of. 1 764
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, 195

1

relation of descent of to hernia, 1764
Thecal felon, 617
Thoracic aorta, 726

duct, obstruction of, 944
wounds of, 944

nerves, 131S
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
Thyro hyoid abscess, 1830

bursa, 1829
membrane, 1829

Thyroid body, anomalies <jf, 1794
hypertrophy of, 1794

or cricoid cartilage, fracture of, 1829
enlargements, operations on, 1794

Thyroiditis, symptoms of, 1794
Thyroids, accessory, 1794
Thyro-lingual cysts and sinuses, 1829
Tii)ia, disease of, 389

fracture of, 388
landmarks of, 390
sarcoma of, 390
separation of lower epiphysis, 389

of upper epiphysis, 387
Tibial tubercle, detachment of, 388
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, 1899
Trachea, affections of, 1840

and bronchi, 1840
in children, 1841
stenosis of, 1840

Traciieal 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
subgluteal, 642
superficial infraclavicular, 581

suprameatal, 242
Tricuspid insufiiciency, 711

stenosis, 712
Trigeminal neuralgia. 1 24S

Tripod ism, 349
Trochanter, greater, epiphysis of, 362

lesser, epiphysis of, 363
Tubage of colon, 1688

rul)al pregnancy, 2000
Tubercular meningitis, 1209

peritonitis, 1756
ulcers of small intestine, 1654

Tuberculosis of lungs, 1S67

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, 34S

of suprarenal body, i.S<y6

of uretc-r, 19m)
Tunica vai^inalis, oris^in ^f, 1765
T\ni[)anic membrane as a landmark, 1506

(luadrants of, 1505
Tympanum, 1504

avenues of infection from, 1505
examination of, 1506
inflation of, 1507
relation of basal fractures to, 1505
retention in, 1505

Typhoid ulcers of small intestine, 1654
Typhoidal disease of tibia, 390

Ulceration of rectum, 1690
I'Icers of duodenum. 1653

of stomach, 1631

Ulna, coronoid process, fractures of, 286
epiphysis of, lower, 286

upper, 285
landmarks of, 287
olecranon, fracture of, 285
shaft, fractures of, 286

Ulnar artery, 780
furrow, 620
nerve, 1306

Umbilical rtstulce, 531
hernia, 1776

Umbilicus, surface veins of, 534
Umbo. 1505
Upper extremity, landmarks of. 618

lymph-nodes of, 965
veins of. 89

1

Urachus, peritoneal fold of. 1765
Uranoplasty, J 592
Ureter, anomalies of, 1898

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
dilatability 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, 193

1

posterior, 1931
Urethro-vaginal fistula;, 2021
Urine, extravasation of. 1932

retention of, 191

2

Uro-genital triangle, 1916
Uterine cervix, intravaginal, 2020
Uterus, fixation of, 2013

flexions of, 2014
pressure from tumor or pregnancy, 2013
prolapse of, 2013

\'agina. capacity of, 2020

210'

Vagina, malformations of, 2019
X'aginal examination, 2019 (

'

fistuke, 2020
'

hernia, I1778

palpation of ureter, 1S94

process of peritoneum, 1764
Vaginismus, ,2020
\^'llvular disfcfase of heart, 71

1

X'aricocele, 1961
\'ein or veins:

of arm. S93
axillary, phlebitis of, 8S8

wounds of, 888
a/ygos, 895
cerebral, 87S
common iliac. 917
diploic. 875
of elbow. 892
emissary. 238, 876
external iliac, 918

jugular, 881

facial, communications of. 864
infection of, 865

femoral, 918
of forearm, 891
of hand, 861
hepatic, 9(j4

innominate-, left. 859
internal iliac, 918

jugular, phlebitis of, 863
wounds of, 863

of leg, varices of, 918
j

of lower extremity, 917
j

of neck, e;ft"ect of respiration on. S63

ophthalmiif:, 880
popliteal, pi8
portal, sysfem of, 925
renal, 904
spermatic, 904
spinal, 8981
subclavian, 885
of upper extremity, 891
about umbilicus, 533
of vulva, 2027

Vena cava, inferior, 900
tributaries of, 904

supericr, 858
\'entral hernia, 1776
\'entricles, lateial. tapping of, 1209

of heart, left, hypertrophy of, 712
right, hypertrophy of, 712

X'entro-inguinal hernia, 1771
Vertebra promi lens, 146
\'ertebral arter\

, 761
X'esical palpation of ureter. 1900
Vesiculitis, 195S, 1959

seminal, i960
tuberculous, 1959

Visceral space o t neck, 552
Vitreous body, congenital abnormalities of,

1474
foreign body in, 1474

Volvulus. 1687
Vulva, affection? of, 2027

Weir's incision, i^t,6

Wens of scalp, 4<9i
j

Whitlow, 617
jWinged scapula. 255

Wisdom tooth, as a cause of trouble,i 244
Wormian bones, 236 1

Wounds of abdominal wall, 528, 529;
of bladder, I'9T3 '
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.ds of heart, 713
{ kidney, 1892

^^''*'f larj^e intestine, 16SS

( liver, 1727
f loin, 530
if lung, penetrating, 1S66

jf niecliastinuni, 1S33

}f penis, 1974
jf rectum, 1692

of small intestine, 1654

of spleen, 1 788

of stomach, 1630

St, annular ligaments ot, 614
ganglion of, 614

^^ compound, 61

2

and hand, abscess of, 613

^I'RACTICAL CONSII, •.KATION.S.

Wrist and hand, anterior tendon slit adis of, 615
fascia of, 613
landmarks of, 621

skin of, 613
stifTness fron fracture, 615
posterior tendon sheaths of, 614

infection of, 614
teno-synovitis of, 614

joint, 329
diseases cjf, 330
dislocation of, 329
landmarks of, 330

Wry-neck, 554, 1275

Zygoma, 241
Zygomatic j^rocess, fracture of, 243

fdi

ICC

2S,

ilb
)ini

ci^^f.il
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