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GENEEAL ANATOMY.

GENERAL CONSIDERATION'S ON THE TEXTURES.

Enumeration of the Textures.—The human body consists of

solids and fluids. Only the solid parts can be reckoned as textures,

properly so called ; still, as some of the fluids, viz. the blood, chyle,

and lymph, contain in suspension solid organised corpuscles of deter-

minate form and organic properties, and are not mere products or

secretions of a particular organ, or confined to a particular part, the

corpuscles of these fluids, though not coherent textures, are to be

looked upon as organised constituents of the body, and as such may
not improperly be considered along with the solid tissues. In con-

formity with this view the textures and other organised constituents of

the frame may be enumerated as follows :

—

The blood, chyle, and lymph.
Epithelial tissue, including epitlielium, cuticle, nails, and hairs.

Pigment.
Connective tissue, viz.

Areolar tissue.

Adipose tissue.

Fibrous tissue.

• Elastic tissue.

Cartilage and its varieties.

Bone or osseous tissue.

Muscle.

Xerve.

Blood-vessels.

Lymphatic vessels and glands.

Serous and synovial membranes.
Mucous membrane.
Skin.

Secreting glands.

Vascular or ductless glands.

Organic Systems.—Every texture taken as a whole was viewed by
Bichat as constituting a peculiar system, presenting throughout its

whole extent in the body characters either the same, or modified only
so far as its local connections and uses render necessary ; he accordingly

used the term '• organic systems " to designate the textures taken in

this point of view, and the term was very generally employed by
succeeding writers. Of the tissues or organic systems enumerated

VOL. II. B



2 GENERAL COXSIDERATIOXS Ox\ THE TEXTURES.

some are found in nearly every orjijan ; such is the case with the con-

nective tissue, which serves as a binding material to hold together the

other tissues Avhich go to form an organ ; the vessels, which convey

fluids for the nutrition of the other textures, and the nerves, which

establish a mutual dependence among different organs, imparting to

them sensibility, and governing their movements. These were named
by Bichat the

"^"
general systems." Others again, as the cartilaginous

and osseous, being confined to a limited number or to a particular class

of organs, he named " particular systems." Lastly, there are some

tissues of such limited occurrence that it has appeared more convenient

to leave them out of the general enumeration altogether, and to defer

the consideration of them until the particular organs in which they

are found come to be treated of Accordingly, the tissues peculiar to

the crystalline lens, the teeth, and some other parts, though equally

independent textures with those above enumerated, are for the reason

assigned not to be described in this part of the work.

Structural Elements.—It is further to be observed, that the

anatomical constituents of the body above enumerated are by no means

to be regarded as simple structural elements ; on the contrary, many of

them are complex in constitution, being made up of several more

simple tissues. The blood-vessels, for instance, are composed of several

coats of different structure, and some of these coats consist of more

than one tissue. They are properly rather organs than textures, although

they are here included with the latter in order that their general

structure and properties may be considered apart from their local distri-

bution ; but indeed it may be remarked, that the distinction between

textures and organs has not in general been strictly attended to by
anatomists. The same remark applies to mucous membrane and the

tissue of the glands, which structures, as commonly understood, are

highly complex. Were we to separate every tissue into the simplest

parts which possess assignable form, we should resolve the whole into

a very few constructive elements.

PHYSICAL PROPERTIES.

The animal tissues, like other forms of matter, are endowed with

various physical properties, such as consistency, density, colour, and
the like. Of these the most interesting to the ])hysiologist is the pro-

perty of imbil)iiig fluids, and of permitting fluids to i)as6 through their

substance, which is essentially connected with some of the most im-
portant phenomena that occur in the living body, and seems indeed to

be indispensable for the maintenance and manifestation of life.

All the soft tissues contain M-ater. some of them more tlian four-fifths of their

weight : this they lose by drying, and with it their softness and flexibility, and
so shrink up into smaller bulk and become hard, brittle, and transparent : but
when the dried tissue is placed in contact with water, it greedily imbibes the
fluid again, and recovers its foi-mer size, weight, and mechanical properties.

The imbibed water is no doubt partly contained mechanicallj' in the interstices of

the tissue, and retained there by cajnllary attraction, like water in moist sand-

stone or other inorganic porous substances ; but the essential part of the process

of imbibition by an animal tissue is not to be ascribed to mere porosity, for the
fluid is not merely lodged between the fibres or laminaj. or in the cavities of the
texture ; a part, i)robably the chief part, is incorporated with the matter which
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forms the tissl^e. and is in a state of union with it. more intimate than could

well be ascribed to the mere inclusion of a fluid in the pores of another

£iibstance. Be this as it may. it is clear that the tissues, even in their inmost

substance, are permeable to fluids, and this i^roperty is indeed necessary, not only

to maintain their due softness, pliancy, elasticity, and other mechanical qualities,

Ijut also to alien- matters to be conveyed into and out of their substance in the

process of nutrition.

CHEMICAL COMPOSITION.

Ultimate Constituents.—The human body is capable of bcini^

resolved by ultimate analysis into chemical elements, or simple consti-

tuents, not differing in nature from those which compose mineral

substances. Of the chemical elements known to exist in nature, the

following have been discovered in the human bod}', though it must be

remarked, that some of them occur only in exceedingly minute quan-

tity, if indeed they be constant : oxygen, hydrogen, carbon, nitrogen,

phosphorus, sulphur, chlorine, fluorine, ]:)otassium, sodium, calcium,

magnesium, iron, silicon, manganese, aluminium, copper.

Proximate Constituents.—The ultimate elements do not directly

form the textures or fluids of the body ; they first combine to form
certain compounds, and these appear as the more immediate consti-

tuents of the animal substance ; at least the animal tissue or fluid

yields these compounds, and they in their turn are decomposed into the

ultimate elements. Of the immediate constituents some are found

also in the mineral kingdom, as for example, water, chloride of sodium
or common salt, and carbonate of lime ; others, such as albumin, fibrin,

and fat, are peculiar to organic bodies, and are accordingly named the

proximate organic principles.

The animal proximate principles have the following leading cha-

racters. They all contain carbon, oxygen, and hydrogen, and the

greater number also nitrogen ; they are all decomposed by a red heat

;

and, excepting the fatty and acid principles, they are, for the most part,

extremely prone to putrefaction, or spontaneous decomposition, at least,

when in a moist state ; the chief products to which their putrefaction

gives rise being water, carbonic acid, ammonia, and sulphuretted, phos-

phuretted, and carburetted hydrogen gases. The immediate compounds
obtained from the solids and fluids of the human body are the following.

I. Azofiscd Suhsfances, or such as contain nitrogen, viz., albumin,

blood-fibrin, myosin, syntonin, casein, globulin, gelatin, chondrin,

salivin, kreatin, kreatinin, pepsin, mucin, horny matter or keratin, pig-

ment, h[Emoglobiu, urea, uric acid, hippuric acid, inosinic acid, sarkin

(or hypoxanthiu), leucin, tyrosin, protagon and its components lecithin

and neurin, azotised biliary compounds.
II. Substances desiituie of Niirogen, viz., fatty matters, glycogen (or

animal starch), grape sugar, sugar of milk, inosit, lactic, formic, and
oxalic acids, certain princi])les of the bile.

Some of the substances now enumerated require no further notice in

Tj work devoted to anatomy. Of the rest, the greater numljer will be
explained, as far as may be necessary for our purpose, in treating of the

particular solids or fluids in which they are chiefly found.

It has been shown by Graham,* that chemical substances may be distingnished

* Liquid Diffusion applied to Analysis,—Pliil, T]-ans., 1S61.
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into two classes—the cyi/staUoid and the colloid—which differ in several important

characters. Crystalloid bodies, of which water, most salts and acids, and sugar,

may be taken as examples, have a disposition to assume a crystalline state ; their

solutions are usually sapid, diffluent, and free from viscosity ; they readily diffuse

in liquids, and jjass through moist organic membranes or artificial septa of

organic matter, such as parchment-paper. Colloids, on the other hand, are

characterised by low diffusibility and great indisposition to permeate organic

septa, so that when they are associated with crystalloids, the latter may be easily

separated by diffusion through a septum into another fluid ; i.e., by " dialysis."

Colloids are, moreover, generally tasteless ; they have little or no tendency to

crystallize, and then* solution, when concentrated, is always, in a certain degree,

viscous or gummy. Among the colloids may be reckoned hydrated silicic acid,

and various hydrated metallic peroxides, also albumin, gelatin, starch, gnim,

and vegetable and animal extractive matters. Several substances may exist

either in the colloid or the crystalloid condition. In point of clu-ntical activity

the crystalloid appears to be the more energetic, and the colloidal the more inert

form of matter ; but the colloids possess an activity of their own. arising out of

then- physical proiserties, and especially then- penetrability, by which the}' become
a medium for liquid diffusion, like water itself. Another characteristic is their

tendency to change ; the solution of hydrated silicic acid, for instance, cannot
be preserved ; after a time it congeals. In this respect a liquid colloid might be
compared to liquid water at a temperature below freezing, or to a supersaturated

saline solution. This dominant tendency of the particles of a colloid to cohere,

aggregate, and contract, is obvious in the gi-adual thickening of the liquid and
its conversion into a jelly ; and in the jelly itself the contraction still proceeds,

causing separation of water, and division into a clot and semm. Their permea-
bility to fluids, their ready capability of physical changes, and their comparative
chemical inertness, are properties by which colloid bodies seem fitted to form
organised structures, and to take part in the processes of the living economy.
Graham further found that silicic acid may combine both in a dissolved

and m a gelatinous state with a variety of very different fluids without
imdergoing alteration

; and presuming that the organic colloids are invested
with similar wide powers of combination, he remarks that the capacity of
a mass of gelatinous silicic acid to assume alcohol, or e-ven olein, without
disintegration or alteration of form, and to yield it up again m favoLU' of some
other substituted fluid, may perhaps afford a clue to the penetration of the colloid

matter of animal membrane by fatty and other bodies insoluble m water : and
moreover, that the existence of fu'ul compounds of silicic acid of a like nature,
suggests the possibility of the fonnation of a compound of colloid albumen with
olein, solul3le also and capable of circulatmg with the blood.*
The important relation which this chemical doctrine bears to the constitu-

tion and organic processes of the animal body, has appeared to justify the
introduction of the present notice of it ; for further information the reader is

referred to the sources aheady cited.

VITAL PROPERTIES OF THE TEXTURES.

Of the phenomena exhibited by living bodies, there are some which,
in the present state of knowledge, cannot be referred to the operation
of any of the forces which manifest themselves in inorganic nature

;

they are therefore ascribed to certain powers, endowments, or properties,
which so far as known, are peculiar to living bodies, and are accord-
ingly named " vital properties." These vital properties are called into
play by various stimuli, external and internal, physical, chemical, and
mental

; and the assemblage of actions thence resulting has been
designated by the tem " life." The words " life " and " vitality " are

* On the Properties of Silicic Acid and other Analogous Colloidal Substances,—Pro-
ceedmgs of the Royal Society, .June 16th, 18(34.
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often also employed to signify a single principle, force, or agent, which

has been regarded as the common source of all vital properties, and the

common cause of all vital actions.

As ordinan' physical forces, such as mechanical motion, heat, electricity,

chemical action, and the like, although differing from each other in specific

character and mode of operation, are nevertheless shown to be mutually con-

vertible and equivalent, and are lield to be but different modifications of one and
the same common force or " energy." so it may in like manner come to be shovm
that \-ital action is similarly related to the physical forces as they are related to

each other, and is also a manifestation, imder conditions special to the li\-ing

economy, of the same common energy.

1. Assimilatory Property.—Of the vital properties, there is one

which is universal in its existence among organised beings, namely, the

property, with wliich all such beings are endowed, of converting into

their own substance, or " assimilating," alimentary matter. The opera-

tion of this power is seen in the continual renovation of the materials

of the body by nutrition, and in the increase and extension of the

organised substance, which necessarily takes place in growth and repro-

duction ; it manifests itself, moreover, in individual textures as well as

in the entire organism. It has been called the " assimilative force or

property," " organising force," " plastic force," and is known also by
various other names. But in reality the process of assimilation pro-

duces two different effects on the matter assimilated : first, the nutrient

material, previously in a liquid or amorphous condition, acquires deter-

minate form ; and secondly, it may, and commonly does, undergo more
or less change in its chemical qualities. Such being the case, it seems
reasonable, in the mean time, to refer these two changes to the opera-

tion of two distinct agencies, and, with Schwann, to reserve the name
of " plastic " force for that which gives to matter a definite organic

form ; the other, which he proposes to call " metabolic," being already

generally named " vital affinity." Respecting the last-named agency,

however, it has been long since remarked, that although the products

of chemical changes in living bodies for tlie most part diflFer from those

appearing in the inorganic world, the difference is nevertheless to be

ascribed, not to a peculiar or exclusively vital affinity different from

ordinary chemical affinity, but to common chemical affinity operating

in circumstances or conditions which present themselves in living

bodies only.

2. Vital Contractility.—When a muscle, or a tissue containing

muscular fibres, is exposed in an animal during life, or soon after death,

and scratched with the point of a knife, it contracts or shortens itself

;

and the property of thus visibly contracting on the application of a

stimulus is named " vital contractility," or " irritability," in the

restricted sense of this latter term. The property in question may be

called into play by various other stimuli besides that of mechanical

irritation—especially by electricity, the sudden application of heat or

cold, salt, and various other chemical agents of an acrid character, and,

in a large class of muscles, by the exercise of the will, or by involuntary

mental stimuli.

The evidence that a tissue possesses vital contractility is derived, of

course, from the fact of its contracting on the application of a stimulus.



6 DEYELOrMEXT OF THE TEXTURES.

Mechanical irritation, as scratching ^vith a sharp point, or slightly

;)inchin"- with the forcei^s, electricity obtained irom a piece of copper

and a p?ece of zinc, or from a larger apparatns if necessary, and the

'^ndden ain>licatioii of cold, are the stimuli most commonly applied.
"^'

3 Vis Nervosa.—Tlie stimulus which excites contraction may be

applied either directly to the muscle, or to the nerves entering it, which

then communicate the eifect to the muscular fibre, and it is in the

latter mode tliat the voluntary or other mental stimuli are transmitted

to muscles from the brain. Moreover, a muscle may be excited to con-

tract by irritation of a nerve not directly connected with it. The

stimulus, in this case, is first conducted by the nerve irritated, to the

brain or spiual cord ; it is then, Avithout participation of the will, and

even without consciousness, transferred to another nerve, by which it is

conveved to the muscle, and thus at length excites muscular contrac-

tion.
' The property of nerves by which they convey stimuli to muscles,

whether directly, as in the case of muscular nerves, or circuitously, as

in the case last instanced, is named the " vis nervosa."

4. Sensibility.—AVe become conscious of impressions made on

various parts of the body, both external and internal, by the faculty of

sensation ; and the parts or textures, impressions on which are felt,

are said to be sensible, or to possess the vital property of " sensibility."

This property manifests itself in very different degrees in different

parts ; from the hairs and nails, which indeed are absolutely insensible,

to the skin of the points of the fingers, the exquisite sensibility of

which is well known. But sensibility is a property which really depends

on the brain and nerves, and the different tissues owe what sensibility

they possess to the sentient nerves Avhich are distributed to them.

Hence it is lost in parts severed from the body, and it may be imme-

diately extinguished in a part, by dividing or tying the nerves so as to

cut off its connection with the brain.

It thus appears that the nerves serve to conduct impressions to the brain,

which give rise to sensation, and also to convey stimuli to the muscles, which

excite motion : and it is probable that, in both these cases, the conductive

property exercised by the nervous cords may be the same ; the difference of effect

depending on this, that in the one case the impression is carried upwards to the

sensorial part of the brain, and in the other downwards to an irritable tissue,

which it causes to contract ; the stimulus in the latter case either having origin-

ated in the brain, as in the instance of voluntary motion, or having been first

conducted upwards, by an afferent nerve, to the part of the cerebro-spinal centre

devoted to excitation, and then transferred to an efferent or muscular nerve,

along which it travels to the muscle. If this view be correct, the power by which

the nerves condvict sensorial impressions and the before-mentioned " vis nervosa"

are one and the same vital property ; the difference of the effects resultmg from

its exercise, and, consequently, the difference in function of sensorial and motorial

nerves, being due partly to the different nature of the stimuli applied, but

especially to a difference in the susceptibility and mode of reaction of the organs

to which the stimuli are conveyed.

DEVELOPMENT OP THE TEXTURES.

The tissues of organised bodies, however diversified they may
ultimately become, show a wonderful uniformity in their primordial

condition. The results of modern researches have shown that the
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different organised structures found in plants and animals originate

directly or indirectly by means of elementary corpuscles, which have
been named " cells." These so-called cells, remaining as separate cor-

puscles in the fluids, and grouped together in the solids, persisting in

some cases with but little change, in others undergoing a partial or

thorough transformation, produce the varieties of form and structure

met with in the animal and vegetable textures. Nay, the germ from
which an animal originally springs, so far at least as it has been
recognised under a distinct form, appears as a cell ; and the embryo,
in its earliest stages, is but a cluster of cells produced apparently from
that primordial one ; no distinction of texture being seen till the

process of transformation of the cells has begun.

Xo branch of knowledge can be said to be complete ; but, even now
that between a quarter and half a century has elapsed since the pro-

mulgation of the cell-doctrine, there is, perhaps, none which can be
2nore justly regarded as in a state of progress than that which relates

to the origin and development of the textures, and much of the current

opinion on the subject is uncertain, and must be received with
caution.

Fig. 1.

THE VEGETABLE CELL.

If we view under the microscoj^e the early embryo of one of the

higher plants (fig. L), we see that it is built up entirely of a number
of closely adherent vesicles,— these are

the elementary cells. Each of those cells

consists of an external membranous invest-

ment (a), the cell-wall, containing in its

interior a finely granular transparent sub-
stance of semi-fluid consistence—the proto-

plasm (5),—in this is imbedded at one part

a more solid looking body of rounded form
(the nucleus, c), which again itself con-
tains generally one or two distinct strongly
refi-acting particles {nudeili). On closer ex-

amination it may be observed that in many
cells the protoplasm is not absolutely quies-

cent as at first sight appears, but on the

contrary exhibits slow streaming movements
of its substance, indicating a certain amount
of vital activity. This is more particularly

the case in the more rapidly growing parts,

where also it is not uncoimnon to find two
nuclei in a cell. This, as will be seen later

on, is an indication of the commencing
division of the cell into two : by the con-

stant repetition of this process the growth
oi the plant is effected. In their early condition all plants are
similarly comjwsed of an agglomeration of cells, and some retain this

primitive condition throughout life ; in all the higher classes, however,
by changes in the form and in the contents of the cells, various modifi-
cations occur, by means of which the different textures of the plant
are produced. Some of these are shown in the accompanying figures

Fig. 1.

—

Embryo of a Dico-
tyledonous Plant. Mode-
rately Magnified.

a, cell-envelope ; h, proto-

plasm; c, nucleus.
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(figs. 2. and 3) : it would however lead us too far to enter into a

description of tlieni here.

Fig. 2. Fiff. 3.

^{^m i III iiii I
i
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Fig. 2.—Textures seen in a Longitudinal Section of the Leaf-Stalk of a
Flowering Plant.

1, 2, Polyhedral cells (from mutual pressure). 3, 4, 5, Elongated tubular Tviid

prismatic cells. 6, Pitted tissue. 7, Spiral vessels.

Fiff. 3.

—

Stellate Vegetable Cells.

Fig. 4.

THE ANIMAL CELL.

Turniug now our attention to the animal embryo, we find that it

also is entirely made up of cells (fig. 4), rather smaller it is true

than those composing the embryo plant, but,

like them, consisting of a granular protoplasmic

substance (b) enclosing a nucleus (c) ; this in

its turn containing one or more nucleoli.

And here, at the outset, we encounter a

fundamental difference between the cells com-
posing the animal aud those composing the

vegetable embryo. In the former there is no
membranous investment or cell-wall. In con-

sequence of this absence of a restraining en-

velope the streaming movements of the proto-

plasm, which are observable in every cell, whether
animal or vegetable, at an early stage of its

existence, and in some remain persistent through-

out life, are capable, as will hereafter be more
fully explained, of efl'ecting chauges both in the

form and also in the position of the animal cell.'-

Before proceeding to inquire into the changes which may occur in

* The existence of animal cells destitute of envelope, although more insisted on of late

ycai-s, has been all along recognised in the study of cell-development, and was exiiressly

pointed out by Schwann himself (iMicroscopische Uutcrsuchungen, &c.,
i?. 209). It has

appeared to some that another name should lie used to designate liodies which thus exist

in a naked non-vesicular form. Briicke proposed to call them " elementary organisms,''

a term too cumbrous for use. As the first "shaped " products of organisation which appear
in the development of all but the lowest organised beings, they might be named " proto-

plasts," or, as that name has been already used in a widely diftevent sense—" mono-
plasts," but after all, seeing the universal currency of the term "cell," it is probably
most convenient and liest to adhere to it, with the understanding that in many cases it is

used in a conventional sense.

Fig. 4.— Three Cells

FROM EARLY EmBRYO
of the Cat. Highly
magnified.

h, protoplasm ; c, nu-

cleus with nucleolus. The
lowermost cell has two
nuclei.
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the embiyo cells in order to the production of the various textures of

which the animal body is composed, it will be convenient to consider

the manner in which the cells themselves are produced, and the nature

of the substance composing them.

Production of Embryo Cells.—So far as is at present known, every

cell in the animal body has been derived from a previously existing

cell. In the case of the cells which compose the early embryo this

parent cell is, as has been previously pointed out, the ovum itself, or at

least its germinative part.

The mammalian ovum differs indeed from the cells we have just

been considering, both in its size, and in possessing a stout external

membrane (fig. 5 a). Like them, however, it mainly consists of a

protoplasmic substance (b), in which are embedded fatty granules (the

I/elk), and contains structures (the germinal vesicle {c) and germinal

spot) , which are comparable respectively to the nucleus and nucleolus.

Fis;. 5.

Fig. 5.

—

Diagrammatic Figures to illustrate the Formation of Cells within the
I\LuiMALiAN Ovum by Segmentation of the Yelk ; magnified.

a, external membrane ; h, protoplasmic contents ; c, germinal vesicle containing the

germinal spot.

The embryonic cells are produced from the ovum by a process of

cleavage or segmentation, of which the following is an outline :

—

The germinal vesicle disappears ; the contents of the ovum then
shrink somewhat and separate into two equal parts (b) ; the first two
segments divide each again into two (c), and the binary division thus

goes on (D, E,) pretty regularly until the whole is transformed into

a number of small segments, the embryonic cells, each consisting, as

we have seen, of protoplasmic matter enclosing a nucleus. The latter

is not always discoverable in the earlier segments, l^eing perhaps
hidden by the opaque granular mass, but it soon comes into view, and
has been supposed to play an important part in the formation of the

cells. At all events it may be observed, in those segments in which
the nucleus is visible, that the division of this body precedes that

of the protoplasmic substance. Whether the first nucleus is itself

derived from the vanishing germinal vesicle and spot is unknown.



10 SUBSTAXCE COMPOSING THE CELL.

Tlie fonnation of cells by segmentation may be traced witli comparative ease
in the ova of many invertebrata. The accomiianjang' figaire (fig. 6) represents
the several stages of the process in small species of the ascaris woiin. A, B. and
c are from the Axcarif; )iUirt>rc)iom, as observed by KoUiker. He found that,
after the genninal vesicle had disapiaeared, a new nucleus with nucleolus was
formed in its place : the segmentation then goes on as in the mammalian ovum
but the nuclei are visiljle from the fii'st.

In many aninrals the segmentation process affects only a part of the contents
of the ovum.

Fig. 0. —Division of the Yelk of Ascakis.

A, B, (from Kolliker), ovum of Ascaris uigroveuosa ; d and e, that of Ascaris
acuminata (from Bagge).

The Protoplasm of the Cell.— The substance of which the
embryonic cells, and all others which display similar vital contractility,

chiefly consist, is in reality clear and hyaline, but commonly contains
minute particles imbedded in the clear substance, which give it a
granular appearance (fig. 4, h). It is semi-fluid and viscid in con-
sistence, and in chemical constitution closely agi-ees with the albumi-
noid bodies, consisting, in fixct, principally of a substance allied to
myosin, the chief constituent of muscular tissue ; but in many animal
cells it doubtless also includes other organic principles, especially
fat, and glycogenous or amyloid matter. Proto])lasm is characterised
by properties which have been aptly termed " vital," since upon their
presence the life of the organism seems to depend. Chief among
these properties are those of assimilation and of irritability : indeed,
it is probable that the vital properties of the textures above enumerated
depend, in great measure or wholly, upon the protoplasm which they
contain.

The Nucleus of the Cell.—The nucleus (fig. 4, c) is a round or
ovoid, clear, and apparently vesicular body, commonly situate near the
centre of the cell, and containing one or two strongly refracting
granules—the nucholi.—which are probably of a fatty nature.

From the affinity which, in common with protoplasm, it possesses for certain
colouring matters, the nucleus has been supposed hy some eminent histologists
(and notably by Beale. who has applied the term •' germinal matter" to both) to
be identical in nature with that substance. Its behaviour, however, with many
reagents is altogether different ; and in general it may be said that it offers greater
resistanceto their action than the substance which surrounds it. The fact that
m the di\'ision of cells the segmentation of the nucleus appears to precede that of
the protoplasm, has been hold to be a strong argument in favour of the possession
by the nucleus of a considerable amount of vital activity, but it is impossible to
say whether this process may not be effected by means of the surrounding proto-
plasm. At all events there are. it is believed, no recent obsen'ations which would
tend to show the manifestation by the nucleus of any vital phenomena, unless
when associated with protoplasm, whereas the converse fact is well established.
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Changes which occur in Cells.— The changes which may occur

in cells in relation to the production of the textures are of two prin-

cipal kinds, according as the form of the cell, or the nature of the sub-

stance composing it, undergoes alteration. These changes may occur at

one and the same time—indeed, this is commonly found to be the case
;

it will, however, be more convenient here to consider them separately.

1. Chemical and Plastic Changes occurring in Cells.—The protoplasm

originally composing the embryonic cell may become variously altered in

chemical constitution, all such changes tending to diminish the original

activity of the cell and to fit it for a special function. An alteration com-
monly met with in older cells is the conversion of the outer portion of

the protoplasm into a comparatively dense layer, which constitutes an
investment for the remainder, and in this way approximates the cell

more to the vegetable type. Such a transformation is met with in a

high degree in the stratified epithelia, in which the cells of the upper-

most layers become almost entirely transformed into dense horny scales.

Another change which is apt to occur is the deposition within the

cell of various chemical principles, which are either derived directly

from the plasma of the blood, in which in such cases they pre-exist, or

are elaborated by the cell itself from some other constituent of that

fluid. Examples of these changes are to be found in the deposit of fat

and pigment, and of tiie peculiar constituents of certain secretions

within the cells of the tissue or gland producing them.

The deposition of fat occurs ordinarily and in its most characteristic fonn in

the coipuscles of the connective tissue, transforming them into fat cells, although

it may occasionally be found in other cells, such as those of the liver and of

cartilage. Pigment on the other hand may be deposited both in connective tissue

cells and in epithelium, and this to such an extent as to give an intensely black

appearance to the part, as in the choroid coat of the eye and in the cuticle of the

negro.

Sometimes these chemical changes are accompanied by others of

a plastic or organizing character, as in the fibrillation which is often

found to occur in cells, and notably in those of the nervous anvl

muscular tissues, as well as in the formation of the spontaneously

moving bodies called spermatozoa in the spermatic cells. Another
example of such a change is to be found in the formation of red blood

corpuscles within the cells of connective tissue.

These plastic changes are equally unexplained with the other alterations of

form and stmctuie which accompany the production and metamoiphoses of cells.

As regards the changes in the quantity and chemical natui-e of the contained

matter, it may be remarked that the introduction of new matter into a cell is to

a gi-eat extent a phenomenon, of imbibition. In addition to this, many cells, by
vu-tue of their amcoboid movements to be presently described, are enabled to take

into then- substance minute solid particles, both inorganic and organic. But.

while an alteration in the contents of a cell may be thus brought about by
imbibition and intersusception of pre-existing material, the contained substance

may also be changed in its qualities by a process of conversion or elaboration

taking place within the cell.

2. Changes in Form—The changes of form which may occur in

cells are of two kinds, the one being merely passive and mechanical,

the other dependent upon the growth of the cell. Instances of the

former are seen in those cases where, by mutual compression, the cells



12 MOVEMENTS OF CELLS.

have acquired a, move or less dodecahcdral form (as is frequently the

case in plants, see fig. 2), or where, by groAvth of young cells beneath

them, tliey become flattened out and forced towards a free surface, as

probably happens in the case of the stratified epithelia. Examples of

the latter are observable in the ramification of the cells of the nervous

and connective tissues, and in the elongation of cells to form muscular
fibres.

3. Movomcnis of Crlls.—Many cells undergo spontaneous movements,
leading to temporary changes in their form. If we watch carefully under
a high power of the microscope any cell which is exhibiting these pheno-
mena—a pale blood-corpuscle, for example—we observe, in the first place,

at one point of its circumference, a protrusion of a portion of its proto-

plasm, which is commonly at first clear and hyaline, but into which
granules arc soon seen to flow. After a short time this process may be
i*etracted, and another similarly protruded at another point, and again
withdrawn, and so on for a considerable time, the corpuscle remaining
all the while perfectly stationary. Occasionally, however, especially if the

corpuscle be maintained at the temperature of the bod}', the part protruded
remains fixed, and the cell itself is drawn towards tlie extremity of the

process. Should this occur a number of times in the same direction, a
slow progressive motion of the whole cell is the result. In this way
cells such as we are now considering may undergo very considerable
changes of form and place within a relatively short time. Thus, under
certain conditions, the pale blood-cori)uscles may some of them make
their way out of the blood-vessels and move freely in the surrounding
tissues : hence the term " migratory cells " ( Wanderzellen) applied to

them.

The movements which we have just been describing as occurring in
cells are quite similar to those which are exhibited, but in a more
vigorous manner, ]jy the connnon fresh-water amoeba, and are hence
designated "amoeboid." They are more marked in cells in the young
state, such as tliose of the embryo, but are not altogether absent in

some which persist in the fully-developed tissues, as, for example, in the

connective tissue corpuscles. The contractile property of the proto-
plasm, to which its movements are due, would seem to be quite com-
parable to the contractility of muscular substance ; for it is found that
the substance of these protoplasmic cells contracts under the electric

stimulus, whether this be directly applied, or, as observed by Kiihnc in
the cornea, indirectly through the medium of the nerves.'*

In the cells of the Valllmcrla, (liaru, and various other plants, when exposed
under the microscope, the green colom-ed grains (of chlorophyll) and other small
masses and corpuscles contained in the cavity, are seen to be moved along the
inside of the cell-wall in a constant and determinate direction. This phenomenon
appears to be of very general occurrence in the vegetable kingdom, although the
niovement docs not always go on with the same regularity as in the instances
cited. It is obviously due to a layer of protoplasm on the inner sm-face of the
cell-wall, which enters into a peculiar flowing or imdulating motion and trails
the passive chlorophyll gi-anules along with it ; but how the motion of the pro-
toiilasm itself is produced is not at all understood.
To the same class of phenomena are probably to be refeiTcd the remarkable

movements obscn-e.l in tlie pigment-cells of the frog's skin, wliich were carefully
investigated by Lister.f In these ramified cells the dark particles of piginent are

* Untersuchungen iiber das Protoplasma und die Contractilitiit. ISGi.
t rhil. Trans., 1858.

^
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at one time dispersed through the whole cell and its branches, but at another

time they gather into a heap in the central part, leaving the rest of the branched

cell vacant, but \s'ithout alteration of its figui-e. In the foiTaer case the skin is

of a dusky hue ; in the latter, pale. Like the movements of the protoplasm, the

aggi-egation of the pigment molecules can be excited thi'ough the nerves, both

mechanicallj' and electrically.

The fact above mentioned, that these movements of cells may be excited by
stimulation of the nerves, is especially worthy of note, in as much as it proves

that operations effected in and by cells are more or less under the governance of

the neiTOUs system. Moreover, the well known influence of mental states over

the secretions, and the effects resulting from experimental stimvilation of the

nei-ves of secreting glands, although doubtless due in pait to changes in the

blood-vessels, seem to show that this subjection to the nervous system extends

even to the chemical and physical operations which take place in secreting cells.

A ciuious and interesting observation in proof of this is adduced by KoUiker.

He found that the light of the fii-efly, lamj>//ris. is emitted from cells in which
albuminoid matter is decomposed with production of ui-ate of ammonia, and that

the emission of light could be brought on or rendered more vivid by electrical

and other stimuli operating through the nerves.

The well-known tremulous movement which so often affects minute particles

of matter, is not unfrequently observed in the molecular contents of cells ; but

this phenomenon depends simply upon physical conditions, and is of a totally

different character from the motions of the protoplasm above refeiTed to.

multiplication oi Cells by Division.—The amoeboid movements
of the protoplasm are directly concerned in the process of subdivision

of a cell. This is more particularly to be observed in the division of a

ft'ee cell—a white l)lood-corpuscle, for example—in which the process,

as described by Klein and others, is, briefly, as follows (fig. 7) :—One

Fig. 7.

Fig. 7.— Stages in the Division of a Coloukless Corpuscle of Newt's Blood
(after Klein).

of the processes of an amoeboid corpuscle, the nuc.eus of which has

previously undergone division, remains unretracted, and into this one

of the nuclei from the Ijody of the cell may pass. The protruded part

then becomes more and more withdrawn from the rest of the cell,

and, finally, by the rujjtnre of the connecting neck of protoplasm,

may become entirely detached, breaking away as an independent

corpuscle.

But the process is commonly of a more simple character, as is the

case, for instance, with the process of cleavage, already mentioned
in treating of the production of embryonic cells. The actual process

of division has now been observed in the ova of many of the lower

animals. It is preceded by slow heaving movements of the proto-

plasm ; a furrow then apjiears upon the surface, soon to disappear
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again. This is repeated two or three times, but finally the farrow

becomes permanent, and, deepening into a groove, gradually constricts

the mass into two. In some cases, before
Fig- 8. this process is complete, a second furrow

appears at right angles to the first, and
sometimes even a third, the division

being thus into four or eight segments
instead of into two only, as previously

described in the case of the mammalian
ovum.

In the same manner the division of

other cells may take place, the nucleus

first becoming divided, and a portion of

the protoplasm collecting around each

half. The two cells thus produced may each undergo a similar change,

and in this way cell-multi})lication may be exceedingly rapid. The cells

commonly become separated ; in some tissues, however, cartilage, for

instance, "they may remain in proximity, producing thus groups of two
or four newly-formed cells, which, in the case of that tissue, are at

first enclosed in a common cavity of the matrix : hence the process of

nnilti[)lication has here been styled " endogenous." It is, however, in

all probabilit}^, essentially the same as in the less solid tissues.

The division of cells is usually into two, as above described, but, as

observed by Remak in the frog larva, it may occur into as many as

five or six. Instances of the

Fig. S.

—

Diagram op the Divi-

sion OP A Cell.

N

Fig. 9.

—

Multinucleated Cells. 400 Diameters
(Kolliker).

Fig, 9. same kind are also observed

in the development of pus
corpuscles from connective

tissue corpuscles, the cells

becoming enlarged, and their

nuclei multiplied previously

to breaking up into pus cor-

puscles. Sometimes, however,

a multiplication of nuclei

within a cell would seem to

occur without immediate
separation into new cells, as,

for instance, in the case of the

large flattened multinucleated

cells (fig. 9), which are found in the medullary cavities of bone, and
in other situations, and which would seem, at least in bone, to fulfil

a special function.

Of cells in their relation to each other.—The cells which com-
pose the early eml)ryo have but little connection one with another, the

intercellular substance being small in amount, or altogether absent.

As growth proceeds, however, they come to present differences in their

relations to each other.

(/. They may remain isolated, as in the instance of the pale corpus-
cles of blood, chyle, and lymph.

&. Tiicy may be united into a continuous tissue by means of a
cementing substance : the epithelium and cuticle, the nails and hairs

afford instances of this.

c. Processes from neighbouring cells meet and become united, as is
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frequently the case with the corpuscles of connective tissue, and as is

seen in the process of development of blood-vessels and nerves.

Intercellular substance.—Of the matter which lies between cells

—the intercelhilar substance—and its relation to them, it may be

observed that sometimes it is in very small quantity, and seems merely

to cement the cells together, as in epithelium ; at other times it is

more abundant, and forms a sort of matrix, or ground substance, in

which the cells are embedded, as in cartilage. It is homogeneous,
translucent, and firm in most cartilages, and pervaded by fibres in

yellow cartilage. In connective tissue it consists of fibres, with soft

interstitial matter, which is scanty in the denser varieties, but abundant
in the lax tissue of the umbilical cord ; in bone the intercellular sub-

stance is calcified and mostly fibrous. As to the production of the

intercellular substance, there can be little doubt that in cartilage it is

derived from the cells. Formed as capsules round the cells by excre-

tion fi'om their surface, or by conversion of their proper sulistance, and
being blended into a uniform mass, it accumulates while the cells

multiply, and while fresh material is supplied to them from the blood,

which they convert into chondrinous substance. The source of tlie

intercellular substance is not, in every instance, so apparent, but it

may be presumed that the cells have some influence in its nutrition

and maintenance.

From what has been said it will be obvious that cells play an important
part in the ^'owth of textui'es. and probablj- in nutrition. The former jiro-

cess is usually accompanied by a great multiplication of cells, the peculiar

constituent of which—the protoplasm—seems to be specially endowed with the

faculty of f)ropagation by division, and of increase by apjiropriating and con-

verting new matter. It is conceivable that in this way it may serve for the

extension of growing tissue and the development of structiu'al elements from the

crude materials of growth. Again, in the nutrition of a mass of tissue the cnide

material may undergo preparation by the cells that lie in the interstices of the

structure.

The existence of this protoplasmic germinative substance is very general,

perhaps indeed universal, in the animal and vegetable kingdoms. But whilst in

the great majority of organic beings it assumes the form of a nucleated cell

(protoplast, or monoplast), as the first condition of their organised structure, in

simpler modes of life and organisation it is not subject to the same limitation of

fonn and mass. In the m[/ccfo:oa {/ni/.i'ODii/ccfc.f), a ciu'ious tribe, heretofore

mostly reckoned among the fungi, but standing as it were on the debateable

ground between the animal and vegetable kingdoms, the protoplasm is extended
into reticular masses, or irregularly anastomosing trains {i>Iaf<inodia), spread over

the siu-face of Ijark and other bodies to which it parasitically clings ; whilst in

viV)rios and some other infusorial animalcules of the simplest kind, it ajjpears as

fine molecular 2>articles : but it is most jarobably derived from parents in aU
instances, however minute and apparently insignificant these may be,

Tlie intercellular or ground substance, possesses in a high degi"ee the property
of combining with and reducing the salts of silver \\'hen jireviously impregnated
with them and exposed to the light. This method of staining, which was intro-

duced by His and von Recklinghausen, has furnished us with a ready means of
determining the position and form of delicate cellular elements in a tissue, since

these, remaining unstained by the reagent, stand out white upon tlie dark
ground : or in the case of an epithelioid tissue, appear as white polygonal areas
bounded by fine dark lines (compare figs, 108 and lOiJ, pp IGG, 1G7).
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NUTRITION AND REGENERATION OF THE TEXTURES.

Nutrition.—The tissues and organs of the animal body, when once

emploved in the exercise of their functions, are subject to continual

loss of material, which is restored by nutrition. This -waste or con-

sumption of matter, with which, so to speak, the use of a part is

attended, takes place in different modes and degrees m different struc-

tures. In the cuticular textures the old substance simply wears away,

or is thrown off at the surface, whilst fresh material is added from

below. In muscular texture, on the other hand, the process is a

chemical or chemico-vital one ; the functional action of muscle is

attended with an expenditure of moving force, and a portion of matter

derived in part from the muscle itself is consumed in the production of

that force; that is„ it undergoes a chemical change, and being by this

alteration rendered unfit to serve again is removed by absorption. The
amount of matter changed in a given time, or, in other words, the

rapidity of the nutritive process, is much greater in those instances

where there is a production and expenditure of force, than where the

tissue serves merely passive mechanical purposes. Hence, the bones,

tendons, and ligaments are much less wasted in exhausting diseases

than the muscles, or than the fat, which is consumed in respiration,

and generates heat. Up to a certain period, the addition of new matter

exceeds the amount of waste, and the whole body, as well as its several

parts, augments in size and weight: this is " growth." \yheu maturity

is attained, the supply of material merely balances the consumption ;

and, after this, no steady increase takes place, although the quantity

of some matters in the body, especially the fat, is subject to consider-

able fluctuation at all periods of life.

It would be foreign to our purpose to enter on the subject of

nutrition in general; we may, however, briefly consider the mode in

which the renovation of substance is conceived to be carried on in the

tissues.

The material of nutrition is immediately derived from the plasma of

the blood, or liquor sanguinis, which is conveyed by the blood-vessels,

and transudes through the coats of their capillary l>ranches ; and it is

in all cases a necessary condition that this matter should be brought
within reach of the spot where nutrition goes on, although, as will

immediately be explained, it is not essential for this purpose that the

vessels should actually pass into the tissue. In certain instances, more-
over, the pale corpuscles, which exist in the blood, pass through the

coats of the vessels, and may become employed as elements of nutrition

and reparation.

In cuticle and epithelium, the nutritive change is effected by a
continuance of the process to which these textures ow^e their origin.

The
_
tissues in question being devoid of vessels, nutrient matter is

furnished by the vessels of the true skin, or subjacent vascular
membrane, and is api)ropriated by young cells, derived most probably
from pre-existing ones. These new cells enlarge, alter in figure,

often also in chemical nature, and, after serving for a time as part of
the tissue, are thrown off" at its free surface.

But it cannot in all cases be so clearly shown that nutrition takes
place by a continual formation and decay of the structural elements of
the tissue ; and it must not be forgotten, that there is another con-
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ceivable mode in which the renoyation of matter might be brought

about, namely, by a molecular change which renews the substance,

particle by particle, without affecting the form or structure ; by a pro-

cess, in short, which might be termed " molecular renovation." Still,

although conclusive evidence is wanting on the point, it seems probable

that the crude material of nutrition first undergoes a certain elaboration

or preparation through the agency of cells disseminated in the tissue
;

which may serve as centres of assimilation and increase, as already

explained.

Office of the vessels.—In the instance of cuticle and epithelium, no
vessels enter the tissue, but the nutrient fluid which the subjacent

vessels afford penetrates a certain way into the growing mass, and the

cells continue to assimilate this fluid, and pass through their changes at

a distance from, and independently of, the blood-vessels. In other

non-vascular tissues, such as articular cartilage, the nutrient fluid is

doubtless, in like manner, conveyed by imbibition through their

mass, where it is then attracted and assimilated. The mode of nutri-

tion of these and other non-vascular masses of tissue may be compared,
indeed, to that which takes place throughout the entire organism in

cellular plants, as well as in polypes and some other simple kinds of

animals, in which no vessels have been detected. But even in the

vascular tissues the case is not absolutely different ; in these, it is true,

the vessels traverse the tissue, but they do not penetrate into its

structural elements. Thus the capillary vessels of muscle pass between
and around its fibres, but do not penetrate their inclosing sheaths

;

still less do they penetrate the fibrillfe within the fibre ; these, indeed,

are much smaller than the finest vessel. The nutrient fluid, on exuding
from the vessels, has here, therefore, as well as in the non-vascular

tissues, to permeate the adjoining mass by transudation, in order to

reach these elements, and yield new substance at every point where
renovation is going on. The vessels of a tissue have, indeed, been not
unaptly compared to the artificial channels of irrigation which distri-

bute water over a field ; just as the water penetrates and pervades the

soil which lies between the intersecting streamlets, and thus reaches

the growing plants, so the nutritious fluid, escaping through the coats

of the blood-vessels, must permeate the intermediate mass of tissue

which lies in the meshes of even the finest vascular network. The
quantity of fluid supplied, and the distance it has to penetrate beyond
the vessels, will vary according to the proportion which the latter bear

to the mass requiring to be nourished.

We have seen that in the cuticle the decayed parts are thrown off" at

the free surface ; in the vascular tissues, on the other hand, the old or

effete matter must be first reduced to a liquid state, then find its way
into the blood-vessels, or lymphatics, along with the residual part of
the nutritive plasma, and be by them carried off".

From what has been said, it is clear that the vessels are not proved to perform
any other part, in the series of changes above described, beyond that of convey-
iag matter to and from the scene of nutrition ; and that this, though a necessary
condition, is not the essential part of the ijrocess. The several acts of assuming-
and assimilating new matter, of confemng on it organic structure and form, and
of disorganising again that which is to be removed, which are so many manifes-
tations of the metabolic and plastic properties already spoken of. are performed
beyond the blood-vessels. It is plain, also, that a tissue, although devoid of vessels,

VOL II. c
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and the elements of a vascular tissue, although placed at an appreciable distance

from the vessels, may still be organised and living structures, and withui the

dominion of the nutritive process. How far the .si^here of nutrition may, in

certain cases, be limited, is a question that still needs fmiher investigation ; in

the cuticle, for example, and its appendages, the nails and hairs, which are

placed on the surface of the body, we must suppose that the old and dry part,

which is aboiit to be thrown off or worn away, has passed out of the limits of

nutritive influence ; but to what distance beyond the vascular surface of the

skin the province of nutrition extends, has not been determined.

Regeneration.—When part of a texture has been lost or removed,

the loss may be repaired by regeneration of a new portion of tissue of

the same kind ; but the extent to which this restoration is possible is

very different in differeut textures. Thus, in muscle, a breach of con-

tinuity may be repaired by a new growth of connective tissue ; but the

lost muscukr substance is not restored. Eegeneration occurs in nerve

;

in bone it takes place readily and extensively, and still more so in

fibrous, areolar, and epithelial tissues. The special circumstances of the

regenerative process in each tissue will be considered hereafter ; but

we may here state generally, that, as far as is known, the reproduction

of a texture is efFected in the same manner as its original formation.

In experimental inquiries respecting regeneration, we must bear in

mind, that the extent to which reparation is possible, as well as the

readiness with which it occurs, is much greater in many of the lower

animals than in man. In newts, and some other cold-blooded verte-

brata, indeed (not to mention still more wonderful instances of re-

generation in animals lower in the scale), an entire organ, a limb, for

example, is readily restored, complete in all its parts, and perfect in all

its tissues.

In concluding what it has been deemed advisable in the foregoing pages to

state respecting the development of the textures, we may remark that, besides

what is due to its intrinsic importance, the study of this subject derives great

interest from the aid it promises to afford in its application to pathological

inquiries. Researches which have been made within the last few years, and
which are still zealously carried on. tend to show that the structures which con-

stitute morbid growths are formed by a process analogous to that by which the

natural or soimd tissues are developed : some of these morbid productions,

indeed, are in no way to be distinguished from areolar, fibrous, cartilaginous and
other natural structures, and have, doubtless, a similar mode of origin ; others,

again, as far as yet a^ipears, are peculiar, but still their production is with,much
probability to be referred to the same general ijrocess. The prosecution of this

subject, however, does not fall within the scope of the present work.

THE BLOOD.

KlYSICAL AND ORGANIC CONSTITUTION.

The most striking external character of the blood is its well-known
colour, which is florid red in the arteries, but of a dark purple or

modena tint in the veins. It is a somewhat clammy and consistent

liquid, a little heavier than water, its specific gravity being 1-052 to

1'057 ; it has a saltish taste, a slight alkaline reaction, and a peculiar

faint odour.

To the naked eye the blood appears homogeneous ; but, when
examined with the microscope, either while within the minute vessels,

or when spread out into a thin layer upon a piece of glass, it is seen to
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consist of a transparent colourless fluid, named the "lymph of the

blood," " liquor sanguinis," or " plasma," and minute solid particles or

corpuscles immersed in it. These corpuscles are of two kinds, the

coloured and the colourless : the former are by far the more abundant,
and have been long known as " the red particles," or " globules," of

the blood ; the " colourless," " white," or " pale corpuscles," on the

other hand, being fewer in number and less conspicuous, were later in

being generally recognised. When blood is drawn from the vessels, the
liquor sanguinis separates into two parts ;—into fibrin, which becomes
solid, and a pale yellowish liquid named serum. The fibrin in solidify-

ing involves the corpuscles and forms a red consistent mass, named tlie

clot or crassnmenfum of the blood, from which the serum gradually
separates. The relation between the above-mentioned constituents of

the blood in the liquid and the coagulated states may be represented by
the subjoined scheme :

—

/Corpuscles

Liquid)

blood 1

Liquor sanguinis

f" Fibrin

iSermn

I Clot ^

hCoagrilated blood.

E-ed Corpuscles.—These arc not spherical, as the name " globules,"

by which they have been so gene-
rally designated, would seem to

imply, but flattened or disk-

shaped. Those of the human
blood (fig. 10 and fig. 12 a) have
a nearly circular outline, like a

piece of coin, and most of them
also present a shallow cup-like

depression or dimple on both sur-

fjices ; their usual figure is, there-

fore, that of biconcave disks.

Their magnitude differs somewhat
even in the same drop of blood,

and it has been variously assigned

by authors; but the prevalent
size may be stated at from 3-5'ooth

to 3V0 o^h of an inch in diame-
ter, and about one-fourth of that

in thickness.

In mammiferous animals gene-
rall}-, the red corpuscles are shaped
as in man, except in the camel
tribe, in which they have an ellip-

tical outline. In birds, reptiles,

and most fishes, they are oval
disks with a central elevation on
both surfaces (fig. ]2, B, from
the frog), the height and ex-
tent of which, as well as the proportionate length and breadth of

Blood as seen os the
Magnified aboit 1200

DiAMETEKS.

c, c, crenate red corpuscies
; p, a finely

granular, (j, a coarsely granular pale cor-

puscle. Both exhibit two or three vacuoles,

iu g, a nucleus also is visible.

c 2
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the oval, raiy in different instances, so that in some osseous fishes the

elliptical form is almost shortened into a circle. The blood-corpuscles

of invertebrata, although they (except in some of the redt-blooded

annelides) want the red colour, are also, for the most part, flatened or

disk-shaped ; being in some cases circular, in others oblong, as in the

larvae of aquatic insec ts. Sometimes they appear granulated on the

surface like a raspberry, but this is probably due to some alteration

occurring in them.

The size of the corpuscles differs greatlyin different kinds of animals;

it is greater in birds than in mammalia, and largest of all in the naked
amphibia. They are for themost part smaller in quadrupeds than in man;
in the elephant, however, they are larger, being Tr-yVatl^ of an inch,

which is the largest size yet observed in the blood-corpuscles of any
mammiferous animal ; the goat was long supposed to have the smallest,

viz., about T^iVn^^^ of ^^ inch; but Gulliver found them much smaller

in the Meminna and Napu musk-deer, in which animals they are less

than TirTjxroth of an inch. In birds they do not vary in size so much

;

from Gulliver's very elaborate tables of measurement it appears that

they range in length fi-om about o ^Vo^l^ t,o iTootli of an inch ; he

states that their breadth is usually a little more than half the length,

and their thickness about a third of the breadth or rather more. He
found a remarkable exception in the corpuscles of the snowy owl, which
measure y-Vo^'^ of an inch in length ; and arc only about a third of

this in breadth. In scaly reptiles they are from tjVo^^ ^o tttVo^Ii of

an inch in length ; in the naked amphibia they are much larger : thus,

in the frog they are xoW^^^ of an inch long, and TT^oirth broad ; in the

salamander they are larger still ; but the largest yet known a re found

in the protean reptiles. For example, in Proteus anguimis they are

^f^yth of an inch in length, and y^-yth in breadth ; in the siren, which
is so much allied to the proteus in other respects, they measure -4^^th

of an inch in length, and f\o^^^ ^^ breadth, whilst in Amj>h//'ina

iridacfi/him they are as much as one-third larger than in the proteus.

In the skate and shark tribe the corpuscles resemble those of the

frog, in other fishes they are smaller.

From what has been stated, it will be seen that the size of the blood-

corpuscles in animals generally is not proportionate to the size of the

body ; at the same time, as Gulliver remarks, " if we compare the

measurements made from a great number of diflFerent species of the

same order, it will be found that there is a closer connection between
the size of the animal and that of its blood-corpuscles than has been
generally supposed ; " and he has pointed out at least one example
of a very natural group of quadrupeds, the ruminants, in which there is

a gradation of the size of the corpuscles in relation to that of the
body.

Structure.—The human red corpuscle is composed essentially of a
soft colourless stroma (tegumentary frame of Gulliver) of the same
shape and size as the corpuscle itself, throughout which is diffused a
semi-fluid coloured matter which may be readily separated from the

stroma by means of reagents. Some of these, such as water and acetic

acid, appear to act simply by dissolving out the coloured part, leaving

the stroma more or less swollen from imbibition of fluid. Others, such
as ether and chloroform and the salts of the biliary acids, cause the
discharge of the coloured matter into the surrounding fluid ; blood so
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treated, when viewed in mass by transmitted light, is seen to have lost

its opaque appearance and to have acquired a transparent laky tint.

Such lake-coloured blood may also be produced by various other means,
such as the action of heat (60° C), the alternate freezing and thawing
of a portion of blood, and the passage of electric shocks : the change
in colour and translucency obviously depends upon the fact that the

corpuscles, when deprived of their coloured part, interfere less with the

transmission of light than before : such blood is often exceedingly prone
to yield crystals of haemoglobin (to be afterwards described). The
action of tannin is peculiar fi-om the fact that under certain conditions

the coloured part, instead of being diflFused in the fluid, becomes
collected into a minute, highly refracting, globular mass which remains

attached to the exterior of the stroma (W. Eoberts).*

The corpuscles alter their shape on the shghtest pressure, as is

beautifully seen while they move within the vessels ; they are also

•elastic, for they readily recover their original form again. It must be

remarked that the blood-corpuscles when viewed singly appear very

faintly coloured, and it is only when collected in considerable quantity

that they produce a strong deep red.

The human-blood corpuscles, as well as those of the lower animals,

often present deviations from the natural shape, which are most
probably due to causes acting after the blood has been drawn fi-om the

vessels, but in some instances depend upon abnormal conditions

previously existing in the blood. Thus, it is not unusual for many of

them to appear indented or jagged at the margin, when exposed under
the microscope, (fig. 10, c, c) and the number of corpuscles so altered often

appears to increase during the time of observation. This is, perhaps,

the most common change ; it occurs whenever the density of the plasma
is increased by the addition of a neutral salt, and is one of the first

effects of the passage of an electric shock. The corpuscles may become
distorted in various other ways, and corrugated on the surface ; not
unfrequently one of their concave sides is bent out, and they acquire a
cup-like figure.

Gulliver made the curious discovery Fig. il.

that the corpuscles of the Mexican deer

and some allied species present very

singular forms, doubtless in consequence
of exposure ; the figures they assume
are various, but most of them become
lengthened and pointed at the ends,

and then often slightly bent, not unlike

caraway-seeds.

The red disks, when blood is drawn
fi-om the vessels, sink in the plasma;
they have a singular tendency to run

p^g h.-Red Corpuscles col-
together, and to cohere by their broad sur- lected into Rolls (after Henle).

faces, so as to form by their aggregation
cylindrical columns, like piles or rouleaus of money, and the rolls or piles

themselves join together into an irregular network (figs. 10 and 11).

(xenerally the corpuscles separate on a slight impulse, and they

* Proceedings of the Royal Society, vol. xii. p. 481. For some interesting obserra-
tions by Dr. W. Addison, F.R.S., on tbe curious eifects produced on red blood-corpuscles
by immersion in slierry-wine, see Proceedings of the Royal Society, Dec. 8, 1859.
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may then unite again. The phenomenon is probably of a physical

kind: it will take place in blood that has stood for some hours" after

it has been drawn, and also when the globules are immersed in serum
in place of liquor sanguinis.*

By processes, which need not liere be detailed, Vierordt and Welcker have esti-

mated the number of red coqjuscles in a cubic millimetre of hmnan blood. The
fomier assigns it at upwards of .5,000,000 ; the latter at 5,000,000 in the male,

and 4,500,000 in the female.

Fi-. 12.

Fig. 12.

—

Human Red Corpuscles (A) and Blood Cokpuscles op the Froo (B) placei>
SIDE BY SIDE TO SHOW RELATIVE SIZE. 500 DiAMETERS.

1, shows their broad surface ; 2, one seen edgeways ; 3, shows the eflfect of dilute

acetic acid ; the nucleus has become distinct (from Wagner).

Like the mammalian blood-disks the large corpuscles of the frog and
salamander may be described as consisting of coloured matter and
stroma. They differ from them however in the possession of a more
solid particle of an oval shape which lies imbedded in the stroma. This
lias been long knov/n as the "nucleus," it is rather more than one-third
the length of the corpuscle. In the natural unaltered condition the
nucleus is seldom visible ; this is probably owing to the extreme
smoothness of its outline and the fact that it possesses very nearly the
same index of refraction as the rest of the corpuscle. For it may be
rendered visible, even under such circumstances, by the combined action
of watery vapour and carbonic acid upon the blood ; a precipitate (of

paraglobulin) is thus produced upon the nucleus, and its outline comes
into view ; on rcadmission of air the precipitate is re-dissolved, and
the nucleus again disappears (Strieker).

The effect of most reagents is similar to that produced on human blood.
Water causes both stroma and nucleus to swell up by imbibition, the coloured
part bemg extracted at the same tune. A dilute solution of acetic acid in an
indifferent fluid also removes the colom-ing- matter. Init the stroma and nucleus
retain their shape, the last-mentioned body presenting a markedly granular
appearance (fig. 12. 8) ; if strong acetic acid be employed, the nucleus often
;ic(iuires a reddish tint. Alkalies, on the other hand, even when veiy dilute,

rapidly destroy both corpuscle and nucleus. Various reagents added to ne\\-f.s

blood cause the coloured part of the coiiiuscles to become collected around the
nucleus, and to l)e more or less withdrawn from the stroma ; this is more especi-
ally the case with a two per cent, solution of l)oracic acid (Briicke) : the
coloured matter and nucleus may subsequently be altogether extruded from
the body of the corpuscle.

For possible exjjlanations of this phenomenon tlie reader is referred to memoirs by
Lister (Phil. Trans., 1858), aud Nords (Proc. Roy. Soc. 1869).
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Pale, white or colourless Corpuscles (figs, 10 and 13).—These
are comparatively few in number, of a rounded and slightly flattened

figure, rather larger in man and mammalia
than the red disks, and varpng much less than Fig- 13.

the latter in size and aspect in different animals.

In man (during health) the proportion of the ^^ /5^
white corpuscles to the red is about 2 or 3 to ^ ^^
1000. This proportion is diminished by fasting r^
and increased after a meal, especially of albu- vf!/

minous food. Their number compared with the

red corpuscles is said to be greater in venous Fig. 13. — Pale Coupus-

than arterial blood, and much greater jn the cles of Hcman Blood
;

blood of the splenic and hepatic veins than in magnified about 5uo

venous blood generally. They are destitute
^^iameters.

of colour and specifically lighter than the red Tlie upper two as seen

corpuscles. In nature \hey are in many re- ^° ^^'^ ordinary manner of

spects Bimilav to the embryonic cells already ^'STcii™ '.7S:
described (p. 8), and they possess m a high acetic acid, which brings

degree the capability of undergoing amosboid into view the single or

movement ; sending out processes (fig. 10, composite nucleus.

(/, 2)) into which their granules enter and re-

tracting them again, and even occasionally performing extensive
locomotion. The pale corpuscles possess one, two, or, commonly, three

nuclei, which are frequently obscured by the granular character' of the
protoplasm,but may be brought into view by dilute acids (fig. 13). Minute,
round, clear spaces may often be seen in the protoplasm (fig. 10)

;

they are entirely free from granules, although probably filled with
fluid, and have been named vacuoh's. They are also met vnth in the
embryonic as well as in other proto])lasmic cells. The colourless blood-

corpuscles are commonly distinguished into two kinds, according as

the protoplasm composing them is finely granular throughout "(fig.

10, J"?),
or contains a greater or less number of coarser granules,

strongly refracting the light (//). "VMiether in the latter case the
granules have been formed from fluid matter within the corpuscle,

or whether they have not rather been taken in from the surround-
ing fluid, by the same process as an amceba takes in its food, is at

present uncertain : it is however an interesting fact that the pale

blood-corpuscles are peculiarly apt to take into their interior minute
solid particles that have been introduced into the blood ; this pro-

perty has served as a means of detecting escaped white corpuscles

in tissues which are wholly extravascular, the cornea for example
(Cohnheim).

Albuminous granules, and molecules of a fatty nature occur in the
blood in varying numbers ; sometimes very scantily, or not at all, but
the latter sometimes very abundantly so as to give the serum a turbid,

milky appearance. These are probably derived directly from the chyle,

and they are especially seen in the blood of herbivora, in sucking
animals, and in pregnant women.

Granular masses occasionally occur in drawn blood, even when
taken from a healthy person, but more especially in cachectic states of
the system, which on minute examination are seen to be composed of
excessively fine, colourless, discoid particles. The latter under favour-
able conditions develope into vibrating filaments which break away
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from the mass and move freely in the liquid (Osier).* Masses of pig-

mentous matter are also occasionally found, especially in disease ; and
in the blood of the splenic vein cells enclosing red blood-corpuscles

have been noticed (Ecker, KuUiker). Fine interlacing filaments are

commonly to be seen in a preparation of blood under the microscope.

These consist of fibrin, and are formed, after the blood has been drawn,

in the manner to be presently noticed.

Liquor Sanguinis, or Plasma.—This is the pale clear fluid in

which the corpuscles are naturally immersed. Its great character is

its strong tendency to coagulate when the blood is withdrawn from the

circulating current, and on this account it is difficult to procure it free

from the corpuscles. Nevertheless, by filtering the slowly coagulable

blood of the frog, as was first practised by J. Miiller, the large corpuscles

are retained by the filter, while the liquor sanguinis comes through in

perfectly clear and colourless drops, Avhich, while yet clinging to the

funnel, or after they have fallen into the recipient, separate into a

pellucid glassy film of fibrin, and an equally transjiarent diffluent

serum. When human blood is drawn in inflammatory diseases, as well

as in some other conditions of the system, the red particles separate

from the liquor sanguinis before coagulation, and leave the upper part

of the liquid clear. In this case, however, the plasma is still mixed
with the pale corpuscles, which, being light, accumulate at the top. On
coagulation taking place in these circumstances, the upper part of the

clot remains free from redness, and forms the Avell-known buify coat so

apt to appear in inflammatory blood. Horse's blood ordinarily presents

this condition when drawn.

The readiest way to obtain the liquor sanguinis in quantity free from red

corpuscles is to allow the blood of the horse to flow from the vessels into a
receiver, kept cool by means of ice : the blood corpuscles sink to the bottom,

leaving the upper part of the fluid clear and colourless. This may be drawn
off into another vessel and is found readily to coagulate at a slight elevation of

temperature. In the case of frog's blood this artificial cooling is not always
necessary ; for, if it be collected with as little disturbance as possible, f.g., if the

heart be allowed to pump blood directly into a clean glass tube, little or no
coagulation may take place, so that the corpuscles rapidly subside and leave the

plasma perfectly clear and colourless.^ In jfost mortem examinations the ca^dties

of the heart are often found occupied by an almost completely coloui'less, gela-

tinous coagulum. This is due to the subsidence of tlie corpuscles after death.

Coagulated plasma, whether obtained from buflpy blood, or exuded on
inflamed surfaces, presents, under the microscope, a multitude of fine

filaments confusedly interwoven, as iu a piece of felt ; but these are

move or less obscured by the intermixture of corpuscles and fine

granules, the former having all the characters of the pale corpuscles of

the blood. The filaments are no doubt formed by the fibrin, as it

solidifies in the coagulation of the liquor sanguinis. Sometimes, how-
ever, fibrin presents when coagulated a gelatinous appearance under the

microscope without any sign of filaments.

Blood may be freed from fibrin by stirring it with a bundle of twigs,

which entangle the fibrin as it concretes.

* Centralblatt f. cl. med. Wissensch. 1873. Proc. R. S., 1874.

+ Schafer. British Association Reports, 1872.
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CHEMICAL COMPOSITION OF THE BLCOD.

The blood is slightly alkaline in reaction. Carbonic acid, oxygen,

and nitrogen gases may be extracted from it by exhaustion by means
of the Torricellian vacuum aided by gentle warmth. Carbonic acid

is yielded in largest proportion, oxygen next, and nitrogen least. The
nitrogen is simply retained by absorption, i.e., in the same proportion

as by water at the same pressure and temperature. The oxygen is held

by the coloured matter of the red corpuscles ; it may be completely ex-

pelled from this combination by means of carbonic oxide gas (Bernard).

The carbonic acid, which is obtained in larger proportion from serum
than from blood, is in great part combined with carbonate of soda in a

bicarbonate ; from this combination it is set loose in vacuo if the colour-

ing matter of the blood is present. Arterial blood yields more oxj'gen

and less carbonic acid than venous blood.

On being evaporated, 1000 parts of blood yieid on an average, about
790 of water and 210 of solid residue. This residue has nearly the

same ultimate composition as flesh. A comparative examination of

dried ox-blood and dried flesh (beef), by Playfair and Boeckmann gave
the following mean result :

—

FlcsJi. Blood.

Carbon .ol'SG 51-96

Hydrogen ........ T'oS 7'2.5

Nitrogen l.j-0;5 1.5-07

Oxygen 21-30 21-30

Ashes •1-23 4-12

Red Corp-uscies.—The specific gravity of the red corpuscles in a

moist state is calculated at 1-088. They consist, as already stated, of

an insoluble colourless stroma, and a diffused red matter, which is

soluble and separable by water.

The stroma consists of various substances, chief among which are

paragJohulin, cholesferin, and a phosphuretted fat Avhich was named by
0. Liebreich jn-ofar/oii, but which, as Hoppe-Seyler has shown, itself

consists of two distinct substances

—

lecithin and neurin.

If blood be shaken up with ether, the fatty matters of the stroma

are dissolved, and the colouring matter is in this way set free (Her-

mann).
Paraglobnlin will be most conveniently described with the serum of

the blood, in which it also occurs, and from which it is more readily

obtainable ; and, for a similar reason, the consideration of the other

two substances will be deferred until the nervous system has been
treated of."

The soluble coloured ingredient of the corpuscles has been named
haemoglobin (cruorin of Stokes). This substance, although crystal-

lizable, is inditfnsible, and, according to Hoppe-Seyler, contains, when
]uire, in 100 parts 5-4-2 of carbon, 21'5 of oxygen, 16-0 of nitrogen,
7 '2 7 of hydrogen, 0*7 of sulphur, and 0'42 of iron ; orC^2oo,Hggo,

* The nucleus of tlie nucleated red corpuscle consists chiefly of mucin (Kiiline, L.
Bruuton).
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Fis. 14.

Ni5p Fgj, Sg, O354. It may be obtained in quantity and tolerably

pure by the following method (Preyer) :

Blood (preferably from a dog-) is di-awn into a capsule, and the seram allowed

to separate. The clot is then taken, and after being quickly minced, is thrown

upon a filter, and washed with ice-cold distilled water until the washings yield

but little precipitate with perchloride of mercmy. By this process the senim,

with the albumin it contains, is in great part removed, the cold water taking up

but little of the ha3moglobin. The latter is then dissolved out by wai-m water,

and an amount of alcohol, just insufficient to cause its precipitation, is added to

the solution. On placing this in a freezing mixtui'e, a large part of the hffimo-

globin crystallizes out.

The crystals of hseraoglobin present various forms in different

animals, but ahnost all (the hexagonal plates of the squirrel alone

being excepted) belong to the

rhombic system. From liuman
blood and that of most mam-
mals, the crystals are elongated

prisms (fig. 14, 1), but tetrahe-

drons in the guinea-pig (2),

and short rhombohedrons in

the hamster (4). They are

most readily obtained for mi-
croscopical examination from
the l)lood of the rat, where
they appear merely on the

addition of a little water.

All haemoglobin crystals con-

tain a certain amount of water

of crystallization (Kiihne).

Tliey arc doubly refracting

(anisotropous), and the spec-

irum of haemoglobin, whether
in substance or in solution,

may be always readily recog-

nised by the double or single

absorption bands, which are

produced according as it is

Fig. 14.

—

Blood-Ckystals, magnified.

1, from human blood ; 2, from the guinea-

pig ; 3, squirrel ; 4, hamster.

present hi the oxidated or deoxidated condition.*

Products of Decomposition of Haemogrlobin.—Hajmoglobin is an exceed-

ingly unstable body. Even at the ordinary temperature the crystals cannot
long be preseiwed without undergoing alteration, the substance of which
they are composed readily decomposing into an exceedingly pure (ash-free)

albuminoid substance, named by Preyer (jlolnn, and a brownish-red powder,
veiy nearly allied to hasmoglobin in chemical composition (hence teiined

'meffunnorjl(ihin), \mt differing from that body both in its general reactions and
in the character of its spectrum. Another brownish-red substance, which contains

all the iron of hemoglobin, and was long supposed to be the true coloming

* For an account of the examination of the colouring matter of the blood by the prism,

and of the differences in its absorjitive effect on light, the reader is referred to an im-
portant paper by Professor G. Gr. Stokes, in the Proceedings of the Koyal Society for

June 16, 1864, vol. xiii.-p. 3.^.5, as well as to an exiiaustive treatise on the whole subject

of hajmoglobin, by W. Preyer (Die Blutkrystalie, Jena, 1871).
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matter of blood, is produced by the action of alkalies upon hajmoglobin, and is

tenned lurmntin. When obtained pui-e

this body is insoluble in water, and also Fig. 15.

in alcohol and ether, except in presence

of an alkali. Like hjemoglobin, its alka- / ~''y^
line solutions produce a different eflfect / v j^ ^4, ^_"^l;f

upon the si^ectniin according as they are ak /
""^

oxidated or deoxidated ; the absoi-ption
j

' y ^^ 1 *'V-' '^
1-

bands are, however, entirely different ^j^ ^ -^ \ ,=, y \

from those of ha3moglobin. The effect of y ^^~^ ^ V" v* ^
acids upon hajmatin is to separate the i ''"^ ^ ^. "^^ f^ \ ,

iron and to transfonn the substance into rr^ \ '
, /^ '*^ ''"' ^

hffmnto'm (acid-hajmatin), the spectinun

of which is characterised by the presence

of fiiHv absoi-ption bands. A compound v- "'/^
_ .

of ha3matinwithhydi-ochloricacid(/;rt;'?«;;/, 'V "^"^i" -V 4
^^'' '

Teichmann) is readily obtained from
'''Jj

^ ^\' /'J t,

haemoglobin by wamaing it with a little /—^ i —
salt and glacial acetic acid. On cooling, 'f'^/

j,
_- "-

it crystallizes out in minute reddish-brown -—
acicular prisms (fig. 1")), the demonstra-

tion of which affords a positive proof Fig. 15.—Hjijun Crystals, ^Iagxified

of the presence of blood-colouring matter. (from rreyer).

Tliey may readily be obtained from di'ied

blood without the addition of .salt, merely hy wanning it with concentrated acetic

acid.*

Inorganic Constituents of tlie Eed Corpuscles.—Besides the

iron of the h;i3mog-lul)in, the red corpuscles contain a certain ])ropor-

tion of salts, chiefly of potash and lime, combined with carbonic and

phosphoric acids. It is, however, impossible to obtain the corpuscles

in quantity, sufficiently isolated for exact analysis.

Proportion of Red Corpuscles.—The red corpuscles form by far

the largest part of the organic matter in the blood : their ]iroportio]i

may be approximately ascertained by filtering defibrinated blood mixed,

with solution of snlj^hate of soda ; or by weighing the dried clot, and
making allowance for the fibrin it contains. The latter method, how-

ever, will serve only to give a rough estimate, as the very uncertain

amount of sernm remaining in the clot and affecting its weight cannot

be determined. Prevost and Dumas made too large a deduction for the

solid matter supposed to belong to the retained serum, and this

reduced the estimate of the dried corpuscles too much, viz. to 129 parts

per 1000 of blood. Lecanu also gives it at from 120 to 130 : Becquerel

and Ptodier at from 131 to 152. Schmidt, from three modes of cal-

culation, which it is needless here to explain, arrived at the conclusion

that the proportion of moist red corpuscles in 1000 parts of blood is

from 480 to 520 ; but there are reasons for regarding this as too

higli an estimate. Hoppe-Sevler estimates the proportion at 32 G per

lUOO.

Different obsen'ers agi'ee that, as a general rule, the ijroportion of red particles

is gi-eater in the blood of the male sex than in that of the female. Lecanu gives

the following mean result, derived from numerous analyses. exhil:)iting the pro-

poition of diy crassamentum and water in the blood of the two sexes. No

* For some interestinji observations by A. Gamgee on the action of nitrites on hasmo-
globin, see Philosophical Transactions, 1868, p. 5S9.
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deduction is made for the fibrin ; but, considering- its small relative quantity, any
possible variation ru it cannot materially affect the general conclusion.
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-was mainly seated in the pale corpuscles,* which abound in the washed

clot and the buffy coat, and are present in the serum ; and that their

efficacy depended on their organisation as elementary cells. In harmony
with this latter view, he found on trial that the organised tissues, such

as muscle, skin, and spinal marrow, possessed the same power, though
in a less degree than the pale corpuscles, in which, as primary cells, the

metabolic power is more energetic.

The remarkable phenomenon described by Buchanan did not

obtain the consideration it deserved, and the coagulation of liydrocele-

fluid, under the conditions stated, was commonly ascribed to some
catalytic action of the substance added, which induced liquid liliriu

present in the fluid to solidify. In 1861, however, A. Schmidt, ot

Dorpat, apparently unaware of Buchanan's observations, fell upon
facts of the same kind, and pursuing the investigation by an elaborate

scries of experiments, not only with hydrocele-fluid, but with peri-

cardial, peritoneal, and other serous fluids and effusions, which give a

like result, has satisfactorily shown that fibrin has no existence in a
li(|uid state, but that when it appears as a coagulum in a fluid, it is

actually produced then and there by the union of two constituents

present in solution, and forthwith shed out as a solid matter. One of

these constituents which contributes in largest measure to the product,

he n£ime& _fibri?iof/cno lis substance, the other fibnnoj)Iastk substance. In
the coagulation of hydrocele-fluid, the former, ov fibrinogen, is already

there, while the fibrinoplastin is supplied from the blood. It is not
that the latter converts albumin into fibrin, for, after a certain amount
of fibrin has been coagulated from the serous fluid, no farther addition

will generate more, although abimdance of albumin remains ; and
again, a given quantity of fibrinoplastin will not coagulate with equal

rapidity and intensity any amount of fluid containing fibrinogen. In
short, the fibrinoplastic substance seems to operate not by catalysis,

but by combining with the other necessary ingredient. Xow Schmidt
has shown that the fibrinoplastic matter presents all the chemical

characters of paraglobulin, and is, in fact, nothing else than that

substance. This paraglobuliu is not restricted to the red corj^uscles ;

it is found in the serum after separation of the clot, and doubtless

exists also in the pale corpuscles. Nor is it confined to the blood.

From chyle and lymph, and from various organs and tissues of the

body, a substance may be obtained having the same reactions and the

same fibrino-plastic power. Fibrinogen may be obtained from hydro-

cele-fluid in the same manner as paraglobulin from blood-serum {vide

infra) ; it very closely resembles paraglobulin in its chemical relations,

only it is less soluble in acids and alkalies, and less energetic in all its

re-actions. Of course, it exists in blood-plasma, and in the process of
coagulation of the blcod combines with paraglobulin to form the fibrin

of the clot.f

* This idea or one similar, has beeu recently re\dved by Alantegazza, who conceives the
fibrin to be derived from the pale corpuscles, or at least that their presence is necessary

for coagulation to take place. Compare also Burden Sanderson, Handbook for the Physio-
logical Laboratory, p. 173.

t Schmidt, Alex., in Reichert & Du Bois Reymond's Archiv fiir Anat. u. Physiol.

1861 and 1S62. For a lucid account of this subject, founded on a confirmatory repeti-

tion of Buchanan's and of Si^hmidt's fundamental experiments, see an article on "the
Coagulation of the Blood,"' fby Dr. Michael Foster], in the Natural -History Reviewfor
1864, p. 157.
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Serum.—This is a thin and usually transparent liquid, of a pale

yellowish hue ; it is, however, sometimes turbid, or milky, and this

turbidity may depend upon different conditions, but most commonly on

excess of fatty particles. The specific gravity of serum ranges from
1"025 to 1"030, but is most commonly between 1*027 and 1-028 (Nasse),

and is more constant than that of the blood. The solid contents of

the serum are not more than 8 or 9 in 100 parts ; the proportion of

water being, for males 90*88, and for females 91'71. It is always more

or less alkaline. When heated, it coagulates, in consequence of the

large quantity of albumin it contains ; and after separation of the

albumin, a thin saline liquid remains, sometimes named "serosity."

The following ingredients are found in the serum :

—

Albumin.— This principle is partly combined with soda as an

albuminate ; its quantity may be determined (after previous removal of

paraglobulin) by precipitating it in the solid form by means of heat or

alcohol, washing with distilled water, drying, and weighing the mass.

Its proportion is about 80 in 1000 of serum, or nearly 40 in 1000 of

blood. Serum-albumin differs from albumin obtained ft-om white of

egg in the fact of its not being precipitated by ether ; in other respects

it closely resembles that substance. Albumin is coagulated and trans-

formed into an insoluble variety by heat.

Albumin is closely allied to iDaraglobulin, fibrinogen, myosin, and many other

nitrogenized substances met with in the animal economy : they are therefore com-
monly grouped together as alhuminold substances, protein bodies, or jiroteids.

Albuminoids are characterised by their low diffusibility and their readiness, when
in solution, to take on the solid condition, or to coagulate. They therefore belong

to the colloid substances of Graham. They are preciisitated from their solutions

by alcohol, mineral acids, tannic acid, corrosive sublimate, and many other

metallic salts. They are all coloui-ed yellow by nitric acid, becoming red on
subsequent addition of ammonia. Acid nitrate of merciuy produces a red colour,

and sulphate of copper and potash a violet colom- in their solutions. The albu-

minoids all consist of carbon, hydi'Ogen, oxygen, and nitrogen, together with a

small amount of sulphur-.

By the actioA of the gastric juice ordinaiy albuminoids are transfonued

into an exceedingly soluble, diffusible vai-iety termeik 2)rpton.

Albtmiin combines with both acids and alkalies forming respectively acid-

albmnin or syntonin. and alkali-albumin or casein.

Paraglobulin.
—

"When serum is diluted with about ten times its

bulk of distilled water, and subjected to a stream of carbonic acid, the

liquid becomes turbid, and paraglobulin is precipitated. It may also be
oljtained from the diluted serum by the cautious addition of acetic acid,

but the least excess of acid will re-dissolve the precipitate. Para-
globulin is a protein compound, agreeing very nearly with albumin in

elementary composition, so far as this has been ascertained. Para-
globulin is nearly insoluble in pure water, but readily dissolves on a
very slight addition of either an alkali or an acid. Weak acids throw
it down from its solution in alkali, but when added in slight excess

re-dissolve it. In like manner it is precipitated by alkalies from its

solutions in acids and re-dissolved by excess. From neither of these
solutions is it thrown down by heat. It is dissolved by neutral salts,

and from this solution heat throws it down in an insoluble precipitate.

From its slightly alkaline solution in water it is thrown down by a
stream of carbonic acid, and may be re-dissolved by passing air or



CHEMICAL COMPOSITIOX. 31

oxygen through the liquid. Its precipitate is distinguished from that

of other albuminoids by being always in form of fine granules or

molecules. But the most important and distinctive character of para-

globulin is its fibrino-plastic property, already referred to, by which it

co-operates with fibrinogen in producing solid fibrin ; this property is

destroyed by exposure of the solution to a boiling heat.

Paraglobulin is almost identical in chemical natiu-e and composition -with the

substance which composes the ciystalline lens, and which was named by Berzelius

f/lobuUn. The latter substance, however, besides exhibiting minor differences, does

not possess tlie fibrino-plastic power ; they have therefore been separately distin-

guished by Kiihne. Like hajmoglobin. paraglobulin is diffusible tlu-ough animal

membranes, not through vegetable parchment. Fibrinogen, on the other hand,

is totally indiffusible. Both paraglobulin and fibrinogen may be precipitated

from their solutions by the addition of common salt to saturation.

A substance similar to mi/oshi has also been, described as occurring in blood-

serum (Heynsius).

Fatty Compounds.—A small amount of fat is contained in the

serum, partly dissolved, and partly diffused in the liquid. It may be

separated by gently agitating the serum with about a third of its bulk

of ether, or by evaporating the serum and digesting the dry residue

in ether, or in boiling alcohol. The turbid milky aspect which serum
often exhibits, is in most cases due to a redundance of fat, and may
accordingly be removed by agitation with ether.

Extractive Matters.—AVhen the scrum has been freed from albu-

minous matter by coagulation, and from fat by ether, and is evaporated

to dryness, a yellowish or brown mass remains, consisting of organic

matters mixed with salts ; the former belonging principally to the ill-

defined class of substances denominated " extractive matters." These

have now been more carefully sifted, and have yielded several definite

and recognisable bodies, generated in the natural process of decomposi-

tion of the tissues, or residual matters of nutrition formed in the blood

itself, and on their way to be excreted by the kidneys. Several of the

substances to be next mentioned belong to this class, and as they are

obviously excrementitial and transitory ingredients, they are not allowed

to gather in any notable quantity in the healthy state of the economy.

Greatin and Creafinin.—Products of the natural ''wear" of the

muscles, or derived from fleshy food. These com]30unds, which are

found in muscular sulistances and in the urine, together with lujpox-

antliin (also named sarJcin), obtainable from the same sources, have been

stated to exist in excessively small quantities in the blood.

Urea.—This substance, which accumulates in the blood of animals

after extirpation of the kidneys or ligature of the renal arteries, as well

as in certain diseases, has been found in very minute quantity in the

healthy blood of the ox and of the calf, by Marchaud and Simon, and
in that of man, by Lehmann, Garrod, and others. It is, however, in

such excessively small quantity, that its estimation is attended with

great difficulty.

Uric Acid has been shown to exist in healthy blood by Grarrod, and in

that of persons suffering from gout it is in such considerable quantity

as to be readily detected. In health its proportion is extremely small.

Hippuric Acid is found in the blood of herbivora, and, according to

some observers, in that of man. There is, however, much doubt upon
this point.
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Lciicin and Ti/rosi/i, which exist in ahnost all secretions and excre-

tions, probably are present in minute quantity in the blood ; but as yet

they have only been detected in it in disease of the liver.

JSi'f/ar has been found in the blood of dogs, oxen, and cats, also in

that of diseased and liealtliy persons. The quantity is very small. The
form of sugar is that known as glucose or grape sugar.

Colouring and Odoriferous Matters.—The yellowish colour and peculiar

faint odour which serum possesses are probably dependent upon the

presence of certain definite principles. No one has, however, as yet

succeeded in isolating them. The odour of the blood is said to be of

peculiar character in each species of animal, and to be heightened by
the addition of sulphuric acid. Schmidt found, however, that the blood

of only three animals yielded an odour distinctive of the species.

Salts.— 1. Having soda and potash as bases, combined with lactic,

carbonic, phosphoric, sulphuric, and fatty acids. Also chlorides of

sodium and potassium, the former in large proportion. Schmidt has

pointed out that the potash-salts exist almost exclusively in the blood-

corpuscles and the soda salts principally in the serum. In the cor-

puscles there are principally chloride of potassium and phosphate of

potash : in the serum, chloride of sodium and phosphate of soda. The
following table (giving the mean of eight experiments) exhibits the

relative quantities of potassium and sodium, and of phosphoric acid and

chlorine, in the blood-corpuscles and plasma.

100 parts of Inorganic Matters.

Blood- Coi-jJUftcIcs:

Na.

40'89 9-71

Plasma.
I

K.
I

Xa.

•10 •71

Blood- Corjmsclrt!.

PO..

17-64

CI.

Plasma.

PO,

21-00 c-os

CI.

40-GS

The table shows that the chlorides are, relatively to the phosphates, in much
larger quantity in the plasma than in the blood-coi-puscles ; and that the phos-

lihates are, relatively to the chlorides, in much larger proportion in the blood-

corpuscles than in the plasma.

2. Lactate of ammonia. 3. Salts with earthy bases, viz., lime and

magnesia, with phosphoric, carbonic, and sulphuric acids.

The earthy salts are for the most part associated with the albumin, but partly

vdth the crassamentum. As they are obtained by calcination, it has been sus-

pected that the phosphoric and sulphuric acids may be in part formed by oxida-

tion of the phosphorus and sulphur of the organic compounds. Nasse found in

1000 parts of blood 4 to 7 of alkaline, and 0-53 of earthy salts.

The ashes of blood yield, according to Jarisch, 8'34 per cent, of oxide of ii-on,

or about -0948 parts in 100 of blood.

Mean Composition of Blood.—The following approximative state-

ment of the mean com].)osition of venous blood (horse) is furnished by
Hoppe-Seyler :

—

In 1000 parts- of blood—

Coi-i>uscles 326-2

Plasma........ 670-8
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In 1000 parts of corpuscles

—

Water ... ...
Solids

In 1000 parts of plasma

—

Water 908-i

Solids 91-6

. 565-0



34 THE BLOOD.

ing substance by oxidation and deoxidation, which alters its absorptive effect on
the light.

Viewed in thin layers by transmitted light, venous blood appears green. It is,

therefore, dichroitic.

2. Composition. The arterial blood, so far as is kno-«'n, is uniform in nature
throughout ; but in passing through the capillary vessels into the veins, whilst it

generally acquires the common characters of venous blood, it i.mdei'goes special

changes in its jiassage through particular organs, so that the blood of all veins is

not alike in quality. Thus the blood of the hepatic vems differs from that of the

portal vein, and both are in various respects different from what might be
regarded as the common venous blood, which is conveyed by the veins of the

limbs, and of the muscular and cutaneous parts of the body generally. Moreover,
Bernard has sho-mi that the blood of veins returning from secreting glands differs

according to the state of functional activity of the organs. Wliilst their function

is in abeyance the blood in their veins is dark, as usual, but when secretion is

active, the blood, which then also flows much more freely and abundantly, comes
through from the arteries to the veins with very little, if any, reduction of its

arterial brightness : it also retains nearly the whole of its separable oxygen.
Compared with blood from a cutaneous vein, arterial blood is found to contain

a very little more water (about five parts in 1000) and to have a somewhat lower
specific gravity. The arterial plasma yields more fibrin and coagulates more
quickly ; the serum was said by Lehmann to contain less albumin and less fat,

but more extractive and a little more saline matter. Arterial blood yields more
oxygen gas, and less of both free and combined carbonic acid.

Blood of the portal vein, compared with that of the jugular vein, was stated by
Lehmann to contain more water in proportion to solid matter, less fibrin and
albumin, more fat, extractive matter and salts. The pale corpuscles are vastly

more numerous than in venous blood generally.

The Mood of the hepatic reins, according to Lehmann's statement, is richer in

both red and pale corpuscles, possibly from loss of water, and the proportion of

pale corpuscles to the red is increased. The hepatic venous blood, moreover, yields

sugar, derived from glycogen formed in the liver.

The blood of the renal veins was stated by Bernard and Brown-Sequard not to

coagulate in the normal state of the kidney and its function : on trial, however,
we find that as regards coagulation it behaves like ordinary venous blood.

COAGULATION OP THE BLOOD.

In explaining the constitution of the plasma, ue have been obliged

so far to anticipate the account of the coagulation of the blood. The
following are the phenomena which usher in and which accompany
this remarkable change. Immediately after it is drawn the blood emits

a sort of exhalation, the " halitus," having a faint smell ; in about
three or four minutes a film appears on the surface, quickly spreading

from the circumference to the middle ; a minute or two later the part

of the blood in contact Avith the inside of the vessel becomes solid,

then speedily the whole mass ; so that in about eight or nine minutes
after being drawn, the blood is completely gelatinised. At about
iifteen or twenty minutes, or it may be much later, the jelly-like mass
begins to shrink away from the sides of the vessel, and the serum to

exude from it. The clot continues to contract, and the serum to escape

for several hours, the rapidity and degree of the contraction varying
exceedingly in diflFerent cases ; and, if the serum be poured off, more
will usually continue to drain slowly from the clot for two or three

days.

Tlie nature of the change which takes place in the coagulation of the blood
has been already spoken of : it is essentially owing to the coagulation of the
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liquor sangnmis, the fibrin being generated in that liquid by the concnn-ence of

its two constituents in the way already explained, and separating in form of a

solid mass, which involves the corpuscles but allows the serum to escape from it

in greater or less quantity. But although the solidification of the fibrin and
fonnation of a red clot would undoubtedly take place independently of any
mechanical co-operation on the part of the corpuscles, still it must not be for-

gotten that the red disks are not altogether indifferent while coagulation goes on :

for they run together into rolls, as already described, and the circumstance of

their doing so with greater or with less promptitude materially affects the result

of the coagulating process. Thus there seems good reason to believe that, as H.

Nasse pointed out, one of the causes—and in inflammatory blood probably the

chief cause—of the production of the buffy coat, is an exaltation of the natural

tendency of the red disks to run together, whereby being more promptly and more
closely aggregated into compact masses, they more speedily subside through the

liquid plasma. leaA'ing the upper part of it colourless by the time coagulation

sets in ; and "Wharton Jones has drawn attention to what he conceives to be

another influential circumstance depending like-wise on the corpuscles, in inflam-

matory blood, namely, the more rapid and close shrinking of the network, or

.'ipongework as he terms it, into which the little rolls of corpiiscles unite, and the

consequent expulsion of the great part of the liquor sanguinis from its meshes

before the fibrin solidifies, in. which case the mass of aggregated coi-pviscles

naturally tends to the lower part of the vessel, whilst the expressed plasma, being

lighter, accumulates at the top. Of course it is not meant to deny that more
tardy coagulation of the plasma would produce the same result as more speedy

aggregation of the corpuscles ; it is well kno^^^l. indeed, that blood may be made
to show a buffy coafrCy delaying its coagulation, but buffed inflammatory blood

is not necessarily slow in coagulating.

Circumstances affecting Coagulation.—Various causes accelerate,

retard, or entirely prevent the cua.c^ulation of the blood ; of these it

will here suffice to indicate the more important and best ascertained.

1. Temperature.—Cold delays, and at or below 40 def,^rees Fahr.

wholly suspends coagulation ; but even frozen blood, when thawed
and heated again, will coagulate. ^Moderate elevation of temperature

above that of the body promotes coagulation.

2. Coagulation is accelerated by contact of the blood with foreign

matter, such as the sides of the basin or other vessel into which it is

drawn. On the other hand, the maintenance of its fluidity is favoured

by retention within its vessels or natural receptacles where it is in

contact with the natural tissues of the body ; but when the coats of the

vessels or other tissues, with which the blood is contiguous, lose their

vitality and are altered in their projDcrties, they become as foreign

bodies, and coagulation is promoted. The usual exposure of drawn
blood to the air promotes coagulation, but according to Lister, by no
means so powerfully as was formerly believed. The effect of other gases

is the same. Coagulation speedily takes place when blood is subjected

to the air-pump, and has therefore been said to occur readily in vacuo,

but Lister finds that this is owing to the agitation caused by the

bubbling of the blood fi'om the escape of liberated gases, whereby more
and more of it is successively brought into contact with the sides of

tlie vessel.

3. Arrest of the blood's motion vifhin the- lochj is said to favour

coagulation, probably by arresting those perpetual changes of material,

both destructive and renovative, to which it is naturally subject in its

rapid course through the system. The coagulation of the stagnant

blood after death is also largely to be ascribed to the alteration then

ensuing in the coats of the containing vessels. Lister found that, after

D 2
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death, blood remains longer fluid in the small veins than in the heart
and great vessels ; and even in these the coagulation is usually slow.

Agitation of exposed blood accelerates coagulation by increasing its ex-

posure to foreign contact.

4. "Water, in a proportion not exceeding twice the bulk of the blood,
hastens coagulation ; a larger quantity retards it. Blood also coagu-
lates more speedily when the serum is of low specific gravity, indicative

of much water in proportion to the saline ingredients.

5. Almost every substance that has been tried, except the caustic

alkalies, when added to the blood in minute proportion, hastens its-

coagulation ; although many of the same substances, when mixed with
it in somewhat larger quantity, have an opposite effect. The salts of
the alkalies and earths, added in the proportion of two or three per cent,

and upwards, retard, and, when above a certain quantity, suspend or

prevent coagulation ; but, though the process be thus suspended, it

speedily ensues on diluting the mixture with water. Caustic potash and
soda permanently destroy the coagulability of the blood. Acids delay
or prevent coagulatiou.

G. Certain states of the system.—Faintness occasioned by loss of
blood favours coagulation ; states of excitement are said to have, though
not invariably, the opposite effect. Impeded aeration of the blood in
disease, or in suffocative modes of death, makes it slow to coagulate

;.

probably from retention of carbonic acid. In cold-blooded animals,

with slow circulation and low respiration, the blood coagulates less

rapidly than in the warm-blooded ; and, among the latter, the tendency
of the blood to coagulate is strongest in birds, which have the greatest

amount of respiration, and highest temperature.

7. Coagulation commences earlier, and is sooner completed, in arterial

than in venous blood. Nasse states that women's blood begins to

coagulate sooner than that of the male sex.

In general, when blood coagulates quickly, the clot is more bulky
and less firm, and the serum is less effectually expressed from it ; so

that causes which affect the rapidity of coagulation, will also occasion

differences in the proportion of the moist clot to the exuded serum.
There is no sufficient evidence of evolution of heat or of disengage-

ment of carbonic acid from blood during- its coagulation, which some
have supposed to occur.

Theory of Coagulation.—Although it is certain that the coagulation of the
blood consists in solidification of fibrin, and although it seems tolerably -weW

established that this is the result of the combination of two primarily separate

animal principles, it is by no means clearly understood how such combination and
solidification do not naturally take place within the living body, and how the
several conditions already mentioned as influencing the process o^jerate in

promoting or opposing coagulation.
According to one view, which is fundamentally the same as that entertained

hy John Hunter and some other British physiologists, and which has been advo-
cated by Briicke,* the blood has a natural tendency to coagulate ; or, if we may use
the language suggested by later researches, tlie para-globulin and fibrinogen
naturally tend to combine ; within the body this tendency is held in clieck by some
inhibitory or restraining influence exercised by the coats of the vessels and the
living tissues in contact with the blood ; but when Ijlood is withdrawn from its

natural receptacles, or if these lose their vitality, its intrinsic disposition to coagu-
late being no longer opposed, is allowed to prevail. At the same time it is not

* British and Foreign Medico-Chirnrgical Review, vol. xix. 1S57.
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inconsistent with this theory to admit the positive efficacy of contact with foreign
or dead matter in promoting- coagailation. Lister,* on the other hand, considers
that the blood has no spontaneous tendency to coagulate, either within or without
the vessels, but that the coagulation is brought about in di-awn blood by contact
with foreign matter. Accepting the conclusion of Schmidt, that para-globulin
and fibrinogen are necessary to the evolution of fibrin, he thinks that, if these
bodies unite in ordinary chemical combination, the action of foreign matter may
detennine their imion, as spongy platinum promotes the combination of oxygen
and hydrogen. He considers that the li\dng vessels do not exert any action to
prevent coagulation, but that their peculiarity, as distinguished from an ordinary
solid, consists in the remarkable circumstance that their lining membrane, in a
state of health, is wholly negative in its relation to coagulation, and does not
cause that molecular disturbance, so to speak, which is produced in the blood by
all ordinary matter. \Mien the vessels lose their peculiar property' by death, or
become seriously altered by disease or injury, their contact with the blood in-

duces coagulation like that of an extraneous body. More recently, Schmidtf has
himself come to the conclusion that the union of para-globulin and fibrinogen to
form fibrin is determined by the presence of a third substance, which, however,
does not itself take part in the combination and which he has consequently
named the fibrin-ferment. Tliis substance he believes to be not preformed in the
blood, but to become formed immediately after the withdrawal of that fluid from
the body. Other substances also, according to Schmidt, possess the property of in-

ducing the union of para-globulin and fibrinogen, amongst them being the coloimng
matter of the blood.J charcoal, spongy platinum, asbestos, animal fennents, &c.

;

more especially those which are able to decompose peroxide of hydrogen. Schmidt
considers the action of these substances to be purely one of contact ; in this

respect it will be seen he has adopted Lister's view. Finally, it may be observed,
that in any attempted explanation of the coagulation of the blood, it is well to
bear in mind that there is a purely physical or chemical phenomenon, which, as

suggested by Graham, has a certain analogy to it. namely the change from the
liquid to the insoluble state so easily induced in colloidal matter by slight external
causes,

THE LYMPH AND CHYLE,

A transparent and nearly colourless fluid, named " lymph," is con-

veyed into the blood by a set of vessels distinct from those of the
sanguiferous system. These vessels, which are named " lymphatics,"
from the nature of their contents, and " absorbents," on account of
their reputed office, take their rise in nearly all parts of the body, and,

after a longer or shorter course, discharge themselves into the great

veins of the neck ; the greater number of them previously joining into

a main trunk, named the thoracic duct,—a long narrow vessel which
rises up in fi'ont of the vertebra?, and opens into the veins on the left

side of the neck, at the angle of union of the subclavian and internal

jugular ; whilst the remaining lymphatics terminate in the correspond-
ing veins of the right side. The absorbents of the small intestine

carry an opaque white liquid, named " chyle," which they absorb from
the food as it passes along the alimentary canal ; and, on account of
the milky aspect of their contents, they have been called the " lacteal

vessels." But in thus distinguishing these vessels by name, it must be
remembered, that they differ from the rest of the absorbents only in the
nature of the matters which they convey ; and that this difference holds

* On the Coagulation of the Blood ; the Croonian Lecture for 1S63.—Proceedings of the
Eoyal Society, vol. xii. p. 580.

+ Pfliiger's Arcbiv. vi. 1872.

+ In connection with this fact, it may be interesting to mention that, if blood which
has been well whipped to remove the fibrin be frozen and thawed again (a process by
whicli the red corpuscles become broken up), it yields a further coagulum.
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good only while digestion is going on ; for at other times the lacteals

contain a clear fluid, not to be distinguished from lymph. The lacteals

enter the commencement of the thoracic duct, and the chyle, mingling

with the lymph derived from the lower part of the body, is conveyed

along that canal into the blood. Both lacteals and lymphatics, in pro-

ceeding to their destination, pass into and out of certain small, solid,

and vascular bodies, named lymphatic glands, which have a special

structure and internal arrangement, as will be afterwards described
;

so that both the chyle and lymph are sent through these glands

before being mixed with the blood.

Thus much having been explained to render intelligible wliat follows,

we may now consider the lymph and the chyle, which, as will be seen,

are intimately related to the blood.

The lymph may be procured free from admixture of chyle, and in

quantity sufficient for examination, from the larger lymphatic vessels

of the horse or ass. It may also be obtained by opening the thoracic

duct of an animal that has fasted for some time before being killed.

It is a thin fluid, transparent and colourless, or occasionally of a pale

yellow hue ; its taste is saline, its smell faint and scarcely perceptible,

and its reaction alkaline. Sometimes the lymph has a decided red tint,

of greater or less depth, which becomes brighter on exposure to the air.

This redness is due to the presence of coloured corpuscles, like thoseof

the blood : and it has been sometimes supposed, that such corpuscles

exist naturally in the lymph, in greater or less quantity ; but they are

more probably introduced into the lymphatic vessels accidentally. It

can, in fact, be shown, that when an incision is made into a part, the

blood very readily enters the lymphatics which are laid open, and passes

along into larger trunks ; and in this way blood is conveyed into the

thoracic duct, or any other large vessel, exposed as usual by incision

immediately after the animal is killed. Indeed, mere rough handling

of some organs, such as the liver and spleen, will rupture the fine vessels

and cause the contents of the issuing lymphatics speedily to become red

from admixture of blood.

The lymph, when examined with the microscope, is seen to consist of

a clear liquid, with corpuscles floating in it. These " lymph-corpus-

cles," or lymph-globules, agree entirely in their characters with the

pale corpuscles of the blood, which have been already described

(page 23). It is alleged that some of the lymph corpuscles have a

yellowish tint. Occasionally, smaller particles are found in the lymph

;

also, but more rarely, a few oil globules of various sizes, as well as red

blood-corpuscles, the presence of which lias just been referred to.

The liquid part (lymph-plasma) bears a strong resemblance in its

physical and chemical constitution to the plasma of the blood ; and
accordingly, lymph fresh-drawn from the vessels coagulates after a few

minutes' exposure, and separates after a time into clot and serum. This
change is owing to the combination of the constituents of the fibrin

contained in the lymph-plasma, and in this process most of the cor-

puscles are entangled in the coagulum. The serum, like the corre-

sponding part of the blood, consists of water, albumin, extractive

matters, fatty matters in very sparing quantity and salts. Sugar
exists in small quantity in the lymph, and urea, in the pi'oportion of

from O'Ol to 0-02 per cent. ; leucin has also been found, at least in the

lymphatic glands.
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Human lymph has been obtained fresh from the living body in

Beveral instances, from lymphatic vessels, opened by wounds or other

causes. It has been found to agree in all material points with the

lymph of quadrupeds.

The chyle of man and mammiferous animals is an opaque, white

fluid, like milk, Avith a faint odour and saltish taste, slightly alkaline

or altogether neutral in its reaction. It has often a decided red tint,

especially when taken from the thoracic duct. This colour, which is

heightened by exposure to air, is doubtless generally due to the presence

of blood-corpuscles, and may be explained in the same way as the

occasional red colour of lymph.

Like blood and lymph, both of which fluids it greatly resembles

in constitution, the chyle consists of a liquid holding small parti-

cles in suspension. These particles are, 1. Co)-pi(scIes, precisely

like the lymph and pale blood-corpuscles already described. 2.

Molecules, of almost immeasurably minute but remarkably uniform

size. These abound in the fluid, and form an opaque white molecular

matter diffused in it, which was named by Gulliver the molecular base

of the chyle. The addition of ether instantly dissolves this matter, and
renders the chyle nearly, but not quite, transparent ; whence it may be

inferred that the molecules are minute particles of fatty matter, and no
doubt the chief cause of the opacity and whiteness of the chyle.

According to the late H. Miiller, they are each coated with a fine film of

albuminoid matter. They exhibit the usual tremulous movement com-
mon to the molecules of many other substances. 3. OiJ-yJolules ; these

are of various sizes, but much larger than the molecules above de-

scribed, and are often found in the chyle in considerable numbers. 4.

Minute spherules (Gulliver), from -j^o-oo to ^^-^ of an inch in diameter;

probably of an albuminous nature, and distinguished from the fatty

molecules by their varying magnitude and their insolubility in ether.

The plasma, or liquid part of the chyle, contains fibrin, so that

chyle coagulates on being drawn from the vessels, and nearly all the

corpuscles, with part of the molecular base, are involved in the clot.

The serum which remains resembles in composition the seram of

lymph ; the most notable difference between them being the larger pro-

portion of fatty matter contained in the chyle-serum.

Tlie following' analyses of lymph and chyle exhibit the proportions of th?,

different ingredients ; but it must he explained that the amount of the corpuscles

cannot be separately given, the greater part of them being included in the clot

and reckoned as fibrin. No. 1 is the mean of two analyses, by Gubler and
Quevenne, of human lymph taken during life from the lymphatics of the thigh

;

No. 2 the mean of three analyses by Gmelin of IjTnph from the thoracic duct of

horses after privation of food ; No. 3, by O. Rees, of chyle from the lacteals

of an ass, after passing the mesenteric glands.
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Tlie extractive matters of the chyle and lymph probablj' vary with the nature

of the food : they geiaerally contain sugar and urea in appreciable quantities.

The gas obtainable from lymijli consists almost entirely of carbonic acid. From
human lymph Hensen obtained 70 per cent, by volume, whilst in lymph from the

dog, Ludwig and Hammarsteu were unable to obtain more than about 40 per cent.

FORMATION OF THE CORPUSCLES OF THE LYMPH AND CHYLE.

The lymph-plasma appears to consist fiuidamentallj- of blood-plasma, which,

having exuded from the cai^illary blood-vessels and yielded nutritive material to

the tissues, is, with more or less admixture of waste x'roducts, retm-ned by the

lymphatics. Pale blood-corpuscles also, which have migrated from the vessels,

may find their way into the beginning of the Ijanphatics. In this way the

presence of corpuscles in the lymph even before it has passed through the

lymphatic glands is accounted for. As to the fiu'ther origin of the Ij-mph and
chyle corpuscles, it maj^ in the first place, be observed that the greatly increased

proportion of these bodies in the vessels which issue from the lymphatic glands,

and the vast store of corpuscles having the same characters contained in the

interior recesses of these glands, are unmistakeable indications that the glands

are at least a principal seat of their production. They are, most probably, pro-

duced by division of parent corpuscles or cells contained in the glands, and in

some measure also by further division of corpuscles thus produced, after they

have made their way into the lymphatic vessels. The corpuscles found sparingly

both in chyle and lymjih before passing the mesenteric glands may be in part

formed in the agminated and solitary follicular glands of the intestine—which,

though differing much in form, yet in essential structure have much in common
with the lymphatic glands—and may come partly also from the tracts of

lymphoid tissue, which exist in the intestinal mucous membrane. Lymph-
corpuscles are probably also produced in the spleen and in the thjTnus gland

;

they may also be formed by proliferation of connective tissue corpuscles, or even
of the flattened cells of which the commencing lymphatic vessels are composed.

FORMATION OF THE BLOOD-CORPUSCLES.

In the embryo of batrachians.—In the early embryo of the frog and
newt (in which, perhaps, the steps of the process are best ascertained), at the
time when the circulation of the blood commences, the corpuscles in that fluid

appear as rounded cells, filled with granular matter, and of larger average size

than the future blood-corpuscles. The bodies in question, although spoken of as
cells and presenting a regularly defined outline, have no separable envelope.
They contain, concealed in the midst of the granular mass, a pellucid globular
nucleus, which usually presents one or two small clear specks, situated eccentri-
cally. The granular contents consist partly of fine molecules, exhibiting the
usual molecular movements ; and partly of little angular plates, or tablets, of a
solid substance, probably of a fatty nature. After a few days, most of the cells

have assumed an oval figure, and are somewhat reduced in size : and the granular
matter is greatly diminished in quantity, so that the nucleus is conspicuous.
Now, also, the blood-corpuscles, previousl^^ colourless, have acquired a yellowish
or faintly red colour. In a further stage, the already oval cell is flattened, the
granules entirely disappear, the colour is more decided, and. in short, the blood-
corpuscle acquires its pennanent characters. From this description it will be
seen that the blood-cells which first appear agree in nature with the embrj-onic
cells (described at page S). and they are, in all probability, produced hy the
process of segmentation. The different parts of the embryo in its early condition,
the heart, for example, are for a time entirely composed of cells of the same kind,
and all have probably a common origin.

It is possible that some, at lea.-<t. of the red coiituscles of batrachians. originate
in a similar manner (endogenously) to that immediately to be described in the
bird and in mammalia, for developing blood-vessels of the tadpole's tail have lieen
observed to contain blood-coiiiuscles before the establishment of a communication
with the rest of the vascular system (Strieker),
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In the bird.—In the egg of the bird, the first appearance of blood-corpuscles,

as well as of blood-vessels, is seen in the blastoderma, or germinal membrane, a

structure formed by the extension of the cicatricula. in the early stages of incu-

bation. The commencing embryo, with its simple tubular heart, is seen in the

middle of this circular membrane, and blood-vessels, containing blood-corpuscles,

appear over a great part of its area. These first vessels, therefore, though con-

nected with the heart, and intended to convey nutriment to the embryo, are

formed in an exterior structure ; but, in a somewhat later stage, blood-vessels

and corpuscles are developed in various textures and organs within the body.

The formation of blood-corpuscles in the middle layer of the blastoderm has been

recently carefully investigated by Klein.* He describes the blood-vessels of the

embryo chick as originating in an endogenous manner in the interior of certain

of the cells of the middle layer of the blastoderm. It would appear, first, that

the nuclei of these cells become multiplied, and that then the protoplasm

around each takes on a reddish colour, and, a cavity becoming formed within the

mother-cell by the enlargement of a vacuole, the newly-formed, nucleated, red

blood-corpuscles become free -n-ithin the cavity thus produced (fig. IG). In

other instances the cavity be-

comes first formed within the Fig. IG

cell, which is considerably en-

larged, and in the protoplasmic

wall of which nuclei are em-
bedded. From this wall, blood-

coii^uscles, both red and white,

bud forth into the interior of

the vesicle. The mother-cells

send out processes which connect
them with one another, and into

these processes their cavities are

eventually extended : in this way
a system of blood-vessels contain-

ing blood is produced. According

to Balfour f it is the nuclei them-
selves which become the coloured

corpuscles, whilst the nucleoli

within them develop into the so-

called "nuclei" of the blood-

corpuscles.

It is uncertain whether any of

the i^rimary red corpuscles are

formed bj' direct transfoiTnation

of embr\-onic cells, as described

in the eml^rj-o of Batrachians. At the same time they agree with those cells in

exliibiting amoeboid movements.
In man and mammalia.—In the embryo of man and mammalia the

primitive red blood-corpuscles are nucleated spheroidal bodies, of much larger

size than the future red disks. As to their origin nothing is certainly known :

they are prolmbly transformed embryonic cells. These large nucleated red and
colourless coiijuscles. continuing to increase in number, constitute the earUest,

and, for a time, the only corpuscles in the embryo-vessels. But their multiplica-

tion is soon arrested, and a new epoch in blood-fomiation begins with the

development of the liver. The blood which returns to the embryo charged with
fresh material of nutrition from the maternal system, has then to pass, at fii'st

entirely aftem-ards in great part, through the vessels of the liver ; and it would
seem that henceforth colourless nucleated corpuscles are produced in that organ
and poured abundantly into the general mass of blood by the hei^atic veins. It

is probable that the liver continues its ha^mapoietic or blood-forming function

throughout fcetal life ; but, in the meanwhile, the sjDleen and lymphatic system

Fig. 16.—YAniofs Forms of Mother-Cells
UNDERGOING DEVELOPMENT INTO BloOD-YESSELS
(from the middle layer of the chick's blastoderm.

Klein.)

d, d, blood-corpuscles.

* Wiener Sitzimgsberichte, Ixiii. 1871.

t Quarterly Journal of ^Microscopic Science. July, 1873.
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have also be^n to produce pale coi'iiusclcs, and in after periods supersede the

liver in that office. These corpuscles, either immediately or after fissiparous

multiplication, acquire colour like the first—those from the liver and spleen pro-

bably in great part before they leave these organs—and are converted into

nucleated red corpuscles. Tlie nucleated red corpuscles thus produced are

gradually converted into, or at least succeeded l^y, smaller disk-shaped red cor-

])uscles without nuclei, having all the characters of the blood-disks of the adult.

This transition or suljstitution begins early, and proceeds gradually, until at

length, long before the end of intrauterine life, the nucleated red coriiusclcs

have altogether vanished.

The disk-shaped red corpuscles are produced, in part at least, in the interior of

connective tis.sue cells of the developing mammal in a manner somewhat similar

to that described by Klein in the cells of the middle layer of the chick's l)lasto-

derm. The cell-nuclei, however, are not involved in the process, which seems to

be rather of the nature of a deposit within tire cells. The blood-corpuscles which
are at first spheroidal eventually take on the flattened form and Ijccome free

within a cavity which is hollowed out in the interior of the cell ; the latter

becomes united with neighbouring cells to form the l>lood-vessels of the part.

This endogenous mode of cell formation commonly ceases before birth.*

Throughout life the mass of blood is suV)ject to continual change ; a portion

of it is constantly expended, and its place taken by a fresh supply. It is certain

that the corpuscles are not exempted from this general change, but it is not

known in what nianner they are consumed, nor has the process been fully traced

by which new ones are continually formed to supply the i)lace of the old. With
regard to the latter question, it may l;)e stated, that the explanation A\-hich has

hitherto found most favour with i^hysiologists is, that the corpuscles of the chyle

and lymph, passing into the sanguiferous system, become the pale corpuscles of

the blooil ; and that these last are converted into red di.sks. Pale cori)uscles are

also generated in the spleen, and, after part of them have changed into red dislcs,

pass directly into the blood, independently of those derived from the chyle and
lymph. A production of Ijlood-corpuscles is also said to take place in certain

cells of the marrow of the bones, in which transitional forms to the red coiiius-

cles have been observed. (Neumann, Bizzozero.) As to the manner in which
the pale corpuscles are transformed into the red, there is considerable difference

of opinion. According to one view (adopted by Paget, KoUikcr, Funke, and
others), the pale corpuscles gradually become flattened, acquire coloured con-

tents, lose their nuclei, and shrink somewhat in size, and thus acquire the

characters of the red disks. Wharton Jones, on tlie other hand, arrived at

the conclusion that, whilst in birds, reptiles, and fishes, the pale or lymph
corpuscle, .suffering jnerely some alteration of form and contents, becomes the

red disk, its nucleus alone is developed into the red disk of mammalian blood.

According to this view (supported l)y Busk, Huxley, and Gulliver), while the red

corpuscle of oviparous vertebrata is the transformed pale corpuscle—its develop-

ment not proceeding beyond this stage—the non-nucleated red disk of men and
mammalia is. on the other hand, considered to be, not the homologue of the
oval nucleated red disk of the oviparous vertebrata, but that of its nucleus.

It is not within the scope of this work to enter upon a discussion of the relative

merits x)f these opinions, and the reader is referred to jiliysiological works for a
consideration of these and other views adopted by various authors upon the
point at issue.

EPITHELIAL, EPIDERMIC, OR CUTICULAR TISSUE.

General nature and situation.—It is well known, that when the
skin is blistered, a thin, and nearly transparent membrane, named tlie

cuticle or epidermis, is raised from its surface. In like manner, a
transparent film may be raised from the lining membrane of the mouth,
similar in nature to the epidermis, although it has in this situation

* ScLiifer, Proceedings of the Royal Society. 1874,
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received the name of " epithelium ;" * and under the latter appellation,

a coating of the same kind exists on nearly all free surfaces of the

body. It is true that in many situations the epithelium cannot be
actually raised from the adjacent surface as a coherent membrane, still

its existence as a continuous coating can be denionstrated ; and, al-

though in different parts it presents important differences, its several

varieties are connected by certain common characters.

The existence of a cuticular covering composed of cells has in one fonn
or other been demonstrated in the following situations : viz., 1. On the

surface of the skin. 2. On mucous membranes; a class of membranes to

be afterwards described, which line those internal cavities and passages

of the body tliat open exteriorly, viz., the alimentary canal, the lachrymal,

nasal, tympanic, respiratory, urinary, and genital passages ; as well as

the various glandular recesses and ducts of glands, which open into

these passages or upon the surface of the skin. 3. On the inner or free

surface of serous membranes, which line the walls of closed cavities in

the head, chest, abdomen, and other parts. 4. On the inner surface of

the heart, blood-vessels and lymphatics.

f

Structtire in general.—This tissue has no vessels, although nerves

have been demonstrated in it in various situations ; apart from tliese,

however, it possesses a decidedly organised structure. Wherever it

may exist, it is formed essentially of nucleated cells united together by
cohesive matter, often in too small quantity to be apparent. The cells,

where consisting of more than one layer, in whatever way they may
be produced, make their appearance first in the deepest part of the

structure, where they receive material for growth from the blood-vessels

of the subjacent tissue ; then, usually undergoing considerable changes
in size, figure, and consistency, they gradually rise to the surface, where,

as shown at least in various important examples, they are thrown off

and succeeded by others from beneath. In many situations the cells

form several layers, in which they may be seen in different stages of

progress, from their first appearance to their final desquamation. The
layer or layers thus formed take the shape of the surface to which they

are applied, following accurately all its eminences, depressions and
inequalities. Epithelium when destroyed or cast off", is, for the most
part, very readily regenerated.

Varieties.—In accordance with the varied purposes whioh the epi-

thelium is destined to fulfil, the cells of which it is composed come to

differ in different situations, in figure and size, in their position in

respect of each other, their degree of mutual cohesion, and in the

nature of the matter they contain, as well as in the vital endowments
which they manifest ; and, founded on these modifications of its con-

* The term "epithelia, " which has passed into "epithelium," was introduced by
Ruysch to designate the cuticular covering on the red part of the lips. The word
*

' epidei-mis " he considered inappropriate, as the subjacent surface is not skin (derma) :

but, as it is beset with papilke, he named the covei-ing layer " eiti-thelia," from (tti and
CtjAtj, a nipple or papilla. The use of the term has, by a not unusual license, been ex-

tended so as to signify the same kind of coating when it spreads over non-papillary

surfaces. The word "endothelium," recently applied by some German WTiters to dis-

tinguish what has heretofore been spoken of as the epithelium lining the serous mem-
branes, and the inner surface of blood-vessels and lymjdiatics, appears to me a needless

innovation, and, considering the literal meaning of the word, not a happy one.—W. S.

t The flattened cells which are enumerated under 3 and 4, and which have a close

affinity with the ceils of the connective tissue to be afterwards described, may be con-

veniently distinguished by the term " epithelioid."
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stitnent cells, or, at any rate, those forming the superficial layer, four

principal varieties of epithelium have been recognised, as follows :

—

1, The cells may become flattened into plates or scales, and the

variety of epithelial tissue thus constituted is termed scal/j, or tesseUafed

{imvemmt cintheltum of German histologists). It might be well to

employ the former term when the flattened cells overlap at their edges

(as in fig. 17), the latter where the adjoining edges meet ; in which
case the lines of junction may be even (as in fig. 18), or more or less

sinuous, as in various parts of the lymphatic system (fig. 19).

Fig. 17. Fig. 18.

Pig. 17.

—

Epithelium-Scales from the inside op the Mouth; magnified 260
DIAMETERS (Henle).

Fig. IS.

—

Epithelioid Cells from a Serous Membrane (Peritoneum) ; magnified
410 diameters.

a, cell ; h, nucleus ; c, nucleoli (Henle).

2. In a second variety named columnar (cylinder-epithelium of the

Germans) the cells assume a prismatic figure, and are set upright on
the surface which they cover (fig. 20).

Fig. 19. Fig. 20.

\}'M-'

Fig. 19.

—

Epithelioid Cells of Commencing Lymphatic ; magnified 240 diameters
(Auerbacli).

Fig. 20.

—

Columnar Epithelium from intestinal villus of a Rabbit ; magnified 300
diameters.

a, TLick border (from KiJllikcr).

3. The cells may retain their primitive roundness, or, being flattened

where they touch acquire a polyhedral or cubical figure, in which no one
dimension remarkably predominates : in some places, however, the cells

show a tendency to lengthen into columns and in others to flatten into

tal)les, presenting thus transitional forms between the other varieties.

This variety of ei)ithclium has been named spheroidal and transitiojial.

4. Lastly the cells, which in this case are mostly prismatic in form,
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bear on their basal or free ends spontaneously moving filaments, named
cilia; on ^vhich account this variety of epithelium is termed ciliated

(fig. 21).

Fig. 21. Fiff. 22.

Fig. 21.

—

Columnar Ciliated Epithelium Cells from the Hl-man Nasal Membrane;
3IAGNIFIED 300 DIAMETERS.

Fig. 22.— Diagram of Section of Stratified Epithelium, in which the under-
most CELLS ARE OBLONQ AND VERTICAL.

"When the cells of an epithelium are arranged in several superimposed
layers instead of being in a simple layer, it is termed stratified : in

Fig. 23.

Fig. 23.

—

Epithelium of Conjunctiva of Calf.

1, 2, 3, 4, 5, progressive flattening of the cells a.s they rise to the surface. The out-

line figures represent single cells from diflerent depths, viewed on their surface ; and at
4' and 5', edgeways. Magnified 410 diameters (chiefly after Henle).

these cases it is commonly found that the lowermost layer is columnar

in sliape, and the uppermost scaly ; the intermediate strata presenting

transitions between these forms (figs. 22, 23).

Tiie first three of the varieties here enumerated present local pecu-

liarities which make it convenient to describe them with the tissues or

organs with which they are associated. The ciliated epithelium, on the

other hand, being of nearly uniform character as regards situation,

vital properties and functional activity, can be most conveniently treated

of under one general head, and will therefore be considered here.

It may first be remarked, however, that amidst these changes the

nucleus of the cell undergoes little alteration, and its characters are

accordingly remarkably uniform throughout (see figs.). It is round or

oval, and more or less flattened ; its diameter measures from vth to

TyVoth of an inch, or more. Its substance is insoluble in acetic acid,
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clear and colourless. It usually contains one or two nucleoli, distin-

guished by their stronjif dark outline ; and a variable number of more
faintly marked granules irregularly scattered. For the most part, the

nucleus is persistent, but in some cases it disappears from the cell.

CILIATED EPITHELIUM.

In this form of epithelium, the particles, which are generally co-

lumnar, bear at their free extremities little hau'-like processes, which
are agitated incessantly during life, and for some time after death, with

a lashing or vibrating motion. These minute and delicate moving
organs are named ciUa. They have now been discovered to exist very

extensively throughout the animal kingdom ; and the movements which
they produce are subservient to very varied purposes in the animal

economy.
Distribution and use.—In the human 6ody ciliated epithelium

occurs in the following parts, viz. :— 1. On the mucous membrane of

the air passages and its prolongations. It commences at a little

distance within the nostrils, covers the membrane of the nose (except

the proper olfoctory part) and of the adjoining bony sinuses, and
extends up into the nasal duct and lachrymal sac. From the nose

it spreads backwards a certain way on the upper surface of the soft

palate, and over the upper or nasal region of the pharynx ; thence

along the Eustachian tube and lining membrane of the tympanum, of

which it covers the greater part. The lower part of the pharynx is

covered by scaly epithelium as already mentioned ; but the ciliated

epithelium begins again in the larynx a little above the glottis, and
continues throughout the trachea and the bronchial tubes in the lungs
to their smallest ramifications. 2. On the mucous lining and in the

glands of the uterus, commencing at the middle of the cervix and
extending along the Fallopian tubes, even to the peritoneal surface of

the latter at their fimbriated extremities. 3. Lining the vasa efferentia,

coni vascidosi, and first part of the excretory duct of the testicle. 4.

To some extent on the parietes of the ventricles of the brain, and
throughout the central canal of the spinal cord. 5. In the excretory

ducts of certain small racemose glands of various parts (tongue,

pharynx, &c.).

In other mammiferous animals, as far as examined, cilia have been
found in nearly the same parts. To see them in motion, a portion of

ciliated mucous membrane may be taken from the body of a recently

killed quadruped. The piece of membrane is to be folded with its free

or ciliated surface outwards, placed on a slip of glass, with a little weak
salt water or serum of blood, and covered with thin glass. When it is

now viewed with a magnifying power of 200 diameters or upwards, a
very obvious agitation will be perceived on the edge of the fold ; this

appearance is caused by the moving cilia, with which the surface of the

membrane is covered. Being set close together, and moving simulta-

neously or in quick succession, the cilia, wlien in brisk action, give rise

to the appearance of a bright transparent fringe along the fold of the

membrane, agitated by such a rapid and incessant motion, that the

single threads which compose it cannot be perceived. The motion
here meant, is that of the cilia themselves ; but they also set in motion
the adjoining fluid, driving it along the cihated surface, as is indicated

by the agitation of any little particles that may accidentally float in it.
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The fact of the conveyance of fluids and other matters along the ciliated

surface, as well as the direction in which they are impelled, may also be

made manifest by immersing the membrane in fluid, and dropping on

it some finely pulverised substance (such as charcoal in fine powder),

which will be'^ slowly luit steadily carried along in a constant and deter-

minate direction ; and this may be seen with the naked eye, or with the

aid of a lens of low power.

The ciliary motion of the human mucous membrane is beautifully

seen on the surface of recently extracted nasal polypi ; and single

ciliated particles, with their cilia still in motion, are sometimes sepa-

rated accidentally from mucous surfaces in the living body, and may be

discovered in the discharged mucus ; or they may even be purposely

detached by gentle abrasion. But the extent and limits of the ciliated

epithelium of the human body have been determined chiefly from its

anatomical characters.

Cilia have now been shown to exist in almost every class of animals,

from the highest to the lowest. The immediate purpose which they

serve is, to impel matter, generally more or less fluid, along the surfaces

on which they are attached ; or, to propel through a liquid medium the

ciliated bodies of minute animals, or other small objects on the surface

of which cilia are present ; as is the case with many infusorial animal-

cules, in which the cilia serve as organs of locomotion like the fins of

larger aquatic animals, and as happens, too, in the ova of many verte-

brate as well as invertebrate animals, where the yelk revolves in its

surrounding fluid by the aid of cilia on its surface. In many of the

lower tribes of aquatic animals, the cilia acquire a high degree of

importance : producing the flow of water over the surface of their

organs of respiration, indis-

pensable to the exercise of that Fig. 24.

function ; enabling the animals

to seize their prey, or swallow

their food, and performing

various other offices of greater

or less importance in their

econom3\ In man, and the

warm-blooded animals, their

use is apparently to impel

secreted fluids or other mat-
ters along the ciliated surface,

as, for example, the mucus of

the windpipe and nasal sinus-

es, which they carry towards

the outlet of these cavities.

Structure.—The cells of

the ciliated epithelium (fig.

24) contain clear oval nu-

clei ; their protoplasm is

commonly granular, but the

free border of the cell from
which the cilia appear to spring

presents a bright appearance
(fig. 21). They have most
generally an elongated form, like the particles of the columnar

Fig. 24.

—

Ciliated Epithelium Cells from
Trachea of Cat ; magnified about 600
diameters (Klein).
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Fia

Fy. 25.

—

Spheroidal
Ciliated Cells from
the biouth op the
Frog ; magnified 300
diameters.

ejjitlielinm, which they resemble too in arrangement, but are

often of greater length and more slender and pointed at their lower
end, which is commonly branched. The cilia are attached to their

l.iroad or superficial end, each columnar particle bearing a tuft of
these minute hair-like processes. In some cases, the cells are

spheroidal in figure, the cilia being still, of course, confined to that

portion of the cell which forms part of the general surftice of the

epithelial layer, as shown in fig, 25, whichre presents such cells from
the epithelium of the frog's mouth. In man
this form occurs in the ciliated epithelium of
the cerebral A-entricles and tympanum, where
the cells form but a single stratum. The co-

lumnar ciliated epithelium also may exist as a
simple layer, as in the uterus and Fallopian
tubes, the finest ramifications of the bronchia,

and the central canal of the spinal cord ; but
in various other parts—as the nose, pharynx,
Eustachian tube, the trachea and its larger divi-

sions—there is a layer of elongated cells beneath
the superficial ciliated range, filling up the
spaces between the pointed extremities of the
latter, and beneath this is an undermost layer,

formed of small rounded cells. Probably the
subjacent cells acquire cilia, and take the place of ciliated cells, which
are cast off; but the mode of renovation of ciliated epithelium is not
j'et fully understood.

The relation of the ciliated, as well as other epithelium-cells, to the connective
tissue of the subjacent membrane, has much engaged attention since the
imi)ortance of the connective-tissue-corpuscles has come to be recognised ; and
a strong impression or belief prevails that such epithelium-cells are structurally
connected by prolongations from their lower ends with these corpuscles, and
genetically related to them. As a matter of observation, such anatomical con-
nection is affirmed in reference to the columnar ciliated epithelium of the central
canal of the spinal cord and the Sylvian aqueduct, (Lockliart Clarke, Gerlach).

The cilia themselves differ widely in size in different animals, and
they are not equal in all parts of the same animal. In the human
windpipe they measure xiTW^h to -oJooth of an inch in length ; but in
many invertebrate animals, es])ecially such as live in salt water, they
are

_
a great deal larger. In figure they have the aspect of slender,

conical, or slightly flattened filaments ; broader at the base, and usually
pointed at their free extremity. Their substance is transparent, soft,

and flexible. It is to all appearance homogeneous, and no fibres, gran-
ules, or other indications of definite internal structure, have been satis-

factorily demonstrated in it.

Motion of the cilia.—The manner in which the cilia move, is best
seen when they are not acting very briskly. Most generally they seem to
execute a sort of fanning or lashing movement ; and when a number of
them perform this motion in regular succession, as is generally the case,
they give rise to the appearance of a series of waves travelling along
the range of ciKa, like the waves caused by the wind in a field of corn.
When they are in very rapid action the undulation is less obvious, and,
as Henle remarks, their motion then conveys the idea of swiftly running
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water. The undulating movement may be beautifully seen on the gills

of a mussel. The undulations, with some exceptions, seem always to

travel in the same direction on the same parts. The impulsion, also,

which the cilia communicate to the fluids or other matters in contact

with them, maintains a constant direction ; unless in certain of the

infusoria, in which the motion is often variable and arbitrary in direc-

tion, and has even been supposed to be voluntary. Thus in the wind-
pipe of mammalia, the mucus is conveyed upwards towards the larynx,

and, if a portion of the membrane be detached, matters will still be

conveyed along the surface of the separated fi-agment in the same
direction relatively to that surface, as before its separation.

The persistence of the ciliary motion for some time after death, and
the regularity with which it goes on in parts separated from the rest of

the body, sufficiently prove that, with the possible exceptions alluded

to, it is not under the influence of the will of the animal nor dependent
for its production on the nervous centres, and it does not appear to bo

influenced in any way by stimulation or sudden destruction of these

centres. The time which it continues after death or separation differs

in different kinds of animals, and is also materially influenced by tem-
perature and by the nature of the fluid in contact with the surface. In
warm-blooded animals the period varies from two or three hours to two
days, or even more ; being longer in summer than in the cold of winter.

In frogs the motion may continue four or five days after the destruction

of the brain ; and it has been seen in the gullet of the tortoise fifteen

days after decapitation, continuing seven days after the muscles had
ceased to be irritable.

With tlie view of throwing further light on the nature of this

remarkable kind of motion, experiments liave been made to ascertain

the effect produced on it by different physical, chemical, and medicinal

agents ; but, so far as these experiments have gone, it would seem that,

with the exception of moderate heat and cold, alkaline solutions, chlo-

roform vapour, and perhaps some other narcotics, these agents affect

the action of the cilia only m so far as they act destructively on their

tissue.

The effect of change of temperature is different in warm and in cold-blooded

animals. In the former the motion is stopped by a cold of 4.S° F., whereas in the
frog and river-mussel it goes on unimpaired at 32° F. E. H. Weber made the
interesting observation that, in ciliated epithelium particles detached fi-om the
human nasal membrane, the motion which has become languid or quiescent

from the cold may be revived by wannth, such as that of the breath, and this

several times in succession. A moderately elevated temperature, say 100° F., does
not affect the motion in cold-blooded animals ; but, of course, a heat considerably

higher than this and such as to alter the tissue, would put an end to it in all

cases. Electric shocks, unless they cause abrasion of the ciliated siu-face (which.

is sometimes the case), produce no visible effect ; and the same is tme of

galvanic cuiTents. Fresh water an-ests the motion in marine moUusca and in

other salt-water animals ; but it evidently acts by destroying both the fonn and
substance of the cilia, which in these cases are adapted to a different medium.
Most of the common acid and salme solutions, when concentrated, an-est the
action of the cilia instantaneously in all animals ; but dilution delays this effect,

and when earned faither, j^revents it altogether ; and hence it is, probably, due
to a chemical alteration of the tissue. Yu-chow has observed that a solution of
either potash or soda will revive the movement of cilia after it has ceased. Nar-
cotic substances, such as hydrocyanic acid, salts of morphia and strychnia, opium
and belladonna, are said by Piu-kinje and Valentin to have no effect, though the
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fii-st-named agent lias certainly appeared to us to an-est the motion in the river-

mussel. In confinnation of an observation of Lister * we find that exposui'e

for a few moments to the vapour of chlorafoim arrests ciliary action, and that

the motion revives again if the application of the vapour is discontinued.

Bile stops the action of the cilia, while blood prolongs it in vertebrated animals

;

but the blood or sei-um of the vertebrata has quite an opposite effect on the cilia

of invertebrate animals, an-esting then- motion almost instantaneously.

Whatever views maybe entertained concerning the nature and source

of the power by which the cilia act, it must be borne in mind that each

ciliated cell is individually endowed with the faculty of producing

motion, and that it possesses in itself whatever organic apparatus and

whatever physical or vital property may be necessary for that end
;

for single epithelium cells are seen to exhibit the phenomenon long

after they have been completely insulated.

It seems not unreasonable to consider the ciliary motion as a manifestation

of that jiroperty on which the more conspicuous motions of animals are known
to depend, namely, vital contractility ; and this view has at least the advantage

of refen-ing the phenomenon to the operation of a vital property ah-eady

recognised as a som-ce of moving power in the animal body. But, a^uming this

view to be sound, so far as regards the natm-e of the motile propei-ty brought

into play, it affords no explanation of the cause by which the contractility is

excited and the cilia maintained in constant action.

It is true that nothing resembling a muscidar apparatus in the ordinary sense

of the tei-m, has been shown to be connected -Rdth the cilia, nor is it necessary to

suppose the existence of any such ; for it must be rememljered that, while the

organic substance on which vital contractility depends is probably uniformly the

same in composition, it does not eveiywhere assume the same fonn and texture.

The anatomical characters of human voluntary muscle differ widely from those

of most involuntary muscular structui'es, and still more from the contractile

tissues of some of the lowest invertebrate animals, although the movements must

in all these cases be refen-ed to the same principle. Tlie heart of the embiyo

beats while yet but a mass of cells, united, to all appearance, by amorphous

matter, in which no fibres are seen
;
yet no one would doubt that its motions

depend then on the same property as at a later period, when its structui-e is fully

developed.

In its persistence after systemic death and in parts separated from the rest of

the body, the ciliary motion agrees with the motion of certain muscular organs,

as the heart, for example ; and the agi'eement extends even to the regular or

rhjiihmic character of the motion in these circumstances. It is true, the one

endui-es much longer than the other ; biit the difference appeai-s to be one

only of degi'ee, for similar differences are known to prevail among muscles

themselves. No one, for instance, doubts that the aui-icle of the heart is mus-

cular, because it beats longer after death than the ventricle : nor. because a frog"s

heart continues to act a much longer time than a quadi-uped's. is it infen-ed that

its motion depends on a power of a different natui-e. And the view here taken

of the nature of the ciliary motion derives strength from the consideration that

the phenomenon lasts longest in cold-blooded animals, in which vital contractility

also is of longest endm-ance. In the effects of heat and cold, as far as observed,

there is also an agi-eement betAveen the movement of cilia and that of muscular

parts ; while, on the other hand, it must be allowed that electricity does not

appear to excite their activity. Thvi effects of narcotics afford little room for

inference, seeing that our knowledge of then- local action on muscular in-itability

is by no means exact ; but in one instance, at least, an agent, chloroform

vapour, which stops the action of the freshly excised heart of a frog, arrests also

* Phil. Trans. 1858, p. 690, where will he fouud other valuable observations on the

effect of external agents on ciliary action.
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the ciliary motion. Something, moreover, may depend on the facility or difficulty

with which the tissues permit the narcotic fluid to penetrate, which circumstance
must needs influence the rapidity and extent of its operation. Again, we see

differences in the mode in which the cilia themselves are affected by the same
agent : thus, fresh water instantly arrests their motion in certain cases, while it

has no such effect in others.

The existence of \'ibrating cilia on the spores and other parts of certain crypto-

gamic vegetables may perhaps be considered to afford an argument on the
opposite side ; but it is by no means proved that the sensible motions of plants
(such, at least, as are not purely physical), and those of animals, do not depend
on one common vital property.

PIGMENT.

Fig. 26.

The cells of the cuticle, and of other epithelial structures, sometimes
contain a black or bro^\^l matter, which gives a dark colour to the parts

over Avhich the cells are spread. A well-marked example of such
j)igmented cells in the human body is atforded by the black coating
which lines the choroid membrane of the eye, and covers the posterior

surface of the iris. Pigment is also met with in certain cells of the

investing membrane (pia mater) of the spinal cord, in the membranous
labyrinth of the ear, and (with brownish yellow pigment) on the olfactory

region of the nose.

The pigment, strictly so called, which is contained within the cells,

consists of black or brown granules

or molecules of a round or oblong
shape, and almost too small for exact

measurement. These molecules are

densely packed together in some
cells ; in others they are more scat-

tered, and then it may be seen that

there is a certain amount of colour-

less matter included along with
them. When they escape from the

ruptured cells, they exhibit very

strikingly the " Bro^vnian " mole-
cular movement ; and in conse-

quence of this movement the ap-

parent figure of the particles is sub-

ject to change. It is worthy of

remark, that when viewed singly

with a very high magnifying power
they look transparent and almost
colourless, and it is only when they
are heaped together that their blackness distinctly appears. The
nucleus is colourless, but is very generally hidden from view by the

black particles.

The dark colour of the negro is known to have its seat in the cuticle,

and chiefly in the deeper and softer part named the rete mucosum. It

is caused by dark-brown colouring matter within the cells, either diffused

through their substance or in form of granules—usually more densely

aggregated round the nucleus. The dark parts of the European skin

owe their colour and its different shades to the presence of pigment
granules in the cells in diflferent proportions. Lastly, it cannot be

K 2

Fig. 26.

—

Pigmented Ei'iTHELiu-M Cklls
FROM THE Choroid ; magnified 370
DIAMETERS (Henle).

A, cells still cohering, seen on their

surf.ace ; a, nucleus indistinctly seen.

In the other cells the nucleus is con-

cealed by the pigment granules.

B, two cells seen in profile ; a, the

outer or posterior part containing scarcely

any pigment.



52 CONNECTIVE TISSUE.

Fis.

doubted, that in both the coloured and white races, the colouring matter

of the skin is the same in its essential nature

us that of the choroid. In Albino individuals,,

both negro and European, in whom the black

matter of the choroid is wanting, the cuticle and
the hair are colourless also.

In some situations the pigment is met with

in enlarged and irregularly branched corpuscles

which belong to the connective tissue. Such rami-

fied cells are very common in many animals.

In the human body cells of this description are

found in the dark tissue on the outer surface of

the choroid coat, lamina fusca (fig. 27, a a),

and on the pia mater covering the upper part of

the spinal cord. The condition of the pigment
in the hairs will be afterwards noticed.

When the cuticle of the negro is removed by
means of a blister, it is renewed again of its

original dark hue ; but if the skin be destroyed

to any considerable depth, as by a severe burn,

the resulting scar remains long white, though it

at length acquires a dark colour.

i'ig. -]'.—IvAMiFiED Cells,

tkoji the tissue of the
Choroid Coat of the
Eye ; magnified 350
DIAMETERS (Kolliker).

a, cells with pigment

;

h, colourless fusiform cells.

Composition.—Examined chemically, the black matter is found to be in-

soluble in cold and hot water, alcohol, ether, fixed and volatile oils, acetic and
diluted mineral acids. The pigment of the bullock's eye, when purified by boiling

in alcohol and ether, was found by Scherer to consist of .58"672 carbon, 5'i}(32

hydrogen, lo-768 nitrogen, and 2r.5y8 oxygen ; its proportion of carbon is thus

very large. Preceding chemists had obtained from its ashes oxide of iron,

chloride of sodium, lime, and phosphate of lime.

Uses.—In the eye the black matter seems obviously intended to absorb re-

dundant light, and accordingly its absence in Albinos is attended with a difficulty

of bearing a light of considerable brightness. Its uses in other situations are not.

so apparent. The pigment of the cuticle, it has been supposed, may screen the

subjacent cutis from the pungency of the sun's rays, but in many animals the

pigment is not only employed to variegate the surface of the body, but attaches

itself to deep-seated parts. Thus, in the frog the branches and twigs of the

blood-vessels are speckled over with it, and in many fish it imparts a black colour

to the peritoneum and other internal membranes.

CONlSrECTIVE TISSUE.

This substance consists of fibres of two kinds, more or less amorphous
matter, and peculiar corpuscles. By means of its fibres it serves in the

animal body as a bond of connection of different parts ; also as a

covering or investment to different organs, not only protecting them
outwardly, but, in many cases entering into their structure and con-

necting and supporting their component parts. The corpuscles, on the

other hand, are destined for other than mechanical purposes ; they

appear to be essentially concerned in the nutrition and reparation of

tissues.

Three principal modifications or varieties of connective tissue have
long been recognised, consisting of the same structural elements, but in

widely different proportions, and thereby exhibiting a diflFerencein their

grosser or more obvious characters and physical properties. They are
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kno\vn as the areolar (including the fat), the fibrous, and the elasfic

tissues, and will be now severally treated of. Without disregarding the
alliance of cartilage and bone to the connective tissues, we shall not,

in imitation of some respected authorities, include them in the same
group ; but there remain cercani forms of tissue, occurring locally, or
met with as constituents of other textures, which properly belong to
this head, and will be briefly considered in a separate section as sub-
ordinate varieties of connective tissue.

CartiLage and bone are included in the group of connective tis^sues or connec-
tive substances by several eminent Gennan histologists. and present undoubted
points of relationship with these tissues, both in their nature and the general
purpose which they serve in the animal frame. Thus, yellow cartilage shows an
immistakable transition to elastic connective tissue, as fibro-cartilage does, even
more decidedly, to white fibrous tissue. Moreover, the animal basis of bone
agrees entirely in chemical composition, and in many points of stmcture, with
the last-named tissue. Stm, when it is considered that cartilage, in its tj-pical

form, consists of a quite different chemical substance, chondrin. and that bone is

characterised by an impregnation of earthy salts, it seems more consistent with
the jiiu-pose of histological description to recognise cartilage and bone as inde-

pendent tissues. As to their community of oiigin, little stress need be laid on it

as a basis of classification, seeing that the origin of blood-vessels, nerves, and
muscles, may be traced up to protoplasm-cells, to all appearance similar to those
that give rise to the connective tissues, and belonging to the same embryonic
layer.

THE AEEOLAR TISSUE.

Distribution and arrangement.—If we make a cut through the
skin and proceed to raise it from the subjacent parts, we observe
that it is loosely connected to them by a soft filamentous substance,

of considerable tenacity and elasticit}^ and having, when free fi'om

fat, a white fleecy aspect ; this is the substance known by the names
of "cellular," " areolar," "filamentous," " connective," and "reticular"
tissue ; it used formerly to be commonly called " cellular mem-
brane." In like manner the areolar tissue is found underneath the

serous and mucous membranes which are spread over various internal

surfaces, and serves to attach those membranes to the parts which
they line or invest ; and as under the skin it is named " sub-
cutaneous," so in the last-mentioned situations it is called " sub-

serous " and " submucous " areolar tissue. But on proceeding further

we find this substance lying between the muscles, the blood-vessels, and
other deep-seated parts, occupying, in short, the intervals between the
different organs of the body where they are not otherwise insulated, and
thence named " intermediate ; " very generally, also, it becomes more
consistent and membranous immediately around these organs, and,
under the name of the " investing " areolar tissue, affords each of them
a special sheath. It thus forms inclosing sheaths for the muscles, the
nerves, the blood-vessels, and other parts. Whilst the areolar tissue

might thus be said in some sense both to connect and to insulate entire

organs, it also performs the same oflfice in regard to the finer parts of
which these organs are made up ; for this end it enters between the
fibres of the muscles, uniting them into bundles ; it connects the several

membranous layers of the hollow viscera, and binds together the lobes

and lobules of many compound glands ; it also accompanies the vessels

and nerves within these organs, following their branches nearly to their

finest divisions, and affording them support and protection. This portion
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of the areolar tissue has been named the " penetrating," " constituent,'*

or " parenchymal."

It thus appears that the areolar is one of the most general and most
extensively distributed of the tissues. It is, moreover, continuous^

throughout the body, and fi'om one region it may be traced without

interruption into any other, however distant ; a fact not without

interest in practical medicine, seeing that in this way dropsical waters,

air, blood, and urine, effused into the areolar tissues, and even the

matter of suppuration, when not confined in an abscess, may spread far

from the spot where they were first introduced or deposited.

On stretching out a portion of areolar tissue by drawing gently asunder

the parts between which it lies, it presents an appearance to the naked
eye of a multitude of fine, soft, and somewhat elastic threads, quite trans-:

parent and colourless, like spun glass ; these are intermixed with fine

transparent films, or delicate membranous lamina3, and both threads and

laminee cross one another irregularly and in all imaginable directions

leaving open interstices or areola between them. These meshes are»

of course, more apparent when the tissue is thus stretched out ; it is

plain also that they are not closed cells, as the term " cellular tissue
"

might seem to imply, but merely interspaces, which open freely into one

another : many of them are occupied by the fat, which, however, does

not lie loose in the areolar spaces, but is enclosed in its own vesicles.

A small quantity of colourless transparent fluid is also present in the

areolar tissue, but, in health, not more than is sufficient to moisten it.

This fluid is generally said to be of the nature of scrum ; but it is not

improbable that, unless when unduly increased in quantity or altered

in nature by disease, it may resemble more the liquor sanguinis, as is.

the case with the fluid of most of the serous membranes.
On comparing the areolar tissue of different parts, it is observed in

some to be more loose and open ni texture, in others more dense and
close, according as free movement or firm connection between parts

is to be provided for. In some situations, too, the laminae are more
numerous ; in others the filamentous structure predominates, or even

prevails exclusively ; but it does not seem necessary to designate these

varieties by particular names, as is sometimes done.

Fibres.—When examined under the microscope, the areolar tissue

is seen to be principally made up of exceedingly fine, transparent, and
apparently homogeneous filaments, from about -j-o^^oth to o^-^ooth of an
inch in thickness, or even less (fig. 28). These are seldom single, being

mostly united by means of a small and usually imperceptible quantity

of a homogeneous connecting substance into bundles and filamentous

laminse of various sizes, which to the naked eye, appear as simple

tlireads and films. Though the bundles may intersect in every direction,

the filaments of the same bundle run nearly parallel to each other, and
110 one filament is ever seen to divide into branches or to unite with

another. The associated filaments take an alternate bending or waving
course as they proceed along the bundle, but still maintain their general

parallelism. This wavy aspect, which is very characteristic of these

filaments, disappears on stretching the bundle, but returns again when
it is relaxed.

The filaments just described, though transparent when seen with
transmitted light under the microscope, appear white when col-

lected in considerable quantity and seen with reflected light ; and they
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not only occur in the areolar tissue strictly so called, but form the chief

part of the tendons, ligaments, and other white fibrous connectiYe

tissues. They were

long supposed to be Fig- 28.

the only fibrous con-

stituent existing in

the areolar tissue, but

it is now well known
that fibres of another

kind are intermixed

with them ; these

agree in all characters

and are obviously

identical with the

fibres of the yellow

elastic tissue, and
have accordingly been
named the yellow or

elastic fibres, to dis-

tinguish them from

the white or waved
filaments above de-

scribed.

In certain portions Fig. 2S. — Filaments of Areolar Tissue, in larger

of the areolar tissue, -^'d smaller bundles, as seen under a magnifving

as for instance in that ^«^'^^ *^^ ^^^ diameters.

which lies under the

serous and mucous membranes of particular regions, the yellow or elastic

fibres are abundant and large, so tkat they cannot well be OTerlooked ;

but in other i)arts they

are few in number, and Fi,

small, and are then in a

great measure hidden by
the white filaments ; in

such cases, however, they

can alw.iys be rendered

conspicuous under the

microscope by means of

acetic acid, which causes

the white filaments to

swell up and become in-

distinct, whilst the elastic

fibres, not being affected

by that re-agent, come
then more clearly into

view (fig. 29). More-
over, they resist the

action of boiling alka-

line solutions of potash
and soda, of moderate
strength, which very

S])eedily destroy the rest

of the tissue. Under the

29.

Fig. 29.— Magnified View of Areolar Tissue
(from different parts) treated with Acetio
Acid.

The white filaments are no longer seen, and the
yellow or elastic fibres with the nuclei come into view.
At c, a bundle of white fibres, which is swollen out by
the effect of the acid, and presents a number of con-

stricting bands as described in the text.
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Fis. 30.

microscope the elastic fibres appear transparent and colonrless, with a

strong, well-defined, dark outline. They are further remarkable for

their tendency to curl up, especially at their broken ends, which gives

them a very peculiar aspect ; and in many parts of the areolar tissue

they divide into branches and join or anastomose with one another,

in the same manner as in the pure elastic tissue (a). They differ among
themselves very widely in size, some being as fine as the white fila-

ments, others many times larger.

The elastic fibres lie. for the most part, without order, among the bundles of

white filaments ; but here and there we see what appears to be an elastic fibre

winding round one of these bundles, and encircling it with several spiral turns.

AVhen acetic acid is applied, the fasciculus swells out between the constricting

turns of the winding fibre, and iDresents a highly characteristic apjiearance (c).

This remarkable disposition of the elastic fibres, which was pointed out by Henle,

is not uncommon in certain parts of the areolar tissue ; it niay be alwaj's seen

in that which accompanies the arteries at the base of the brain. It must be
observed, however, that the encircling fibre sometimes fonns not a continuous
spiral, but several separate rings ; moreover, the whole aispearance may be
explained on the supposition that the bundles in question are naturally invested

with a delicate sheath, which, like the elastic tissue, resists acetic acid, but,

on the swelling up of the bundle under the operation of that agent, is rent into

shreds or segments, mostly annular or spiral, which cause the constrictions. Indeed,

some bundles have been shown to possess such a sheath, made uji of flattened

cells (Ranvier, Key and Retzius).

Moreover, the union of branches of

the coi-jiuscles (to be immediately
noticed) around a bundle may, in

some instances, be the cause of the

appearo.nce (KoUiker).

A very different view of the struc-

ture of areolar tissue from that

here stated was taken by Reichert,

and adopted by Virchow. Donders,

and other distinguished histologists.

According to this view the apparent

bundles consist of a substance in

reality amorjihous or homogeneous,
and its seeming fibrillation is partly

artificial, tlie result of cleavage, and
partly an optical illusion, arising

from creasing or folding. In point

of fact, however, the bundles readily

separate into fibrils after exposure

to dilute solutions of chromic acid,

or to lime-water, or to barji;a-water,

by which the uniting matter is dis-

solved ; so that there can be no
doubt of their truly fibrillar struc-

ture. At the same time it is not

denied that immature fasciculi may
l^robably occiir, in which the fibril-

lation is incomplete.
NECTivE Tissue

SUBCUTANFOUS CoN-

YouNG Guinea-pig.
Magnified 350 diameters.

d, branched corpviscle ; e, flattened cor-

puscle
; [/, granular corpuscle

; /, fibrillateil

cell ; I, I, leucocytes or migratory cells.

Ground-substance and
Corpuscles.—The fibrils are,

as before said, united into the

small bundles and laminae which are visible to the naked eye by
means of a variable amount of homogeneous cementing matter or
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Fig. ol.

—

Ramified Conxective-tissue Cor-
puscles FROM SrXOVIAIi ilEMBRANE. 250
DIAMETERS.

groimd-substance, which also covers the surface of the bundles. In
this substance lie the cellular elements of the tissue, the con-

nedive-Ussue corpuscles (figs.

30, 31). These bodies, which Fig- SI.

are of a protoplasmic nature,

are commonly of a flattened

form and not unfrequently have

processes which ramify in the

tissue and may anastomose
with branches from neighbour-

ing corpuscles (fig. 31). The
cells have each a clear round
or oval nucleus, containing

one or more nucleoli : occa-

sionally two nuclei are to be

seen in a cell. Besides pre-

senting considerable variations

in size and shape the corpus-

cles also exhibit differences in

the character of their proto-

plasm (see fig. 30), which in

some is coarsely granular in

appearance, in others finely

granular, or even perfectly clear

and pellucid, with a few coarse

granules scattered in it here

and there, whilst in others

again there is a distinct appearance of striation or fibrillation within
the cell ; but these dilFereaces have hardly as yet been sufficiently

investigated.

The cells (with their pro-

cesses) occupy spaces in the

ground - substance which
they more or less com-
pletely fill, and which there-

fore closely correspond to

the corpuscles themselves in

size and form, and in their

branching and intercommu-
nication. These cell-spaccs

(Saftcaniilchen, Reckling-

hausen) are brought into

view by treating the tissue

with a solution of nitrate of

silver and subsequently ex-

posing it to the light, by
which the ground-substance and fibrils of the tissue are stained of
a uniform brown tint, whereas the protoplasm of the cells remains
unstained, and the cell-spaces consequently appear white (fig. 32).*

* In tlie cai3e of the pigment-cells of the frog's skin previously noticed (pp. 12, 13), it

is probable tliat tbe clear, branched figiu'e which renaains after the shrinking of the pig-
mented matter, is the outline of the cdl-space, which was previously tilled by the cell-

substance. (Sharpey.)

Fig. l>2.—Cell-Sp.^ces uF

XECTIVE-TISSLE, NiXRATE
TION. 340 DIAMETERS.

SuiicuTAXEous Con
OF Silver Prepara-
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In some parts of the tissue, and especially on the surface of the

laminge, patches of cells are here and there to be found which present

an epithelioid appearance in silver preparations, the cells being much
flattened, and joined edge to edge, with but a small amount of

intercellular or ground substance between them, like the layer on the

inner surface of a serous membrane. The cells at the margin of such a

patch, however, commonly have processes at their free border, and every

transition is found between these epithelioid cells and the ordinary

branched and irregular cells of the tissue.

Corpuscles of a fusiform shape are not so common in the adult as

was at one time supposed ; the appearance being generally produced by
flattened cells seen edgewise.

The connective-tissue corpuscles are for the most part considerably

larger than the pale blood-corpuscles (which are also to be found

in the tissue (fig. oO, /), having probably escaped from the vessels), and
do not, like these, exhibit active movements of locomotion, the motions
which have been observed in them consisting merely of slow protrusion

and retraction of processes or straining movements of the protoplasm
composing them.

Vessels and ITerves.—Numerous hlood-vcssels are seen in the

areolar tissue after a minute injection. These for the most part only

pass through it on their way to other more vascular textures, but a few
seem to end in capillaries destined for the tissue itself, and dense
clusters of vessels are distributed to the fat-lobules. Large lymphatic

vessels proceeding to distant parts also pass along this texture, and
abundant lymphatic networks may be discovered in many parts of

the subcutaneous, subserous, and submucous areolar tissue, having
evident relation to tlie function of the membranes under which they

lie. A close connection subsists between the cells of the areolar tissue

and the commencements of the lymphatics ; for the flattened cells which
form the walls of the latter vessels are in contact with, and pass into,

the connective-tissue corpuscles of the tissue in which they lie. In
this manner the cell-spaces of the connective tissue are brought into

intimate relation with the lymphatics, and tlie latter vessels may, in a

certain sense, be described as originating in the net-work of cell-spaces

which the tissue commonly contains. Absorption readily takes place

from the interstices of the texture, but that process may be effected

through the agency of blood-vessels as well as of lymphatics.

Larger and smaller branches of nerves also traverse this tissue on
their way to other parts ; but it has not been shown that any remain
in it, and accordingly it may be cut in a living animal apparently with-
out giving pain, except when the instrument meets with any of these

traversing branches. It is not improbable, however, that nerves end
in those parts of the areolar tissue, which, like that of the scrotum,
contain contractile fibres ; but, if present in such cases, the nerves, like

the vessels of the fat, are, after all, destined not to the areolar tissue

but to another mixed with it.

Composition and Properties.—The areolar tissue contains a con-
siderable quantity of water, and consequently loses much of its weight
by diying. It is almost wholly resolved into gelatin by boiling in

water. Acetic acid causes it, that is, the bundles of white fibrils, to

swell up into a soft, transparent, jelly-like mass ; but the original

condition may be restored by a solution of an alkaline carbonate.
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The physical properties of this texture have been sufficiently indicated

in the foreo-oing description ; also its want of sensibility. The vital

contractility ascribed to certain portions of it is most probably due to

the presence of muscular tissue.

Regeneration.—AYith the exception of the epithelium, no tissue

is so readily regenerated as the areolar. It is formed in the healing

of Tvounds and in the adhesion of inflamed surfaces. It is produced

also in many morbid growths.

ADIPOSE TISSUE.

The human body in the healthy state contains a considerable amount

of fatty matter of different kinds. Fat, as has been already stated, is

found m the blood and chyle, and in the lymph, but much more

sparingly. It exists, too, in several of the secretions, in some consti-

tuting'the chief ingredient ; and in one or other of its modifications it

enters into the composition of certain solid textures. But by far

the greater part of the fat of the body is inclosed in small cells or

vesicles, which, together with their contained matter, constitute the

adipose tissue.

Distribution.—This tissue is not confined to any one region or

organ, but exists very generally throughout the body, accompanying

the still more widely distributed areolar

tissue in most though not in all parts in Fig- 33.

which the latter is found. Still its dis-

tribution is not uniform, and there are

certain situations in which it is collected

more abundantly. It forms a consider-

able layer underneath the skin, and,

together with the subcutaneous areolar

tissue in which it is lodged, constitutes

in this situation what has been called

thepanmculKS aclijwsi/s. It is collected

in large quantity round certain internal

parts, especially the kidneys. It is seen

filling up the furrows on the surface

of the heart, and imbedding the vessels

of that organ underneath its serous

covering; and in various other situa-

tions it is deposited beneath the serous

membranes, or is collected between
their folds, as in the mesentery and
omentum, at first generally gathering

along the course of the blood-vessels and
at length accumulating very copiously.

Collections of fat are also common I'ouud

the joints, lying on the outer surftice of

the synovial membrane, and filling up
inequalities ; in many cases lodged, like

the fat of the omentum, in folds of the

membrane,which project into the articular

cavity. Lastly, the fat exists in large quantity in the marrow of bones.

On the other hand, there are some parts in which fat is never found

Fig. 33.

—

Loose Areolar Tissue

WITH Fat-Cells ; of Man. (K61-

liker.)
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iu the healthy condition of the body. Thus it does not exist in the sub-

cutaneous areolar tissue of the eyelids and i^euis, nor in the lungs,

nor within the cavity of the cranium.

Structure.—When subjected to the microscope, the adipose tissue

(fig. 33) is seen to consist of small vesicles, tilled with an oily matter,

and for the most part lodged in the meshes of tlie areolar tissue. The
vesicles are most commonly collected into little lobular clusters, and
these again into the little lumps of fat which we see with the naked eye,

and which in some parts are aggregated into round or irregular masses of

considerable magnitude. Sometimes the vesicles, though grouped
together, have less of a clustered arrangement ; as when they collect

alongside of the minute blood-vessels of thin membranous parts.

In well-nourished bodies the vesicles or fat-cells are round or oval,

unless where packed closely together, in

Avhich case they acquire an angular figure,

and bear a striking resemblance to the cells

of ve2;etable tissues. The o'reater number of

Fie. 34.

them are from -r^th to g^th of an inch

in diameter, but many exceed or fall short

of this measurement. Each one consists of

a very delicate envelope, inclosing the oily

matter, which, completely filling the enve-

lope, appears as a single drop.

A nucleus is commonly present (fig. 34),

but is usually obscured by the fatty matter.

The envelope is the remains of the original

protoplasm of the cmbrj'onic cell : it is gen-

erally quite transparent and apparently

homogeneous in structure. According to

some EtLithorities it consists of two parts,

a delicate structureless external membrane,
and a layer of finely granular protoplasm

immediately surrounding the fat.

ig. 34.

—

Fat Cells from
Rabbits' Omentum, showing
Nucleus and Pkotoplasmic
Envelope, avith supporting
Areolar Tissue between
the Cells (Kleiii).

Such is the normal condition, but in emaciated, dropsical, and old persons, the
oily contents of the cells may become wholly or partially removed, in which case

serous fluid may be found occupying its place, and then too the nucleus becomes
apparent.

The common fat of the human body consists essentially of palmitm, steai-in

and olein, which are the compounds of glycerine with palmitic, stearic and oleic

acids respectively. These compounds, which are considered to be glycerine-

ethers, contain three equivalents of the fatty acid to each equivalent of glyce-

rine ; they have hence been termed tri-palmitin, tri-stearin, and tri-olein.

The tri-olein, or liquid fat, holds the other two in solution : and the varying
consistency of animal fats depends on the relative proportion of the solid and
liquid ingredients. Dm'ing life the oily matter contained in the cells is liquid

;

but the acicular crystalline spots whicli are sometimes seen after death indicate

a partial solidification of one of its constituents.

The fat being thus contained in closed cells, it will be readily understood why,
though liquid or nearly so in the living Ijody, it does not sliift its place in
obedience to pressure or gTavitation. as happens with the water of dropsy and
other fluids effused into the interstices of the areolar tissue : such fluids, being
uncoufined, of course readily pass from one place to another through the open
meshes.

The areolar tissue connects and surrounds the larger lumps of fixt.
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but forms no special envelope to the smaller clusters ; and although
fine fasciculi and filaments of that tissue pass irregularly over and
through the clusters, yet it is probable that the vesicles are held
together in these groups mainly by the fine network of capillary vessels

distributed to them. In the marrow the connective tissue is very
scanty ; indeed, the fat-cells in some parts of the bones are said to be
altogether unaccompanied by connective filaments.

The adipose tissue is copiously supplied with blood-vessels. The
larger branches of these pass into the fat-lumps, where they run between
the lobules and subdivide, till at length a little artery and vein are sent
to each small lobule, dividing into a network of capillary vessels, which
not only surrounds the cluster externally, but passes through between
the vesicles in all directions, supporting and connecting them. The
lymphatics of the fat are in close relation to the blood-vessels,

accompanying and occasionally completely enclosing them, as they
enter the lobule. No nerves have been seen to terminate in this tissue,

although nerves destined for other textures may pass through it.

Accordingly it has been observed that, unless when such traversing
nervous twigs happen to be encountered, a puncturing instrument may
be carried through the adipose tissue without occasioning pain.

Uses and Amount.—As to the uses of the fatty tissue, it may be observed, in
the first place, that it serves the merely mechanical pui-pose of a light, soft,

and elastic packing material to fill vacuities in the body. Being thus deposited

between and around different organs, it affords them support, facilitates motion,
and protects them from the injurious effects of pressui-e. In this wa}% too, it

gives to the exterior of the body its smooth, rounded contoui". Fuilher, being a
bad conductor of heat, the subcutaneous fat must so far seiTe as a means of
retaining the warmth of the body, especially in wann-blooded creatures exposed
to great external cold, as the whale and other cetaceous animals, in which it

fomis a very thick stratum.

But the most important use of the fat is in the process of nutrition. Com-
posed chiefly of carbon and hydrogen, it is absorbed into the blood and consumed
in respiration, combining with oxygen to fomi carbonic acid and water, and thus
contributing Avith other hydrocarbonous matters to . maintain the heat of the
body ; and it is supposed that when the digestive process introduces into the
system more carbon and hj-drogen than is requii'ed for immediate consumption,
the excess of those elements is stored up in the form of fat, to become available

for use when the expenditure exceeds tlie immediate supply. According to this

Anew, active muscular exercise, which increases the respiration, tends to prevent the
accumulation of fat by increasing the consumption of the hychocaibonous matter
introduced into the body. Again, when the direct supply of calorific matter for

respiration is diminished or cut off by AA'ithholding food, or by inteiTuption of the
digestive process, nature has recourse to that which has been reserved in the
fonn of fat ; and in the wasting of the body caused by starvation, the fat is the
part fii'st consumed.
The use of the fat in nutrition is well illustrated by what occiu's in the hedge-

hog and some other hybernating animals. In these the function of alimentation
is suspended diuing their AA-inter sleep ; and though their respuvition is reduced
to the lowest amount comi^atible with life, and their temperatui-e falls, there is

yet a considerable amount of hydi-ocarbonous material provided in the shape of
fat, before theii- hybernation commences, to be slowly consumed during that
period, or perhaps to afford an immediate supply on then- respiration becoming
again active in spring.

It has been estimated that the mean quantity of fat in the human subject is

about one-tw^entieth of the weight of the body, but from Avhat has been said,

it is plain that the amount must be subject to gi-eat fluctuation. The proportion
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is usually largest about the middle iieriod of life, and greatly diminishes in old

age. High feeding, repose of mind and body, and much sleep, favour the pro-

duction of fat. 'To these causes must be added individual and perhaps hereditary

pretlisposition. There is a greater tendency to fatness in females than males ;

also, it is said, in eunuchs. Tlie effect of castration in promoting the fattening

of domestic animals is well known.
In infancy and childhood the fat is confined chiefly to the subcutaneous tissue.

In after-life it is more equally distributed through the hody, and in i3roportion-

ately gi'eater quantity about the viscera. In Hottentot females fat accumulates

over the gluteal muscles, fonning a considerable prominence : and. in a less

degree, over the deltoid. A tendency to local accumulations of the subcutaneous

fat is known to exist also in particular races of quadrupeds.

Development.—According to Valentin the fat fir.st appears in the

human embryo about the fourteenth week of intra-uterine life. It is

deposited in the form of minute granules or droplets in certain cells

of the connective tissue (fig. 35./,/'): these droplets increase in size

Fig. 35.

—

Development of Fat in Cells op Subcutaneous Connective Tissue op

NEW-BORN Rat. About 350 diajieters.

/, /', cells containing fat globules ; in /', the nucleus is visible
; fhr, fibrillated cell ;

<7, granular corpuscle ; ?, leucocyte ; r, vacuolated cell ; n, n', n", n'", haemapoietic

cells ; c, capillary blood-vessel ; c', developing capillary. The fibrils of the tissue are

omitted for the sake of clearness.

and eventually run together so as to form one large drop in each cell.

By further deposition this comes to be considerably larger than the

original cell, the protoplasm of which remains as a delicate envelope

surrounding the fat-drop. By the end of the fifth month the fat-cells

have largely increased in number, and have become collected into

small groups. Like the other cells of the areolar tissue, the fat-cells in

their early state contain a nucleus, but this, as already stated, becomes
afterwards hidden from view.

The deposit of fat within the cells is preceded and accompanied by

the formation of a rich network of capillary blood-vessels, which are

produced by a transformation of other cells of the tissue in the manner
to be afterwards described.
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riBROUS TISSUE.

Bistribution.—This s-vibstance is one of those which are serviceable

in the body chiefl}' on account of their mechanical properties, being em-
I^loyed to connect together or to support and protect other parts. It is

met with in the form of ligaments, connecting the bones together at the

joints ; it forms the tendons of muscles, into which their fleshy fibres

are inserted, and which serve to attach these fibres to the bones. In its

investing and protecting character it assumes the membranous form,

and constitutes a class of membranes termed " fibrous." Examples of

these are seen in the periosteum and perichondrium which cover the

bones and cartilages, in the dura mater which lines the skull and pro-

tects the brain, and the fibrous layer which strengthens the pericardium,

also in the albugineous coat of the testicle, and the sclerotic coat of the

eye, which inclose the tender internal parts of these organs. Fibrous
membranes, named " aponeuroses " or " fascia," are also employed to

envelope and bind down the muscles of different regions, of which the

great fascia inclosing the muscles of the thigh and leg is a well-known
example. The tendons of muscles, too, may assume the expanded form
of aponeuroses, as those of the broad muscles of the abdomen, which
form strong fibrous layers in the walls of that cavity and add to their

strength. It thus appears that the fibrous tissue presents itself under
two principal forms, t\\Q fascicular and the membranous.
Physical Properties.—The fibrous tissue is white or yellowish white,

with a shining, silvery, or nacreous aspect. It is exceedingly strong
and tough, yet perfectly pliant ; but it is almost devoid of extensibility.

By these qualities it is admirably suited to the purposes to which it is

applied in the animal frame. By its inextensible character it maintains
in apposition the parts which it connects against any severing force short

of that sufficient to cause actual rupture, and this is resisted by its

great strength, whilst its flexibility permits of easy motion. Accord-
ingly the ligaments and tendons do not sensibly yield to extension in

the strongest muscular efforts ; and though they sometimes snap
asunder, it is well known that bones will break more readily than ten-

dons of equal thickness. The fibrous membranes are proportionafly

strong and alike inextensible ; they will gradually yield, it is true,

when the extending force acts slowly and for a long time, as when
tumours or fluids slowly gather beneath them ; but perhaps this gradual
extension is accompanied with some nutritive change affecting the pro-

perties of the tissue.

Structure.—The fibrous tissue is made up of fine filaments, agree-

ing in all respects with the white filaments of the areolar tissue already

described. Like these they are collected into bundles, in which they
run parallel and exhibit the same wavy character, cohering very
intimately. The bundles appear to the naked eye as fine shining threads

or narrow flattened bands, for they vary greatly in thickness. They
either run all in one direction as in long tendons, or intersect each
other in different planes as in some aponeuroses, or they take various
directions and decussate irregularly with each other as in the dura
mater. And when they run parallel to each other, as in tendon, they
do not keep separate throughout their length, but send off" slips to join

neighbouring bundles and receive the hke in turn ; so that successive
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cross sections of a tendon or ligament present different figures of the

sectional areas of the bundles. A sheath of dense areolar tissue covers

the tendons and ligaments on the outside, and a variable amount of the

same tissue lies between the larger fasciculi ; little in tendons, more in

some fibrous membranes.
The surface of a tendon or of any other part consisting of this

texture, appears marked across the direction of the fasciculi with

alternate light and dark streaks, which give it a peculiar aspect, not
unlike that of a

Fig- 36. watered ribbon.

This appearance

is owing to the

wa^^ course of the

filaments, for when
the light falls on
them their bend-

ings naturally give

rise to alternate

lights and
Q K\ o ri ATirc

Fig. 86.

—

Tendon of Mouse's Tail, stained avith Loa- , „ '
'

^ _ ^
WOOD ; SHOWING CHAINS OF CeLLS BETWEEN THE TeNDON- ^^ ^ Very UUe

Bundles. 175 diameters. tendon, such as

those in the tail

of the mouse or rat, or a portion only of a larger one, is examined
under the microscope in an indifferent fluid, and a little dilute acetic

acid is cautiously added, the filaments are seen to swell up and become
indistinct, and the. acid discloses the existence of chains of oblong flat-

tened cells lying between the tendon-bundles (fig. 36). These cells,

Fig. 37.

Fig. 37.

—

Eight Cells from the same Tendon as repkesented in Fig. 36.

425 diameters.

The nuclei, with their numerous nucleoli, were deeply coloured by the logwood.

which are represented more highly magnified in fig. 37, agree, in

almost every point except in shape, with the connective-tissue cor-

puscles previously described : each consists of a delicate protoplasmic

body, thicker at the centre than at the sides, and containing a more
or less flattened, round, or oval clear nucleus, with several nucleoli.

The ends of adjacent cells are in close apposition, so as to form, as

before noticed, long chains of cells in the tendon, and the nucleus

is generally so situated towards one end of the cell as to be in close

proximity to the nucleus of an adjacent cell ; they thus present the

appearance of being arranged in pairs. Here and there a third nucleus,

with a small amount of protoplasm, may be seen interpolated ])etween

two such cells (fig. 3G). The rows of cells lie flattened against the

tendon-bundles, the middle of each cell lying in the angular space

between three or more bundles and a lamellar prolongation extends
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Fi-. 38.

from this into the interstice between each two contiguous bundles

:

this arrangement will be evident on study of the transverse section

(fig. 38). On the flat surface of the cells

lines are commonly seen running in a

longitudinal direction (fig. 37): these are

not to be regarded as due either to creases

in the cells, or to the presence of an
" elastic stripe " as conceived by Boll, but

are merely the optical sections of such

lamellar extensions as are directed either

towards or away from the observer.* At
their edges the lamellfB gradually fade off"

as they pass between the tendon-bundles :

the latter are not completely enclosed

by the cells, as was at first supposed by
Kanvier, to whom the merit of the dis-

covery of these flattened cellular elements

belongs, f
Treatment Avith nitrate of silver solu-

tion brings into view corresponding

spaces (fig. 39), which commonly appear
somewhat larger than the cells them-
selves, with which, however, in general

form and arrangement they in the main
coincide.

Fi-. 30.

Fig. 33.

—

Transverse Skction of

Tendon op Mouse's Tail stained
WITH Logwood. 175 diameters.

Tlie flattened processes of tlie

tendou-cells (which are stained

deeply by logwood) appear in sec-

tion as lines, frequently coming
off at right angles from the body
of the cell. The bundles of fibres

are not represented ; they are very

irregular, and but incompletely

separated by the cell-processes.

Fig. 39.

—

Cell Spaces of Tendon of Mouse's Tail, brought into view by treatment
WITH Nitrate op Silver. 175 diameters.

The fibrous and areolar tissues thus agreeing in their ultimate

structure, it is not to be wondered at that sometimes the limits between

the two should be but ill-defined, and that the one should pass by
inconspicuous gradations into the other. Instances of such a transition

may be seen in many of the fasciae : these at certain parts consist of

dense areolar tissue, but on being traced farther are seen gradually to

take on the fibrous character ; and fasciae, which in one body consist of

areolar tissue, may be decidedly fibrous in another.

In chemical constitution also the fibrous tissue is similar to the

areolar. It contains about two-thirds of its weight of water; it

becomes transparent and hard, when dried, but readily imbibes water

* From an article received since the above was in type, it would appear that

Ranvier has also, from a further study of the subject, arrived at a similar conclusion

(Arch, de Phys. No. 2, 1874).

t Arch, de Physiologic, 1S(J9.

VOL. II. F
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again and regains its original properties. It is resolved into gelatin

by boiling.

Vessels and Nerves.—The fibrous tissue receives tlood-vessels, but

in general they are inconsiderable both in number and size compared

with the mass of tissue to vrhich they belong. In tendons and liga-

ments Avith longitudinal fasciculi, the chief branches of the vessels run

parallel with and between the larger fasciculi, aud, sending communi-
cating branches across them, eventually form a very open network with

large oblong meshes. Some fibrous membranes, as the periosteum and

dura mater, are much more vascular; but the vessels seen in these

membranes do not strictly belong to them, being destined for the bones

which they cover.

Lijmplmfics are contained in great abundance, as Ludwig and

Schweigger-Seidel'"-' have shown, ni the enveloping areolar-tissue

sheatlis of tendons and aponeuroses, where they form plexuses with

polygonal meshes. In addition to these a close net-work of lymphatic

vessels with elongated meshes may be injected in the deeper parts of the

tendons. A connection no doubt subsists between these lymphatics

and the cell-spaces of the fibrous structures : and it has been suggested,

with great probability, that those of the tendons are largely concerned

in the removal of matters derived from the attached muscles, in which

the existence of h^mphatic plexuses has not hitherto been established.

As to n/rves, their existence in tendons and ligaments has not been

satisfactorily demonstrated by anatomical investigation. The fascia

and the sheaths of tendous are also destitute of nerves. On the other

hand, fine nerves have been traced in the interosseous membrane
of the leg, and nervous filaments are even abundant in the periosteum,

but the majority of them do not belong to the membrane itself, but are

destined for the subjacent bone. Nerves have also been traced in the

dura mater ; some accompany the vessels, others appear destined for

the membrane itself, and others again for the bones.

It has been proved by numerous observations and experiments, that

the tendons and ligaments are, in the healthy state, quite insensible ;

but then it is known, on the other hand, that they occasion severe pain

when inflamed, which cannot well be accounted for on the supposition

that they are entirely destitute of nerves. Bicliat, while he admitted

their insensibility to cutting, burning, and most other kinds of stimuli

which cause pain in sensible textures, ascribed to them a peculiar sensi-

bility to twisting or to violent traction, and this opinion has been

supported by other authorities of weight, but the proofs of it are not

clear.

Kegeneration.— Fibrous tissue readily heals and unites when
divided, as is seen in cases of broken tendo Achillis. It is very generally

produced as a uniting medium of broken Itones when osseous union

fails to take place ; and is common as a diseased production in various

kinds of tumours.

YELLOW OR ELASTIC TISSUE.

Whilst the fibrous tissue is remarkable f(ir its want of extensibility,

and owes its usefulness as a constituent of the frame in a great measure

to that character, the substance we have now to consider possesses this

* Die Lymiiligefasse der Fascicen unci Schnfjn. Leipzig, 1870.
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property in a very high degree, and is employed wherever an extensible

and highly elastic material is required in the animal structure.

Examples of this texture on a large scale are seen in the horse, ox,

elephant, and other large quadrupeds, in which it forms the great

elastic ligament, called lifiamentum nuclim, that extends from the spines

of the vertebrae to the occi[)ut, and aids in sustaining the head ; in the

same animals it also forms an elastic subcutaneous fascia, which is

spread over the muscles of the abdomen and assists in supporting the

contents of that cavity. In the human body it is met with chiefly in

the following situations, viz, :-—

1. Forming- the Ugamcnta suhffava, which extend between the arches of
adjacent vertebrae ; these ligaments, while they permit the bones to be drawn
apart in flexion of the body, aid in restoring and maintaining- their habitual ap-

IDroximation in the erect posture—so far. therefore, relieving the constant effort

of the erector muscles. There is. moreover, an obvious advantage in having an
elastic band in this situation, instead of an ordinary ligament. s\-hich would be
thrown into folds when the liones are approximated. 2. Constituting the chief

part of the stylohyoid, thjTohyoid. and cricothjToid ligaments, and those named
the vocal cords. Also extending, in fonn of longitudinal bands, underneath the
mucous membrane of the windpipe and its ramifications. 8. Entering, along
Tvith other textures, into the formation of the coats of the blood-vessels, esjie-

cially the arteries, and conferring clasticitj' on these tubes. 4. Beneath the
mucous membrane of the gullet and lower jiart of the rectiim, also in the tissue

which surrounds the muscular coat of the gullet externally. 5. In the tissue

which lies under the serous membranes in certain jaarts. G. In manj^ of the
fasciii3. where it is mixed with much areolar tissue. 7. Largely in the suspensory-

ligament and subcutaneous tissue of the penis. 8. In considerable quantity in

the tissue of the skin. 9. In the enclosing capsule and trabecular tissue of the
spleen.

The elastic tissue in its purest and most typical condition, such as is

seen in the ligamentum nuchaj of quadrupeds and the ligamenta sub-
flava of the human spine, has a yellow colour more or less decided ; it

is extensible and elastic in the highest degree, but is not so strong as

ordinary fibrous ligament, and it breaks across the direction of its

fibres when forcibly stretched. Its fibres may be easily torn separate

in a longitudinal direction ; they are often gathered into irregular

fasciculi which run side by side, but join at short distances by slips

with one another, and are further connected by areolar tissue, which is

always intermixed with them in greater or less quantity. Elastic liga-

ments are also covered outwardly with a sheath of areolar tissue.

When the elastic fibres are mixed up with a large proportion of some
other kind of tissue, their yellow colour may not appear, but they can
always be recognised by their microscopic characters. "When viewed
under a tolerably high magnifying power, they appear quite trans-

parent, with a remarkably well-defined dark outline (fig. 40). They
run side by side, following a somewhat bending course, but with bold
and wide curves, unlike the undulations of the white connective fila-

ments. As they proceed they divide into branches, and join or
anastomose together in a reticular manner. Elastic networks may be
composed of fine fibres with Avide meshes ; in other parts the elastic

fibres are larger and broader and the intervening spaces narrower, so
that the tissue may even acquire a lamellar character and present
the^ appearance of a homogeneous membrane, which may be either
entire, or with gaps or perforations at short intervals, in which case

F 2
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it constitutes the fenestrated membrane of Henle, found in the coats

of the blood-vessels. A remarkable character which elastic fibres ex-

hibit in many specimens, is their singular tendency to curl up at their

broken ends; and these ends are not
Fig. 40. pointed, but abruptly broken across.

Their size is very various ; the largest in

man are nearly ^^\j^th of an inch in

diameter, the smallest perhaps not more
than ^^Jy-j^th. In some varieties of the

tissue the larger sized fibres prevail

;

this is the case "R'ith the ligamenta
subflava, where their general diameter
is about -if^Vo^^^ of an inch ; in other

instances, as in the cliordjB vocales, they
are exceedingly fine. In some animals
elastic fibres are met Avith TjVoth of

an inch in thickness. Acetic acid pro-

duces no change on the elastic fibres,

while it speedily alters the wavy areolar

fibres that are usually intermixed with
them in greater or less number. They
also withstand boiling for a short time

in solutions containing ten to fifteen

per cent, of caustic potash or soda, by
which the white fibres and the corpus-

cles of connective tissue are speedily

destroyed.

Chemical Composition.—The elastic tissue, of course, contains

Avater. and loses much of its weight by drying ; but the proportion

is said not to be so great as in most other soft tissues. By very long

boiling it yields a substance in some points resembling gelatin, while

a portion, equal to rather more than the half, remains undissolved.

The gelatin, no doubt, comes from the intermixed areolar tissue ; but the dis-

solved matter is not pure gelatin, for it is precipitated by acetic acid, and by-

some other re-agents which do not distiirb a solution of pure gelatin. The nature

of the substance which remains undissolved has not been determined. Caustic

potash and soda have little effect on elastic tissue in the cold, and in weak solu-

tions even when hot. unless the ai:)plication is long continued ; boiling in concen-

trated solutions speedily dissolves it. It is soluble with the aid of heat in dilute

hydrochloric acid.

Vessels and Nerves.—The yellow ligaments, which contain this

tissue in its purest form, are but scantily supplied with vessels ; and no
nerves have been traced into them. We are not aware of any experi-

ments or observations as to their sensibility, but there is no reason for

supposing it to be greater than that of ordinary ligaments ; nor has

it been shown that structures containing this tissue possess vital con-

tractility, unless they also contain contractile fibres of another kind.

Fig. 40.

—

El.\sxic Fibres from
THE Ligamenta Subflava, mag-
nified ABOUT 200 DIAMETERS.

SPECIAL VARIETIES OF CONNECTIVE TISSUE.

1. Jelly-like connective tissue or mi/ro//s fis.^-tfc. At an early

period of development connective tissue consists of a pellucid jelly

and nucleated corpuscles. The soft watery jelly contains the

chemical principle of mucus, or mucin, and, in much less proportion.
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Fig. 41.

albumin, but not gelatin. In the general course of development
of the tissue, fibres, both white and elastic, are formed in the
soft matrix, and finally this substance in a great measure disappears.

But in certain cases the course is different. The cells may disappear,
only the jelly remaining, as in the vitreous humour of the eye; or the
corpuscles may branch out and join together in form of a network in
the jelly, with the nuclei persisting at the spots whence the threads
diverge. The areolar tissue surrounding and imbedding the vessels

in the umbilical cord consists of fusiform and ramified corpuscles
associated with white fibrillar bundles and elastic fibres, along with
much of the soft matrix, which is persistent at the time of birth and
is known as the jelly of Wharton.

2. Ketiform* connective tissue; Reticular tissue, and Cytogenous
//ss?^^' (KuUiker) ; Adenoid tissue {Wi&). In this case the matrix dis-

appears : neither white nor elastic fibres are developed, but the
ramified corpuscles unite

together into a reticular

or fine trabecular struc-

ture (fig. 41) ; either re-

taining their nuclei as at

a, or losing them and
then forming a fine net-

work of simple fibres

without nuclei as at h.

That in both forms the

tissue is constructed of

ramified corpuscles is

shown by its withstand-

ing boiling in water,

whilst it readily dis-

solves in hot alkaline

solutions. This form of

connective tissue enters

into the construction of

certain organs and tex-

tures, where it serves as

a supporting fiamework
to their peculiar elements and their nourishing blood-vessels, and
thus becomes a •' sustentacular" tissue {Stiiizgewehe, Germ.). In this

way it forms a trabecular network within the lymphatic glands,

containing the lymph-corpuscles in its meshes (as at c). So also

it is found in the solitary and agminated glands of the intestine,

the tongue, and tonsils ; in the thymus gland ; in the spleen

;

and in the tissue of the intestinal mucous membrane at certain parts ;

in all which situations the meshes contain corpuscles of similar external

character with those in the lymphatic glands. But, although thus
related to glands and thence named " adenoid " tissue, it exists also as

a sustaining structure in the brain and spinal cord, where, with finer

branches and closer meshes, it forms an extremely delicate framework
supporting the proper nervous substance, and has been called the
reticulum (Kolliker).

* "We use tlie term " retiform," not because it signifies more or less tliau " reticular,"

liut because tlie latter term is not unfrequently applied to areolar tissue.

Fig. 41.

—

Thin Section from the Cortical Part
OF A Lymphatic Glaxd, magnified.

A network of fine trabeculEc formed by retiform or

adenoid tissue, from the meshes of which the lymph-
corpuscles have been washed out, except at c, where
they are left (after His, slightly altered).
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3. A third variety of connective tissue is commonly met ^vith in

the form of delicate membranes and was formerly supposed to be

quite homogeneous in structure. These membranes have, however,

in almost every case, been shown to be made up of flattened cells, in

close apposition, and more or less fused together by their edges, which
can, however, be brought to view by staining with nitrate of silver.

Examples of such are to be found in the walls of the capillaries, the

hyaloid membrane of the eye and the membrame propruc lying under

the epithelium of mucous membranes at certain parts, in gland ducts

and the like.

It must be noted, however, that some homogeneous membranes, as

for example, the posterior elastic lamina of the cornea, are of a different

nature.

DEVELOPMENT OF THE CONNECTIVE TISSUE.

Those parts of the early embryo in which connective tissue is subse-

quently to be developed, are at first composed entirely of closely

agglomerated embryonic cells, to all appearance similar to those of

which the remainder of the body is constituted (see p. 8). The first

change of importance that occurs is the development of blood-vessels

from some of these cells in the manner that has already been partly

explained (p. 41), and will be further treated of when those vessels

have come under consideration. Soon after the development of these

primitive blood-vessels the embryonic cells become more separated, but

retain for the most part a connection with one another by interjoining

processes ; and the interstices between the cells are now found to be

filled with a clear fluid, as to Avhich it is uncertain Avhether it is pro-

duced by the cells themselves, or derived directly by transudation from

the blood-vessels, as Boll is inclined to believe : it is to be noted, how-
ever, that besides albumin this fluid contains mucin, which is commonly a

product of cells and is not demonstrable in the liquor sanguinis. This

muco-albuminous fluid subsequently acquires a firmer consistence and
eventually remains as the ground substance, which in the adult

tissue, although widely diffused, is nevertheless, relatively to the fibres,

in very small amount. A difference is noticeable in the relations

of the cells according as areolar or fibrous tissue is to become
developed, they being in the former case connected together both

laterally and at their ends, in the latter at their ends merely ; rows

or chains of cells being thus produced. Before long a delicate

striation appears within the cells, in the case of the fibrous tissues in a

longitudinal direction only, in that of the areolar obliquely and
transversely as well : this striation (which afterwards passes into

fibrillation) may be traced through the connecting processes from

one cell into another. In this manner each bundle of fibrils is

produced from a series of connected cells by the conversion of

the whole or of a part only of their protoplasm into coilogenous sub-

stance : in the latter case the remainder of the cell becomes flattened

out and persists on the surface of the bundle as a connective-tissue

corpuscle or tendon-cell, as the case may be. In the areolar tissue

many of the smaller bundles or threads are formed from processes

wdiich grow out from the corpuscles into the suiTounding ground-sub-

stance, and, interlacing and intertwining with processes from other cells.
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subsequently become fibrillated. The cell-processes, however, do not,

it is believed, ever form single fibrils, but always smaller or larger

bundles ; in this there is a marked difference between the development
of the white connective tissue and that of the elastic fibres, as will

immediately be seen. The bundles of white fibres probably become en-

larged by a further fibrillation of the part of the cells in contact

with tliem, the cells at the same time themselves increasing in size and
probably also in number.

The above description of the development of the white connective tissue,

which is principally founded upon the results of actual observation on the

mammalian embrj-o and young animal, is substantially the same as that

given by most recent observers who have investigated the subject.* and in

many respects accords with the original description of Schwann. It is right,

however, to state that a very different view is held by several distinguished

authorities, according to whom the cells themselves have no du-ect share in the

formation of the fibrils, which are believed to be developed as an indc'i^endent

deposit in the muco-albuminous matter which lies between the cells.

"With regard to the formation of the elastic fibres, little is positively

known, but it would appear that they also are formed from cells,

probably of a dififerent nature from those which generate the white con-

nective tissue. The fibres appear to be formed of the processes of the

cells which grow out and branch, becoming connected with processes

from other cells. The conversion into elastic substance seems to occur

first at the extremities of the processes and to proceed towards the

body of the cell : it would appear probable that it is the surface layer

of a fibre that is first clianged, for elastic fibres (presumably not fully

developed) are here and there met Avith which appear to present a

tubular structure ; for a prcci))itate may under some circumstances be

produced in their interior. "What becomes of the body of the cell is not

very clear : however, it would seem that in some instances, at least,

the connection of the elastic fibres with cell processes is retained even

in the fully-developed tissue (Thin) : in the pure elastic ligaments, on
the other hand, the cells are stated to disappear.

The first appearance of the elastic fibres is described by Eanvier and others as

occiu'ring in the form of rows of granules or globules which subsequently ran
together. Such a mode of formation would explain the appearance of an in-

distinct transverse striation which has sometimes been described in those fibres.

As in the case of the white connective tissue, it has been held by many
authorities that the elastic fibres are also fomied by a deposit (although of a
different nature) in the muco-albuminous fluid between the cells.

In the formation of the special varieties of connective tissue, no
fibres are developed, but either the cells disappear altogether, their

place being occupied by muco-albuminous matter, as in the jelly-like

connective tissue ; or this matter is developed in but very small amount,
in which case the cells may either become flattened out, remaining co-

herent at their edges, as in the homogeneous membranes, or, some of

them becoming branched, and, intercommunicating by their processes,

may form a reticulum within the me?hes of which other cells are more
or less closely packed, as in the rctiform or adenoid tissue.

* Max Schultze : Briicke (Obersteiner, and Kusnetzoff, Wiener Sitzb. Ivi. ); Strieker
(Breslauer, Arcli. f. mikr. Anat. v.) : Boll, Arch. f. miki-. Anat. vii.
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CARTILAGE.

This is the well-known substance commonly called " gristle." The
following are its more obvious characters. AVhen in mass, it is opaque
and of a pearly or bluish white colour, in some varieties yellow ; but in

thin slices it is translucent. Although it can be easily cut with a sharp

knife, it is nevertheless of very firm consistence, but at the same time

highly elastic, so that it readily yields to pressure or torsion, and
immediately recovers its original shape when the constraining force

is withdrawn. By reason of these mechanical properties, it is rather

extensively used in the construction of the body. Its specific gravity

is 1-15.

In the early embryo the skeleton is, in great part, cartilaginous ; but
the cartilage forming its different pieces, which have the outward form
of the future bones, in due time undergoes ossification or gives place to

bone, in the greater part of its extent at least, and hence this variety

of cartilage is named " temporary."

Of the permanent cartilages a great many are in immediate con-

nection with bone, and may be still said to form part of the skeleton.

The chief of these are the articular and the costal cartilages ; the

former cover the ends or surfaces of bones in the joints, and afford

these harder parts a thick springy coating, which breaks the force of

concussion and gives ease to their motions ; the costal or rib-cartilages

form a considerable part of the solid framework of the thorax, and
impart elasticity to its walls. Other permanent cartilages enter into

the formation of the external ear, the nose, the eyelids, the Eustachian
tube, the larynx, and the windpipe. They strengthen the substance of

these parts without undue rigidity ; maintaining their shape, keeping
open the passages through them where such exist, and giving attach-

ment to moving muscles and connecting ligaments.

Cartilages, except those of the joints, are covered externally with a

fibrous membrane named the pcricliondrimn.

When a very thin slice of cartilage is examined with the microscope,
it is seen to consist of nucleated cells, also named cartilage-corpuscles,

disseminated in a solid mass or matrix. (Fig. 42.)

The matrix is sometimes transparent, and to all appearance homo-
geneous ; sometimes dim and very fliintly granular, like ground glass

:

both these conditions occur in hjaUm carttlafie, which may be regarded
as the most typical form of the tissue. Two varieties exist in which
the matrix is pervaded to a greater or less extent by fibres. In the one
named ehsfic or yelloiv cartiJago, the fibres are similar to those of elastic

tissue ; in the other, named fihro-cartiJagc, they are of the white kind
as in ordinary ligament.

HYALINE CARTILAGE.

In hyaline cartilage the matrix, as just stated, is uniform and, in the
normal state, free from fibres. The cells consist of a rounded, oval,

or bluntly angular cell-hodij of translucent, but sometimes finely gran-
ular-looking substance (fig. 42, //), with a round nucleus {n), which is

either clear or of a coarsely granular appearance, and one or more
niicJeoU. The cell-body lies in a cavity of the matrix, which, in its

natural condition, it entirely fills. This' cavity is bounded and inclosed
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by a transparent capsule, which is seldom obvious to the eye, for it

coheres intimately with the surrounding matrix, with which it agrees

in nature, and can-

not usually be distin-

guished without the

aid of re-agents. „v\^^

Fi- 42.

In thin slices of yoxng
cartilage the capsules

may be freed from the ^^
matrix by means of con- m;

centrated mineral acids, w ,r^
and can then be shown ^ ^.
as distinct vesicles ha^'ing ^ ,

•
-

the cell-bodies -n-ithin, ^
The effect of acids is ^
jiromoted by pre^dous

Ijoiling of the cartilage

in water. By exposure

to water and some other

liquids as well as to the

action of electric shocks

the cell-body shrinks

a-n-ay from the inside of

the capsule, and assumes

a jagged or other-n-ise

irregular figure, and then

may hide the nucleus (fig.

44). It often contains

larger or smaller fat-

globiiles (fig. 42, g.')

Fig. 42. — Articular Cartilage from Heap op

JMeTATARSAL (OS.MIC ACID I'REPARATIOX). TllE CeLL-

BOMES ENTIRELY FILL THE Sl'ACES IX THE jMaTRIX.

340 DIAMETERS.

a, h, groups of cells ; /;, protoplasm of cell, with
ff,

fatty granules ; ii, nucleus.

The cells are rarely

dispersed singly in

the matrix ; they most
commonly occur iu

groups of two or

more. When disposed

in pairs (as at a, fig.

42) the cells are generally triangular or pyramidal in form with

rounded angles, and with their bases opposite one another ; in the

larger groups (Z*) the cells have a straight outline where they adjoin or

approach one another, but at the circumference of the group their out-

line is rounded. Towards the surf icc of the cartilage the groups are

generally flattened conformably with the surface, appearing narrow and

almost linear when seen edgeways, as in a perpendicular section

(fig. 43).

Such is the structure of hyaline cartilage in general, but it is more or

less modified in different situations.

In articTilar cartilage, the matrix in a thin section appears dim,

like ground glass, and has an almost granular aspect. The cells are

smaller and more uniformly dispersed, as a rule, than in rib cartilage.

As is the case with cartilage generally, the groups which they form

are flattened at and near to the surface, and lie parallel with it

(fig. 44) ; deeper and nearer the bone, on the other hand, they

are narrow and oblong, like short irregular strings of beads, and are
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mostly directed Tertically. {Fio;. 43.) It is well known that articular

cartilages readily break in a direction perpendicular to their surface.

Fig. 43. Fig. 44.

m^
^fffm
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/
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[^
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mistaken. (See fig. 44.) Near the margin of these cartilages a layer

of fine filamentous tissue is prolonged a certain way over their surface

from the synovial membrane, and the cartilage-cells in the neighbour-

hood of this acquire processes and present transitions to the connective-

tissue corpuscles of that membrane (fig. 45.) The matrix of articular

cartilage rarely, or perhaps never, becomes pervaded by fibres like

those so often seen in rib cartilage, nor is it prone to ossify.

In the costal cartilages, the corpuscles or cells, which are of large

size are also collected in groups. Near the exterior of the cartilage

they are flattened, and lie parallel with the surface, forming a superficial

stratum from -o-ooth to -s^xi^h. of an inch thick. As to those situated more
inwardly, we can sometimes observe, in a transverse slice, that they

form oblong groups disposed in lines radiating to the circumference ;

but this arrangement is not constant, and they often appear quite irre-

gular. The cells, with the exception of those lying upon the surface,

commonly contain larger or smaller drops of oil ; and the nucleus,

being generally undiscoverable, is concealed by the fat or may itself

have undergone a fatty metamorphosis. The matrix is tolerably clear,

except where fibres have been developed in it, in which parts it is

opaque and yellowish. Such fibrous patches are very frequent ; the

fibres are fine, straight, and parallel, appearing transparent when few
together; they appear to withstand the action of acetic acid. It is not

uncommon to find the rib-cartilages extensively ossified.

The description given of the microscopic characters of the costal

cartilages- will apply with little variation to the ensiform cartilage of

the sternmn, to the cartilages of the larynx and windpipe, except the

epiglottis and cornicula laryngis, and to the cartilages of the nose.

With the exception of the last, these resemble the rib-cartilages also in

their tendency to ossify.

The characters of the temporary cartilages, which are hyaline, will bo
noticed in the account of the formation of bone.

Vessels and nerves.—In the healthy state, no blood-vessels pene-

trate the articular cartilages. Whatever nutrient fluid they require

seems to be derived from the vessels of adjoining textures, especially

the bone, and to be conveyed through the tissue by imbibition. To-
wards the circumference of the cartilage, however, underneath the

synovial membrane, the synovial vessels form a narrow vascular border

round it, which has been named the circulus articuli vasculosus.

When the tissue exists in thicker masses, as in the cartilages of the

ribs, canals are here and there excavated in its substance, along which
vessels are conducted to supply nourishment to the parts too distant to

receive it from the vessels of the perichondrium. But these canals are

few and wide apart, and the vessels do not pass beyond them to ramify

in the intermediate mass, which is accordingly quite extravascular. It

must be further remembered respecting these vascular canals, that many
of them lead to spots where the cartilage is undergoing ossification, and
convey vessels to supply the bony deposits.

No nerves have been traced into any of the cartilages, and they are

known to be destitute of sensibility.

Composition.—Ordinary permanent hyaline cartilage contains about three

fifths of its weight of water, and becomes transparent by drying. By boiling it

in water for iifteen or twenty hours, it is resolved into chondrin. This is a sub-

stance said to gelatinise on cooling, although it may be doubted whether the
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congelation is not in reality owing to an admixtm-e of gelatin derived from
fibrous tissue not duly separated from the cartilage. Like gelatin, chondiin is

thrown down from its solutions by tannic acid, alcohol, ether, creasote, and
con-osive sublimate, and not by j^russiate of potash. It differs from gelatin in
being precipitated by the mineral and other acids, the acetic not excepted

;

also by alum, sulphate of alumina, persuli^hate of ii-on. and acetate of lead
;

the precipitates being soluble in an excess of the respective precipitants. The
temporary cartilages are resolved into a matter which has the chemical reactions
of chondrin, but does not gelatinise.

The following analyses are by Hoppe Seyler :

In 100 parts.
Water. Solids.

Organic. Inorganic.

Costal Cartilage . , . G7-G7 30-13 2-20

Articular Cartilage . , . 73'.59 24'87 I'oi

The ashes from Costal Cartilage were found to contain in 100 parts :

Sulphate of potash . . 26'C6

Sulphate of soda . . ii'Sl

Chloride of sodiiun . . 6'11

Phosphate of soda . . 8'-12

Phosjjhate of lime . . 7*88

Phosphate of magiiesia . 4-.j5

Frommherz and G-ugert obtained a small percentage of iron and considerable
quantities of the carbonates of lime and soda.

Development of Hyaline Cartilage.—The parts of the embryo
which are about to become cartilages are made up at first of the common
embryonic cells from which the tissues generally originate. The cell-

contents clear up, the nucleus becomes more visible, and the cells,

mostly of polygonal outline, appear surrounded Ijy clear lines of pel-

lucid substance, forming as it were a network of bright meshes inclosing

them, but in reality consisting of the cohering capsules of the con-
tiguous cells, and constituting all tliat exists of the matrix at this time.*
Glycogen appears at an early period in the protoplasm of cartilage-cells.

Eouget found it in the sheep's embryo of two months, both in ossifying

cartilage and in the cartilages of the trachea.

The subseqnent changes consist in enlargement and multiplication

of the cells and development of the intermediate matrix.

The process is commonly described as follows, but it is necessary to

mention that all the successive steps here described and represented (see

fig. 46) have not been actually traced :—The cartilage-cells first divide,

a species of capsule being formed round each of the young cells (b),

Avhiist the old one inclosing them becomes blended with the intercellular

matrix, and is no longer traceable (c).

The new cells, in turn, divide in the same way, so as to make a group
of four, each of which is surrounded by its own capsule (d), whilst the
capsules of the first descent (secondary) blend with the matrix (e) like

their predecessor.

It is doubtful how the capsule is produced ; whether excreted by the cell which
it afterwards incloses, as held by Kolliker ; or formed by conversion of a superficial

laj-er of the protoplasm of the cell-body, as taught hy Max Schultze ; or a primarily
independent deposit around the cells. However this may be. there is at iii-st no
matrix biit what is made uji of the ample capsules. In further gro^vth there is

a di^erence, according as the cells do or do not undergo frequent division. In the

* Cartilages, whicli retain this condition throughout life, have been termed " parenchy-
matous." A good example of tins is found in tlie cartilage of the mouse's ear, and in

that which composes tlie notochord of the embi^o.
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latter case a cell becomes siuToimdcd by many concentric capsules formed in

succession ; that is. the first capsule is expanded, and the others fonned each

within its expanding predecessor, so that the cartilage comes to consist of scattered

cells, each M'ith a concentric system of capsules, which by means of re-agents

may be rendered visible in the neighboui-hood of the cells, but fmther otf are

inseparably blended into a unifonn substance. '\Mien, on the other hand, the

cells have a tendency to frequent subdivision, the new capsules are produced by

Fig. 46.

C

Fig. 46.

—

Ideal Plan of the ^Multiplication of Cells of Cartilage.

A, cell in its capsule ; B, divided into two, each with a capsule ; C, primary capsule

disappeared, secondary capsules coherent with matrix ; D, tertiaiy division ; E, secondary

capsules disappeared, tertiary coherent with matrix.

the new cells, and are included in and finally blend with those ^^hich had be-

longed to the previous cells, as shown by fig. 46.

The matrix, although thus formed of the capsules, becomes to all appearance

homogeneous : but in sections of cartilage that have been exposed to acids and
other re-agents, the contoiu: lines of the capsules round cells and cell-gioups

may be more or less distinctly brovight into view. But, whilst admitting tliat the

capstdes have a share in the production of the matrix, Kolliker and some other

histologists incline to the opinion that part of it is an independent deposit.

Heidenliain, however, found that, when thin sections of cai-tilage are digested

for twenty-four hours in water, at from 112° to 122° F., or in diluted nitric acid

with clilorate of potash for a gTcater or less time according to the degree of

dilution, the matrix becomes parted or marked off into polygonal areas corres-

ponding to the larger groups of cells, and these again into smaller groups or

single cells, without any intervening substance : the whole matrix thus appearing

to be portionea out into segments, each appertaining to a larger or smaller gi'oup

of cells, and in all probability representing the aggregated caiDsules belonging

to them.
The vital changes Mhich occur in cai'tilage take place very slowly. Its mode of

nutrition has been already referred to ; it is subject to absorption, and when a
portion is absorbed in disease or removed by the knife, it is not regenerated.

Also, when fractured, as sometimes happens with the rib-cartilages, there is no
re-union by cartilaginous matter, but the broken surfaces become connected,

especially at their cii'cumference, by fibrous or dense areolar tissue, often by a
bony clasp.* But, notwithstanding that normally it is not regenerated, hyaline

cartilage occurs in perfectly characteristic fonn as a morbid product in certain

tumours.

* Recent observations tend to show that, in animals at least, the connective tissue

which in the first instance joins the ends of a divided rib-cai'tilage eventually becomes
its'elf transformed into true hyaline cartilage (Archangeisky, Barth.

)
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ELASTIC OB YELLOW CARTILAGE.

The epiglottis and cornicula of the larynx, the cartilages of the ear

and of the Eustachian tube, differ so much from the foregoing, both in

intimate structure and outward characters, that they have been included

in a class apart, under the name of
Fig. 47. the "elastic," "yellow," or "spongy"

cartilages. These are opaque and some-

what 3'ellow, are more flexible and tough
'^
)!<(if ,

than the ordinary cartilages, and have

little tendency to ossify. They are made
up of cells and a matrix, but the latter

is everywhere pervaded with fibres (fig.

47), except sometimes in a little area

or narrow zone left round each of the

cells. These fibres resist the action of

acetic acid ; they are in most parts

short, straight, and confusedly intersect-

ing each other in all directions, like
Fig. 47.-SECTION OF THE Epi-

^| fiiauients in a piece of felt ; in such
GLOTTIS, MAGNIFIED 3S0 DIAME-

, •
i i t

TERs (Daly). parts the matrix has a rough mdis-

tinctly granular look. Here and there the

filjres are longer and more fasciculated, but still interlace at short dis-

tances. In thin sections the cells readily drop out from the matrix,

leaving empty the cavities which they occupied.

In the foetus the matrix of elastic cartilage is at fii-st homogeneous and hyaline,

and the elastic fibres are subsequently produced in it. They appear first in those

parts of the matrix which are in immediate connection with the cartilage-cells

(Hertwig. Deutschmann). In the cartilage of the external ear this change occurs

about the fifth month of intra-uterine life, and is .said to commence in the more

central parts, i.e., those furthest from the perichonckium (Rabl-Riickhard.)

"WHITE riBRO-CARTILAGE.

This is a substance consisting of a mixture of the fibrous and carti-

laginous tissues, and so far partaking of the qualities of both. Like

hyaline cartilage, it possesses firmness and elasticity, but these pro-

perties are united with a much greater degree of flexibility and tough-

ness. It presents itself under various forms, which may be enumerated

under the following heads.

1. Intcrarticular fibro-cartilages. These are interposed between the

moving surfaces of bones, or rather of articular cartilages, in several

of the joints. They serve to maintain the apposition of the opposed

surfiiccs in their various motions, to give ease to the gliding movement,
and to moderate the effects of great pressure. In the jr)int of the lower

jaw and in that of the clavicle they have the form of round or oval

plates, growing thinner towards their centre ; in the knee-joint they

are curved in form of a sickle, and thinned away towards their concave

free edge. In all cases their surfaces are free ; while they are fixed by
synovial or fibrous membrane at their circumference or extremities.

The synovial membrane of the joint is prolonged for a short distance

upon these fibro-cartilagcs, from their attached margin.
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2. The articular cavities of bones are sometimes deepened and ex-

tended by means of a rim or border of fibro-cartilage. A good example

of one of these circumferential or mari/incil fibro-eartilages is seen in the

hip-joint, attached round the lip of the cotyloid cavity.

3. Conncctitui fibro-cartilages are such as pasr> between the adjacent

surfaces of bones in joints which do not admit of gliding motion, as at

the symphysis of the pubes and between the bodies of the vertebrae.

They have the general form of disks, and are composed of concentric

rings of fibrous tissue with cartilage interposed ; the former itredomi-

nating at the circumference, the latter increasing towards the centre.

The bony surfaces between which they pass are usually encrusted with

true cartilage. The modifications which they present in particular

instances are described in the special anatomy of the joints.

4. The bony grooves in which tendons of muscles glide are lined with

a thin layer of fibro-cartilage. Small nodules of this tissue {scscimoid

fihro-carfUcujes) may also be developed in the suljstance of tendons, of

which there is an example in the tendon of the tibialis posticus, where
it passes beneath the head of the astragalus. Lastly, fil)ro-cartilage is

sometimes connected with muscular tissue, and gives attachment to

muscular fibres, like that which is known to exist at the orifices of the

heart.

Fibro-cartilage appears under the microscope to be made up of

bundles of fibres, like those of ordinary ligament, with cartilage-cells

intermixed ; but the proportion of the two elements diflFers much in

the difterent instances above enumerated. In general the fibrous tissue

very greatly predominates, and in some cases, as in the interarticular

laminaj of the knee-joint, it constitutes almost the entire structure. In
the intervertebral disks the cartilage-corpuscles are abundant towards

the centre of the mass where the cartilaginous tissue prevails, and the

substance is softer.

In chemical composition this texture agrees most with ligament,

yielding gelatin when boiled.

Its blood-vessels are very few, and, according to Toynbee,* are con-

fined to the parts that arc fil)rous. Its vital changes are slow ; it is

subject to absorption, but much less readily so than bone ; hence it is no
uncommon thing to find the intervertebral disks entire when the

adjacent bodies of the vertebras have been destroyed by disease. It

has not much tendency to ossify.

Little is known concerning the mode of development of fibro-cartilage.

It is probable that the matrix is at first hyaline and that fibrous tissue

is subsequently developed within it, but whether as an ingrowth from
the perichondrium or not is not known with certainty.

BONE OR OSSEOUS TISSUE.

The bones are the principal organs of su]iport, and the passive in-

struments of locomotion. Connected together in the skeleton, they

form a framework of hard material, whicli afibrds attachment to the

soft parts, maintains them in their due position, and shelters suc-h as

are of delicate structure, giving stability to the whole fabric, and pre-

serving its shape ; and the difterent pieces of the skeleton, being joined

* riiil. Trans. ISil.
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movealjly together, serve also as levers for executing the movements of

the body.

While substantially consisting of hard matter, bones in the living

body are covered with periosteum and filled with marrow ; they are

also pervaded by vessels for their nutrition.

Physical Properties of Bone.—Cone has a white colour, with a

pink and slightly bluish tint in the living body. Its hardness is well

known, but it also possesses a certain degree of toughness and elasticity

;

the last property is peculiarly well marked in the ribs. Its specific

gravity is from 1"87 to 1"97.

Chemical Composition.—Bone consists of an earthy and an animal

part, intimately combined together; the former gives hardness and
rigidity, the latter tenacity, to the osseous tissue.

The earthy part may be obtained separate by calcination. Wlien

bones are burned in an open fire, they first become quite black, like a

piece of burnt wood, from tlie charring of their animal matter ; but if

the fire be continued with free access of air, this matter is entirely

consumed, and they are reduced to a white, brittle, chalk-like sub-

stance, still preserving their original shape, but with the loss of about

a third of their weight. The earthy constituent, therefore, amounts to

about two-thirds of the weight of the bone. It consists principally of

phosphate of lime, Avith about a fifth part of carbonate of lime, and

much smaller proportions of fluoride of calcium, chloride of sodium,

and magnesian salts.

The animal constituent may be freed from the earthy, by steeping a

bone in diluted hydrochloric acid. By this process the salts of lime

are dissolved out, and a tough flexible substance remains, which, like

the earthy part, retains the perfect figure of the original bone in its

minutest details ; so that the two are evidently combined in the most

intimate manner. The animal part is often named the cartilage of

bone, but improperly, for it differs entirely from cartilage in structure,

as well as in physical pro])erties and chemical nature. It is much
softer and much more flexible, and by boiling it is almost wholly

resolved into gelatin. It may accordingly be extracted from bones, in

form of a jelly, by boiling them for a considerable time, especially

under high pressure.

The earthy or saline matter of bone, as already stated, constitutes aboiit two-

thirds or fiG"? per cent., and the animal part one-third, or olV:! jier cent. ; but from

observations made on animals, it ajipears that the proportion of the several con-

stituents may differ somewhat in different individuals of the same species lender

api>arently similar conditions. The proportion of earthy matter appears to

increase for some time after Ijirtli, and is considerably greater in adults than in

infants ; but. from the varying conditions of individuals as to health and nutri-

tion in after life, there is as yet no thoroughly comparable series of experiments

to detennine whether any constant difference exists in old age. IMoreover, it is

not clearly established that the differences observed depend on the composition of

the proper osseous substance ; for the larger proportion of animal matter in

infancy may l)e due to the greater vascularity of infantile bones and the difficulty

of thoroughly removing the vessels from their pores. The spongy osseous tissue,

carefully freed from fat and adhering membranous matter, has been found to

contain rather less earth than the compact substance : and, in accordance with

this result, differences, although on the whole insignificant, have been found in

different bones of the skeleton, apiiarently de])ending on the relative amount of

their compact and spongy tissue. (Kees, Von Bibra, Alphonse IMilne-Edwards.)

Here again it remains to be shown that the result is not due to differences in the
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proportion of minute pores and lacuna;, wliicli contain soft matter scarcely

separable in such experiments.

Subjoined are the statements of two analyses. The one, by Berzelius, is well

known ; the other, which nearly agrees with it, was performed by Middleton, in

the laboratory of University College*

Berzelius. Jliddleton.

Animal matter ........ 3.S"i50 — ?>'^^^

Phosphate of lime ....... 5r04 — .oTll

Carbonate of lime 11-30 — 10-31

Fluoride of calcium ....... 2'00 — 1"90

Magnesia, wholly or partially in the state of phosphate 1"10 — 1'67

Soda and chloride of sodium ..... 1'20 — 1'68

In the compact substance of a femur that had been long buried. Aeby found

only lG-5 per cent, of animal matter.

The phosphate of lime is peculiar, and passes in chemistry under the name of

the " bone-earth phosphate." It is a tribasic phosphate. Yon Bibra and A.

Milne-Edwards f found the proportion of the carbonate of lime to the jAot^phate

gi-eater in spongy than in compact tissue, and less in infantile bones generally

than in those of adults. The fluoiide of calcium is found in larger quantity in

fossil than in recent bones.

Structure.—On sawing np a bone, it will be seen that it is in some
parts dense and close in texture, appearing like ivory ; in others open

and reticular: and anatomists accordingly distingnisli two forms of

osseous tissue, viz., the compact, and the spongy or cancellated. On
closer examination, however, especially with the aid of a magnifying

glass, it will be found that the bony matter is everywhere porous in a

greater or less degi'ee, and that the difference between the two varieties

of tissue depends on the different amount of solid matter compared
with the size and number of the open spaces in each; the cavities being

very small in the compact parts of the bone, with much dense matter

between them ; whilst in the cancellated texture the spaces are large,

and the intervening bony partitions thin and slender. There is, accord-

ingly, no abrupt limit between the two,—they pass into one another by
degrees, the cavities of the compact tissue widening out, and the reti-

culations of the cancellated becoming closer as they approach the parts

where the transition takes place.

In all bones, the part next the surface consists of compact substance,

which forms an outer shell or crust, whilst the spongy texture is con-

tained within. In a long bone, the large round ends are made np of

spongy tissue, with only a thin coating of compact substance ; in the

hollow shaft, on the other hand, the spongy texture is scanty, and the

sides are chiefly formed of compact bone, which increases in thickness

from the extremities towards the middle, at which point the girth of

the bone is least, and the strain on it greatest. In tabular bones, such

as those of the skull, the compact tissue forms two plates, or tables, as'

they are called, inclosing between them the spongy texture, which in

such bones is usually named dijAoc. The short bones, like the ends of

the long, are spongy throughout, save at their surface, where there is a

thin crust of compact substance. In the complex or mixed bones, such as

the vertebrtB, the two substances have the same general relation to each

other; but the relative amount of each in diflTerent parts, as well as

their special arrangement in particular instances, is very various.

* Philosophical Magazine, vol. xxv.,^p. 18.

t Ann. des Sc. Nat. 4me Serie, vol. xiii., 1860.

VOL. K. O
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On close inspection the cancellated texture is seen to be formed of

slender bars or spicula of bone and thin lamellae, which meet together

and join in a reticular manner, producing an open structure which has

been compared to lattice-work (cancelU), and hence the name usually

applied to it. In this way considerable strength is attained without

undue weight, and it may usually be observed that the strongest laminae

run through the structure in those directions in which the bone has

naturally to sustain the greatest pressure. The open spaces or areolaj

of the bony network communicate freely together ; in the fresh state

they contain marrow or blood-vessels, and give support to these soft

parts.

Fig. 48.

Pig. 48.—A, Transverse Section op a Bone (ulna) deprived of its earth et
ACID.

The openings of the Haversian canals seen. Natural size. A small xjortion is shaded

to indicate the part magnified in Fig. B.

B, Part of the Section A, magnified 20 diameters.

Tlie lines indicating the concentric lamellte are seen, and among them thelacuniM appear

as little dark specks.

The compact tissue is also full of holes ; these, which are very small,

are best seen by breaking across the shaft of a long bone near its

middle and examining it with a common magnifying glass. Numerous
little round apertures (fig. 48 a) may then be seen on the broken

surface, which are the openings of short longitudinal passages running

in the compact substance, and named the Haversian canals, after

Clopton Havers, an English physician and writer of the seventeenth
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century, who more especially called attention to them. Blood-vessels

run in these canals, and the widest of them also contain marrow. They
are from xoVotli to -^00^^^ of ^n inch in diameter: there are some
no more than -^Q^jy-oth, but these are rare ; the medium size is about
-=-^th. The widest are those nearest the medullary cavity, and they
much smaller towards the circumference of the bone. They are

quite short, as may be seen in a longitudinal section, and somewhat
crooked or oblique at their ends, where they freely open into one
another, their oblique communications connecting them both longi-

tudinally and laterally. Those also which are next the circumference
•of the bone, open by minute pores on its external surface, and the

innermost ones open widely into the medullary cavity; so that these

short channels collectively form a sort of irregular network of tubes
running through the compact tissue, in which the vessels of that tissue

are lodged, and through the medium of which these vessels commu-
nicate together, not only along the length of the bone, but from its

surface to the interior through the thickness of the shaft. The canals

of the compact tissue in the other classes of bones have the same
general characters, and for the most part run parallel to the surface.

On viewing a thin transverse section of a long bone with a micro-
scope of moderate power, especially after the earthy part has been
removed by acid (fig. 48 b), the opening of each Haversian canal
appears to be surrounded by a series of concentric rings. This ap-
pearance is occasioned by the transverse sections of concentric lamellae
which surround the canals. The rings are not all complete, for here
<and tliere one may be seen ending between two others. In some of the
sets, the rings are nearly circular, in others oval,—differences which
seem mostly to depend on the direction in which the canal happens to

be cut : the aperture too, may be in the centre, or more or less to one
side, and in the latter case the rings are usually narrower and closer

together on the side towards which the aperture deviates. Again, some
of the apertures are much lengthened or angular in shape, and the
lamellre surrounding them have a corresponding disposition. Besides
the lamellae surrounding the Haversian canals, there are others disposed
conformably with the circumference of the bone (fig. 48 b, a), and
which may therefore be said to be concentric with the medullary canal

;

some of these are near the surface of the bone, others run between the
Haversian sets, by which they are interrupted in many places. Lastly,

in various parts of the section, lines are seen which indicate lamellae,

differing in direction from botli of the above-mentioned orders. As to

the circumferential laminae, Tomes and De IMorgan state that they are

by no means so common as is generally supposed ; further, i:hat they
are most conspicuous in bones of full growth, in which, consequently,

nutritive changes proceed slowly ; and that their presence may be made
the means of determining, within certain limits, the age at which a
bone has arrived.

The appearance in a longitudinal section of the bone is in harmony
with the account above given : the sections of the lamellce are seen as
straight and parallel lines, running in the longitudinal direction of
the bone, except when the section happens to have ]3assed directly or
slantingly across a canal ; for wherever this occurs there is seen, as in
a transverse section, a series of rings, generally oval and much lengthened
on account of the obliquity of the section.

G 2
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The cancellated texture has essentially the same lamellar structure.

The slender bony walls of its little cavities or areolae are made up of
superimposed lamellae, like those of the Haversian canals (fig;. 48 b, h),

only they have fewer lamellaj in proportion to the width of the cavities

which they surround ; and, indeed, the relative amount of solid matter
and open space constitutes, as already said, the only difference between
the two forms of bony tissue ; the intimate structure of the solid sub-
stance and the manner of its disposition round the cavities being-

essentially the same in both.

Besides the openings of Haversian canals as above described, a trans-

verse section of the compact bone now and then presents vacuities or

spaces formed by absorption of the tissue. These are named " Haversian
spaces " by Tomes and De Morgan, who first showed that they occur

not only in growing bone but at all periods of life. In their primitive

condition these cavities are characterised by an irregular or eroded
outline, and their formation by absorption is further indicated by their

encroaching on the adjacent groups of concentric lamelke, which have
been, as it were, eaten away to a greater or less extent to give ]3lace to

the new cavity. In another stage the spaces in question are lined by
new-formed lamellae, which may as yet be confined to the peripheral

part of the vacuity, or may fill it up in a concentric series, leaving a
Haversian aperture in the middle, and in fact, constituting a system of
concentric Haversian lamellas, interpolated or intruded among those pre-

viously existing. The concentric lamellte, which thus come to occupy
a greater or less extent of the area of the cavity, are of course bounded
exteriorly by segments of adjoining sets of Haversian lamellEe, which
have been more or less cut in upon in the excavation of the space. It

has been further observed by Tomes and De Morgan, that vacuities

may sometimes be seen which are being filled up at one part by the

deposition of lamellre, whilst they are extending themselves by absorp-

tion at another. The Haversian spaces are most numerous in young and
growing bones ; but, as already stated, they occur also after growth is

completed. Their origin and changes Avill be better understood after the

reader has }ieruscd the account of the growth and development of bone,

to which head, indeed, the subject more properly belongs, although it

has seemed expedient to introduce it here.

All over the section numerous little dark specks are seen among the

lamellae. These were named the " osseous corpuscles ; " but as it is now
known that they are in reality minute cavities existing in the bony sub-

stance, the name of lacunae has since been more fittingly applied to

them. To see the lacuniB properly, however, sections of unsoftened
bones must be prepared and ground very thin, and a magnifying power
of from 200 to 300 nmst be employed. Such a section, viewed with
transmitted light, has the appearance represented in fig. 49. The
openings of the Haversian canals are seen with their encircling lamellre,

and among these the corpuscles or lacuna3, which are mostly ranged in

a corresponding order, appear as black or dark brown and nearly
opaque oblong spots, with fine dark lines extending from them and
causmg them to loolc not unlike little black insects ; but when the

same section is seen against dark ground, with the light falling on it (as

we usually view an opaque object), the little bodies and lines appear
quite white, like figures drawn with chalk on a slate, and the inter-

mediate substance, being transparent, now appears dark.
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The laciinfe, as already stated, are minute recesses in the bone, and
the lines extending from them are fine pores or tubes named " canaliculi,"

which issue from their cavity. The lacunfe present some variety of

figure, but in such a section as that represented they for the most part

appear irregularly fusiform, and lie nearly in the same direction as the

lamella between which they are situated ; or, to speak more correctly,

Pig. 49.

—

Transverse Section op Compact Tissue (of humerus) magnified about
150 DIAMETERS.

Three of the Haversian canals are seen, with their concentric rings ; also the corpuscles

or lacunre, with the canaliculi extending from them aci'oss the directiou of the lamellae.

The Haversian ajjertures had become filled with debris in grinding down the section, and
therefore appear black in the figure, which represents the object as viewed with trans-

mitted lisrht.

the little cavities are flattened and extended conformably with the

lamellae ; for when the bone is cut longitudinally, their sections still

appear fusiform and lengthened out in the direction of the lamellae.

The canaliculi, on the other hand, pass across the lamella, and they

communicate with those proceeding from the next range of lacuna, so

as to connect the little cavities with each other ; and thus since the

canaliculi of the most central range open into the Haversian canal, a

system of continuous passages is established by these minute tubes and
their lacunas, along which fluids may be conducted from the Haversian
canal through its series of surrounding lamella? ; indeed, it seems
probable that the chief purpose of these minute passages is to allow

nutrient matter to be conveyed from the vascular Haversian canals

through the mass of hard bone which lies around and between them.
In like manner the canaliculi open into the great medullary canal,

and into the cavities of the cancellated texture ; for in the thin
bony parietes of these cavities lacunae are also contained ; they
exist, indeed, in all parts of the bony tissue. As first shown
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Fig. 50.

by Virchow, each lacuna is occupied by a nucleated cell, or soft

corpuscle, which sends branches along the canaliculi ; and later

observers (Rouget, Neumann,) state that they have been able to detach

the proper osseous wall of the lacuna and its appertaining canaliculi

after decalcification, and to obtain it separate Avith its included corpuscle.

It can scarcely be doubted that the protoplasm of the nucleated cor-

puscle takes an important share in the nutritive process in bone, and
very probably serves both to modify the nutritive fluid supplied from
the blood and to further its distribution through the lacunar and canali-

cular system of the bony tissue. Virchow considers that the corpuscles.

of bone are homologous with those of connective tissue : to this it may
be added that the enclosing lacunte and canaliculi may be looked upon
as corresponding to the cell-spaces (Saft-canfilchen) of that tissue.

To return to the lamelkc. AVith a little pains, thin films may be
peeled off in a longitudinal direction from a piece of bone that has been
softened in acid. These for the most part consist of several lamina3, as

may be seen at the edge, where the different layers are usually torn un-
equally, and some extend farther than others. Examined in this way,
under the microscope, the lamellas are seen to be perforated with fine

apertures placed at very short distances apart. These apertures were
described by Deutsch,* but they have not much attracted the notice

of succeeding observers ; they appear to be the transverse sections

of the canaliculi already described, and their

relative distance and position accord sufliciently

with this explanation. According to this view,

therefore, the canaliculi might (in a certain

sense) be conceived to result from the apposi-

tion of a series of perforated plates, the aper-

tures of each plate corresponding to those of

the plates contiguous with it; in short, they

might be compared to holes bored to some
depth in a straight or crooked direction through
the leaves of a book, in which case it is plain

that the perforations of the adjoining leaves

would correspond ; it being understood, how-
ever, that the passages thus formed are most
likely bounded by proper parietes. The aper-

tures now referred to must bo distinguished

from larger holes seen in some lamellae, which
give passage to the perforating fibres to be
mentioned further on.

But the lamella have a further structure.

To see this, the thinnest part of a detached

shred or film must be examined, as shown in

figs. 50 and 52 ; it will then appear plainly

that they are made up of transparent fibres,

decussating with each other in tlie form of an

exceedingly fine network. The fibres intersect

obliquely, and they seem to coalesce at the

points of intersection, for they cannot be teased out from one

another ; but at the torn edge of the lamella they may often be seen

Tig. 50. — Thin Layer
PEELED OFF FROM A SoKT-

ENED Bone, as it appears
UNDER A JLiGNIFi'ING

POWER OP 400.

This figure, wliich is in-

tended to represent the reti-

cular structure of a lamella,

gives a better idea of the

ofcject when held rather

farther off than usual from
the eye.

* De Penitiori Ossium Structura. Wratisl. 1834, p. 17, Fig. 6.
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separate for a little way, standing out like the threads of a fringe.

Most generally they are straight, as represented in the figure ; but they
are not always so, for in some parts they assume a curvilinear direction.

Acetic or hydrochloric acid causes these fibres to swell up and become
indistinct, like the white fibres of connective tissue ; care must there-

fore be taken in their examination that the remains of the decalcifying

acid be removed from the tissue, by maceration in water or in solution

of an alkaline carbonate. Moreover, the fibro-reticular structure is not
equally distinct in all parts where its presence is recognisable ; for in

some places it is less decidedly marked, as if the filn-illation were incom-
pletely developed.

In many instances the lamellae are perforated by fibres, or rather

bundles of fibres, which pass through them in a perpendicular, or
oblique direction, and, as it were, bolt them together. These perforating
fibres maybe seen, with the aid of the microscope, in a thin transverse

slice of a decalcified cylindrical or cranial bone, on pulling asunder the
sections of the lamclla3 (as in fig. 51). In this way some lamellai will

generally be observed with fibrous processes attached to them (fig. 51 b)

of various lengths, and usually tapering and pointed at their free ex-

tremities, but sometimes truncated—probably from having come in the

way of the knife. These fibres have obviously been drawn out from
the adjacent lamena3, through several of which they must have pene-
trated. Sometimes, indeed, indications of perforations may be recog-

nised in the part of the section of bone from which the fibres have been
pulled out (fig. 51 c). The processes in question are thus, so to speak,

Fig. 51.

Fig. 51.^Magnified View of a Perpendicular Section through the ExternaI/

Table op a Human Parietal Bone, decalcified.

At a, perforating fibres in their natural situation ; at h, others drawn out by separa-

tion of the lamellae ; at c, the holes or sockets out of which they have been drawn (H.

iluUer).

viewed in profile ; but they may fi-equently also be seen on the flat sur-

face of detached lamella?, projecting like nails driven perpendicularly
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or slantingly through a board (fig. 52, c); -whilst the lamellce at

other parts present obvious apertures of considerable size, through

which perforating fibres had passed (as at a).

These perforating fibres exist very generally in the bones of vertebrata. The
late Henry Miiller, of Wurzburg, has sup^^lied many details respecting their

arrangement in man and mammalia.* KoUiker considers them to be connected

with the periosteum, and this, no doubt, is the case •nith some of them—some of

those, for example, which penetrate the external table of the cranial bones : but

in cross sections of cylindiical bones they often appear to spring, -nith their broad

ends, from the deeper lamellte, and taper outwards into fine points, which do

not reach the periosteum ; although -^vithout doubt they must, like the bony
layers in which they occur, have been formed by subperiosteal ossification. They
are rarely found, and when present are smaller, in the concentric systems of

Haversian lamellaB ; in this case they must of course have been formed from
the osteoblastic tissue (similar in nature to that under the periosteum) which

occupied the medullary spaces and produced the concentric laminse. Perforating

fibres exist abundantly in the criista i}etrosa of the teeth.

Fig. 52.-

—

Lamell.e torn off from a Decalcified Human Parietal Bone at

SOME DEPTH FROM THE SURFACE.

a, a lamella, showing reticular fibres ; &, h, darker part, where several lamellie are

superposed; c, c, jicrforating fibres. Ai^ertures through which perforating fibres had
passed, are seen especially in the lower jmrt, «, a, of the figure. Magnitude as seen

under a power of 200, but not drawn to a scale (from a drawing by Alien Thomson).

The perforating fibres, or rather bundles of fibres, for the most part agi'ee in

character with the white fibrous tissue, but some, according to H. JMliller, are of

the nature of elastic tissue. H. IMiiller has shown that in some pai"ts the fibres

escape calcification, and thus, as they shrmk in drying, leave tubes or channels

in the dry bone, generally leading from the surface inwardly. In this way he
explains the nature and mode of production of the '" tubes " described by Tomes
and De Morgan as penetrating the bone in certain situations, and conjectured by
them to be mothfied lacunaj.f There can be no doubt of the correctness of

* Wiirzburger Naturw. Zeitschr., vol. i., p. C'JG.

t Phil, Trans. 1853, p. 116.
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Jliillei's explanation : at the same time it is equally certain that uncalcified fibres,

though numerous at particular spots, are by no means so frequent as might be
infeiTed from Mllller's account of them, and that the i^erforating fibres may be
said to be generally calcified. Finally, these fibres seem to have no physiological

significance : they may be regarded as merely a modification of the mechanical
stiaictui'e of the tissue.

In a thin transverse section of hard bone, the concentric lines, or rather bands
which represent the cut edges of the lamelUi^. generally present, with transmitted
light, a dark granular-looking, and a light, transparent, and usually narrower
zone. Under a liigh power of the microscope the former api^ears thickly dotted
over with fine dark points. In a decalcified section the dark part sliows a
multitude of short bright lines running radially across it, with dark angular
particles between them. Tlie lines are probably caused by pores and fine clefts

passing through the lamella ; the appearance of dark iiai-ticles seems to he pro-

duced by the cut ends of the reticulating fibres of wliich the lamellaj are made
wp. A longitudinal section of a cylindrical bone canied across the lamellai pre-

sents a coiTesponding appearance, for as the fibres run more or less oljliquely to

the axis of the bone, they present cut ends in a longitudinal section also.

It thus appears that the animal basis of bone is made up of lamellaj

composed of fine reticuhn- fibres ; but interposed among these lamellae,

layers are here and there met with of a different character, yiz. :

—

1. Strata of amoiphous or granular aspect, in which the lacunaa are very con-
spicuous and regularly an-anged. and sometimes appearing as if surrounded by
faintly defined areolae. These generally incomplete layers are often bounded by a
scalloped border, as if made up of confluent round or oval bodies ; this is indi-

cated also by the occasional occurrence of oval or flattened siiheroidal bodies

singly or in small groups near the border of these layers, each with a cavity in

the centre. In fact, if the round bodies sho'mi in figure '>?> had a central cavity,

they would very -well represent the objects here referred to. In some parts the
graiTular substance is obscurely fibrous, and transitions nray be observed to the
well-marked reticular laminre. Tlie layers described appear principally to occur
near the surface of tlie compact tissue, and at the cii'cumference of many of the
systems of concentric Haversian lamella.

2. Irregular la^-ers of rounded bodies, apparently solid and without central

cavity or mark, well represented in figure oo. whicli is after a drawing from
nature hy Dr. A. Tliomson. These layers are met with chiefly near the surface of

tlie shaft of long bones, lying among the circumferential laminaj, and apparently

forming only part of a circuit. They can occasionallj^ be recognised in a trans-

verse section as short curvilinear bands of peculiar aspect, bi-oader in the middle
and thinning away at the ends, appearing here and there between the cut edges

of two ordinary circumferential lamina}.

The appearances described under 1 and 2, and especially the last, as represented

in fig. 53. may be accomited for by the explanation offered by Professor C.

Loven, of Stockholm, on seeing the figui'e and specimens ; viz.. that the sur-

face covered apparently with globular bodies, single or in botryoidal groups,

is really a cast in relief from a contiguous surface of bone that has been
excavated by absorjition. It is known that in the gi'owth of a bone absoi-ption

occurs at various parts, and is often followed by fresh ossific deposition ; as, for

example, in the excavation and subsequent filling u^) of the Haversian spaces.

The absoiiition in such cases is a healthy process, but the absorbed surface is. as

in absolution from disease, eroded or scooped out into sinuous hollows, the lai'ger

of -which are again carved on the inside into smaller rounded pits (foveoloB). New
osseous matter deposited on such a sm-face fills up its hollows, and. wlien the
new layer is detached, it exliibits a raised impression corresponding with them.*

* Two olissrvatious -which I have had occasion to make favour this explanation. A
cross section of a (large) serpent's rib shows an outer and an inner series of concentric
lamellai sun-ounding the medullary canal, and the inner trenches on the outer by a festooned
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Fig. 58.

O
M4\».

Fig. 53.

—

Portion of a Nodulated Later of Bone-Tissue from near the surface

OP the Shaft of a Decalcified IIfjierus.

At one side shreds of fibrous lamellee are seen ia the figure,

diameters.

]\[a-nified 300

Ossified cartilage is found on tlie articular ends of adult bones,

lying underneath the natural cartilage of the joint, both in the move-

able articulations and in symphyses, and is in fact the deeper part of

the cartilage which has been encroached upon by the calcifying process.

border such as often bounds a series of Haversian rings. Now, in the decalcified rib, it is

easy to peel off the inner from the outer layers, and the detached surface of the former

shows a number of oval eminences, some with one, othei-s with two, three, or more lacuna;

in their substance ; whilst what was the contiguous surface of the outer layers has exca-

vations that correspond. Again, in the grinding tooth of the horse, the surface of the

crusta petrosa which is contiguous to the dentine or to the enamel, is marked over with

spheroidal bodies having, in decalcified specimens, very much the appearance represented

in Fig. 53, but most of them with one or more lacuna-like cavities within. They

look very like distinct globules, and were described by Ozennak as calcified cells contain-

ing lacunic ; but on carefully viewing the decalcified layer in profile-sections and otherwise,

I am led to the conclusion that they are mammillary elevations of the surface, continuous

by their (sometimes contracted) bases with the general substance. The enamel is destroyed

in the decalcification, but the surface of the dentine of the cervix and root from which the

mammillated layer of crusta petrosa has been detached, is found to be excavated in a

manner to correspond with it ; an an-angement well calculated to secure their mutual

connection, [w. s. ]
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The animal basis is here, however, of a totally different nature from

that of the bone beneath ; for, when the earthy matter is extracted

by means of an acid, the tissue which remains has all the characters of

cartilage.

As to the mode in which the earthy matter is connected with the

animal substance, we know that the combination is very intimate, but
the manner in which it is eflFected is not fully understood

; probably

there is a chemical union between the collogenous matter and the earthy

salts.

The periosteum, as already stated, is a fibrous membrane which

covers the bones externally. It adheres to them very firmly, and in-

vests every part of their surface, except where they are covered with

cartilage or connected to other bones by fibro-cartilage. According to

KulHker it is composed of two difi'erent layers ; the outer, consisting of

white fibres, and containing occasional fat-cells, is the means of sup-

porting numerous l)lood-vessels destined for the bone, which ramify in

the membrane, and at length send their minute branches into the

Haversian canals of the compact substance, accompanied by processes

of filamentous tissue derived from, or at least continuous with, the

periosteum. The inner layer is made up of clastic fibres ; and
frequently presents the appearance of several distinct strata of " elastic

membrane." Between those, however, and the proper osseous tissue

there is, in the vouug bone at least, a fibrous stratum containing a

number of granular corpuscles (fig. 62, c). Fine nerves spread out

in the periosteum ; they are chiefly associated with the arteries, and
for the most part destined for the subjacent bone ; but some are for

the membrane itself. By treating the membrane with nitrate of

silver, lymphatics are discovered in it accompanying the blood-vessels,

and, as in other aponeurotic structures, extensive epithelioid markings,

covering a great part of the surface, are brought into view.
*

The chief use of this membrane is evidently to support the vessels going to the

hone, and afford them a bed in which they may subdivide into fine branches, and
so enter the dense tissue at numerous points. Hence, when the iDeriosteum is

stripped ofif at any part, there is great risk that the denuded portion of the bone
will die and exfoliate. The periosteum also contributes to give firmer hold to the

tendons and ligaments where they are fixed to bones ; indeed, these fibrous

structures become continuous and incorj^orated with it at their attachment. It.s

relation to the growth of bone will be refeiTed to later on.

The marrow {mrduUa ossiiim) is lodged in the interior of the bones ;

it fills up the hollow shaft of long bones and occupies the cavities of

the cancellated structure ; it extends also into the Haversian canals

—

at least into the larger ones—along with the vessels. A fine layer of a

highly vascular areolar tissue lines the medullary canal, as well as the

smaller cavities which contain marrow ; this has been named the

medullary membrane, internal periosteum, or endosteum ; but it cannot

be detached as a continuons membrane. Its vessels partly supply

the contiguous osseous substance, and partly proceed to the clusters

of adipose vesicles, among which there is but very little connective

tissue, in consequence perhaps of their being contained and supported
by bone.

The marrow differs considerably in different situations. Within the
shaft of the long bones it is of the character of ordinary adipose tissue.
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and contains, in 100 parts, 9G of fat, 1 of connective tissue, and 3 of
water. In short bones, and in the cancellated ends of long bones, but
especially in the cranial diploe, the bodies of the vertebra, the sternum,
and the ribs, it is red or reddish in colour, of more fluid consistence,

and with very few fat-cells. That from the diploe consists of 75 parts

of water and 25 of solid matters, which are chiefly albumin, fibrin,

extractive and salts, with mere traces of fat. "While, however, the fat-

cells are scanty in the red-coloured marrow, it contains numerous
roundish nucleated cells—the proper marrow cells of Kolliker. These,
Avhich in general appearance resemble the pale corpuscles of the blood,

and lilce them exhibit amoeboid movements, are supported by a fine

reticulum of connective tissue. They vary somewhat in size, and many
of them present a reddish colour, resembling somewhat in appearance
the nucleated primitive red corpuscles of the embryo; indeed, it is stated

that ordinary red-blood corpuscles are produced from them (Neumann,
Bizzozero). Other cells have occasionally been noticed containing
one or more red corpuscles in their interior : whether these have been
developed iti situ in a manner similar to that previously described in

connective tissue corpuscles of the young animal, or have been taken
into the interior of an amoeboid cell, there to be transformed into pigment
granules, is not certainly known. Cells containing reddish pigment
granules are, however, not uncommon. In addition to these smaller

cells, and larger ones which resemble connective tissue-corpuscles,

there occur in the marrow, especially in the neighboui'hood of the

osseous substance, large multi-nucleated protoplasmic masses (myelo-

plaques, Robin), which, as pointed out by Ktilliker, appear to be more
•especially concerned with the process of absorption of bone, under which
they will consequently be described.

Blood-vessels.—The bones are well supplied with blood-vessels. A
network of periosteal vessels covers their outward surface ; others pene-

trate to the cavities of the spongy part and the medullary canal^ on the

sides of which they ramify ; and fine vessels, deprived of their muscular
coat, run through all parts of the compact tissue in the Haversian canals.

The sides of these internal cavities and canals make up together a large

extent of inward surface on which vessels are spread. The nutritious

fluid conveyed by these vessels no doubt escapes through their coats

and permeates the surrounding dense bone interposed between the

vascular canals, and it seems highly probable that the system of lacunar

and communicating canaliculi, already described, is a provision for

conducting the exuded fluid through the hard mass. When a bone is

macerated, its vessels and membranes are destroyed, whilst the inter-

mediate true bony matter, being of an incorruptible and persistent

nature, remains ; a process which, for obvious reasons, cannot be effected

with the soft tissues of the body.
The vessels of bone may be recognised while it is yet fresh by the

colour of the blood contained in them ; but the vascularity of
the tissue is rendered much more conspicuous by injecting a limb
with size and vermilion, depriving the bones of their earth by
means of an acid, and then drying them and putting them into

oil of turpentine, by which process the osseous tissue is rendered
transparent whilst the injected matter in the vessels retains its red

colour and opacity. Numberless small vessels derived from the

periosteum, as already mentioned, pass along the Haversian canals
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in the compact substance. These arc both arterial and renons, but
according to Todd and Bowman, the two kinds of vessels occuj^y

distinct passages ; and the veins, which are the larger, are said to

present, at irregular intervals, pouch-like dilatations. Arteries, of larger

size but fewer in number, proceed to the cancellated texture. In the
long bones numerous apertures may be seen at the ends, near the
articular surfaces ; some of these give passage to the arteries referred

to, but the greater number, as well as the larger of them, are for the
veins of the cancellated texture, which run separately from the arteries.

Lastly, a considerable artery goes to the marrow in the central part of
the bone ; in the long bones this medullary artery, often, but impro-
perly, called " the nutritious artery," passes into the medullary canal,

near the middle of the shaft, by a hole running obliquely through the

compact substance. The vessel, which is accompanied by one or two
veins, then sends branches upwards and downwards to the marrow and
medullary membrane in the central cavity and the adjoining Haversian
canals ; from these branches capillaries pass radially towards the peri-

phery. The comparatively narrow arterial capillaries pass suddenly into

the wide venous ones, so that the current of blood must be considerably

retarded both in these and in the large thin-walled veins. The blood con-
tained in these is said to possess a large number of pale corpuscles, as

well as transitions from these to the red. The ramifications of the me-
dullary artery anastomose with the arteries of the compact and cancel-

lated structure ; indeed, there is a free communication between the finest

branches of all the vessels which proceed to the bone, and there is no
strictly defined limit between the parts supplied by each. In the thigh-

bone there are two medullary arteries entering at different points.

The veins of the cancellated texture are peculiar and deserve special

notice. They are large and numerous, and run separately from the

arteries. Their arrangement is best known in the bones of the skull,

where, being lodged in the diploe or spongy texture between the outer

and inner compact tables, they have received the name of the diploic

veins. They run in canals formed in the cancellated structm-e, the

sides of which are constructed of a thin lamella of bone, perforated

here and there for the admission of branches from the adjoining

cancelli. The veins, being thus inclosed and supported by the hard
structure, have exceedingly thin coats. They issue from the bone by
special apertures of large size. A similar arrangement is seen in the

bodies of the vertebras, from w'hence the veins come out by large

openings on the posterior surface.

The lymphatics of the bones are but little known ; still, there is

evidence of their existence, for, independently of the authority of Mas-
cagni (who, however, does not state that he injected the vessels which
he took for the lymphatics of bone), we have the testimony of

Cruikshank, who injected lymphatics coming out of the body of one
of the dorsal veftebrK, in the substance of which he also saw them
ramifying."' The lymphatics in the periosteum have been already

noticed (p. 91).

Fine nerves have been seen passing into the medullary canal of some
of the long bones along with the artery, and following its ramifications,

but their ultimate distribution is doubtful ; and Kulliker describes fine

* Anatomy of tlie Absorbing Vessels, 1790, p. 198
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nervous filaments as entering with the arteriss of the bone to the

sponoy and compact tissue. As far, however, as can be judged from
observations on man and experiments on the lower animals, the bones,

as well as their investing periosteum, are scarcely if at all sensible in

the healthy condition, although they are painfully so when inflamed.

Some hold that the same is triie of the marrow, or rather the medullary mem-
brane ; others, among whom are Duverney and Bichat, affirm, on the contrary,

that the meduUarj- tissue is sensible. They state that, on sawing through the

bone of a living animal, and irritating the medullary membrane by i^assing a

probe up the cavity, or by injecting an acrid fluid, very unequivocal signs of pain

will be manifested. Beclard. who affirms the same fact, points out a circum-

stance which may account for the result occasionally turning out differently,^

iiamelj\ that when the bone happens to be sa^\Ti through above the entrance of

the medullary artery, the nerves going along with that A'essel are divided, and
the marrow consequently rendered insensible, as haj^pens with any other sensible

part when its nerves are cut.

FORMATION AND GROWTH OF BONE.

The foundation of the skeleton is laid at a very early period ; for,

among the parts that appear soonest in the embryo, we distinguish

the rudiments of the vertebra3 and base of the skull, which afterwards

form the great median column to which the other parts of the bony
fixbric are appended. But it is by their outward form and situation

only, that the parts representing the future bones are then to be recog-

nised ; for at that early period they do not differ materially in substance

from the other structures of the embryo, being, like these, made up of

granular corpuscles or elementary cells, united together by a soft amor-

phous matter. Very soon, however, they become cartilaginous, and

ossification in due time beginning in the cartilage and continuing

to spread from one or from several points, the bone is at length

completed.

But, while ifc is true with respect to the bones generally that their

ossification commences in cartilage, it is not so in every instance. The
tabular bones forming the roof of the skull may be adduced as a

decided example to the contrary ; in these the ossification goes on in a

membranous tissue quite different in its nature from cartilage ;
* and

even in the long bones, in which ossification undoubtedly commences
and to a certain extent proceeds in cartilage, it will be afterwards shown

that there is much less of the increment of the bone really owing to

that mode of ossification than was at one time generally believed. It

is necessary, therefore, to distinguish two species or modes of ossifica-

tion, which for the sake of brevity may be called the intramem'branous

and the intracnrtilaninous.

Ossification in memlirane.—The tabular bones of the cranium, as

already said, attbrd an example of this mode of ossification. The base

of the skull in the embryo is cartilaginous ; but in the roof, that is to

say, the part comprehending the parietal, the upper and greater part

of the frontal, and a certain portion of the occipital bones, we find

(except where they happen to be commencing muscular fibres) only the

* This fact was pointed out and insisted on by Nesbitt, who distinguishes the two

different modes of ossification, and so far his views are quite correct.—See his Human
Osteogeny. Lend. 1736.
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integuments, the dura mater, and an intermediate membranous layer,

which differs from cartilage in its intimate structure as well as in its

more obvious ciiaracters, and in whicli the ossification proceeds.

The commencing ossification of the parietal bone, which may be
selected as an example, appears to the naked eye in form of a network
in which the little bars or spicula of bone run in various directions,

and meet each other at short distances. By-and-by the ossified part,

becoming extended, gets thicker and closer in texture, especially towards

the centre, and the larger bony spicula which now appear, run out in

radiating lines to the cir-

cumference. The ossifica-

tion continues thus to

spread and consolidate un-

til the parietal meets the

neighbouring bones, with

wliich it is at length united

by a suture.

The figure (54) repre-

sents the parietal bone of

an embryo sheep about two
inches and a half long, and
shows the character of the

ossification as it appears

when the object is mag-
nified about twelve dia-

meters. The bone is formed
in membrane as in the

human foetus, but a thin

plate of cartilage rises up
on its inside from the base

of the skull. The ossifica-

tion, however, is decided!}'

unconnected with the car-

tilage, and goes on in a

membrane lying outside of

it.

When further examined
with a higher magnifying
power, the tissue or mem-
brane in which the ossifi-

cation is proceeding, ap-

]iears to be made up of
fibres and granular cor-

puscles, with a soft amor-
phous or faintly granular uniting matter, and, in point of structure, might
not unaptly be compared to connective tissue in a certain stage of develop-
ment. The corpuscles are large, mostly two or three times the size of
blood-corpuscles ; their substance is granular in character, and, espe-
cially in specimens preserved in spirit, usually hides the nucleus. They
are densely pncked all over the area of ossification, covering the bony
spicula, and filling up their interstices ; so that, to bring the growing
parts into view, the corpuscles must be brushed away with a hair pencil,
or removed by short immersion of the specimen in weak solution of soda.

Fig. 54.— Parietal Bone op an Embryo
Sheep. Size of the Embryo, 2^ inches.

The small upper figure represents the bone of the

natural size, the larger figure is magnified about 12
diameters. The curved line, a, h, marks the height

to which the subjacent cartilaginous lamella ex-

tended. A few insulated particles of bone are seen

near the circumference, an ai)pearance which is quite

common at this stage.
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On observins; more closely the points of the gTOwinc^ osseous rays at

the circnmferencc of the bone, where they shoot out into the soft tissue,

it will be seen that the portion of them already calcifiecl is granular and
rather dark in appearance (fig. 55, a, h, c), but that this character is

gradually lost as they are traced further outwards in the membrane, in

Avhich they are prolonged for a little way in form of soft and pliant

bundles of transparent fibres (fig. 55,/). Further inwards, where the

slender rods or bars of bone are already in great part hard, their calcified

substance is coated over

(although unequally) with

transparent and as yet soft

and imperfectly calcified

matter, by which they grow
in thickness ; and this os-

sifying substance spreads

out at their sides, and en-

croaches on the interven-

ing space, in form of a

bright trellis-work (fig. 55,

d), thin towards its outer

limit, and there composed
of fine fasciculi, but denser

and closer nearer the bone,

where the trabeculce are

thick and round, and
already granular from com-
mencing' earthy impregna-
tion. The interstices of

this mesh-work are in some
parts occupied by one or

more of the corpuscles, but
at other parts they are re-

duced to short narrow clefts

or mere pores. The ap-

pearance here described is

especially well seen at those

places where a cross bridge

of bone is being formed
between two long spicula

(as at e) ; we may there

distinguish the clear soft

fibres or trabecule which
have already stretched

across the interval, and
the darkish granular opa-

city indicating the earthy

deposit (a, a') may be per-

ceived advancing- into them and shading off gradually into their

pellucid substance without a precise limit. This soft transparent

matter, which becomes ossified, may, wherever it occurs, be distin-

guished by the name of " osteogenic substance," as proposed by H.
Miiller, or simply of " osteogen." It is or becomes fibrous in intimate

structure, and ibr the most part finely reticular, like the decalcified

Growing E:^d of a Spicclum from

THE Parietal Bone of an Embryo Sheep at

about the same period of advancement as in Fig.

54 ; magnified 150 diameters, but dra-«Ti under

a power of 350 diameters.

rt, b, c, and «', parts already calcified ; d, d, irre-

gular network of soft and pellucid osteogenic sub-

stance, on which the calcification is encroaching;

a, e, «', a connecting bar or bridge still soft at e, but

calcified at a and cil
; f, extremity formed of bundles

of soft osteogenic fibres. The structure repre-

sented was covered over and hidden by granular cor-

puscles, or osteoblasts, which have been removed.

In the calcified part, a, h, c, superficial excavations

are seen which ai-e probably commencing or incom-

plete lacunae, from which the corpuscles have been

washed out. From a drawing by Prof. J. Marshall,

F.R.S.
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bone itself, but must not be confounded with fibres which may pre-exist

in the membranous tissue in which the bone is growing.
The granular corpuscles or cells everywhere cover, in a dense layer,

the osteogenic substance, and lie in its meshes ; most probably they
yield or excrete that substance ; hence the name " osteoblasts" has been
assigned to them.

But some of the granular cells are involved in the ossifying matrix,

and eventually inclosed in lacunte. Single cells may accordingly be
seen partially sunk in the recent osteogenic deposit, which then gradu-
ally grows over them and buries them in its substance ; and the cavity

in which the corpuscle is thus enclosed becomes a lacuna.

With regard to the formation of the canaliculi. some obseiTers state that, when
such a coi-puscle is as yet but half sunk in the growing substance, processes may
be seen passing from the imbedded side into fine clefts of the matrix, which
close in around them and become the canaliculi : and that as the inclosui'e of the

corpuscle is completed, canaliculi are in like manner fonned in the rest of its

circumference. It is also supposed that the canaliculi are afterwards extended by
absoi"ption, so as to anastomose with those of neighboui'ing lacuna?.

As the bone extends in circumference, it also increases in thickness ;

the vacuities between the bony spicula become narrowed or disappear,

and at a more advanced period the tabular bones of the cranium are

tolerably compact towards the centre, although their edges are still

formed of slender radiating processes. At tliis time also numerous
furrows are grooved on the surfiicc of the bone in a similar radiating

manner, and towards the centre these are continued into complete tubes

or canals in the older and denser part, which run in the same direction.

The canals, as well as the grooves, which become converted into canals,

contain blood-vessels supported by processes of the investing membrane,
and are lined with osteoblasts, which deposit concentric layers of bone
inside these channels ; and, when thus surrounded with concentric

laminre, these tubular cavities arc in fact Haversian canals.

It may here be observed that in earlier stages, such as that sho'mi in fig. .54,

vessels may be seen in the soft tissue, some twice or thi'ee times the size of a
blood-capillary, others considerably more, but all Mrith only a homogeneous coat

with cells upon it here and there, and without a muscular layer.

Ossification in cartilage.—It has already been stated that, in by
far the greater number of bones, the primitive soft cellular matter of

which they originally consist is very quickly succeeded by cartilage, in

which the ossification begins. One of the long bones taken from a very

small embryo, just before ossification has commenced in it, is observed

to be distinctly cartilaginous. In the tibia of a sheep, for example, at

a time when the whole embryo is not more than an inch and a quarter

in length, we can plainly see that the substance consists of cartilage-

cells imbedded in a pellucid matrix. These cells, which can scarcely

be said to be collected into groups, are much larger in the middle part

of the shaft where ossification afterwards commences, and there also

they are mostly placed with their long diameter across the direction of
the bone : towards the ends they are much smaller and closer together,

and the cartilage there is less transparent. As it enlarges, the cartilage

acquires firmer consistence ; it represents in figure the future bone,
though of course much smaller in size, and it is surrounded with a

VOL, II. II
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Fig. 06.

fibrous membrane or perichondrium, the future periosteum, Vessels
ramify in this membrane, but none are seen in the cartilage until ossi-

fication is about to begin.

In a long bone the ossification commences in the middle and proceeds
toward the ends, which remain long cartilaginous, as represented in

fig. 56. At length separate points of ossification appear in them, and
form epiphj-ses, which at last are joined to the body of the bone.

The newly formed osseous tissue is red and ob-

viously vascular, and blood-vessels extend a little

way beyond it into the adjoining part of the carti-

lage. In a long bone these precursory vessels are

seen at either end of the ossified portion of the

shaft, forming a red zone in that part of the carti-

lage into which the ossification is advancing. The
vessels are lodged in excavations or brauching canals

in the cartilage, (fig. 56, a) which also contains

granular corpuscles (osteoblasts). Other vascular

canals enter the cartilage from its outer surface,

and conduct vessels into it directly from the peri-

chondrium ; at least, this may be seen wlien the

ossification approaches near to the ends of the

bones.

Baly observed that in a transverse section of the

ossifying- cartilage, its cells appear arranged in radiating

lines round the sections of the vascular canals ;
* and it may

also be here remarked that in many of these radiating

groups the cells successively diminish in size towards the

centre, that is. as they aiaproach the canal. The canals

Avhich enter from the surface of the cartilage are i^robablj'

formed by processes from the vascular subperichondrial

tissue, which, excavating the canals by absorption, thus

extend themselves through the mass of cartilage ; and as

the perichondriiim affords material for the growth of the

cartilage at the sui'face. so these vascular processes probalily

yield matter for the multiiilication of the cells in the

interior of the mass. The canals which pass into the carti-

lage from the ossified part are. in like manner, most pro-

liably formed by processes of the subperiosteal tissue which
pierce the bone and extend through the medullary cavities

within it to the cartilage, into which they penetrate for

a short way beyond the advancing limit of ossification.

Fig. 56.

—

Humerus
OF A F<ETUs, Na-
tural SIZE.

The uiiper half is

divided longitudin-

ally, a, cartilage, h,

lione, which termin-

ates towards the car-

tilage by a slightly

convex surface.

To examine the process more minutely, let an ossifying bone be

divided lengthwise, as in fig. 56, and then from the surfoce of the sec-

tion (as at a, h) take off a thin slice of cartilage, including a very little

of the ossified part, and examine it with the microscope. Such a view,

seen with a low power, is shown in fig. 57. The cartilage at a distance

from the surface of the ossified part has its cells uniformly disseminated

in the matrix, (as at a, where it appears in the figure as if granular.)

but at and near to the limit where the ossification is encroaching upon
it, the cells are gathered into rows or ol)long groups, between which the

transparent matrix a])pears in form of clear longitudinal lines (often

obscurely striated) obliquely intersecting each other {h). Turning now

* :\luller"s Physiology, plate I., fig. 16.
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to the newh'-formecl bone (c), which from its dark opaque aspect con-

trasts strongly with the cartilage, and tracing it towards their mutual
boundary, we see plainly the dark lines of ossification shooting up into

the clear spaces of the cartilage between the groups of corpuscles. The
earthy deposit, in fact, proceeds through the matrix, and affects also

those parts of the cartilage-capsules which form the circumference of a

group, so that the new osseous substance forms in the first instance

Fig. 57.
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Fig. 57.

—

Thin Longitvdixal Section op Ossifyixg Cartilage from the Humerus
OF A FCETAL ShEEP.

a, cartilage-cells uniformly diffused ; 6, cells nearer tlie boundary of the ossification,

collected into piles and inclosed in oblong areolce of the clear matrix ; c, dark lines of

ossification extending into the matrix and forming the i^riinary bony areolte. Magnified
about 70 diameters.

Fig. 5S.- -Trassverse Section of the Ossifying Cartilage represented in

Fig. 57.

I\Iade a little above r, along the surface of ossification, and including jiart of the new-
bone, magnified 70 diameters. The circular sections of the gi'oups of cells and of the
osseous areolae are seen ; and the dark bone extending into the clear intercellular matrix.

oblong areola or loculi, which enclose the groups of cells. This is

further illustrated by a thin transverse section, carried nearly parallel

to the ossifying surface, and partly encroaching on it, so as to take off

a little of the bone along with the cartilage, as represented in fig. 58.
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FiiT. 59.

In this view we see, at one part, the dark and nearly circular sections

of the newly-formed osseous areolEe ; at another, sections of the rows of

cartilage-cells with the clear matrix between and around tliem, and into

this the dark ossification is advancing. It may frequently be observed,

that here also, as in intramembranous ossification, the deposition of

calcareous matter is preceded by the formation of an obscurely fibrous

structure, extending between the rows of cells.

On iising n higher jjower, as in fig. .59, it will

be seen that the cells forming the gi'oups are

jilacecl with their long diameter transversely,

as if they had been iiattened and piled iipon

one another ; but in the immediate vicinity of

the bone they become greatly enlarged and
more rounded. As to the substance composing
them, in some it is pellucid, strongly refract-

ing the light, and nearly filling the capsule

;

in others faintly granular and light like gi'ound

glass, and has a well-defined outline, and in

these there is a very distinct nucleus, varying

much in size in different cells, but always

most regularly circular, and inclosing one or

more nucleoli ; lastly, a good many cells may
be seen, esiiecially in the neighbourhood of

the advancing blood-vessels, in which the

contamed mass or cell-body does not nearly

fill the capsule, and then it is usually coarsely

granular, with an uneven and, in some, a
jagged outline.

It thus appears that the bony tissue, as

it advances into the cartilage, has at

first a sort of alveolar structure, made
up of fusiform arcoke or short tubular

cavities, with thin parietes, which are

formed by calcification of the matrix

and partial calcification of the capsules

of the cartilage-cells. But this condi-

tion, which diifers from that of perfect

bone, is only transitory, and at a short

distance below the ossifying surface we
see a change taking place in the newly-

formed tissue ; the structure becomes
more open, the original cartilage-cells

disappear from its interstices, and the

medullary spaces, with their lamellated

parietes, as in the permanent cancellated

tissue, begin to be formed. This, which

is the next step of the process, takes

place in the following manner. The primar// areohc of the bone above

described open into one another both laterally and longitudinally by
absorption of their intermediate walls, and by their confluence give

rise to the larger or sprondary cavities, the methdlarii spaces of H.
Miiller, which succeed them lower down. This is shown in a longi-

tudinal section in fig. GO, and in transverse section in fig. Gl, a,

which represents a thin section made almost immediately below the

/T^!
Fig. 59.

—

Small Portion of a
Sectiox similap. to that in

Fig. 57, more highly magni-
fied (about 140 diameters).

a, h, two of the new-formed
osseous tubes or areolfe, with a

few cartiliige-cells and granular

corpuscles lying in them ; c, c,

cartilage-cells near the ossifying

surface, exhibiting the appearance
described in the text.
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surface of ossification, and in which the primary cavities are seen to

have coalesced into larger ones. A transverse section somewhat lower

Fig. 60.Fig. 60.

—

Thin Longitudinal Section op
THE Growing End of the Shaft of the
Metatarsal Bone of a Slink. Calf, mag-
nified.

Tlie upper part of tlie figure shows four groups

of cartilage-cells, with calcified matrix between
them forming the walls of four primary areolae

filled as yet by the original cartilage-cells,

except at the lower part, where these are re-

placed by osteoblasts. Lower down are two
oblong spaces (secondary or medullary cavities)

;

one, indicated by d, is nearly filled by osteo-

l;)lasts and vessels, the other is vacant. The
walls of these spaces are beginning to be lined

with secondary osseous deposit, sho-w-n in the

figure as a lighter layer, 6, b, and b; c, c, and
c, are corpuscles about to be imbedded in the

ossifying substance and inclosed in laminre
; //,

a cartilage-cell of which the body has shrunk
from the inside of the capsule (after H. ]\Iiiller

and Kiilliker).

down, (fig. 61, B,) shows that they go
on enlarging by further absorption

and coalescence, and that their sides

are thickened by layers of new bone ;

this soon begins to be deposited (fig.

GO, l>, h, in longitudinal and Gl, a, in

cross section), and goes on increasing,

(fig. CI, b). In the meantime the

cartilage-cells have disappeared, and
the bony cavities are filled with soft

matter, in which there are a few fibres

and numerous granular corpuscles re-

sembling the osteoblasts seen in the
intramembranous ossification ; there

are also many blood-vessels. In the
end, some of the enlarged cavities and
open structure remain to form the cancellated tissue, but much of
this structure is afterwards removed by absorption, to give place to the
medullary canal of the shaft. In many of these cavities the walls of the
coalesced primary areola may long be distinguished, like little arches,
forming by their union a sort of festooned outline, within which the new
bony lamina are situated.

Tlie primary osseous matter forming' the original thin walls of the areolae, and
produced by calciUcation of the cartilaginous matrix, is decidedly granular, and
has a dark appearance ; the subsequent or .wcondary dcjjoxit on the other hand is

quite transparent, and of a uniform, homogeneous aspect. This secondary
deposit begins to cover the granular bone a very short distance (about ith of an
inch) below the surface of ossification, and. as already stated, increases in thick-
ness further down. The lacunjB first appear in this deposit ; there are none in
the primary granular bone. The cartilage-cells do not become calcified. According
to H. Muller the capsules are opened by absolution, and the granular bodies con-
tained within them {iu: the proper cell-bodies) produce by fissiparous multiplication
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tlio granular osteoblastic cells which succeed tliem. On tlie other hand, Loven*

has suggested, and, as it would seem, with more probability, that the osteoblastic

corpuscles properly belong to the vascular processes of the sub^jeriosteal tissue,

Fig. 01, A.

Fig. 61, B.

Fig. 61.—A AND B REPKESEXT Two Traksverse Sections of Growing Bone, as

IN Fig. 58, but much more magnified (about 120 diameters).

They show the lateral coalescence of the primary bony areolte and the thickening of the

sides of the enlarged cavities by new osseous deposit. The section A is made almost im-

mediately below the surface of ossification ; B, is somewhat lower, and shows tlie cavities

still more enlarged and their sides more thickened than in A. The new osseous lining is

transparent, and apjicars light in the figures ; the dark ground within the areolre is owing
to opaque debris, which collected there in grinding the sections. It must be further

'

noticed that the letter A within the larger figure, marks a place where a bony partition

had been accidentally broken away, for the large space was naturally divided into two.

which, as already stated, penetrate the newly fomied bone and spread throughout
its cavernulated structure. The excavation and removal of the cartilage, as well

as the partial absorption of the walls of the bony cavities, is no doubt effected by
this tissue, and the abundant osteoblastic cells which appear in it are most

* Studier och Undersokninirar ofver Benviifuaden, Stockholm. 1863.
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probably derived by descent from similar cells equally abundant beneath the

])criosteum. Tlie cells or coriJuscles in question, in whatever way produced, are

disposed in a layer or layers upon the walls of the secondary or medullary spaces,

in immediate contact with the new osteogenic deposit, which here, as in the

intramembranous ossification, they probably produce (figs. CO, 02). Here too the

osteogenic substance is finely reticular, and retains that character when calcified

;

for the secondaiy bony deposit is fonned in layers made up of finely reticulating

fibres, like the lamellaiof perfect bone shown in fig. 47. On a careful inspection,

and with a certain adjustment of the light, fine striajmay be seen in many parts

indicating the obliquely decussating filjres of the newly formed laminaj. The
structure in some measure reminds us of the secondary dej^osit inside the oblong

cells of the wood of coniferous trees, in which the ligneous matter is aiTanged in

fibres, or rather in fine lines, nmning obliquely round the wall of the cell and
crossing one another in alternate laj'ers.

The lacunjB are fonned, as described in the intramembranous ossification, by
some of the granular coiiiuscles becoming embedded in the osteogenic substance,

and inclosed in a cavity fonned round them by its further deposit (fig. (J2.(l). Lacunas

fonned from cartilage-cells exist but very- scantily. Examples occur in articular

cartilage, and in that of the pubic symphj-sis. when, as commonly happens in

mature life, the part of these tissues adjoining the lione is encroachetl on by a

species of ossification, as noticed at page '.»7. The ossifying process in this case

is mere calcification of the cartilage, and stellate lacuna;, not intercommunicating

))y canaliculi, remain in the partially os.sified cells. "When this hard tissue

is decalcified by an acid, the original cella and cartilaginous matrix become
apparent.

As ossification advances towards the ends of the bone, the portion as

yet cartilaginous continues to <i;vo\\ at the same time, and increases in

every dimension. Tlie part already osseous increases also in circum-

ference ; the medullary canal, of -which for some time there is no
appearance, begins to be excavated in the interior by absorption, and
the sides of the shaft acquire compactness and solidity. The increase

in girth is brought about by deposition of bone at the surface under-

neath the periosteum. It was at one time supposed that a formation

of cartilage precedes the bone also in this situation ; but such is not

the case, for the vascular soft tissue in immediate contact with the

surface of the growing bone is not cartilage, but a soft substance con-

taining fibres and osteoblasts ; in fact, the increase takes place by intra-

membranous ossification, and accordingly the Haversian canals of the

shaft are formed in the same way as those of the tabular bones of the

skull,—that is, the osseous matter is not only laid on in strata parallel

to the surface of the bone, but is deposited around processes of the

vascular membranous tissue which extend from the surface obliquely

into the substance of the shaft (fig. 62) ; and the canals in which
these vascular processes lie, becoming narrowed by the deposition of

concentric osseous lamina, eventually remain as the Haversian canals.

Ossification having thus proceeded for some time in the shaft, at

length begins in the extremities of the bone from one or more inde-

pendent centres, and extends through the cartilage, leaving, however,

a thick superficial layer of it unossified, which permanently covers the

articular end of the bone. The epiphyses thus formed continue long

separated from the shaft or diaphysis by an intervening portion of

cartilage, which is at last ossified, and the bone is then consolidated.

Growth and absorption of Bone.—The time of final junction

of the epiphyses is ditfereut in different bones ; in many it does

not arrive until the body has reached its full stature. Meanwhile
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Fig. 62.

gJ
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Fig. 62.

—

Highly magnified Transverse Section op Superficial Part op Femur—
Human Fcetus (Klein).

a, h, c, iieriosteiim ; c, internal layer, with numerous osteoblasts, passing in to form

d, new bony growth, which is covered with osteoblasts, some of which are imbedded iu it,

forming bone corpuscles. Numerous Mood-vessels are seen cut across, in the periosteal

ingrowth, some filled with blood-coi-puscles, others empty.

the bone increases in length by the ossification continuing to extend

into the intervening cartilage, which goes on growing at the same
time ; and it appears that in the part of the shaft already ossified

little or no elongation takes place by interstitial growth. This
is shown by an experiment first made by Hales and afterwards by
Dnhamel and by John Hunter, in which, two or more holes being bored

in the growing bone of a young animal at a certain measured distance

from each other, they are found after a time not to be farther asunder,

although the bone has in the mean while considerably increased in

length.* In like manner the shaft also increases in circumference by
deposition of new bone on its external surface, while at the same time
its medullary canal is enlarged by absorption from within. A ring of

* Hales, Yeget. Statics., 4th edit. p. 340 ; Duhamel, Mem. dc I'Acad. des Sc. 174-3 et

seq. Hunter (rejjorted by Home) iu Trans, of Soc. for Imp. of Med. and Chir. Know-
ledge, vol. ii. ; also Catalogue of Hunterian ]\Iuseum, vol. i., ix 249. Duhamel was led

from some of his exiieriments to infer that an interstitial elongation took place near the

ends ; but there is some doul)t left as to the precise circumstances of the experiments in

these cases. Ijoth Hales and Duhamel, in experimenting on the gi'owing tibia of a chicken,
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silver or platinum put round the wing bone of a growing- pigeon,

becomes covered with new bone from without, and the original bone

included within it gets thinner, or, according to Duhamel, who first

made the experiment, is entirely removed, so that the ring comes to lie

within the enlarged medullary canal.

Madder given to an animal along- with its food tinges those parts in which

deposition of new bone is taking place. The earth of Ijone apjaears to act as a

sort of mordant, uniting with and fixing the colouring matter : and. as in this

way the new osseous gro^i;h can be readily- distinguished from the old. advantage

was taken of the fact by Duhamel. and afterwards by Hunter, in their inquiries

as to the manner in which bones increase in size. By their experiments it was

showTi that when madder is given to a young pig for some weeks, the external

13art of its bones is deeply reddened, jiroving that the new osseous matter is

laid on at the surface of that previously formed. Again, it was found that,

when the madder was discontinued for some time before the animal was

killed, an exterior white stratum (the last fonned) appeared above the red one,

whUst the internal white part, which was situated within the red. and had

been fonned before any madder was given, had become much thinner ; showing

that absoqition takes place from within. In this last modification of the experi-

ment also, as noted by Hunter, a transverse red mark is obseiwed near the ends

of the bona, beyond which they are white ; the red part indicating the growth

in length dimng the use of the madder, and the white beyond, that which has

taken place subsequently,—thus showing that the increase in length is caused

by the addition of new matter to the extremities. But other changes take

place in the bone. The spaces in the cancellated structui-e, as well as the

medullaiy canal, become enlarged by absori^tion ; whilst in other parts the tissue be-

comes more compact by farther deposit on the inner surface of the vascular cavities.

Tlie sides of the shaft in particular acqiiire greater solidity by the narrowing of

the Haversian canals, within which the osteoblasts continue to deposit fresh

laj-crs of bone ; and madder administered while this process is going on. colours

tlie interior and recently-formed laminae, so that in a cross section the Haver-

sian apertures appear surrounded with a red ring.

Flourens,* and more recently. KoUiker, have repeated and varied these experi-

ments, and have represented the results in l^eautiful delineations. KoUiker has,

in addition, carefully investigated the microscopic appearances observed in the

process of absorption of bone. From the results of his researches (which were in

part anticipated by those of Loven) .f it would seem that tlie process is essentially

dependent on the presence of large multi-nucleated cells, by him tenned " osto-

clasts" (the myeloplaques of Robin), which excavate, in the part which is

undergoing absorption, small shallow pits (fovcolcz) in which also they lie.

Tliese pits were first noticed by Howship : they seem to occui" wherever

absolution is proceeding, and it is to them that the festooned appearance of

the Haversian spaces is due. The ostoclasts (fig. 63) vary in size, but are alwaj-s

many times larger than a blood-coi-puscle : in shape they are almost always flat-

tened, with either an even or an irregular outline. Their substance is granular,

and they each contain from two to ten clear round nuclei, but this number
may be considerably exceeded. The ostoclasts frequently present on the side

hy which they are in contact with the bone a thickened striated border

(fig. G3, a), somewhat similar to the well-known thickened base of the columnar
epithelium cells of the intestine. "With respect to the origin and destiny of the

ostoclasts, they are regarded by KoUiker both as in the first instance derived

from and as eventually breaking tfp into osteoblasts. \Vegner.+ on the other hand,

observed that the addition of new bone was much greater at the upper end. Humphiy
has foxmd that in the femur the elongation is gi-eater at the lowei; and in the humerus
at the iq:)pcr end of the shaft (^led. Chir. Trans., vol. xliv.).

* Recherches sur le Developpement des Os et des Dents. Paris, IS 42.

+ Loc. cit., I860.

1 Virch. Archiv. Ivi. 1873.
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describes them as springing originally from the cells which compose the walls of

the blood-vassels. Ostoclasts are found in connection with the roots of the milk
teeth where these are undergoing absori^tion to make way for the iJennanent set

:

and cells precisely similar occur
in various situations quite apart
from any hard tissue, and in

siich situations have long been
known as '• giant-cells " (Riesen-

_,-!Sw>.. :-:\ (3B&;;.s»v»-s^g zellen, Yirchow). "\Miether in

<f?^?'^ / '% ?-'^'^f^W these cases also they are con-

^( :: J • ".W cerned in any way with absorp-
ife'S'Xj^-'

"'""

vM tion is unknown.
The changes of shape which

the bones imdergo in the pro-

cess of growth, as well as any

m /^
changes which may occur in

Fig. 63.—Three Ostoclasts from Abs:)rption them in adult life, are all pro-
bURKACES OF (iROWOG JjONE. 400 DiAMETERS ^„„„ 1 ,•„ +!,„ „„
,,,..,,., , diTceu m the same manner as

the increase of size—that is to
a, with thickened striated border. gay, not by interstitial growth

and expansion of the sub-
stance of the bone in one direction more than in another, but by a deposition
of new bone by osteoljlasts at some parts and a simultaneous absorption by
ostoclasts at others

;
whilst in other places again neither absorption nor deposi-

tion is occmi-ing—just as a modeller corrects his work by plastering the clay
on at one jiart whilst scraping it away at another part.*

From the foregoing account of the development of bone, it is evident that a
great portion of a long bone is formed independently of cartilage. It appears there-
fore reasonable to consider the pre-existence of that tissue as not being a necessary
condition of the ossific process, and to regard the precursory cartilage of the
foetal skeleton in the light of a temporary substitute for bone, and also as afford-

ing, as it were, a mould of definite figmre and of soft but yet sufficiently consistent
material in which the osseous tissue may be at first deposited and assume a suit-

able form. In fact the cartilage-cells are not ossified, and, as to the slender walls
of the primary areolas formed by calcification of the intercellular cartilaginous
matrix, most of them are. in a long bone, swept away by absolution, in the
excavation of the medullary canal ; so that they can only remain—coated, how-
ever, and obscured by secondary laminated deposit—in the cancellar structure of
bones which begin to ossify in cartilage.

f

The time of commencement of ossification in the different bones, as well as
the number and mode of conjunction of their centres of ossification, are subjects
that belong to special anatomy. It may, however, be here remarked in general,
that the commencement of ossification does not in all cases follow the order in
which the bones appear in their soft or cartilaginous state. The vertebra;, for
instance, appear as cartilages before there is any trace of the clavicle, yet
ossification begins in the latter sooner than in any other bone of the skeleton.
The time when it commences in the clavicle, and consequently the date of the
first ossification in the skeleton, is referred by some to the seventh week of

* For special details of this modelling process as it is met with in tlie different bones
'if tlic skeleton, the reader is referred to KoUiker's memoir : Die uormale ResoriJtion des
Knocheugewebes. Leipzig, 1873.

t Nesbitt, in 1736, maintained that the cartilage is "entirely destroyed ;" he there-
fore considered it to be a mere temporary substitute ; but the steps of the process of
intracartilaginous ossification as now traced with the aid of the microscope were unknown
to him. Tlie view stated in the text, together with most of tlie facts adduced in support
of it, was announced by Sharpey in the fifth edition of this work in 1846, but notwith-
standing the compreliensive researches of liruch, by wliich ho was led to the same opinion
(Denks. d. Schweitz. naturf. Gesclls. 1852), it met witli little notice, and probaljly less

assent, until the subject was treated of in a special memoir by the late H. ]Muner (Zeits.

fur wissensch. Zool. vol. ix., ISoS), to whom the doctrine in its modern shape is

now commonly ascribed.
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intra-uterine life ; others assign a considerably earlier period ; but owing to the

iincertainty that prevails as to the age of early emlnyos, the dates of commencing
ossification in the earliest bones cannot be given with precision.

In regard to the number and arrangement of the osseous centres, the following

general facts may be stated :—1. In the long bones there is one centre of ossifi-

cation in the middle, and the ends are for the most part ossified from separate

centres ; whilst a \ajev of cartilage remains intcriiosed untO. the bone has nearly

attained its full length. By this means the Ijone is indui'ated in the parts where
streng-th is most required, whilst its longitudinal growth is facilitated. 2. The
larger foramina and ca%'ities of the skeleton are for the most part fonned by the

junction of two. but more generally of three or more ossific centres around the

apertiue or included space. The vertebral rings, the acetabulum, the occipital

foramen, and the cranium itself, are illustrations of this. It is easy to conceive

that in this way the ready and equable enlargement of such cavities and apertiu'cs

is provided for. 3. Bones of a complex figure, like the vertebriu. have usually

many centres of ossification ; but the converse is not always tnie. 4. "We can
frequentlj' connect the number of ossific centres with the principle of unifonnity

of tyi>e on which the skeleton of vertel)rated animals is constructed. Thus the

tTti)ical fonn of the sternum seems to be that of a series of distinct bones, one
placed between each pair of ribs in front, as the vertebra) are behind, and this

is its permanent condition in many quadrupeds. In man it confonns to the

general type in its mode of formation, in so far as it is ossified from several

centres, and for some time consists of several pieces ; but, to suit the fabric of

the human thorax, these at last coalesce one with another, and are reduced in

number to three.

Reg-eneration of Bone.—In the reunion of fractured bones, osseous matter

is formed between and around the broken end.s, connecting them finnlj^ together
;

and when a portion of bone dies, as happens in necrosis, a growth of new bone
very generally takes place to a greater or less extent, and the dead part is

thrown off. The several steps of the process of restoration in these instances

are so fully described in works on Surgical Pathology, that it is unnecessaiy to

add to the leng-th of this chapter by introducing an account of them liere.

Nevertheless it may be well to refer brietiy to the importance of the periosteum

in the process of repair, a point that was urged by Duliamel and Troja. and
more recently by Syme and Oilier.* It is well known that if a portion of

periosteum be stripped off, the subjacent bone will )je liable to die and ex-

foliate ; conversely, if a large part or the whole of a bone be removed and the

periosteum at the same time be left intact, the bone will, in a great measure, be

regenerated. These and many other facts connected with the subject of osseous

regeneration have been very fully illustrated by the experiments of Oilier,

who has sho^\^^, amongst other things, that osseous fonnation will even occur in

connection with piortions of i^eriosteum which have been strijiped away from the

bone itself and intertwined amongst the muscles of the part, or even with

portions that have been entirely removed from a bone and transplanted to a

soft tissue—as, for instance, underneath the skin.

MUSCUIiAE. TISSUE.

The muscular tissue is that by means of which the active movements
of the body are produced. It consists of fine fibres, which are for the

most part collected into distinct organs called muscles, and in this form

it is familiarly known as the flesh of animals. These fibres are also

disposed round the sides of cavities and between the coats of hollow

viscera, forming strata of greater or less thickness. The muscular

fibres are endowed with contractilify, a remarkable and characteristic

property, by virtue of which they shrink or contract more or less

rapidly under the influence of certain causes which are capable of

* Syme, Trans. K. S. Ed. 1840. Oilier, Traite de la Eegeneration des Os. Paris, 18G7.



108 MUSCULAR TISSUE.

exciting or calliDg into play the property in question, and which arc

therefore named stimuli. A large class of muscles, comprehending

those" of locomotion, respiration, expression, and some others, are

excited by the stimulus of the will, or volition, acting on them through

the nerves ; these are therefore named " voluntary muscles," although

some of them habitually, and all occasionally, act also in obedience to

other stimuli. There are other muscles or muscular fibres which are

entirely withdrawn from the control of the will, such as those of the

heart and intestinal canal, and these are accordingly named "involun-

tary." These two classes of muscles differ not only in the mode in

which they are excited to act, but also to a certain extent in their

anatomical characters; and on this account we shall consider the

structure of each class separately.

OF THE STRUCTURE OF VOLUNTARY MUSCLES.

The voluntary muscular fibres are for the most part gathered into

distinct masses or muscles of various sizes and shapes, but most

generally of an oblong form, and furnished with tendons at each

extremity, by which they are fixed to the bones.

The two attached extremities of a muscle are named, in anatomical

descriptions, its origin and insertion ;—the former term being usually

applied to the attachment which is considered to be most fixed, although

the rule cannot be always applied strictly. The fleshy part is named
the belly, which in some cases is interrupted in the middle or divided

into two by a tendon, and then the muscle is said to be biventral or

digastric ; on the other hand it may be cleft at one end into two or

three porticms, in which case it is named bicipital or tricipital.

The muscular fibres are collected into packets or bundles, of greater

or less thickness, named fasciculi or lacerti (fig. G-1), and the fibres

themselves are commonly described as consisting of much finer threads,

visible by the aid of the microscope, which are termed muscular fila-

ments, fibrilla?, or fibrils (fig. G5, c). The fibrils run parallel with

each other in the fibres, and the fibres are parallel in the fasciculi ; and

the fasciculi extend continuously from one terminal tendon to the other,

unless in those instances, like the rectus muscle of the abdomen and the

digastric of the inferior maxilla, in which the fleshy part is interrupted

by° interposed tendinous tissue. The fasciculi also very generally run

parallel, and, although in many instances they converge towards their

tendinous attachment with various degrees of inclination, yet in the

voluntary muscles they do not interlace with one another.

Sheath.—An outward investment or sheath of areolar tissue (some-

times named /lerimij.sium) surrounds the entire muscle, and sends par-

titions inwards between the fasciculi ; furnishing to each of them a

special sheath. The areolar tissue extends also between the fibres, but

does not afford to each a continuous investment, and therefore cannot

be said to form sheaths for them. Every fibre, it is true, has a tnltular

sheath ; but this, as will be afterwards explained, is not derived from

the areolar tissue. The tissue of the sheath is composed of elastic

(yellow) as well as of white fibres ; but the elastic element is found

principally in its investing (as distinguished from its penetrating)

l)ortion. The chief uses of the areolar tissue are to connect the fibres

and fasciculi together, and to conduct and support the blood-vessels and
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nerves in their ramifications between these parts. The relation of

these different subdivisions of a muscle to each other, as well as the

shape of the fasciculi and fibres, is well shown by a transverse section

(figs. G4: and 65).

Fig. 64. Fig. 65.

Fig. 64. — A, Small Portion of Muscle, natural size; B, the same magnified

5 Diameters, consisting of larger and smaller Fasciculi, seen in a Transverse
Section.

Fig. 65.—A FEW Muscular Fibres, being part op a small Fasciculus, magnified,

siiu\yiNG THE Transverse Stri.e.

a, eud view of b, h, fibres ; c, a fibre split into fibrils.

Fasciculi.—The fasciculi are of a prismatic figure, and their sections

have therefore an angular outline. The number of fibres of which

they consist varies, so that they differ in thickness, and a large fasciculus

may be divisible into two or three orders of successively smaller bundles,

but of no regularly diminishing magnitude. Some muscles have large,

others only small fasciculi ; and the coarse or fine texture of a muscle,

as recognized by the dissector, depends on this circumstance. The
length of the fasciculi is not always proportioned to the length of the

muscle, but depends on the arrangement of the tendons to which their

extremities are attached. When the tendons are limited to the ends of

a long muscle, as in tlie sartorius, the fasciculi, having to pass from

one extremity to the other, are of great length ; but a long muscle may
be made up of a series of short fasciculi attached obliquely to one or

both sides of a tendon, which advances some way upon the surface or

into the midst of the fleshy part, as in the instances of the rectus

muscle of the thigh, and the tibialis posticus. Muscles of the kind

last referred to are named "' penniform," from their resemblance to the

plume of a feather, and other modifications of the arrangement, which
can be readily conceived, are named " semi-penniform " and " com-
pound penniform." Many short fasciculi connected thus to a long
tendon, produce by their combined operation a more powerful effect

tlian a few fasciculi running nearly the whole length of the muscle

;
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Fi.ir. 66.
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but by the ktter arrangement the extent of motion is greater, for the
points of attachment are moved through a longer space.

Fibres ; their figure and measurement.—In shape the fibres are

cylindrical, or prismatic, and in the latter case often with romided
surfaces and angles. Their size is tolerably uniform, although fibres

occur here and there in a muscle which differ greatly in size from the
prevailing standard. Bowman gave the average diameter in the male
at -j-i-TT and in the female at -^-J^^ of an inch. ""According to later mea-
surements by Kolliker in different regions of the body, the prevailing

size of the fibres in the muscles of the trunk and limbs is from -^^-^ to

4^0 of an inch, but is less in those of the head, especially in the facial

muscles, in which he found the diameter to range from -J
„ down to

^r^TTo of an inch.

Cross stripes.—When viewed by transmitted light with a suffi-

ciently high power of

the microscope, the

fibres, which are then

clear and pellucid in

aspect, appear marked
with fine parallel

stripes or bands pass-

ing across them di-

rectly or somewhat
obliquely with great

regularity (figs, C5

and GG, a), and
this not only at the

surface but, as may
be seen by altering

the focus of the mi-

croscope, throughout

its substance also.

The stripes are com-
monly said to be

dark, with light in-

tervals ; but it is more
correct to speak of

both light and dark

stripes which alter-

nately cross the fibre.

The dark and light

stripes are nearly of

equal breadth, and
there also may be seen

,

very generally but not

in all cases, a fine dark dotted line (first noticed by Busk and Huxley)

passing along the middle of the light stripe, and dividing it into two

(fig. GG, a). About eight or nine dark and as many light stripes may
be counted in the length of -^^ of an inch, which would give about

T-^i-fT^ inch as the breadth of each. But whilst this may be assigned

as their usual breadth, they are in different parts found to be much
narrower, so that not unfrequently they are double the above number in

an equal space. This closer approximation may generally be noticed in

w

if.

^tr,

^i'm i

EJff

Fig. 66.—A, Portion op x jiedium-sizkd Human Mus-
cuLAU Fibre, magnified nearly 800 Diameters,

B, Separated bundles of Fibrils, equally magnified.

a, (I, larger, and b, b, smaller collections ; c, still smaller

;

d, d, the smallest wliicli could be detached.
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thicker and apparently contracted parts of the fibre, but it is by no
means confined to such parts. This cross-striped appearance, which is

most beautifal and characteristic, is found in all the voluntary muscles

:

])ut it is not altogether confined to them, for it is seen in the fibres of

the heart, which is a strictly involuntary organ : striped fibres are also

found in the pharynx and upper part of the gullet, in the muscles of

the internal ear, and those of the urethra, parts which are not under
the direct control of tlic will.

Structure of the fibres.—A muscular fibre may be said to consist

of a soft contractile substance inclosed in a tubular sheath.

This, the proper sheath of the fibre, is named sarcoJemma or myo-
lemma. It consists of transparent and apparently homogeneous mem-
brane agreeing in chemical characters with elastic tissue, and, beiug

comparatively tough, will sometimes remain entire when the included

fibrils are ruptured by stretching the fibre, as represented in fig. 67.

In this way its existence may be

demonstrated; and it is especially ^ig. 67.

well seen in fish and other animals

which have large fibres, for in these

it is thicker and strouger. It may
also be well shown in fresh muscular

filjres from the frog, by exposing

them to water under the micro-

scope. The fluid is imbibed, and
then collects between the substance ^% 67.-Muscular Fibre of Fish.

^ ,, £., T •. 1 .1 X teUBSTAXCE OP J^IBRE RUPTURED SO
of the fibre and its sheath so as to ^^ ^^ ^^^,^^^ Sarcolemma. (After
separate the membrane and make Bowman.)

it apparent. At the same time, as

regards mammalian muscles, it must be admitted that it is not always

easy to bring the sarcolemma distinctly into view.

The proper substance of the fibre presents, besides the cross-striped

appearance already mentioned, also an appearance of longitudinal

striation, which is the better marked where the transverse striation is

less distinct. On separating the fibre with needles, especially after

hardening in alcohol or solution of osm.ic acid, it may be broken up
longitudinally into the so-called ^^//vVs, which, when of a certain fineness,

appear to consist of a row of dark quadrangular particles (fig. 6G B, i),

with bright intervals, the latter being commonly traversed by a dark
dotted line, c. These rows of quadrangular particles may, however, be
further separated, and the finest of the filaments so obtainable present

the appearance of lines regularly broken at short distances with a dot in

each of the breaks, d. Each such thread may be looked upon as an ulti-

mate fibril. It must, however, be borne in mind that the fibre is not

actually co)nposed of these, but that there is in addition a not inconsider-

able amount of connecting substance. Under certain circumstances the

fibres show a tendency to cleave across in a direction parallel to the

stripes, and even to break up into transverse plates or disks, which are

formed by the lateral cohesion of the ])articles of adjacent fibrils. To
make up such a disk, therefore, every fibril contributes a particle, which
separates from those of its own fibril, but coheres with its neighbour
on each side, and this with perfect regularity. Indeed, Bowman con-
ceives that the subdivision of a fibre into fibrillar is merely a pheno-
menon of the same kind, only of more common occurrence, the cleavage
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in the latter case taking place longitudinally instead of transversely

:

accordingly, he considers that the fibrilhB have no existence as such in

the fibre, any more than the disks ; but that both the one and the

other owe their origin to the regular arrangement of the particles of

the fibre (sarcous elements) longitudinally and transversely, whereby,

on the application of a severing force, it cleaves in the one or in tlie

other direction into regular segments. Kolliker, on the other hand,

holds to the opinion that the fibrils pre-exist as such, and that they

are of essentially the same nature from end to end of the fibre, the

alternating dark and light parts being due to diflFerences in optical

characters merely : he describes them as being collected into definite

bundles (which make up a fibre), termed by him " muscle-columns."

It is difficult, however, on account of the extreme delicacy of the

elements composing it and the readiness with whicli changes occur in

them, to make out, with the means at present at our command, the

exact structure of the mammalian muscular fibre ; and, to endeavour

to attain to a satisfactory knowledge of the subject, histologists have

therefore largely availed themselves of the facilities aflJbrded by

the muscular fibres of the arthropoda, and especially of the water-

beetle, which are quite similar in appearance and character, but in

which the elements are relatively large, these fibres, moreover, are

readily obtained in a perfectly unaltered and still contractile condition.

Such muscular fibres, when examined, without the addition of any

fluid, under a high power of the microscope, in what may be considered

their typical condition, present, like mammalian muscle, the appear-

ance of alternate dim and bright stripes crossing the fibre. Each
dim stripe is seen to be pervaded by a series of minute rod-shaped

particles set side by side, with their

axes parallel to that of the fibre (fig.

68). Crossing tlie fibre in the middle

of each of the bright stripes a double

row of dots (c) is apparent ; and
on close inspection it may be seen

that each rod-shaped particle of the

dim stripe is traceable at each end

into one of the dots of the bright

stripe : the dots consequently are

merely the knobbed ends of the rod-

shaped particles. In this way the

whole fibre is pervaded by these

minute rods (muscle-rods, d ). The
muscle-rods refract the light more

strongly than the rest of the mus-

cular substance, and hence appear

somewhat darker; like that sub-

stance, they are probably of a soft

and yielding nature.

Now it can be shown that a linear

series of strongly refracting sphe-

roids, like the enlarged ends of the

muscle-rods, must necessarily have

the effect, when viewed by trans-

bright band, due to diffraction, on

Fig. 68.

Fig. 68.—Living Muscle of "Watkr-

BEETLE (DyTISCUS MARGINALIS),

HIGHLY MAGXIFIED.

s, sarcolemma ; «, dim stripe ; b,

bright stripe ; c, rows of clots in briglit

stripe which are seen to be the knobbed

heads of d, iimscle rods.

mitted light, of producing a
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either side, jnst as a minute oil-globule in water appears surrounded
with a bright halo when examined under the microscope. According
to this view the proper substance of the muscle may be re"-

garded as consisting of a homogeneous ground-substance, in which
lie imbedded successive series of rod-shaped particles, the enlarged
ends of which give the appearance of transverse lines of dots, and,
by diffraction, produce a relatively bright appearance in their im-
mediate neighbourhood, and therefore rise to the bright bauds.* In
transverse section the muscle rods appear, if the mus'cle be perfectly
fresh, as minute round dots in the homogeneous ground-substance (fig. G9).

Fig. 69. Fig. 70.

Fig. 69.—Transverse Section of a Small Muscular Fibre op "Water-Beetle.

Highly Magnified.

s, sarcolemma.

Fig. 70.

—

Transverse Section of Portion of Muscular Fibre of Lobster. ExA3iixin>

IN Salt Solution (}, percent.) and Magnified 400 Diameters (Kolliker).

The polygonal areas of Colinlieim are seen, and among tlicm two or three irregular nuclei.

Under certain circumstances, especially on tlic addition of any fluid,

this appearance vanishes, and the ground becomes parted off into

definite polygonal areas (Cohnheim's areas) bounded by clear bright

lines (fig. 70). These are regarded by Kolliker as the sections of the

muscle-columns described by him ; by W. Krause as the ends of minute

prisms of which he conceives the muscular substance to be made up.

They are not observable in the unaltered condition of the fibre.

There is every reason to believe that the ground-substance is similar

in nature to ordinary protoplasm but without the granular character

commonly, but not always, exhibited by the latter. Like the substance

composing the plain mus'cular cells shortly to be described, it is doubly

refracting (anisotropous), whereas the substance composing the muscle-

rods is probably singly refi'acting (isotropous).

* This view of the cause of the appearance is supported bj' the fact that in certain fibres the
ends of the rods are not enlarged, and in such cases the bright transverse stripes are no
longer observed. It also explains, amongst other things, why it is that, until quite lately,

observers have failed in recognising the actual continuation of the rod-shaped particles

into the dots. For a more extended account of the subject, as well as a notice of

the recent literature, the reader is referred to a paper on " The Alinute Structure of the
Leg-muscles of the Water-beetle " in the Philosophical Transactions for 1873.

VOL. II. I
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Since, however, the rods are enclosed in anisotropous substance their isotropous

character is not apparent in the ordinary condition of the fibre, but the appear-

ances observable in the contraction of muscle under polarized light lead to the

above conclusion.

Brlicke (from the appearance of dead muscular fibre in polarized light) described

the dark stripes as being anisotropous, the light isotropous. and he has been

followed in this by most subsequent writers on the subject. The fact has, how-

ever, been almost entirely overlooked that, as Briicke himself pointed out. in

livi/i// muscle at rr.tt, the whole of the muscular substance appears doubly refract-

ing ;' and it is only in contraction that the alternate stripes appear singly

refracting.

On theoretical grounds the doubly refracting parts of a muscular fibre have been

conceived ];y Briicke to be made up of an aggregation of minute doubly refracting

particles, termed by him dlsdiacladx. But, while the doubly refracting property

is no doubt dependent upon the ultimate molecular constitution of the suljstance

possessing it. it is by no means proved that this is represented by particles other

than the molecules of which that substance is composed.

Chang-es which the muscular elements undergo in contraction.
—

"When a

portion of the still living muscular tissue of the water-beetle is observed under the

microscope, contractions may be seen passing in waves along the fibres from end to

end, and with care the following changes may be made out. That part of a fibre

which is undergoing contraction becomes shorter and thicker, in all probability by

the contraction of the protoplasmic gi'ound-substance ; the rows of muscle-rods

appear at the same time to get pressed down the one upon the other, so that the

previously double row of rod-heads in the middle of each bright stripe, first

becomes blended into one and then approximated to the neighboming rows, the

heads of the muscle-rods being en-

larged, and their shafts encroached
upon. Now since ithas been shown that

the bright bands are dependent on the

diffraction of the lines of rod-heads,

it is easy to luiderstand that they

will, accompanying these, encroach

on and eventually replace the dim
stripe in which'the shafts of the rods

lie. So that when the portion of

muscle is fully contracted (fig. 71, r)

the closely approximated dark stripes

which are obsen'ed are in reality due
to the enlarged rod-heads which have
more or less blended with one another

:

while the bright effect, which is

produced by reflection of light from
the sui'face of the disks thus formed,

tends to obscure the attenuated

shafts.*

"When a contracted fibre is viewed
under polarized light the dark bands

(which are formed in this case, as just

explained, by the coalesced rod-heads)

refract the light singly so that we now
get dark and light bands crossing the

fibre ; it is possible that the alter-

nations of doubly and singly re-

fracting paits, which are commonly

observed in preserved specimens of muscle, may be due to the presence of a

condition similar to that here described.

Pig. 71. —Diagram op Contraction op

Muscle.

r, portion at rest ; p, portion in which

contraction is proceeding ; c, contracted por-

tion ; d r, dark stripe of muscle at rest ; d c,

ikirk stripe of contracted muscle formed by

apposition of the enlarged rod-heads.

* It will he seen, therefore, that in the process of contraction the relative position of

tlic liirht and dark parts of the fibre becomes altered, so that the stripe which -was

previously dim is now bright.
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Fig. 72.—A Frog's Muscular
Fibre treated with Acetic;

Acid, magnified o50 Diam.
(from Kolliker).

Tlie nuclei ai'c somewhat sliniiil-:.

Interstitial granules in longita-

diiial rows, here and there.

TTuclei 01' inusele-corptiscles.—A number of clear oral nuclei

are found in the fibres (see p. Ibl, fig. 105,

unci fig. lOG c). In mammalian muscles

they lie upon the inner surface of the sarco-

lemma, but in frogs they are distributed

through the substance of the fibre (fig.

72). Associated with and surrounding

them is a certain amount ofgranular pro-

toplasm, ^yIlich is doubtless connected with

the growth and nutrition of the muscle.

It shades off at the margins into the

ground-substance of the fibre. Both it

and the ground-substance are to be re-

garded as the remains of the original

formative protoplasm of the embryonic

cells which oompose the muscle (Max
Schultze). In the unaltered condition

the nuclei are commonly obscured, but

may be made conspicuous by the addition

of acetic acid.

Length and ending cf the fibres.—
The fibres composing a muscle are of

limited length, not exceeding one inch and a half ; and accordingly

in a long fasciculus a fibre does not reach

from one tendinous attachment to the other,

])ut ends with a rounded extremity, invested

with its sarcolemma, and cohering with neigh-

bouring fibres. Unless when either is fixed

to a tendon, both extremities of the fibre

terminate in the way described, so that it

has a long cylindrical shape.

Bmnclied fibres.—Generally speaking the

fibres neither divide nor anastomose ; but this

rule is not without excejition. In the tongue
of the frog the muscular fibres (fig. 73) as

they approach the surface divide into nume-
rous branches, by which they are attached

to the under surface of the mucous mem-
brane. The same thing has also been seen

in the tongue of man and various other

animals ; and the fibres of the facial muscles
of mammals have been shown by Busk and
Huxley to divide in a similar manner where
they fix themselves to the skin.

Connection with tendons.—As shown by
Kolliker, the mode of connection diflFers when
the muscular fibres are continuous in a direct

line with those of the tendon from that which
is observed when the former join the latter at

a more or less acute angle. In the first case

the tAvo are directly continuous, the muscular
filn-e being distinguishable fi-om that of the
fil^rous tissue by its striation alone (fig. 74, B).

Fig. 73. — A Branched
Muscular Fibre fri'M

the Frog's Tongue, mag-
nified 350 DIAM. (fiuiu

Kolliker).

In the second case.



116 MUSCULAR TISSUE.

the muscular fibres terminate in rounded ends, "whicli are received

into corresponding depressions of the tendinous structure, to which they

cling ; the connective tissue of the one being continuous with that of

the other (fig. 74 A).

Fig. 74.

'A -/

Fig. 74.—Ending of Muscle in Tendon (Kolliker).

A, Oblique connection, from tlie gastrocnemius muscle, 250

diameters, h, muscular fibres with rounded ends, united by inter-

stitial connective tissue ; c to a, part of tlie tendon.

B, Direct continuity of muscular substance, a, into tendinous

tissue, h, from an intercostal muscle. 350 diameters.

In this oblique mode of attachment, according- to Weis-

mann and du Bois-EejTnond, the ends of the muscular fijjres

are, in some cases at least, not rounded and covered by sarco-

lemma, but terminate abruj^tly as if cut across ; being, as it

•were, cemented to the tendon. In surface view the ends ^^ _

present a facetted appearance. Ellis, in oj^position to Kolliker, El.^^."^
describes the connection of striated muscle with tendon as

taking place in the following manner :—AVlien a muscular
fibre is about to end in a tendon, its component fibrils are

collected into bundles of different lengths and sizes like the

roots of a tree. Ai'ound each bundle tendinous tissue is

collected, foi-ming a sheath M'hich appears gradually to cease as it is continued

backw^ards on the imdivided fibre. The muscular fibrils of a bundle in approach-

ing the tendon gTadually cease, each having probably it« own tendinous thread

to fix it. He states that, where the attachment is oblique, as in the gastrocnemius

and soleus, every fibre is provided with its separate tendon and is continuous with

it as above described, and that the increasing thickness of the main tendon
from above downwards is due to successive additions, in the form of strata,

of the contributing tendons from the lower placed layers of muscular fibres.

In attaching themselves to the skin and mucous membranes, the muscular
fibres divide into pointed processes or fine filaments which are continuous with,

those of the connective tissue (Hyde Salter).

Blood-vessels.—The blood-vessels of the muscular tissue arc ex-

tremely abundant, so that, when they are successfully filled with
coloured injection, the fleshy part of the muscle contrasts strongly

with its tendons. The arteries, accompanied by their associate veins^

enter the muscle at various points, and divide into branches : these

pass among the fasciculi, crossing over them, and dividing more and
more as they get between the finer divisions of the muscle ; at lengthy
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penetrating the smallest fasciculi, they end in capillary vessels, which
run between the fibres. The vessels are supported in their progress

by the subdivisions of the sheath of the muscle, to which also they
supply capillaries. The capillaries destined for the proper tissue of the

muscle are extremely small ; they form among the fibres a fine net-

work, with narrow oblong meshes (fig. 75)^ which are stretched out in

the direction of the fibres : in

other words, they consist of Fig. 75.

longitudinal and transverse

vessels, the former running
]iarallel with the muscular
fibres, and lying in the angu-
lar intervals between them,
—the latter, which are much
shorter, crossing between the

longitudinal ones, and pass- „. ^_ „ „ ,,°
1 .1 • i Fm. lb. —-Capillary Vkssels of Muscle,

mgover or under the mter- %^^^ ^^^ Lvjection by Likbekkuun, seex
vennig fibres. witu a low magnifying power.

None of the capillary vessels enter the sarcolemma or proper sheath of the fibre,

and the nutritious fluid which they convey must therefore reach the finer

elements of the muscle by imbibition. Moreover, as the capillaries do not
penetrate the fibres, but lie between them, their nmnber in a given space, or

their degree of closeness, will in some measiu'e be regulated by the number
and consequently by the size of the fibres ; and accordingly in the muscles of

different animals it is found that, when the fibres are small, the vessels are

numerous and fonn a close network, and rice versa : in other words, the

BinaUer the fibres, the gxeater is the quantity of blood supplied to the same bulk
of muscle. In confonnity with this, we see that in birds and mammalia, in

which the process of nutrition is active, and where the rapid change requires a
copious sujjply of material, the muscular fibres are much smaller and the vessels

more nmnerous than in cold-blooded animals, in which the opi)osit e conditions

prevail.

Lymphatics.—Of lymphatic vessels in the muscular tissue nothing
certain is known. The rich supply of these vessels in the sheaths oi

muscles and of their tendons would seem, as pointed out by Ludwig
and Schweigger-Seidel, to serve the purpose of collecting and convey-
ing away the lymph from those organs, but how the fluid reaches the

lymphatic vessels of the sheath is not certainly known : probably l)y the

medium of the intercommunicating cell-spaces of the connective tissue

which, as before remarked, penetrates between the fasciculi and fibres

of the muscle.

Nerves.—The nerves of a voluntary muscle are of considerable size.

Their branches pass between the fasciculi, and repeatedly unite with
cacii other in form of a plexus, which is for the most part confined to

a small part of the length of the muscle, or muscular division in which
it lies. From one or more of such primary plexuses, nervous twigs
proceed, and form finer plexuses composed of slender bundles, each con
taining not more than two or three dark-bordered nerve-fibres, whence
single fibres pass off between the muscular fibres and divide into
branches which are finally distributed to the tissue. The mode of
final distribution will be described with the general anatomy of the
nerves.
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Nerves of small size accompany the branches of blood-vessela witliiii

muscles ; though destined for the vessels, these nerves are said some-
times to communicate with the proper muscular plexuses.

INVOLTJNTART MUSCLES.

The involuntary muscular tissue differs from the voluntary kind, not

only in its want of subjection to the will, but also in its external

characters ; for whilst in many parts it appears in the form of fibres,

these, except in the heart and a few instances of less note, are unmarked
by the cross lines so character-

Fig- 76. istic of the striped fibres ; more-
over, they are in reality made
up of elongated contractile cells

cemented together by some
kind of uniting medium.

Plain 01* unstriped mus-
cular tissue.—This, as has

just been remarked, is made
up of cells, named contractile

fibre-cells, which were first dis-

tinguished as the true elements
of the tissue by Kolliker. The
cells may form fibrous bundles^

and strata, or may be less re-

gularly arranged, or mixed with
other tissues in greater or less

proportion. They are of an
elongated fusiform shape (figs.

76 and 77), usually pointed at

the ends, but sometimes ab-

ruptly truncated, and are round-
ish or prismatic in transverse

section. The cells vary greatly

in length according to the part

or organ in which they are

found. Some occur whicli are

cleft or forked at one end.

Their substance is finely granu-
lar and commonly exhibits a
faint longitudinal striation. It

has a smooth soft aspect, and
presents no indication of an
envelope. Each has a nucleus
{a, a), rarely more than one,

Avhich is always elongated and
either oval or rod-sliaped.

Towards each end of the nu-
cleus the substance of the cell

usually contains a few larger granules arranged in linear series.

The plain muscular tissue is for the most part disposed between the

coats of the memln-anous viscera, as the stomach, intestines, and bladder,

in the parietes of the air-tubes, excretory ducts of glands, and the like.

M

Fig. 77. — Mu.scuLAR Fibre-Cells

FROM Human Arteries, magnified

350 DIAMETERS (KiJlHker).

a, natural state ; i, treated witli

acetic acid.

Fig. 7().

—

Muscular Firre-Cell from the
Muscular Coat of the Small Intestine,

MAGNIFIED (Kijlliker).
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It is generally collected into larger and smaller fasciculi, which in many-
cases cross one another and interlace. The fasciculi are connected at

their ends with tendinous tissue, and are thus inserted into the mem-
branous and firmer parts in the neighbourhood. Small tendons are

also fixed by blending with the fibrous sheaths investing contiguous
muscular bundles. Ellis states that in the gullet the longitudinal mus-
cular fasciculi are intersected wholly or partially, at intervals of from -t\^

to yV ^^ ^^^ inch, by small tendons into which they are inserted, after

the fashion of the rectus abdominis, only on a miniature scale.

The plain muscular tissue is met with in the lower half of the gullet,

the stomach, and the whole intestinal canal ; that is, both in the

muscular coat of the alimentary canal, and also as a layer in the tissue

of the mucous membrane, and in the villi ; in the trachea and bronchial

tubes, in the bladder and ureters, and the ducts of the larger glands

generally, in the uterus and its appendages, in the corpora cavernosa of

both sexes, in the prostate gland, and in the ciliary muscle and iris.

The middle coat of the arteries, the coats of many veins and the larger

lymphatics contain plain muscular tissue. It has also been detected in

certain parts of the skin, in the dartos or subcutaneous tissue of the

scrotum, and in form of minute muscles attached to the hair-follicles.

Muscular Tissue of the Heart.—The fibres of the heart differ

remarkably from tliose of involuntary muscular organs in general, in-

asmuch as they present transverse stria?. The striae, however, are less

strongly marked, and less regular, and the fibres are smaller in dia-

meter than in the voluntary muscles. They differ also from these in

being made up of distinct quadrangular cells (fig. 78) joined end to

Fig. 78. Fig. 79.

Fig. 78.

—

Six IMusculak Fibke-Cells from the Heart. Magnified 425 Diameters.

a, line of junction between two cells ; b, c, branching of cells.

From a drawing by Mr. J. E. Neale.

Fig. 79.

—

Muscular Fibres from the Heart, magnified, showing their cross

STRij;, divisions, and junctions (KiJlliker.

)

end and often presenting a branched or forked appearance near one
extremity (c.) Each cell has commonly a single clear oval nucleus
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situate near the centre ; occasionally two niaclei are seen. The cell

substance is faintly striated longitudinally as well as transversely : it

presents no indication of an investing membrane or sarcolemma.

The mufcular fibres of the heart freely divide and anastomose (fig,

79), the junctions with neighbouring fibres being effected by the

medium of the cell-offsets above noticed.

DEVELOPMENT AND GROWTH OF MUSCLE.

Development.—The elements of the plain or toistriped muscuJar
fissue are derived from embryonic nucleated cells, consisting of granu-
lar protoplasmic substance, as usual. These become lengthened out,

pointed at the ends, and flattened, with elongation of the nucleus,

whilst their substance becomes more uniform in aspect, and acquires

its permanent condition and characteristic properties.

The striated muscular tissue is also developed in the embryo from
cells. Schwann considered each fibre to be formed by the linear coa-

lescence of several cells ; recent researches, however, for the most part,

tend to establish the view, originally promulgated by Remak,
that the fibres are produced by the elongation of single cells, with
differentiation of their contents and multiplication of their nuclei.

Wilson Fox, who has lately investigated the process in the tadpole, the

chick, and the mammalian embryo, at very early stages, finds that the

first elements of the muscular fibres are rounded or oval cells, with a

clear nucleus and granular contents, agreeing in all respects with the

cells of which the parts of the embryo body originally consist. To
form a muscular fibre, a cell elongates, often acquiring pointed ends ;

the nucleus generally divides into two, and by further division these are

multiplied ; a fine membrane, at first absent or invisible, is soon
discovered, bounding the cell and enclosing its contents. In the
meantime the substance becomes striated longitudinally at one part,

and more transparent, the granules disappearing. The striation,

which is the first indication of the proper muscular substance, extends
throughout the length of the elongated cell, but at first affects only
a small part of its breadth, and the remaining space is occupied by
unchanged granular matter and the nucleus or nuclei which lie on one
side. In due time, however, this conversion into the proper muscular
substance, further shown l\y the appearance of cross stria?, proceeds
through the whole thickness of the cell, or fibre as it may now be
called ; the enclosing cell-membrane becomes the sarcolemma, and
the nuclei, with a small residue of the granular protoplasm still

adhering to them, remain as the muscle corpuscles.*

Growth.—The muscular fibres of the growing foetus, after having
acquired their characteristic form and structure, continue to increase
in size till the time of birth, and thenceforward up to adult age.

In a full-grown foetus most of them measure twice, and some of them
three or four times their size at the middle of foetal life ; and in
the adult they are about five times as large as at birth. This increase
in bulk of the individual fibres would, of course, so far account for the
concomitant enlargement of the entire muscles. But there would seem
to be also a multiplication of the fibres ; and Budge believes he has

* Phil. Tran?. 186C.
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Fi- 80.

pr. <

proved this as regards the muscles of frogs. Two modes of production

of new fibres have been described—viz., firstly, from connective tissue

corpuscles lying between the existing fibres, by a

process analogous to the original development of the

muscle (von Wittich) ; secondly, by the splitting up
of a fibre throughout its whole length into two or

more smaller ones, preceded by multiplication of its

included nuclei. This second process has been de-

scribed by Weismann and by Kolliker as occurring

in frogs, in the winter season, and would appear to

serve for the replacement of fibres destroyed by fatty

degeneration, which is said to be not uncommon
in these creatures. Beale, however, denies that the

new and slender fibres are derived from a larger one
by splitting of its substance ; he believes that they

are produced from cells, as in the first mode, and
that the old fibre is removed.
The great increase in the muscular tissue of the

uterus during gestation takes place both by elonga-

tion and thickening of the pre-existing fibre-cells of

which that non-striated tissue consists, and by the

development of new muscular fibre-cells from small,

nucleated, granular cells lying in tlie tissue. In the

shrinking of the uterus after parturition the fibre-

cells also diminish to their previous size; many of

them become filled with fat-granules (fig. 80), and
many are doubtless removed by absorption.

As far as can be concluded from the observations

and experiments that have hitherto been made on
the subject, the striated muscular tissue is not re-

generated in warm-blooded animals. It is true that,

when a muscle is cut across, or a portion removed,
the breach will heal, but the loss of substance is not repaired by new-
formed muscular tissue. Striated muscular fibres have been found in
certain tumours of the ovary and testicle, but these cases are altogether

peculiar and abnormal.

Fig. 80—AIuscuLAR
Fibre-Cells from
THE UtkRUS,
THREE Weeks
AFTER Delivery,
treated with
Acetic Acid, mag-
nified 35(1 DIAME-
TERS (Kolliker).

a, nuclei
; y, fat-

granules.

COMPOSITION AND PROPERTIES OF MUSCULAR TISSUE.

Chemical composition.—Muscular tissue contains nearly 80 per
cent, of water, so that in being dried it loses about four-fifths of its

weight. The chief and characteristic constituent of the fibre is an
albuminoid body. This was at one time regarded as fibrin ; ]jut, as

it was afterwards shown to be not identical with that substance, it

was distinguished by the name of syntoniii; the ground of distinc-

tion being, that syntonin is soluble in very dilute hydrochloric acid, and
can be extracted from muscle by that solvent ; also, that its solu-

tion is precipitated by neutral salts. More recently, the subject has
been investigated by Kiihne, who states that the albuminoid matter
of muscle exists in the fibres in a liquid form during life, but coagulates
after death, and thereby gives rise to the cadaveric rigidity which then
invades the muscles. When extracted from fresh and still irritable

frogs' muscles at a temperature of freezing, this substance, which
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Kiihne names myosin, is liquid ; but if it be then exposed to the ordi-

nary heat of the atmosphere it partially coagulates, and the portion

then remaining liquid (the muscle-serum) when heated to 112° R, or

less if it be strongly acid, yields a further coagulum, which Kidme con-

siders peculiar to muscle ,- and finally, at 1G7°, ordinary coagulated

albumin. The primary coagulation is hastened by the presence of

blood, and possibly it may be due to the mutual reaction of two albu-

minoids analogous in their operation to the fibrinogen and para-globulin

of the blood (ante, p. 29). The coagulum of myosin is soluble in

strong solutions of neutral salts, and accordingly it may thereby be

dissolved out of dead and rigid muscles ; but it loses this property if

previously dissolved in dilute hydrochloric acid. It then, in fact,

agrees with the so-called syntonin, which Killme regards, not as an
original albuminoid of muscle, but as myosin altered by the process of

extraction. It has been suggested that the ready solution of muscular
fibre in dilute hydrochloric acid may be owing to the presence of

pepsin in minute quantity.

Other substances also exist in muscle, but in very small propor-

tion in comparison with the albuminoid matter. Most of them
probably result from the process of wear of the original muscular
substance. Amongst them are,— 1. Ivreatin and kreatinine, both
of them nitrogenized and crystalline, the former neutral, the latter

(derived from it) alkaline ; both are also found in the urine. 2. Sarkin.

3. A substance termed " carnin," hitherto only found in Liebig's ex-

tract of beef (Weidel). 4. Non-nitrogenized substances, viz. : grape
sugar; inosit—an unfermentable sugar from the tissue of the heart;

glycogen, at least in embryos and young animals. 5. Various organic

acids, viz., lactic, inosinic, butyric, acetic, formic, and uric. 6. Salts,

in which potash predominates over soda, magnesia over lime, and phos-
phoric acid over chlorine,—muscle, in this respect, resembling blood-
corpuscles as contrasted with serum. Lastly, a variable amount of fat

may be extracted from muscle, and also gelatin; the latter no doubt
from connective tissue ; for it must be remembered that a piece of
muscle subjected to analysis comprehends, along with the proper mus-
cular fibres, more or less of connective tissue, blood-vessels and nerves.

The account here given of the chemical constitution of muscle applies

especially to the striped variety, but, so ftir as is known, it is essentially

the same in the non-striated tissue, and recent researches point to the

probability that ordinary protoplasm possesses a similar chemical
constitution.

The juice expressed from a muscle after death, and especiallj- after rigidity has
set in. is acid, from the presence of lactic acid : so that the cut surface of a dead
muscle reddens litmus-paper. On the other hand, a perfectly fresh section of
muscle in the living bodj'. or while it retains its irritability, is alkaline or neutral.
But, while this is true of a living muscle in its usual state, it gives a decided
acid reaction after it has been strongly exerted, as. for instance, after tetanic
spasm excited by electricity or by strychnia poisoning. The acid is probably
generated by a change in the saccharine matter of the muscle. Ultimately
the tissue in all cases becomes alkaline from putrefaction and the evolution of
ammonia.

Physical properties of muscle.—A dead muscle has little strength, and may
be torn asunder l)y a force of no great amount. A living muscle readily yields to

extension, and shrinks exactly- to its original length when the extending force
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ceases. Its elasticity is therefore said to be small in degree, but very perfect or

complete in operation. A dead muscle, especially after cadaveric rigidity has
come on. resists extension more powerfully, but does not afterwards retiuii to its

original length ; hence its elasticity is said to be greater than that of the living-

muscle, but less perfect.

The red colour of muscle is well kno-^-n, but it differs gi-eatly in degree in

different cases. It is usually paler in the invohxntary muscles ; but here the
heart again is a striking exception. In most fish the chief muscles of the body
are nearly colourless, and in the breast of wild fowl we see a difference in the
depth of coloru" in different strata of the same muscles. The redness is no doubt
partly due to blood contamed in the vessels, but not entirely so, for a red colour-

ing matter, apparently of the same natvu-e as that of the blood, is obviously

incorporated with the fibres.

Lender this head must also be mentioned the manifestation of electricity by a
quiescent but living muscle. "When a muscle taken from a living or recently

killed animal (a frog is commonly used) is brought into connection with the

ends of a very delicate galvanometer, so that one extremity of the latter touches

the outer siu-face of the muscle and the other a cross section made through its

fibres, the needle will deviate so as to indicate an electiic cuiTent passing along
the wire from the siuface of the muscle to its cross section. If both ends of the
galvanometer touch points in the length of the muscle equidistant from its

middle, no effect ensues, bvit if one point of contact be farther than the other
from the middle, a current will pass along the wire from the nearer to the more
distant point. The same results are obtained with a small shred or fasciculus

of the muscle. The i:)henomenon descri1)ed is called " the muscular ciu-rent," and
is sui^iiosed to indicate a state of electric polarity in the particles of the muscle,

probably caused by chemical changes going on in its substance.

Vital properties of muscle.—The muscular tissue possesses a considerable de-

gree of fien.sihtUt)/. but its characteristic vital endo'mnent, as already said, is

irritahUitij or rantracti lit//, by which it serves as a moving agent in the animal
l)ody.

tScns third)/.—Tliis property is manifested by the pain which is felt when a
muscle is cut, lacerated, or otherwise violently injured, or when it is seized with
spasm. Here, as in other instances, the sensibility belongs, properly speaking, to

the nerves which are distributed through the tissue, and accordingly, when the
nerves going to a muscle are cut. it forthwith becomes insensible. It is by means
of this property-, which is sometimes called the " muscular sense." that we become
conscious of the existing state of the muscles which are subject to the will, or

rather of the position and dhection of the limlis and other parts which are moved
through means of the voluntary muscles, and we are thereby guided in du-ecting

our voluntary movements towards the end in view. Accordingly, when this

muscular sense is lost, while the power of motion remains,—a case which, though
rare, yet sometimes occiu's—the i^erson cannot direct the movements of the
affected limbs without the guidance of the eye.

IrrUahUifij or Contrnrfiliftj.—The merit of distinguishing this property of the
animal body from sensibility on the one hand, and from mere mechanical pheno-
mena on the other, is due to Francis Giisson, a celebrated English physician

of the seventeenth centuiy ; but irritability, according to the view which he
took of it, was supposed to give rise to various other phenomena in the animal
economy besides the visible contraction of muscle, and his comj^rehensive accep-

tation of the tenn has been adopted by many succeeding authorities, especially

by writers on pathology. Haller in his use of the term initabihty, restricted it

to the peculiar property of muscle.
Stimuli.—In order to cause contraction, the muscle must be excited by a

stimuliis. The stimidus may be applied immediately to the muscular tissue, as
when the fibres are irritated with a sharp point : or it may be apjjlied to the
nerve or nerves which belong to the muscle : in the former case, the stimulus is

said to be '' immediate,"' in the latter, " remote," The nerve does not contract,
but it has the property, when stimulated, of exciting contractions in the muscular
fibres to which it is distributed ; and this property, named the '' v-is nervosa."
is distinguished from contractility, which is confined to the muscle. Again, a
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stimulus may be either directly applied to tlae nerve of the muscle, as when that
nerve is itself mechanically irritated or galvanised : or it may l^e first made to

act on certain other nerves, by which its influence is. so to speak, conducted in

the first instance to the brain or si:)inal cord, and then transferred or reflected to

the muscular nerve.

The stimuli to which muscles are obedient are of various kinds ; those best

ascertained are the following, viz. : 1. Mechanical irritation of almost any sort,

under which head is to be included sudden extension of the muscular fibres.

2. Chemical stimuli, as by the application of salt or acrid substances. ?>. Elec-

trical ; usually by means of a galvanic current made to jjass through the muscular
fibres or along the nerve, -t. Sudden heat or cold ; these four may be classed

together as /^////.v/rc/Z .stimiiU. Next, menial xtiiiiHli, viz : 1. The operation of the
will, or volition. 2. Emotions, and some other involuntary states of the mind.
Lastly, there still remain exciting causes of muscular motions in the economy,
which, although they may probably tiu'n out to be physical, are as yet of doubt-
ful nature, and these until better known may jierhaps without impropriety be
called orffdiiir .^fiimili ; to this head may be also referred, at least provisionally,

some of the stimuli which excite convulsions and other mvoluntary motions
which occur in disease.

Duration of irritability after death.—It is known that, if the supply of nu-
trient material be cut off from a muscle by arresting the flow of blood into it, its

contractility will be impaired, and soon extinguished altogether, but will after a

time be recovered again if the supply of blood be restored. The influence of the

blood supplied to muscles in maintaining their contractility lias l^een strikingly

showTi by Brown-Sequard, who has succeeded in restoring muscular contractility

in the bodies both of man and animals some time after death, and after it had
become to all appearance extinct, by injecting into the vessels arterial blood

iiejirived of its flbrin, or deflbrinated venous blood i^reviously reddened by expo-

«iu'e to the air. In warm-blooded animals in which the nutritive process is more
active, and the expenditure of force more rapid, the maintenance of irritability

is more closely deiDendent on the supply of blood and the influence of oxygen, so

that it sooner fails after these are cut off. In accordance with this statement,

it is known that while the muscles of man and qiiadrujieds cease to be irritable

within a few hours after death, and those of birds still sooner, the muscular
irritability will remain in many reptiles and fishes, even for days after the

extinction of sensation and volition and the final cessation of the respiration and
circialation—that is, after systemic death. A difference of the same kind is

observed among warm-blooded animals in different conditions ; thus irritability

endures longer in new-born animals than in those which have enjoyed respira-

tion for some time and are more dependent on that fiinction ; and, in like

manner, it is very lasting in hybemating animals killed during their Avinter

sleep.

But the duration of this property differs also in different muscles of the same
animal. From numerous careful observations Nysten concluded that in the

human body its extinction takes place in the following order, viz. : 1 , the left

ventricle of the heart ; 2, the intestines and stomach : 3, the urinary bladder

;

4, the right ventricle ; in these generally within an hour ;
'>, the gullet : (!, the

iris ; 7, the voluntary muscles, a, of the trunk, b. of the lower and e. of the upper

extremities ; 8, the left aiu-icle. and, 9, the right auricle of the heart, which last

was on this account styled by Galen the " ultimum moriens." In one case Xysten
observed the right auricle to continue irritable for sixteen houi-s and a half after

death. But it has been recently found that a voluntary muscle may give .signs

of a certain degree of irritability even later than this, if it be struck a smart

blow with a blunt edge, such as the back of a knife, across the du-ection of the

fibres. The contraction then produced is quite local, and confined to the parts

struck. Funke states that he and the brothers ^^'eber obtained this result in the

body of a decapitated criminal twenty-four hours after death.

The time of duration is affected by the mode of death. Thus the irritability is

said to be almost wholly and immediately extinguished Tjy a fatal stroke of

lightning, and to disappear very speedily in the bodies of persons stifled by

noxious vapours, such as carbonic acid, and especially sulphuretted hydrogen.
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In like manner certain causes acting locally on muscles accelerate the extinction

of their imtability.

Bigor mortis.—The " cadaveric rigidity,"' or stiffness of the body, which ensues

shortly after death, is a phenomenon depending on the muscles, which become
fixed or set in a rigid state, so as to resist flexion of the joints. The rigidity

almost invariably begins in the muscles of the lower jaw and neck, then invades

those of the trunk, and afterwards those of the limbs,—the arms usually before

the legs. After persisting for a time, it goes off in the same order. It usually

comes on within a few hours after death, rarely later than seven hours. In some
cases it has been observed to begin within ten minutes (Sommer), and in others

not till sixteen or eighteen hours ; and the later its access, the longer is its

endurance. The rigidity comes on latest, attains its greatest intensity, and lasts

longest in the bodies of robust persons, cut off by a rapidly fatal disease, or sud-

denly perishing by a violent death : in such cases it may last six or seven days.

On the other hand, it sets in speedily, is comparatively feeble, and soon goes off

in cases where the body has been much weakened and emaciated by lingering or

exhausting diseases : also in new-bom infants, and in the muscles of animals

that have been hunted to death. It seems thus to be affected by the previous

state of nutrition of the muscles. Destruction of the nervous centres does not

jjrevent the occurrence of •x'igidity, nor are the muscles of paralysed limbs

exempted from it, provided their nutrition has not been too deeply affected. The
fibres of stiffened muscles no longer show the muscular electric current.

The immediate cause of the muscular rigidity is doubtful : some conceive it to

be an effect of vital contraction,—the last effort of life as it were : others, with
more probability, ascribe it to a solidification of the tissue caused by chemical

changes occurring after death. Kiihne adduces various arguments, some of them,

it must be admitted, of a cogent character, to show that the stiffening is due to

post-mortem coagnilation of the myosin. He thinks that the substance of the

filire is liquid diu-ing life ; but it is difficult to reconcile liis notion of actual

fluidity of substance Avith some of the most obvious properties of a living muscle.

At the same time, it is conceivable that liquid myosin 'may be present in the

interstices of more consistent elements of the living fibre, and may give rise to

rigidity by coag-ulating after death. Free lactic acid is developed in the sub-

stance of rigid nniscle, and some regard it as the cause of the coagulation of the

myosin, but although an acid condition very generally accompanies rigidity, the

concurrence is not invariable or essential, Bro'^m-Sequard, in opposition to the

chemical theory, maintained that he could remove rigidity by injecting blood

into the vessels of the muscle ; but Kllhne holds this to be imi^ossible after rigor

has decidedly set in. The general accession of rigidity is an unequivocal sign of

death.

nSTEKVOUS SYSTEM.

The nervous system consists of a central jKirt, or rather a series of

connected central organs, named the ccrehro-spinal axis, or cerchro-spinal

centre; and of the ;?f/7r.<f, Avhich have the form of cords connected by
one extremity with the cerebro-spinal centre, and extending from
thence through the body to the muscles, sensible parts, and other organs

placed under their control. The nerves form the medium of communi-
cation betv^^een these distant parts and the centre. One class of nervous
fibres, termed ctfferent or centripetal, conduct impressions towards the

centre,—another, the efferent or centrifugal, carry motorial stimuli from
the centre to the moving organs.

Besides the cerebro-spinal centre and the nervous cords, the nervous
system comprehends also certain bodies named ganglia, which are con-
nected with the nerves in various situations. These bodies, though of

much smaller size and less complex nature than the bram, agree, never-
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theless, ^ith that organ in their elementary strnctnre, and to a certain

extent also in their relation to the nervous fibres with which the}^ are

connected ; and this correspondence becomes even more apparent in

the nervous S3'steni of the lower members of the animal series.

Tlie nerves are divided into the cerebrospinal, and the si/mjmfhefir or

(langlionir nerves. The former are distributed principally to the skin,

the organs of the senses, and other parts endowed with manifest sensi-

bility, and to muscles placed more or less under the control of the will.

They are attached in pairs to the cerebro-spinal axis, and like the parts

which they supply are, with few exceptions, remarkably symmetrical on
the two sides of the body. The sympathetic or ganglionic nerves, on
the other hand, are destined chiefly for the viscera and blood-vessels, of

which the motions are involuntary, and the natural sensibility is obtuse.

They differ also from the cerebro-spinal nerves in having generally a
greyish or reddish colour, in their less symmetrical arrangement, and
especially in the circumstance that the ganglia connected with them
are much more numerous and more generally distributed. Branches of
communication pass from the spinal and several of the cerebral nerves

at a short distance from their roots, to join the sympathetic, and in

these communications the two systems of nerves mutually give and
receive nervous fibres ; so that parts supplied by the sympathetic may
be also in nervous connection with the cerebro-spinal centre.

The nervous system is made up of a substance projDcr and peculiar to

it, with inclosing membranes, nutrient blood-vessels and supporting

connective tissue. The nervous substance has been long distinguished

into two kinds, obviously differing from each other in colour, and there-

fore named the wliitc, and the grey or cmeritious.

STRUCTURAL ELEMENTS.

When subjected to the microscope, the nervous substance is seen to

consist of two different structural elements, \\z., fibres and cells. The
fibres are found universally in the nervous cords, and tliey also consti-

tute the greater ]iart of the nervous centres : the cells on the other

hand are confined in a great measure to the cerebro-spinal centre and
the ganglia, and do not exist generally in the nerves properly so called,

although they liave been found at the terminations of some of the nerves

of special sense, and also interposed here and there among the fibres of

particular nerves ; they are contained in the grey portion of the brain,

spinal cord, and ganglia, which grey substance is in fact made up of

these cells intermixed in many parts with fil^res, and with a variable

quantity of supporting connective substance.

The fibres are of two kinds : 1, the irltiie, meih-iJlafed, Uibalar. or darh

bordered, and 2, the grey, pale, or non-meduUaled. The former are by
far the most abundant ; the latter are found principally in the sympa-
thetic nerve, but exist also in the cerebro-spinal nerves.

The White or Medullated Fibres (fig. 81). — These form
the white part of the brain, spinal cord, and nerves. When collected

in considerable numbers and seen with reflected light, the mass which
they form is white and opaque. Viewed singly, or few together, under
the microscope, with transmitted light, they are transparent ; and if

quite fresh from a newly killed animal, and unchanged by cold or

exposure, they appear as if entirely homogeneous in substance, and are
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bounded on each side by a well-defined, simple and usually gently
sinuous outline. Their size differs considerably even in the same nerve,
but much more in different parts of the nervous system ; some beino-

as small as the ts (joo*^^i ^^^ others upwards of the ToVoth of an inch in
diameter; moreover, the same fibre may chance its size in different

parts of its course, and it is generally smaller at its central and peri-

pheral ends. Very speedily after death, and especially on exposure to
the action of water, these seemingly homogeneous fibres become altered:

and it is when so altered that they are commonly subjected to examina-
tion, as represented in fig. 81, a. In particular instances, and in

Fk'. SI.

Fig. SI.—A. WniTE OR IIedullated Nerve-Fibres, showing the sinuous outline

and double contours (after Bidder and Yolkmann).

B. Diagram to s-how the parts of a medullated fibi-e, viz. 1, 1, primitire sheatJi. 2, 2,
2i-hite substance or medullary sheath. 3, axis ov primitive band.

c. Diagram intended to represent the appearances occasionally seen in the tulmlar
fibres. 1, 1, membrane of the tube seen at jmrts where the white substance has separated
from it. 2, a part where the white substance is interrupted. 3, axis projecting beyond
the broken end of the tube. 4, part of the contents of the tube escaped.

favourable circumstances, it may be discovered that the fibre is com-
]wsed of a fine membranous tube, inclosing a peculiar soft substance, and
that this contained substance itself is distinguishable into a central part
placed like a sort of axis in the middle of the tube, and a peripheral por-
tion surrounding the axis, and occupying the space between it and the
tubular inclosing membrane. In the annexed ideal plan (fig. 81, b),

the memlranous iiile or primitire sltpcifh, is marked 1, 1 : the central part,

marked 3, was named ci/Iinder-axis by Purkinje, who considered it to
be identical with the structui-e previously described by Eemak under
the name oi the i/rimiiire hand (fibra primitiva) ; the matter surround-
ing it, marked 2, 2, is supposed to be the chief cause of the whiteness of
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the brain and nerves, and it was accordingly named the wliite svlstance

by Schwann, and by others, though less a])propriately, the mediiUarij

shrafh.

Wliite substance of Schwann or Medullary Sheath.—It is

this substance, which appears to be of a fatty nature, that undergoes the

most marked change on exposure ; it then seems to suffer a sort of coagu-

lation or congelation, and when this has taken place, it very strongly

refracts the light, and gives rise to the appearance of a dark border on

each side of "the nerve-tube (fig. 81, a and c). This border, though

darker than the rest of the tube, is nevertheless translucent ; it is bounded

by two nearly parallel lines, so that the nerve-fibre has a double con-

tour. The dark contours pursue a sinuous course, often with deep and

irreo'ular indentations ; while straight or curved linos of the same cha-

racter, occasioned no doubt by wrinkles or creases occurring in the layer

of white substance, are frequently seen crossing the tube. By continued

exposure, round and irregular spots appear at various points, and at

length the contents of the nerve-tube acquire a confusedly curdled or

granulated aspect.

The double contour appears only in fibres of a certain size ; in fine fibres,

which become varicose or dilated at intervals, the double line is seen only in the

enlargements, and not in the narrow parts between. It often happens that the

soft contents of the tube are pressed out at the ruptured extremities, as in

fio-. 81. c, 4, and then the roimd or irregular masses of the effused matter are

stUl sun-ounded by a double contour, which proves that this appearance is pro-

duced independently of the membranous tube.

The fine transparent membranous tube, named the primitive

sheath, or sheath of Schwann, presents an apparently homogeneous
appearance, with nuclei disposed at intervals along its inner surface.

So long as tliis tube is accurately filled by the contained matter, its

outline can seldom l)e distinguished ; but sometimes, when the white

substance separates at various points from the inside of the tube, the

contour of the fibre becomes indented and irregular, and then the mem-
brane of the tul3e may, in favourable circumstances, be discerned as an

extremely faint line, running outside the deeply shaded border formed

by the white substance, and taking no part in its irregular sinuosi-

ties (fig. 81, c. 1, 1). The membranous tube may also be distin-

guished at parts where the continuity of the contained matter is broken

in consequence of traction, squeezing, or like injury of the fibre ; in

such parts the double line produced by the white substance is wanting,

and the faint outline of the membranous tube may be perceived passing-

over the interruption (2). The primitive sheath is not found on
fibres within the substance of the brain and spinal cord.

The axis-cylinder, axis-band, or axial-fihre is situated in, or near,

the middle of the nerve-tube, where it may occasionally be seen, on a

careful inspection, as a greyish stripe or band, bounded on each side by
a very faint even outline, having no share in the sinuosities of the white

substance (fig. 81, c).

The axis is of a more tenacious consistence than the white substance,

and may accordingly be sometimes seen projecting beyond it at the end
of a broken nerve-tube, either quite denuded, or covered only by the

tubular membrane, the intervening white substance having esca])ed.

In the brain and spinal cord it is especially easy to obtain this appear-
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ance, from tlie absence of the comparatively tough
membranous sheath. Although the name of axis-

cylinder would seem to imply that it has actually a

cylindrical figure, yet this is by no means certain

;

and whether naturally cylindrical or not, it certainly

often appears more or less flattened when subjected

to examination. In the fresh state, and under high
powers of the microscope, the axis-cylinder fre-

quently presents an appearance of longitudinal

striation, indicating a fibrillar structure (see fig. 89,

p. 134) ; indeed both at the origin and termination

of a nerve it may commonly be seen to separate

into excessively fine filaments or fibrils. These, the

primitive filyrilJm of Max Schultze, are regarded,

with the axis-cylinder, which they mainly compose,
as the essential part of the nerve : at all events,

it frequently happens that these form the only por-

tion of the nerve that remains at the peripheral

extremity. Minute varicosities are commonly found
on them (fig. 89, h), probably the result of post-

mortem change. These are not to be confounded
with the varicosities to be immediately mentioned
as being frequently met with in the medullary
sheath. Cross sections of the spinal cord, or of any
nerve trunk, which have been stained with carmine
and subsequently mounted in balsam or dammar
varnish, exhibit the sections of the axis-cylinders

as deeply stained dots in or near the centre of the

medullated fibres.

Nodes of Ranvier.—It has been shown by
Eanvier,* that there constantly occur in peripheral

medullated nerve-fibres breaks in the continuity of
the white substance, which succeed one another at

regular intervals along the course of the nerves ;

and give the fibres the appearance of being con-

stricted at these places. The breaks or nodes, as

they may conveniently be termed, divide the fibre

into a series of segments of nearly equal length.

The segmentation is readily made apparent by the

action of a solution of osmic acid, which leaves the

nodes (fig. ^2, r, e) almost colourless, while the

medullary sheath, or white substance of Schwann,
becomes stained of an wky black colour. In such
preparations also the primitive sheath of the fibre

often becomes visible, and within this, between it and
the white substance, a clear oval nucleus {c), with a

Fig. 82.—PoKTioNS iiF TWO Nerve-FibrEs Stained with Osmic Acid. 425 Diameters.

R, R. Nodes of Ranvier, with axis-cylinder passing across, a, Primitive sheath of the nerve.
c, Opposite the middle of the segment indicates the nucleus and protoplasm lying
between the primitive sheath, and the medullary sheath here stained black. In A the
nodes are wider, and the intersegmental substance more apparent than in b. (From
a drawing by Mr. J. E. Neale).

* Comptes Eendus, 1871 ; and Arch, de Physiologic, 1872.

n
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certain amount of granular protoplasm, may be seen near the middle of

each segment. The primitive sheath turns in at the nodes and surrounds

the axis-cylinder as this passes from one segment to the other, so that

tlie sheath is in a manner perforated by the axis-cylinder. The sheaths

of successive segments are not directly continuous over the nodes, but

are there separated by a certain amount of clear intersegmental substance

(shown in A. fig. 82), which forms the " constricting band " of

Eanvier, and is probably similar in nature to ordinary intercellular or

cementing substance (see p. 15), being like that stained by nitrate

of silver. The last-named reagent stains also the axis-cylinder in the

neighbourhood of the node, so that the fibres after this treatment

appear marked with little crosses (fig. 83) ; the transverse limb of the

cross being due to the ring of intersegmental substance, the longitu-

dinal to the axis-cylinder. Other staining fluids, such as the picrocar-

minate of ammonia, also act on the axis-cylinder at the nodes ; they

are probably prevented from reaching it elscAvhere owing to the presence

of the fatty matter in the surrounding medullary sheath.

Fig. S3. Fig. S4.

Fig. 83.—A Portion of a Small Nerve-Trunk from the Thorax of the IVIouse,

TREATED WITH NiTRATE OF SiLVER (RilUvier). MaGNIFIEP.

Cross markings are seen at the nodes, and tlie layer of flattened epithelioid cells which

covers the surface is also brought into view.

Fig. 84.

—

Fibres from the Root of a Spinal Nerve.

At a, where they join the spinal cord, they are varitose ; lower do\\ii at h, they are

uniform and larger (from Valentiu).

No structure corresponding to Eanvier's nodes has, it is believed,

hitherto been observed in the non-medullated fibres ; they appear to be

absent also in the white fibres of the brain and spinal cord.

Varicose fibres.—^lany of the medullated nerve-fibres, when sub-

jected to the microscope, appear dilated or swollen out at short distances
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along their length, and contracted in the intervals between the dilated

parts. Such fibres have been named varicose (fig. 84). They occur

principally in the brain and spinal cord, and in the intra-cranial part

of the oltactory, in the optic, and acoustic nerves ; tliey are occasion-

ally met with also in the other nerves, especially in young animals.

These fibres, however, are naturally cylindrical like the rest, and
continue so while they remain undisturbed in their place ; and the

varicose character is occasioned by pressure or traction during the

manipulation, which causes the soft matter to accumulate at certain

points, whilst it is drawn out and attenuated at others. Most probably

the change takes place before the white substance has coagulated. The
fibres in which it is most apt to occur are usually of small size,

ranging from -rTT?T77T)th to ^/.Tnth of an inch in diameter ; and when
a very small fibre is thus affected, the varicosities appear like a string

of globules held together by a fine transparent thread. As already

remarked, the double contour caused by congelation of the white sub-

stance does not appear in the highly constricted parts. The axis takes

no part in this change, indeed it may sometimes be seen running
through the varicosities and undergoing no corresponding dilatation.

Course of the fibres.— Neither in their course along the nervous
cords, nor in the white part of the nervous centres, have the medullated
fibres ever been observed to nnite or anastomose together, nor are they

seen to divide into branches ; it is therefore fair to conclude that, though
bound up in numbers in the same nervous cords, they merely run side

by side like the threads in a skein of silk, and that they maintain their

individual distinctness throughout the trunk and branches of a nerve
;

but in many cases the fibres divide in approaching the peripheral ter-

mination of the nerve, as will be again noticed.

Grey, Pale, Non-medullated, or Gelatinous Fibres* (fig. 85.)

—The white fibres, at the peripheral extremities of many nerves, lay

Fig. 85.—NoN-MEDULLATED Nerve-Fibres (Max Schultzc).

Magnitied between 400 and 500 diameters.

A. From a branch of the olfactory nerve of the sheep ; at a, a, two dark bordered or

medullated fibres, from the fifth pair, associated with the pale olfactory fibres.

£. From the sympathetic nerve.

* These fibres were termed "gelatiaous'
chemical nature.

by Heale, from their aspect, not their
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aside their medullary sheath and dark borders, and are prolonged into

pale fibres, often minutely dividing, which seem to represent the axis-

cylinder deprived of surrounding white substance, and either naked or

covered with a prolongation of the primitive sheath. But, apart from

these pale continuations of white fibres, there are nerve-fibres Avhich

exhibit the non-medullated character throughout their whole length.

These are the pale grey fibres first pointed out by Remak, and commonly

designated by his name, which are found, with or without associated

white fibres, chiefly in the sympathetic but also in other nerves. The
branches of the olfactory nerve of man and mammalia consist wholly of

these pale fibres. They measure from g oW^h to ^ oW^h of an inch in

diameter, appear flattened, translucent, homogeneous, or very faintly

granular, and sometimes finely striated longitudinally. At short

distances they bear oblong nuclei, which belong to a sheath. In

structure these fibres are essentially similar to the axis-cylinder of the

medullated fibre, being composed of a bundle of exquisitely fine fibrils

with a certain amount of intervening substance. The nucleated sheath

corresponds to the primitive sheath of the medullated fibre.

Pale fibres are also met with (in the sympathetic nerve especially)

which appear as fine threads with fusiform enlargements. These enlarge-

ments are granular in substance, and possibly of the nature of nuclei,

but placed in the continuity of the fibre, and not merely attached to a

sheath.

Nerve-cells.—These, as already mentioned, constitute \he second

kind of structural elements proper to the nervous system. They are

found in the grey matter of the cerebro-spinal centre and ganglions,

constituting a principal part of the last-mentioned bodies, and thence

often named (/anglionic corpuscles or ganglion-cells ; they exist also in

some of the nerves of special sense at their peripheral expansions, and,

here and there, in the course of certain other nerves. The nerve-cells

Fig. 86. Fig. 87.

Fig. 86.—(jANaLioNio Nerve-Cells, magnified (from Valentin). The cell-processes are

broken off.

n. nucleus.

Fig. 87.

—

Nerve-Cells from the Cortical Grey Matter op the Cerebellttii.

Magnified 260 diameters (Kolliker).

may have a spheroidal, oval, or pyriform shape (fig. 86) ; and such for

the most part is their form in the ganglia ; but many, and especially
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those fi'om the g:rey matter of the spinal cord and brain, are of an
angular or irregular figure, and send out processes, often finely branched,
from their circumference (figs. 87, 88, and 90); and then they are often

Fig. 88.

Fig. SS.—Two Nerve-Cells from Anterior Column op Spinal Cord of Ox, isolated
AFTER Maceration in very Dilute Chromic Acid. Magnified 175 Diameters.

Each cell has a well-defiued, clear, round nucleus, and a bright nucleolus. The cell

processes are seen to be finely fibrillated, the fibrils passing from one process into another
through the body of the cell.

named, according to the number of processes they present, uni-, bi-,

and multi-polar ; terms obviously ill chosen, but rendered current by
use. They have each, as a rule, a large, well-defined, clear, round
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nucleus (fig. 88), and within this an equally distinct nucleolus, or rarely

more than one. The substance of the cell ]s soft and translucent, but
finely granular or punctuated, and slightly tinged throughout with a
brownish red colour ; and cells are often seen, especially "those of the
large ramified kind, with one, or sometimes two, much deeper coloured

Fis. 89. Fig. 90.

Fig. 90.

—

Ramified Kerve-Cell from Ante-
rior CoRNU OF Spinal Cord (Man).

a, axis-cylinder process, h, clumi) of pig-

ment granules. Above the cell is seen part of

the network of fibrils mentioned in the text

(from Gerlach).

Fig. 89.

X , X , Portion of nerve-cell from spinal cord of ox, with .axis-cylinder process, a,

coming off from it and acquiring at a' a medullary sheath. Highly magnified.

b, represents an axis-cylinder, still more magnified, showing the tine varicose fibrils

which it contains (from Max Schultze.)
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brown patches caused by gronps of pi-gment granules (fig. 90, b) ; the

colour is deeper in adult age than in infoncj.

The bodies in question are destitute of a proper envelope. The out-

runners or branches are formed by prolongations of the same soft sub-

stance which forms the cell-body ; they are, therefore, very readily

broken, and the cells thereby mutilated, in the manipulation required

for their insulation. A fibrillation similar to that in the axis-cylinders

of medullated nerve-fibres is seen in these processes (figs. 88, 89) ; it

may be observed also passing from them through the body of the cell,

and from one process to another ; we have, however, never succeeded in

tracing any connection of these fibrils with either the nucleus or the

nucleolus of the cell as has been affirmed by some.

According to Deiters, one process (and only one) of each of the cells

of the grey matter of the spinal cord passes directly into the axis-

cylinder of a nerve-fibre, as represented in figs. 89, 90. This process he

describes as being unbranched from the commencement. The other

processes divide into finer and finer branches, but what becomes of the

ultimate divisions is not certainly known. The fibrils resulting from
the repeated divisions join, it is said, with processes of other cells to

form a close network (fig. 90) throughout the grey substance of the

cord, and from this network other fibrils may, it is supposed, proceed

and unite to form the axis-cylinders of issuing nerves. We may remark,
however, that the presence of an undivided axis-cylinder process is by
no means so constant in these cells as is commonly described.

Other cells (fig. 91, a) are found in the nervous substance,

which are distinguished chiefly by the pel-

lucid, colourless, and homogeneous aspect

of the matter contained in them ; such cells

possess a nucleus like the rest ; they are

seldom large, and have usually a simple
round or oval figure, but may also be found
branched. They occur along with nerve-
cells of the kind before described. Lastly,

small bodies of the size of human blood-
corpuscles and upwards, containing one or
more bright specks like nucleoli, abound in
the grey matter in certain situations (fig.

91 ^, c.) These bodies, which are some-
times called " granules " resemble the nuclei

of nerve-cells ; and it may be a question
whether they are not the nuclei of cells in
which the cell-matter or protoplasm is

very scanty, and accidentally detached in

examination. These nucleus-like bodies are
very abundant in the superficial grey matter
of the cerebellum.

In the grey matter of the cerebro-spinal
centre, the nerve-cells appear as if imbedded
in a sort of matrix of granular substance, interposed between them
in greater or less quantity, and very generally traversed by nerve-
fibres. But it is very probable that the appearance of granular
or molecular matter results from a confused interlacement of very fine

fibrils, and especially of the fine ramifications of nerve-cells ; or from

Fig. 91.

€®
O

«>

Fig. 91.

—

Small Cells from
THE Nervous Centres.

a, from the (cortical) grey

matter of the brain, b aud c

are from the cortical substance

of the cerebellum ; h resemble

detached cell-nuclei. c are

smaller bodies, also like cell-

nuclei, densely aggi-egated

(from Hannover, magnified

340 diameters).
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the crushing and breaking down of such fibres in the process of examina-
tion. In the ganglia properly so called, the cells are ]3acked up among
nerve-fibres, but each cell is also immediately surrounded by an
hiclosing capsule (fig, 93 I).

The proper nervous substance of the brain and spinal cord is described
by Kulliker as being traversed in all directions and supported by a frame-

work of connective tissue—the '* retiform " con-
Fig- 92. nective tissue described at page 69. This is stated

to be formed of an interunion of ramified con-

nective tissue coi-puscles, or of a network of fine

fibres alone, originally proceeding from such cor-

puscles. Kolliker names this supporting struc-

ture the reticulum of the nervous centres (fig.

92). Virchow proposes the term neuroglia.

' If'X^^^ ^^ "^^ ^*-'^ merely an open mesh-work, but consists

\n\
"

also of fine laminae formed of a close interlace-

ment of the finest fibrils, disposed as mem-
Fig. 92.— Part op the branous partitions and tubular compartments

Reticuluji from the for separating and enclosing the nervous
Spinal Cord. bundles. Besides these ramified cells others are
Open meshes are seen found (Deitcrs) which are flattened and dis-

generaiiy but at two tj^ctlv fibrillatcd, somewhat like the cells of
places close lamelljform ji"- ,• ,• t.^ ,i

interlacements are shown, developing connective tissue. Moreover, the

Magnified 350 diameters granular matrix above described, in which the
(Kolliker). neiTC-cells are imbedded, is considered by Boll

to be derived from connective tissue cells, which
have undergone a granular rather than a fibrillar metamorphosis.*

Such being the structural elements of the nervous substance, we
have next to consider the arrangement of the cells and fibres in the
ganglia and nerves which they contribute to form ; the intimate
structure of the encephalon and spinal cord being treated of in the part
of this work which is devoted to special or descriptive anatomy.

OF THE GANGLIA.

The bodies so named are found in the following situations—viz. :

1. On the posterior root of each of the spinal nerves ; on one, and pro-
bably the corresponding root of the fifth nerve of the encephalon

;

and on the seventh pair, glosso-pharyngeal and pneumogastric nerves,
involving a greater or less amouu-t of their fibres ; also on the branches
of certain cerebro-spinal nerves. 2. Belonging to the sympathetic
nerve, (a)—In a series along each side of the vertebral column, con-
nected by nervous cords, and constituting what was once considered as
the trunk of the sympathetic, {h)—On "branches of the sympathetic

;

occurring numerously in the abdomen, thorax, neck, and "head
;
gene-

rally in the midst of plexuses, or at the point of union of two or more
branches. Those which are found in several of the fosste of the cranium
and face are for the most part placed at the junction of fine branches of
the sympatlietic with branches, usually larger, of the cerebro-spinal

* Stieda, Studiea iiber das centralc Nerven-systcm, Z. fur Zool., 1S6S, 1870. Golgi,
Contribuzione alle fina Anatoniia degli Organi ccntrali del Sistema ncrvoso ; Rivista
Clinica, 1871. Boll, Die Ilistologie und Histiogenese der Nerviise Ceutral-organe,
Berlin, 1873.
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nerves ; but they are generally reckoned as belonging to the sympathetic

system.

Th? ganglia differ widely from each other in figm-e and size : those

^which have been longest known to anatomists are most of them large

and conspicuous objects ; but by the researches of Remak and others,

it has been shown that there are numerous small, or what might be

almost termed microscopic ganglia, disposed along the branches of

nerves distributed to the tongue, the heart, the blood-vessels, the lungs,

and some other viscera ; also connected with fine plexuses of nerves

between the coats of the intestines.

Ganglia are invested externally with a thin, but firm and closely

adherent envelope, continuous with the fibrous sheath of the nerves,

and composed of connective tissue : this outward covering sends pro-

cesses inwards through the interior mass, dividing it, as it were into

lobules, and supporting the numerous fine vessels which pervade it. A
section carried through a gan-

glion, in the direction of the

nervous cords connected with

it, discloses to the naked
eye merely a collection of

reddish-grey matter traversed

by the white fibres of the

nerves. The nervous cords

on entering lay aside their

investing sheath and spread

out into smaller bundles,

between which the grey gan-

glionic substance is inter-

posed ; and their fibres are

gathered up again into cords,

furnished with sheaths, on
issuing from the ganglion.

The microscope shows that

this grey substance consists

of nerve-cells and fibres with

supporting connective tissue.

The nerve-cells have mostly
a round, oval, or pyriform

figure. They are enclosed

in capsules formed of a trans-

parent membrane Avith nuclei

(fig. 93, h, 94, 95) : these cap-

sules are apparently continu-

ous with the primitive sheaths of the nerves (M. Sehultze),

Of the relation between the nerve-fibres in a ganglion and the

ganglion-cells, it may be stated that many fibres pass through without

ijeing connected with the cells, but that every nerve-cell is connected

with a fibre or with fibres. According to Beale, each cell is connected

with, at least, two fibres, which, on reaching the nervous bundle in

which they are distributed, run in opposite directions (fig. 94). One
of the fibres is straight, usually of tolerable size, and connected with
the cell at one spot like a stalk—in pyriform cells at the small end.

The other, usually smaller, begins or is attached at some distance

FROM
Mag-

Fig. 93.

—

Multi-Polar Ganglion Cells

Sympathetic of Man (Max Sehultze).

nified.

a, fi-eed from capsule ; b, enclosed within cap-

sule. The processes of both are broken off a short

distance from the cell.
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from the insertion of the first, and makes several turns on the surface

of the cell, but within its capsule, which ai'e continued as spiral coils

round the straight fibre, and then the two part company, and appa-

rently run in opposite directions in the nervous bundle in which they

mingle.

The spiral fibre bears large oblong nuclei along its course. These
are seen on its spiral turns upon the surface of the cell, and some, at

the commencement of the fibre, seem to be beneath the surface. It

may be single from the first, or begin by two or more filaments which
join at some distance from the cell. Both fibres increase iu size as

Fk. 94.

Pi-. ^0.

Fig. 94.

—

Ganglion-Cell of a Prog, Magnified ; according to Beale.

Eeduced and adapted from one of his figiires. a, a, straight tibre ; b, I, coiled fibre
;

c, smaller one joining it.

Fig. 95.

—

Magnified Ganglion-Cell, from the Sympathetic of the Frog, according

TO J. Arnold. Yirch. Arch. 1SG5.

«, straight fibre ; h, coiled fibre, arising by a superficial net connected with nucleolus

of the cell ; c, c, capsule with nuclei.

they proceed. They have at first the character of pale fibres (or axis-

cylinders), then one of them—generally the straight one, but it may be

the other—at a short distance from the cell acquires a medullary sheath

and l)ecomes a dark bordered fibre. At the same time it cannot be
positively said that l)oth fibres may not become dark bordered, or both
continue as pale fibres. The spiral fibres may make more or fewer
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Fig. 96.

coils, and Beale thinks the coils are more numerous in older cells—for

in some cases the smaller fibre (answering to the spiral one elsewhere)

is not coiled ; the cells in such cases he considers to be young or

recently formed.

Beale's observations were chiefly made on the ganglia of frogs, the cells of

which have very commonly a pyriform shape like the one represented in the
figTire. In mammalia they are more spheroidal, and the obsei-vation of their

connection with fibres is more difficult ; but from examinations in mammalia, he
was led to infer that the relation of the cells and fibres is essentially the same as

in frogs.
.

Two subsequent m.iters, Julius Arnold, and L. G. Coui-\-oisier. confirmed the

original obsei-vation of Beale in almost every point ; but whilst the last-named

observer described the two fibres as connected with the substance of the cell and
at its surface onlj'— or, at least, could not obtain satisfactory evidence of theii-

passing- into the interior—Ai'nold. and (after him) Courvoisier describe (as had
previously been done by Harless and others) the straight fibre as traceable into the

nucleus, with which Arnold thinks its medullary sheath, here altogether inconsider-

able, is continuous, whilst the axial part ends in the nucleolus, which he regards as

the knobbed end of the axis-cylinder (fig. 95). They both describe a network of ex-

quisitely fine fibrils, which, springing from tlu nucleolus as a centre, traverses the

suljstance of the cell and comes to the surface between the cell-body and its sheath,

and finally unites into the siiii-al fibre. According to this account, the nucleolus

is, as it were, the end of the straight fibre

and beginning of the spiral one, or rice

vcDid ; or, at least the point of organic

connection between them in the cell.

Courvoisier describes both fibres as ac-

qvuring a medullary sheath, the straight

one first. He has found the above de-

scribed structure in the ganglia of fish,

birds, and mammals ; but -v^hilst in the

frog the cell has never, or scarcely ever,

more than one straight and very rarely

more than one spiral fibre, he finds that in

other vertebrates a cell may give off such

twin fibres from two or more par-ts of its

circumference.

With regard to the alleged connection

of the fibres with the nucleus and nu-

cleolus of the cell, we would remark
that no such connection is obseiwable in

other nerve-cells.—those of the spinal

cord for instance. And recent obseiwers

have for the most part failed to cor-

roborate the statements of Arnold and
Courvoisier. On the other hand, it is

probable that the primitive fibrils of the

neiwes are continuous with one another
through the body of the cell.

Besides such cells as have now been
described, others are not unfrequently
met with in which there is a different

aiTangement. In the spinal ganglia of

the skate, torpedo, dogfish, &c., as first

pointed out by E. AVagner, two fibres

are connected with each ganglion-cell at

opposite sides—one directed centrally to-

wards the root of the nerve, and the other

outwardly towards its branches (fig. 'JG).

Fig. 96.

—

Bipolar Ganglion-Cell frok
Spinal Ganglion of Pike. 350 Diame-
ters. ^^Kolliker.)

a, Capsule of cell contiiuions with, h,

sheath of nerve, c, medullary sheath.

d, axis-cylinder, e, body of cell.
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In the spinal ganglia of man the cells commonly appear to possess but a single
process, which runs peripherally ; on the other hand, multipolar cells are occa-
sionally found. The latter, according to Max Schultze, are also to be met with
in the sjTnpathetic ganglia (see iig. 93),

OF THE CEEEBRO-SPINAL NERVES.

Construction. — These nerves are formed of the nerve-fibres
ah-eady described, collected together and bound up in sheaths of
connective tissue. A larger or smaller number of fibres inclosed
in a tubular sheath form a slender round cord of no determinate
size, usually named a. ftimculiis; if a nerve be very small it may
consist of but one such cord, but in larger nerves several funiculi
are united together into one or more bundles, which, being wrapped
up in a common membranous covering, constitute the nerve (fig. 97).
Accordingly, in dissecting a nerve, we first come to an outward
covering, formed of connective tissue, often so strong and dense
that it might well be called fibrous. From this common sheath we
trace laminte passing inwards between the larger and smaller bundles
of funiculi, and finally between the funiculi themselves, connecting

them together as well as con-
Fig. 97. ducting and supporting the

fine blood-vessels which are

distributed to the nerve.

But, besides the interposed

areolar tissue which connects

these smallest cords, each

Fig. 97.-PORTION OF T^Zl^^K OP A Nerve funiculus has a special sheath

CONSISTING OF MANY SMALLER CoRDS OR FUNICULI 01 itS OWH, aS Will DC mi-
WRAPPED UP IN A COMMON Sheatii. mediately noticed.

A, the nerve ; b, a single funiculus drawn out The COmmon sheatll and
from the rest (from Sir C. Bell). its subdivisions COUsist of

connective tissue, presenting

the usual white and yellow constituent fibres of that texture, the

latter being present in considerable proportion : frequently also a

little fat is to be found. The special sheaths of the funiculi,

on the other hand, appear to be formed essentially of a fine trans-

parent membrane, which may without difficulty be stripped off, in

form of a tube, from the little bundle of nerve-fibres of which the

funiculus consists. AVhen examined with a high power of the micro-
scope, this membrane presents the aspect of a thin transparent film,

which in some parts appears to be quite simple and homogeneous, but
is more generally marked with extremely fine retioiulated fibres. Cor-
puscles resembling elongated cell-nuclei may be seen upon it when
acetic acid is applied, and by treatment with nitrate of silver it

may be shown that the film above mentioned is not in reality simple,

but is made up of two, three, or more excessively delicate lamella?, on
the surface of which an epithelioid layer of extremely fine flattened

cells, to which the nuclei above mentioned belong, may occasionally

be observed. The fine reticulated fibres seen on the lamellae are

jjrobably of an elastic nature ; in some parts they appear merely as a
series of granules, as if incompletely developed (seep. 71). Moreover,
small plates of elastic substance are here and there met with in the
lamella3 which also appear granulated near their edges (Rauvier).
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The tissue here described as investing each funiculus and enclosing

its proper fibres is named the neurilemma.'^ It is covered quite exter-

nally by a layer of large thin flattened cells, the outlines of which are

brought into view by the silver treatment (as in fig. 83).

The funiculi of a nerve are not all of one size, but all are sufficiently

large to be readily seen with the naked eye, and easily dissected out

from each other. In a nerve so dissected into its component funiculi,

it is seen that these do not run along the nerve as parallel insulated

cords, but join together obliquely at short distances as they proceed in

their course, the cords resulting fi-om such union dividing in their

further progress to form junctions again with collateral cords ; so that

in fact the funiculi composing a single nervous trunk have an arrange-

ment with respect to each other similar to that which we shall presently

find to hold in a plexus formed by the branches of different nerves. It

must be distinctly understood, however, that in these communications
the proper nerve-fibres do not join together or coalesce. They pass off

from one nervous cord to enter another, with whose fibres they become
intermixed, and part of them thus intermixed may again pass off to a

third funiculus, or go through a scries of funiculi and undergo still

further intermixture ; but throughout all these successive associations

(until near the termination of the nerve) the fibres remain, as far as

known, individually distinct, like the threads in a rope.

*The fibres of the cerebro-spinal nerves are chiefly, in some cases per-

haps exclusively, of the white or medullated kind, but in most instances

there are also grey fibres in greater or less number. Moreover, fila-

ments of extreme tenuity, like the white filaments of connective tissue,

occur, mixed up with well-characterised nerve-fibres within the sheaths

of the funiculi. Lying alongside each other, the fibres of a funiculus

form a little skein or bundle, which runs in a waving or serpentine

manner within its sheath ; and the alternate lights and shadows caused

by the successive bendings being seen through the sheath, give rise to

the appearance of alternate light and dark cross stripes on the funiculi,

or even on larger cords consisting of several funiculi. On stretching

the nerve, the fibres are straightened and the striped appearance is lost.

Vessels.—The Nood-vesseh of a nerve, supported by the sheath,

divide into very fine capillaries. These, which are numerous, run
parallel with the fibres, many of them within the funicular sheaths, but
are connected at intervals by short transverse branches, so as in fact to

form a network with long narrow meshes. Lijmjihatics are found in the

uniting connective tissue or perineurium. Little is known of their mode
of commencement, but it is probable that, as in other parts, they take

origin in the connective tissue. Spaces which appear to be lymphatic
are met with between the layers of the neurilemma.

Branching and conjunction of Herves.—Nerves in their pro-

gress very commonly divide into branches, and the branches of different

nerves not unfrequently join with each other. As regards the arrange-

* Some recent m-iters believing that the primitive sheath of the nerve-fibre cor-

responds to the sarcolemma of muscle, have proposed to designate it as the neurilemma,
and to use the term perineurium for the coarser sheathing of the nerves and nervous
cords, to which the term neurilemma has been usually applied. The use of the term
perineurium is unobjectionable, and may sometimes be convenient, but the proposed new
and restricted application of the term neurilemma would lead to ambiguity, and is of

doubtful propriety. The general external covering of the nervous trunks has been
named '

' cellular sheath " {vai/ina ccUulosa).
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ment of the fibres in tlie«e cases, it is to be observed, that, in the

Ijranching of a nerve, collections of its fibres successively leave the trunk
and form branches ; and that, Avhcn different nerves or their branches
intercommunicate, fibres pass from one nerve to become associated with

those of the other in their further progress ; but in neither case (unless

towards their ])eripheral terminations) is tliere any such thing as a

division or splitting of an elementary nerve-fibre into two, or an actual

junction or coalescence of two such fibres together.

A communication between two nerves is sometimes effected by one
or two connecting branches. In such comparatively simple modes of

connection, whicli are not unusual, both nerves commonly give and
receive fibres ; so that, after the junction, each contains a mixture of

fibres derived from two originally distinct sources. More rarely the

fibres pass only from one of the nerves to the other, and the contribu-

tion is not reciprocal.

In other cases the branches of a nerve, or branches derived fi'ora two
or from several diffbrent nerves, are connected in a more complicated

manner, and form what is termed a plexus. In plexuses—of which the

one named " brachial " or " axillary," formed by the great nerves of the

arm, and the '' lumbar " and " sacral," formed by those of the lower

limb and pelvis, are appropriate examples—the nerves or their branches

join and divide again and again, interchanging and intermixing their

fibres so thoroughly that, by the time a branch leaves the plexus, it

may contain fibres from all the nerves entering the plexus. Still, as in

the more simple communications already spoken of, the fibres, so far as

is known, remain individually distinct throughout.

In some instances of nervous conjunctions certain collections of fibres, after

passing from one nerve to another, take a retrograde course in that second nerve,

and, in place of being distributed peripherally -with its branches, turn back to its

root and rejoin the cerebro-spinal centre. An ajiparent example of such nervous

arches without peripheral distribution is afforded by the optic nerves, in which
various anatomists admit the existence of arched fibres that seem to pass across

the commissure between these nerves from one optic tract to the other, and to

return again to the brain. These, however, are perhaps to be compared with the

commissiiral fibres of the brain itself, of which there is a great system connecting

the symmetrical halves of that organ. But instances of a similar kind occurring

in other nerves have been pointed out by Volkmann ; as in the connection be-

tween the second and third cervical nerves of the cat. also in that of the fourth

cranial nerve with the first branch of the fifth in other quadmpeds, and in the

communications of the cer^^cal nerves with the spinal accessory and the descen-

dens noni. But certain fil^res of the optic nerves take a coiurse deviating still

more from that followed generally, for they appear to be continued across the

commissure from the eyeball and optic nerve of one side to the opposite nerve

and eye, without being connected with the brain at all, and thus to form arches

with peripheral terminations, but no central connection. In looking, however,

for an explanation of this arrangement, it must be borne in mind that the retina

is itself originally an outgrowth from the brain and contains nerve-cells, like

those of the nervous centres, and perhaps the fibres referred to may be intended

merely to bring the collections of nerve-cells of the two sides into relation inde-

pendently of the brain. Julius Arnold has found an arrangement of fibres

at the junctions of the nerve-plexus of the iris similar to that in the optic

commissure.*

The disposition of the fibres at the points of division and junction of the

* Yirchow's Arch, 18G3.
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branches of nerves still requires further investigation. For some interesting

observations on the subject the reader is referred to a paper by Beale.*

Origins or Roots of the Nerves.—The cerebro-spiual nerves, as

alread}' said, are connected b}^ one extremity to the brain or to the

spinal cord, and this central extremity of a nerve is, in the language of

anatomy, named its origin or root. In some cases the root is single,

that is, the funiculi or fibres by which the nerve arises are all attached

at one spot or along one line or tract ; in other nei'ves, on the contrary,

they form two or more separate collections, which arise apart from each
other and are connected with different parts of the nervous centre, and
such nerves are accordingly said to have two or more origins or roots.

In the latter case, moreover, the different roots of a nerve may differ

not only in their anatomical characters and connections, but also in

function, as is well exemplified in the spinal nerves, each of which
arises by two roots, an anterior and a posterior—the former containing

the raotor fibres of the nerve, the latter the sensory.

The fibres of a nerve, or at least a considerable share of them, may
be traced to some depth iu the substance of the brain or spinal cord,

and hence the term " apparent or superficial origin" has been employed
to denote the place where the root of a nerve is attached to the surface,

in order to distinguish it from the " real or deep origin " which is

beneath the surface and concealed from view.

To trace the different nerves back to their real origin, and to determine the

points where, and the modes in which their fibres are connected with the nervous

centre, is a matter of great difficulty and uncertainty ; and, accordingly, the

statements of anatomists respecting the origin of particular nerves are in many
cases conflicting and unsatisfactory. Confining ourselves here to what applies

to the nerves generally, it may be stated, that their roots, or part of their roots,

can usually be followed for some way beneath the surface, in form of white

tracts or bands distingiiishable from the sturounding substance ; and very gene-

rally these tracts of origin may be traced towards dei^osits of grey nervous matter

situated in the neighliourhood ; such, for instance, as the central grey matter of

the spmal cord, the grey centres of the pneumo-gastric and glosso-pharyngeal

nerves, the corpora geniculata and other larger grey masses connected with the

origin of the optic nerve. It would further seem probable that certain fibres of

the nerve-roots take their origin in these local deposits of gi'ey matter, whilst

others become continuous with tlie white fibres of the spinal cord or encephalon,

which are themselves connected with tlie larger and more general collections

of grey matter situated in the interior or on the surface of the cerebro-spinal

•centre.

There is still much uncertainty as to the precise mode in which the

nerve-fibres originatiug or terminating in the grey matter are related to

its elements, and for the most part, indeed, individual fibres on being-

traced into the grey matter, become so hidden in the mass as to elude

farther scrutiny. JSTevertheless, as a continuity between the nerve-fibres

and nerve-cells in the grey matter has now been traced in individual

examples by many different observers, and as such connections may be

held to be general in the ganglions, it is not unfair to infer that, but for

the obstacles to successful investigation, the cells in the grey matter of

the cerebro-spinal centre would by this time also have been shown to

be generally connected with the nerve-fibres.

* On the Branching of Nerve-Trunks, &c., Archives of Medicine, vol. iv., p. 127.
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Three modes of connection of cells with fibres are described. 1. From
a cell, which may have several branched outrunners, one stout unbranched
process is continued into a nerve-fibre, at first naked, and probably re-

presenting- only the axis-cylinder, then acquiring a medullary sheath

and dark borders, and finally a membranous tube or primitive sheath

(figs. «9, 90, p. lo-i). 2. From one or more finely divided branches of a

cell, or of more than one cell, equally fine fibrils are prolonged, which
coalesce into a pale fibre, having the characters of an axis-cylinder, which
then, as in the former case, may in its progress become a dark-bor-

dered mednllated fibre. 3. The extreme ramifications of a cell or

cells, become connected, as in the last case, with fibrils, which join 'into

a nerve-filH'e ; but the connection takes place by the intervention of

small bipolar cells, which are by one pole continuous with the branches

of the larger cell or cells, and by the other with fine fibrils which join

into a pale fibre, or into an axis-cylinder of a dark-bordered fibre.

Gerlach, and after him Waldeyer and others, have described this last

mode of connection, as seen by them in the cerebellum. The statement

also derives support from the observations of Lockhart Clarke, on the

structure of the olfactory bulb. Along with this indirect connection

through small intervening cells, Gerlach supposes that a process or pro-

cesses of the large cells pass directly into nerve-fibres ; and should such
direct connection take place by the prolongation of an unbranched cell-

process into a nerve-fibre, the arrangement would be analogous to that

in the ganglia : the simple origin, representing that of the straight

fibre from the ganglion-cell, whilst the ramified origin, with the inter-

vening small cells, miglit be compared to that of the superficial or spiral

fibre, with its interposed nuclei.

The ijrimitive fibrils may, as already stated, be frequently obsei-ved to pass

through the nerve-cells from one process into another. Wherever this is found
it seems reasonable to regard the cells rather as interpolations in the course of the

nerves than as actually giving origin to them ; this is more especially the case in

those instances in which a comparatively small, nucleated swelling on a peripheral

fibre represents a nerve-cell.

The fibres of origin of a nerve, whether deeply implanted or not, on
quitting the surface of the brain or spinal cord to form the apparent

origin or free part of the root, are in most cases collected into funiculi,

which are each invested with a sheath of neurilemma. This investment

is generally regarded as a prolongation of the pia mater, and in fact its

continuity with that membrane may be seen very plainly at the roots of

several of the nerves, es})ecially those of the cervical and dorsal nerves

within the vertebi'al canal, for in that situation the neurilemma, like

the pia mater itself, is much stronger than in the cranium. The
funiculi, approaching each other if originally scattered, advance towards

the foramen of the skull or spine which gives issue to the nerve, and pass

through the dura mater, either in one bundle and by a single aperture,

or in two or more fasciculi, for which there are two or more openings in

the membrane. The nerve-roots in their course run beneath the arach-

noid membrane, and do not perforate it on issuing from the cranio-

vertebral cavity ; for the loose or visceral layer of the arachnoid is pro-

longed on the nerve and loosely surrounds it as far as the aperture of

egress in the dura mater, where, quitting the nerve, it is reflected upon the

inner surface of the latter membrane, and becomes continuous with the
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parietal or adherent layer of the arachnoid. The nerve, on escaping

from the skull or spine, acquires its external, stout, fibrous sheath,

which connects all its funiculi into a firm cord, and then, too, the nerve

appears much thicker than before its exit. The dura mater accom-

panies the nerves through the bony foramina, and becomes continuous

with their external sheath and (at the cranial foramina) with the peri-

cranium ; but the sheath does not long retain the densely fibrous

character of the membrane with which it is thus connected at its com-

mencement.

The an-angement of the membranes on the roots of certain of the cranial nerres

requires to be specially noticed.

The numerous fasciculi of the olfactory nerve pass through their foramina

almost immediately after springing from tlie olfactoiy bulb, and then also receive

their neurilemma. The bulb itself, and the intracranial part of the nerve, which

are to be regarded as being really a prolongation or lobe of the brain, are invested

externally by the pia mater, but are not fasciculated. The arachnoid membrane
passes over the fiuTow of the brain in which this part of the nerve lies, without

affording it a special investment.

The optic nerve l^ecomes subdivided internally into longitudinal fascicidi by

neuiilemma a little way in front of the commissure : on passing through the

optic foramen it receives a sheath of dura mater, which accompanies it as far as

the eyeball. The acoustic nen'e becomes fasciculated, receives its neurilemma,

and acquires a finn stn^ctiu-e on entering the meatus auditorius intenius in the

temporal bone, towards the bottom of which it presents one or more small gan-

glionic swellings containing the characteristic cells. Up to this point it is destitute

of neurilemma, and is of soft consistence, whence the name " portio mollis
"'

applied to it.

The larger root of the fifth pair acquires its neuiilemma and its fasciculated

character sooner at its cii'cumference than in the centre, so that, in the round

bunch of cords of which it consists, those placed more outwardly are longer than

those within, and. when all are pulled away, the non-fascicular part of the nerve

remains in form of a small conical eminence of comparatively soft nervous

substance.

Most of the nerves have ganglia connected with their roots. Thus,

the spinal nerves have each a ganglion on the posterior of the two roots

by which they arise ; and in like manner several of the cranial, viz.,

the fifth, seventh, glosso-pharyngeal, and pneumo-gastric, are furnished

at their roots, or at least within^a short distance of their origin, with

ganglia which involve a greater or less number of their fibres, as de-

scribed elsewhere in the special anatomy of these nerves.

Termixatiox, oe Peripheral Distributiox, of Nerves.— It may
be stated, generally, and apart from what may apply to special modes

of termination, that, in approaching their final distribution, the _/2hrcs of

nerves, medullated and non-meduHated, commonly divide into branches

(fig. 98) ; and the former, either before or after division, generally

lose their medullary sheath, and consequently their dark borders, and

take on the characters of pale fibres. The axis-cylinder participates in

the division, and it might be said that the white fibres are represented

in their further progress by the axis-cylinder and its ramifications ; still,

the primitive sheath or membranous tube continues some way along

these pale branches after the medullary sheath has ceased, but may
finally too desert them. By repeated division the fibres become smaller

and smaller ; but whilst some of the resulting small^ fibres may be

simple, many are really bundles of exquisitely fine pale fibrils, straight,
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sinuous, or somewhat tortuous in their course. They bear nuclei, some
of which, no doubt, may appertain to the prolongation of the primitive

sheath ; but others, generally fusiform and granular, are interposed, as

Fig. 98.

Fig. 98.—Small Branch op a Muscular Nerve of the Frog, near its Termina-
tion, SHOWING DIVISIONS OF THE FiBRES. MAGNIFIED 350 DIAMETERS (Kolliker).

rt, into two ; h, into three.

it were, in the course of the fibres, and are continuous with them at

either end ; nuclei, moreover, of a triangular or irregular shape, are

common at the bifurcations of the fibres. These pale fibres often join

into networks ; but their further disposition in different parts will be

treated of l^elow. In the meantime it must be explained that the

original dark-bordered fibres which thus undergo division and change,

or which may proceed singly to end in a different and special manner,
are commonly provided with a tolerably strong sheath with nuclei,

which, as it stands well apart from the dark borders of the fibre, is very

conspicuous. This is sometimes considered to be only the primitive

sheath of the fibre modified in character, but it seems more probable

that it is derived from the neurilemma or perineurium which incloses

the fine bundles or funiculi, and, as these part into smaller collections

and single fibres, undergoes a corresponding division, and finally sends

sheaths along single fibres.

In further treating of the termination of nerves, it will be convenient
to consider the sensory and motor nerves separately.

Termination of sensory nerves.—Of the sensoiy, or, at least,

non-muscular nerves, the following modes of final distribution have
been recognised.

A. By networks, or terminal plexuses. These are formed by the
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branching and interjimction of the fibril^ above described as resulting

from the division of the pale fibres or of the axis-cylinder of the white

fibres. The meshes of the net may be at first wider, and the threads,

or bundles of threads, larger, but from these, finer filaments forming

closer reticulations proceed, and then sometimes the nuclei become less

frequent, or disappear. Such networks are found in the skin, in various

parts of the mucous membranes, in the cornea, and in various other

parts : they will be most conveniently considered in the description of

the organs to which they belong.

B. Sensory terminal organs. Three varieties of these are now
recognised, viz., end-tulhs, iactUc-corpiisdes, and Pacinian todies.

These have so far a common structure, that in all of them there

is an inward part or core {LinenJcoIhen, Germ.) of soft, translucent

substance ; an outer membranous capsule with pertaining corpuscles

;

and, finally, one or sometimes more nerve-fibres, pale and without dark
contours, which pass into the core and apparently end with a free,

usually somewhat swollen, or knobbed extremity. Thus agreeing in

their internal and probably essential structure, the terminal organs

differ chiefly, or at least most obviously, in their capsule, which, simple

in the end-bulbs, becomes highlj^ complicated in the Pacinian bodies ;

and therefore in the further account of them it will be convenient to

begin with the former, although the Pacinian bodies have been much
longer known.

End-bulbs.—Noticed incidentally by Ivolliker, but first investigated

and recognised as distinct organs by W. Krause, who named them
Endkolhea. Their figure in man and apes

is usually spheroidal (fig. 99), but oblong in

some quadrupeds. They measure about -^j^oth

of an inch in diameter, but may exceed this

in length with a less breadth, when of an oval

shape. They have a simple outer capsule of

connective tissue, bearing nuclei, and within

this a core of clear soft matter, in which
specks resembling fat-granules become visible

after exposure to a solution of soda. To an
€nd-bulb there proceeds usually one, but some-

times two, or even three dark-bordered nerve-

fibres ; and sometimes an originally single

fibre divides into two or three immediately

before entering the corpuscle ; or several

branches of one fibre may each run into a

separate end-bulb. The fibre or fibres pass

into the core, lose their dark borders, and
appear to end, when their ends can be traced,

in a bulbous extremity or knob. The nerve-

fibre, wlicn about to enter the corpuscle, is

often much coiled, and this may be the case

too with its pale continuation within, which
contributes greatly to obscure its actual

termination. End-bulbs have been hitherto

found in the conjunctiva over the sclerotic coat of the eye, and in
the mucous membrane on the floor of the mouth, t!ie lips, soft palate,
and tongue, being in these last-mentioned situations lodged in papilla?,

Fig. 99.

—

Three Nerve-
end-bttlbs from the h0mait
Conjunctiva, treated with
acetic acid, magnified 300
diameters.

1. With two nerve -fibres

forming coils within. '1. With
one nerve-fibre and fat-gra-

nules in the core. 3. Of an
oval figure ; termination of

nerve distinct. Nuclei on
the capsules of 1 and 2 (from
Kolliher, after a drawing by
Liiddeu).
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or at their roots (fig. 100) ; also, more deeply, in the skin of the glans

of the penis and clitoris.*

Fiff. 100.

Fig. 100.

—

End-Bulbs in Papilla, magnified,

TREATED WITH ACETIC ACID.

A, from the lips ; tlie wliite loops in one of

tliein are capillaries. B, from the tongue. Two
end-bulbs seen in the midst of the simxjle papilltfi.

a, a, nerves (from KoUiker).

Tactile coi'puscles or touch-bodies {coiyuscida tactus) (fig. 101).

Fig. 101.

B . C f- A

Fig. 101.

—

Papill.?: from the Skin of the Hand, freed from the Cuticle
AND exhibiting THE TACTILE CORPUSCLES. MAGNIFIED 350 DIAMETERS.

A. .^iinple paiiilla with four nerve-fibi'es. a, Tactile corpuscle ; h, nerves, b. Papilla.

treated ^\•ith acetic acid ; «, connective tissvie of papilla with cells and line elastic fila-

ments ; h, tactile corpuscle with transverse nuclei ; c, entering nerve with neurilemma
or perineurium ; d, nerve- fibres winding round the corpuscle, c. Papilla viewed from
above so as to appear as a cross section, a, connective tissue of papilla ; h, nerve-fibre

;

c, slieatk of the tactile corpuscle containing nuclei ; d, core (after KoUiker).

Discovered b}^ E. Wagner and Meissncr. These are mostly of an oval

* W. Krause has described peculiar organs in the skin of the penis and clitoris, allied

to the end -bulbs, which he proposes to call (jcnital ncrve-mrpusdcs. They are various in

form, but present a mulberrj'-like surface. One, or two, rarely three or four, dark-

bordered nei-ve fibres enter each of them. They have a delicate sheath of connective

tissue, with many nuclei, and soft finely granular contents allied to the core of the end-

Lulbs,
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Fig. 102.

shape, nearly -j^l^ of an inch long, and jr^-^ of an inch tliick. AYithin

is a core of soft, transparent, homogeneous substance, with sparsely

imbedded granules ; outside, a capsule of connective tissue, with oblong
nuclei directed transversely to the axis (and rendered more conspicuous
by acetic acid or coloration with carmine), which, with perhaps
some horizontally wound fibres, give the corpuscle somewhat the
appearance of a miniature fir-cone. One, two, or even more nerve-
fibres, run to the corpuscle, and proceeding straight, or with serpentine

windings, approach the summit, up to this point retaining their dark
borders ; they then pass into the core, and, so far as can be seen, end
as fine pale fibres. The touch corpuscles are found in the skin of the
hand and foot, and one or two other parts, where they are inclosed in
certain of the cutaneous papillae which usually include no vessels. It

may be here observed that loops of nerves are sometimes seen in papillfe

without touch-bodies, but probably they belong to a nerve on its way
to end in the corpuscle of a neighbouring papilla.

Pacinian "bodies.—In dissecting the nerves of the hand and foot,

certain small oval bodies like little seeds, are found attached to their

branches as they pass through the subcutaneous
fat on their way to the skin ; and it has been ascer-

tained that each of these l)odies receives a nervous
fibre which terminates within it. The objects

referred to were more than a century ago described
and figured by Vater,* as attached to the digital

nerves, but he did not examine into their sti'uc-

ture, and his account of them seems not to have
attracted much notice. In more recent times,

their existence was again pointed out by Cru-
veilhier and other French anatomists, as well as

by Pacini of Pisa, who appears to be the first

writer that has given an account of the internal

structure of these curious bodies, and clearly

demonstrated their essential connection with the
nervous fibres. The researches of Pacini were
followed up by Heule and Kulliker,f who named
the corpuscles after the Italian savant ; and to

their memoir, as well as to more recent papers,:};

the reader is referred for details that cannot be
conveniently introduced here.

The little bodies in question (fig. 102) are, as

already said, attached in numbers to the branches
of the nerves of the hand and foot, and here
and there one or two are found on other cuta-

neous nerves. They have been discovered also

within the abdomen on the nerves of the solar

plexus, and they are nowhere more distinctly seen or more conveniently
obtained for examination, than in the mesentery of the cat, between

* Abr. Vatei-, Diss, tie Cousensu Partium Corix bum. ; Vitemb. 1741, (recus. in Halleri
Disp. Anat. Select, torn. ii.). Ejiisd. Museum Aiiatomicum ; Helmst. 1750.
t Ueber die Pacinischen Korperchen ; Zurich, 1844.

t Bowman, Cyclop, of Anat. W. Krause, Anat. Untersuchungen
; Hannover, 1861,

and Zeits. f. rat. Med. xvii. 1865. T. W. Engelinann, Zeits. f. Wiss. Zool. xiii. 1863.
Michelson, Schultze's Archiv, v. 1869. Axel Key and Ketzius, Schultze's Archiv, ix.

1873.

Fi g. 102.—A Neuve
OP THE Middle
FisGER, WITH Paci-

nian Bodies at-

tached. Natural
size (after Henle
and Kolliker).
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the layers of which they exist abundantly. They have been found on

the pudic nerves in the gians penis and bulb of the urethra, on the

intercostal nerves, sacral plexus, cutaneous nerves of the upper arm
and neck, and on the iuiVaorbital nerve. Lately they have been

recoo'uised on the periosteal nerves, and, in considerable numbers,

on the nerves of the joints. They are found in individuals of all ages.

The figure of these corpuscles is oval, somewhat like that of a grain of

Avheat,—regularly oval in the cat, but mostly curved or reniform in

man, and sometimes a good deal distorted. Their mean size in the

adult is from y'-th to y^gth of an inch long, and from ^^^th to -j^th of

an inch broad. They have a whitish, opaline aspect : in the cat's

mesentery they are usually more transparent, and then a white line

may be distinguished in the centre. A slender stalk or peduncle

attaches the coi'puscle to the branch of nerve with which it is connected.

The peduncle contains a single meduUated nerve-fibre ensheathed in

Fig. 103.

Fig. 103.—A, Magnified View of a Pacinian Body from the Mesentery of a Cat
(from a drawing by Professor Marshall), showing the lamellar structure, the capsules with

their nuclei (the inner and closer series of capsules apiieariug darker in the figure) the

nerve-fibre x^assing along the peduncle, and penetrating the capsules to reach the core iu

the central cavity, where it loses its strong, dark outline, and terminates by an irregular

knob at the distal and here dilated end of the cavity. Connective tissue (neurilemma
or perineurium) and blood-vessels are represented in the peduncle, and tortuous capillaries

are seen running up among the capsules, b and c represent the termination of the nerve

with the distal end of the central cavity and adjoining capsules, to illustrate varieties of

arrangement. In b the fibre, as well as the core and adjoining capsules, is bifurcated.
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FiL'. 104,

neurilemma, with connective tissue and one or more fine blood-vessels
;

it joins the corpuscle at or near one end, and conducts the nerve-fibre

into it. The Uttle body itself, examined under the microscope, is found

to have a beautiful lamellar structure (fig. 103, a). It consists, in fact,

of numerous concentric membranous capsules encasing each other like

the coats of an onion, with a small quantity of pellucid fluid included

between them. Surrounded by these capsules, and occupying a

cylindrical cavity in the middle of the corpuscle, is the core, formed of

transparent and homogeneous soft substance, in the midst of which the

prolongation of the nerve-fibre is contained. The number of capsules

is various ; from forty to sixty may be counted in large corpuscles.

The series immediately following the central or median cavity, and
comprehending about half of the

entire numbei', are closer together

than the more exterior ones, seeming
to form a system by themselves,

which gives rise to a white streak

often distinguishable by the eye

along the middle of the corpuscles

when seen on a dark ground. Out-

side of all, the corpuscle has a coating

of ordinary connective tissue. The
capsules, at least the more superficial

ones, consist each of a thin lamella

of an almost homogeneous or faintly

striated appearance, with a reticulum

of exquisitely fine fibres, probably of

an elastic nature, on the outer

surface. On the inner surface of

each lamella a number of clear

oval nuclei are to be seen, and
treatment with nitrate of silver

shows these to belong to a delicate

layer of flattened epithelioid cells

(fig. 10-1), lining each successive

capsule (Hoyer). It is thus seen

that in intimate structure the cap-

sules correspond very closely to the

lamellse of v/hich the neurilemma of

the nerve, before described, is com-

posed.

The nerve fibre, the disposition

of which must now be noticed, is

conducted along the centre of the

stalk, enters the corpuscle, and passes

straight into the central cavity, at

the further end of which it termi-

nates. The neurilemma surrounding the nerve-fibre in the peduncle

accompanies it also in its passage through the series of capsules,

gradually decreasing in thickness as it proceeds, and ceasing alto-

gether when the nerve has reached the central cavity. According

to Pacini, the neurilemma forms a series of concentric cylindrical layers,

which successively become continuous with, or rather expand into the

Fig. 104.— Pacinian Corpuscle from
Mesentery op Cat ; stained with
Nitrate of Silver. Magnified.

The epitlielioid cells of tlie outermost

capsule are shown, and their continuity,

at the peduncle, with those of the cor-

responding layer of the neurilemma (from

a dra-ning by Mr. G. C. Henderson).
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capsules, the innermost, of course, advancing farthest. Others suppose
that the capsules are all successively perforated by a conical channel
which gives passage to the nerve Avith its neurilemma, but at the same
time has its own proper wall, round which, on the outside, the capsules

are attached. "VVe must, however, adhere to Pacini's view, having in

silvered preparations observed the layers of epithelioid cells lining the

capsules to be directly continuous with those of the neurilemma.

The nerve-fibre is single, as it runs along the peduncle, unless when
the latter supports two corpuscles ; it retains its dark double contour

until it reaches the central cavity, where, diminished in size, and freed

from its perineurium, it becomes somewhat flattened, and presents the

appearance either of a pale, finely granular, and very faintly outlined

band or stripe, little narrower than the previous part of the libre, or of

a darker and more sharply defined narrow line; differing thus in appear-

ance according as its flat side or its edge is turned towards the eye.

The pale aspect which the fibre presents in the centre of the corpuscle

has with some probability been ascribed to its losing the white sub-

stance or medullary sheath on entering the cavity. Henle and Kolliker,

however, think that it is more likely the result merely of a diminution

in size, together with a certain degree of flattening. It sometimes

happens that the fibre regains its original magnitude and double con-

tour for a short space, and changes again before it terminates ; this is

especially liable to occur while it passes through a sharp flexure in a

crooked central cavity. The fibre ends by a sort of knob at the further

extremity of the median cavity, which is often itself somewhat dilated.

The knob, often finely granular, appears to be an expansion of the

axis-cylinder, and is sometimes of considerable size. It may.present an
irregular shape with processes branching outwards from the sides, and
in such cases has been taken to represent a nerve-cell ; but the

characteristic nucleus of the latter is absent. The ultimate destination

of the processes is unknown. The axis-cylinder presents the usual

longitudinal fibrillation as it passes through the core, and the fibrils

become somewhat spread out as they pass into,the terminal expansion.

In many cases the fibre, before terminating, divides into two branches,

as represented in figure 103, b. : a division into three has been observed,

but this is very rare. In case of division of the fibre, the cavity is

generally, but not invariably, divided in a corresponding measure,

and the inner capsules present a figure in keeping with it. It is

worthy of remark, that the nerve-fibre in its course along the cavity

runs almost exactly in the axis of the channel, and it maintains this

position even when passing through the abrupt flexures of an irregu-

larly shaped cavity. It sometimes happens that a fibre passes quite

through one corpuscle and terminates in a second, resuming its

original size and dark outline while passing from the one to the other
;

and it is said that a nerve-fibre may go through- two Pacinian

bodies without terminating in either, returning again to the parent

nerve in form of a loop (Pappenheim), Other varieties occur,

for an account of which the reader is referred to the several

authorities already mentioned. A little artery enters the Pacinian

bodies along with the nerve, and soon divides into capillary branches,

which run up between the capsules. They then form loops, and
return by a similar route into a vein corresponding to the artery: a

single capillary usually accompanies the nerve as far as the central
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capsule, and passes some way on its wall, sometimes in a spiral direc-

tion (Bowman).

Tliere is considerable difference of oj^inion as to the condition of the nerve-
iibre in the Pacinian body. KoUikcr thinks that it retains its ijrimitive sheath,

and is not wholly dejirived of its medulla ; and that the smrounding: core is com-
I^osed of a nearly homogeneous connective tissue, in wliich he has seen faintly

marked nuclei and faint longitudinal striation.* Engelmann, on the other hand,
considers the core to be an expansion of the medullary sheath of the nerve, and
ascribes the appearances noticed by KoUiker to changes occurring in the originally

homogeneoiis medulla, as in the case of a white nerve-fibre. The pale fibre

within he considers to be simply the axis-cylinder. The core and pale fibre of

the end-bulbs he regards in precisely the same way, and thinks it not improbable
that the touch-cor^iuscles will be found to conform. He looks upon the simple

capsule of the end-bulb as a development of the juimitive nerve-sheath, to which,
in the Pacinian bodies, is superadded a series of concentric coats of connective

tissue. Engelmann, besides adducing other arguments, refers especially to the
structui-e of the Pacinian bodies of birds, as aifording material evidence in support

of his view.

To us the core of the Pacinian corpuscle seems most nearly to corresijond

in its anatomical relations with the j^rotoplasmic layer which Ran\'ier has
described as existing, especially in young nerves, between the primitive sheath

and the medullary sheath of the nerve-fibre, in which case the innennost
capsule of the Pacinian, with its nuclei, would answer to the nucleated sheath

of Schwann or primitive sheath of the ner^-e. For in the first place there

can be little doubt that the capsules are expansions of the lamella; of the

nemilemma, with which they agree essentially in stnictm-e. In the second

l^lace, we have never been able to observe any stnictui-e resembling a primitive

sheath immediately sm-rounding the nei-^'C as it passes through the core. We
have, however, more than once observed a nerve-fibre pass through one Pacinian

to end in another, without at all being divested of its medullary sheath as it

traversed the core of the first. In such cases, as well as in others, in which the

medullary sheath is retained for a certain distance within the core, it is easy to

see, in oj^position to Eng'elmann"s view, that the substance composing the core

jjresents a marked contrast to the medullary sheath. Neither is it, like the latter,

deeply coloiu-ed by osmic acid (Michelson) or by chloride of gold, but. on the

contrary, is only moderately stained by these re-agents.

Nothing jiositive is known concerning the special pui-pose in the animal
economy which these curious appendages of the nerves are destined to fulfil. In
an anatomical sense a Pacinian bodj- might be viewed as a more complex develop-

ment of an end-bulb, from which it differs chiefly in the multiplied layers of the

capsule. W. Krause endeavours to show that the series of concentric capsules

with interposed fhiid is an aiTangement for converting the effect of mechanical

traction into fluid pressvire upon the neixe, so that tension and traction of the

tissue in which the corpuscle is placed, may be felt and appreciated as ordinary

pressiu'e. Theii' presence in the mesentery of the cat seems, at first sight,

against their importance as sentient organs, but it turns out upon trial, that the

part m question is remarkably sensitive.

Other special modes of termination of sensor}^ nerves as, for instance,

in the organs of special sense, will be most conveniently considered in

the description of the organs to which they belong.

Termination of nerves in muscle :—A. In plain or unstriped

muscle.—Beale, and, after him, Kiebs and others, have described the

nerves proceeding to the involuntary fibres as finally distributed in

networks of nou-meduUated fibres, with nuclei at intervals. The net-

W'Orks are at first coarse, and from them proceed finer bundles and

* See also Axel Key aud Retzius, loc . cit.



Iji NERVOUS TISSUE.

single fibrils, forming closer reticulations, and constituting I lie intra-

muscular plexus, which is disposed amongst the muscular fasciculi and
fibre-cells.

Klebs states that in a single instance only he was able to trace an

apparent connection of a nerve with a fibre-cell. According to Julius

Arnold, on the other hand, excessively fine straight fibrils come oft'

at right angles from the nerves between the cells, to be connected

with the nucleoli of the muscular fibre-cells, through the substance

of which they are said to pass.

B. In voluntary muscle.—The nerves of voluntary muscles terminate

for the most part in special expansions, to which the term motorial
end-plates has been applied.

As mentioned in the account of the muscular tissue, the nerves in

the voluntary muscle form plexuses, of which the branches grow finer

and the meshes closer as they advance further into the tissue. The
individual fibres, while still associated in small bundles, undergo divi-

sion, and at length single dark-bordered fibres pass off to the muscular

fibres. These nerve-fibres on approaching or reaching a muscular fibre

often divide still further. The branches retain their medullary sheath

until they reach the sarcolemma, when it abruptly terminates, while the

primitive sheath becomes continuous with the sarcolemma (fig. 105, s).

The axis-cylinder as it passes into the fibre forms a clear flattened

expansion "(/^, /;.) which lies immediately under the sarcolemma, and,

according to Kiihne, is always more or less cleft into lobes or branches.

Around and beneath this expansion is a layer of granular matter,

with large, clear nuclei imbedded in it, each having one or more bright

Fi?. 105.

Fig. 105.-

—

Nerve-Ending in JIuscular Fibre of a Liz;ard. (Lacerta viridis.)

a, end-plate seen edgeways ; b, from the siirface. s, s, Sarcolemma
; 2^> Pt expansion of

axis-cylinder. In b the expansion of the axis-cylinder appears as a clear network branching

from the divisions of the meduUated fibre. Highly magnified (from KUhne).

nucleoli. The sarcolemma over the seat of the end-plate, and the plate

itself, arc slightly raised above the general surface, so that the whole

structure has been designated by Kiihne as the nerve-eminence (Nerven-

hiigel). It would appear that a muscular fi^bre, when short, has but one
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terminal organ, and receives consequently but one nerve-fibre. As,

moreover, the fibres of a nerve undergo division, probably repeated

division, before ending, it fol-

lows that one fibre in a nerve- Fig. lOC.

root or trunk may supply

several muscular fibres.

Longer muscular fibres have

two or more end-phates.

The motorial end-]5lates have
now been recognised in mamma-
lia, birds, and scaly rejitiles. They
were discovered by Eoug-et* in

lizards and wann-blooded animals

;

they had l)een previously found,

but in a modified form, hy Doyere
and others in various invertebrata.

In amphibia (fig. lOli) there is

no trae end-plate, but the branches

resulting from the division of the

medullated nerve lose their medul-

lary sheath on i^enetrating the

sarcolemma. and are continued as

pale fibres. These give off branches

which run for a shoit distance

parallel with the axis of the fibre

between the sarcolemma and the

muscular substance, terminating

abruptly by rounded extremities.

These pale fibres present here and
there slight enlargements, con-

nected with which are granular,

pear-shaped nuclei (A), not to be

confomided -svith the jn'oper nuclei

of the muscle (r). A fine tortuous

fibril is stated by Klilme to be

given off from the i^ale fibre to

each of these graniilar nuclei, and
to tenninate in it by a bulbous

enlargement.

The above account may be taken
as the one most in accordance
with the more recent researches

on the subject, and as probably,

on the whole
_

correct. It is,

however, only r ight to state that
the existence of the end-plates has
been lately called in question by
G-erlach, who from the study of

muscular fibres ijrejjared with
chloride of gold has amved at

the conclusion that the axis-cylin-

der of the nerve after passing
through the sarcolemma forms

Fig. 106.

—

Nerve-Ending in Muscle of Frog
(Kiibne).

a, one of the branches of the medullated fibres

passing within the sarcolemma ; b, b, gi-anular

pear-shaped nuclei ; c, c, nuclei of i^rimitive

sheath ; e, muscle nuclei.

a close network of minute varicose fibrils

* Comptes Rendus, Iv., 1862. See also Krause, Gottinger Nachrichten nnd Zeitsch.

f. rat. Med. (various papers): Engelmann, Unters. ueber d. Zusammenh., &c. , 1863:
Kiilme, Virch. Arch, (various papers), and article in Strieker's Handbook of Histology,

where also a complete account of the history and literature of the subject will be found.
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throughout the muscular substance, with which they are closely incoriiorated

(Sitz. der Phys. Med. Soc. z. Erlangen. 187;)). Another observer. Arndt. who
admits the existence of the end-plate, describes in addition a complex system of

communicating fibres which extend throughout the muscular substance, and by
means of which the plate is brought into connection wit^i the muscle corpuscles

and nuclei (Schultze's Archiv f. micr. Anatomie, ix.).

Diiferences of cerebro-spinal nerves.—It remains to notice the

difierences which liave been observed among the cerebro-spinal nerves

in regard to the size of their libres, and the proportionate amount of

the different kinds of fibres which they respectively contain.

As already stated, both white and grey fibres exist in cerebro-spinal nerves, and
those of the former kind differ greatly from each other in size. Volkmann and
Bidder, who have bestowed much pains in endeavouring to amve at an approxi-

mate estimate of the relative amount of the large and the small fibres in different

nerves, give the follo\\'ing as the more important results of their researches.

1. The nerA'es of voluntary muscles have very few small fibres, usually in not
larger proportion than about one to ten.

2. In the nerves of involuntai-y muscles, whether derived immediately from
the cerebro-.siiinal system or from the sJ^npathetic, the small fibres eminently
preponderate, being about a hiuidred to one.

3. The nerves going to the integuments have always many small fibres, at least

as many small as large.

4. Xeiwes of sentient parts of mucous membranes have from five to twenty
times more small fibres than large : in mucous membranes possessing little sensi-

bility, the nerves are made up chiefly of small fibres. The nerves which enter
the cavities of the teeth consist principally of large fibres.

It is plain, however, that Volkmann and Bidder must have reckoned in with
their small fibres more or fewer of the non-medullated sort, so that the propor-
tion assigned to the small fibres in their estimate must be taken as including
some grey, as well as white fibres : and this agrees wdth the observation pre-

viously made by Remak. that many more grey fibres are contained in the cuta-

neous than in the muscular nerves. The roots of the spinal nerves contain fine

fibres, but according to Remak only in very small proportion : Volkmann and
Bidder state that in man the anterior roots contain proportionally more large

fibres than the posterior. In almost all nerves, the fibres diminish in size as they
approach their teiinination.

The pecnliarities of some of tlie cranial nerves, such as the olfactory

and auditory, have been already alluded to and need not be further

considered here.

OP THE SYMPATHETIC OR GANGLIONIC NERVES.

This name is commonly applied to a nerve or system of nerves

present on both sides of the body, and consisting of the following

parts, viz.:— 1. A series of ganglia, placed along the spinal column by
the side of the vertebras, connected with each other by an intermediate
nerve-cord, and extending upwards to the base of the skull and down-
wards as far as the coccyx. This principal chain of ganglia, with the

cord connecting them, forms what is often named the trunk of the
sympathetic. 2. Communicating branches, which connect these ganglia
or the intermediate cord with all the spinal and several of the cranial

nerves. 3. Primary branches passing off ft'om the ganglionic chain or
trunk of the nerve, and either bestowing themselves at once, and gene-
rally in form of plexuses, on the neighbouring blood-vessels, glands,

and other organs, or, as is the case with the greater number, proceeding
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in the first instance to other ganglia of greater or less size (sometimes

named praj-vertebial) situated in the thorax, abdomen, and pelvis, and
usually collected into groups or coalescing into larger ganglionic masses
near the roots of the great arteries of the viscera. 4. Numerous plex-

uses of nerves, sent off from these visceral or prre-vertebral ganglia to

the viscera, usually creeping along the branches of arteries, and con-

taining in various parts little ganglia disseminated among them. Some
of these plexuses also receive contributions from spinal or cerebral

nerves, by means of branches which immediately proceed to them without
previously joining the main series of ganglia.

Structure of the sympathetic nerve-trunks.— The nervous
cords of the sympathetic consist of white fibres, and of pale or grey

fibres, mixed with a greater or less amount of filamentous connective

tissue, and inclosed in a common external fibro-areolar sheath. The
white fibres differ greatly from each other in thickness. A few are of

large size, ranging from ttoVo ^^ Woo ^f ^^ ^^^^^ • ^^'^^ most of them
are much smaller, measuring from about -^-^^q to -yjo q- of an inch in

diameter, and, though having a well-defined sharp outline, for the

most part fail to present the distinct double contour seen in the larger

and more typical examples of the medullated fibre. The pale, non-
medullated fibres, have the characters of Eemak's grey fibres, already

described, and often look as if made up of exquisitely fine fibrils ;

there are also pale fibres of much less thickness, Avhich, at short dis-

tances, are interrupted by, or might be said to swell out into,, fusi-

form nuclei. The fibres are in the large trunks collected into bundles or

funiculi, the proper sheath of which, or 7ienrilem7na, agrees in structure

with that met with in the cerebro-spinal nerves {vide antea, p. 140).

The more grey-looking branches or bundles of the sympathetic

consist of a large number of the pale fibres mixed with a few of the

medullated kind ; the whiter cords, on the other hand, contain a pro-

portionally large amount of medullated fibres, and fewer of the grey ;

and in some parts of the nerve grey fasciculi and white fasciculi, re-

spectively constituted as above described, run alongside of each other in

the same cords for a considerable space without mixing. This arrange-

ment may be seen in some of the branches of communication with the

spinal nerves, in the trunk or cord which connects together the principal

chain of ganglia, and in the primary branches proceeding from thence

to the viscera. In the last-mentioned case the different fasciculi get

more mixed as they advance, but generally it is only after the Avhite

fasciculi have passed through one or more ganglia that they become
thoroughly blended with the grey ; and then, too, the nervous cords

receive a large accession of grey fibres (apparently derived from the

ganglia), which are mixed up with the rest, and take ofit" more and more
from their whiteness.

Relation of the sympath.etic to tlie cerebro-spinal nerves.—On this impor-
tant question two veiy different opinions liave long existed, in one modification or

another, amongst anatoinists. 1. According to one, wliich is of old date, but
which has been revived and ably advocated by Valentin, the sympathetic set of

nerves is a mere dependency, offset, or embranchment of the cerebro-spinal system
of nerves, containing no fibres but such as centre in the brain and cord, although
it is held that these fibres are modified in then* motor and sensory properties in

passing through the ganglia in their way to and from the viscera and involun-

tary organs. 2. According to the other view, the sympathetic ner\'e (commonly
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so called) not only contains fibres derived from the brain and cora, but also pro-

per or intrinsic fibres which take their rise in the ganglia ; and in its com-
munications with the spinal and cranial nerves, not only receives from these
nerves cerebro-siDinal fibres, but imparts to them a share of its own proper gan-
glionic fibres, to be incorporated in their branches and distributed peripherally

with them. Therefore, according to this latter view, the sympathetic nerve,
commonly so called, though not a mere oifset of the cerebro-spinal nerves, yet.

receiving as it does a share of their fibres, is not wholly independent, and for a
like reason the cerel^ro-spinal nerves (as commonly understood) cannot be con-
sidered as constituted indeiJendently of the sympathetic ; in short, both the
cerebro-spinal and the sympathetic are mixed nerves, that is, the branches of

each system consist of two sets of fibres of different and independent origin, one
connected centrally with the brain and cord, the other with the ganglia. Hence,
if we look to the central connection of their fibres as the essential ground of dis-

tinction among nerves, the cerebro-spinal system of nerves might, strictly speak-

ing, be considered as consisting of and comprehending all the fibres having their

centre in the cerebro-spinal axis, whether these fibres run in the nerves usually

denominated cerebral and spinal, or are distributed to the viscera in the branches
of the nerve usually named the sjonpathetic ; and, on the same ground, the syin-

pathetic or ganglionic sj'stem, strictly and properly so called, would consist of

and comprehend all the fibres connected centrally with the ganglia, wherever
such fibres exist and into whatever combinations they enter, whether proceeding

to the viscera or distributed peripherally with the nerves of the body generally
;

the nerve-fibres which emanate from the ganglia on the roots of the spinal and
cerebral nerves being reckoned into the system, as well as those from ganglia,

usually denominated sympathetic. Wliile ready, however, to acquiesce in the

justice of the above distinction, we do not mean to employ the temis already in.

use in a sense different from that which is currently received.

In endeavouring to decide between the two views above stated, it may be fii'st

observed that the existence in the sympathetic nerve of fibres connected centrally

with the cerebro-spinal axis, is proved not only by tracing bundles of fibres from
the roots of the spinal nerves along the communicating branches and into the

sjnnpathetic. but by the jjain or uneasy sensations Avhich arise from disease or

disturbance of organs, such as the intestines, supplied exclusively, or almost

exclusively, by what are considered branches of the sTOipathetic ; by experiments

on living or recently killed animals, in which ai"tificial irritation of the roots of

the spinal nerves, or of various parts of the cerebro-spinal centre, caused move-
ments of the viscera ; and by experiments on the symi^athetic nerve in the neck,

by which it is sho^vn that the dilatation of the i^upil and the tonicity of the

cutaneous vessels of the head are dependent on fibres which i^ass along the

symj^athetic nerve but are centrally connected with the upper part of the spmal
cord and medulla oblongata.

These facts, it is evident, accord with both of the above-mentioned opinions

respecting the constitution of the sjTnpathetic ; but it may be further showoi

that this nerve contains fibres which arise from the ganglia and take a peripheral

course, so that the second of the two opinions approaches nearer to the truth.

In support of this assertion we may adduce the actual observation of nerve-fibres

proceeding from the nerve-cells of the ganglia in a perij^heral du'ection only

;

and there are also other grounds for believing that more fibres pass out of the

sjnnpathetic ganglia than can possibly be derived from the brain and cord. This

seems to follow from a comparison of the aggregate size of the distributional

branches issuing from these ganglia with that of all the branches which can be

supposed to enter them.
Tlie branches of communication which pass between the ganglia or gangliated

cord of the sympathetic and spinal nerves, are connected with the anterior and
greater branch of each of the latter nerves, a little in advance of the spinal

ganglion ; and at the point of connection the communicating Ijranch in most
cases divides into two portions, one central, running towards the roots of the

spinal nerve and the spinal cord, the other, peripheral, taking an outward course

along with the anterior branch of the spinal nerve with which it becomes incor-

porated and distributed. It can scarcely be doubted that the central portion,
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•u-hilst it may contain filjres sent by the s^nniiarhetic to the spinal nen-es or to the

spinal cord, must necessarily contain all those which yiroceed from the cord to the
sjnnpathetic. and that, on the otlier hand, the peripheral division must contain.

the filjres immediately proceeding from the s;5^npathetic and distributed peri-

pherally ^vith the spinal nerve.

It seems on the whole reasonable to conclude that nerve-fibres take

their rise in the ganglia both of the cerebro-spinal and sjanpathetic

nerves, and are in both kinds of nerves mixed "with fibres of cerebral

or spinal origin ; that the ganglia are nervous centres which may pro-

bably receive through afferent fibres impressions of which we are uncon-
scious and reflect these impressioual stimuli upon efferent or motor
fibres: that perhaps, even, certain motorial stimuli emanate from them;
the movements excited by or through the ganglia being always invo-

luntary, and affecting chiefly the muscular parts of the viscera, the

sanguiferous, and perhajis the absorbent vessels ; and that, in fine, the

chief purpose served in the animal economy by the ganglia and the gan-

glionic nerve fibres, whether existing in acknowledged branches of the

sympathetic, or contained in other nerves, is to govern the involuntary,

and, for the most part,imperceptible movements of the vascular system,

as well as the secretory and nutritive processes, in so far at least as

these are not dependent on the brain and spinal cord,

CHEMICAL COMPOSITION.

The information we possess respecting the chemical composition of
nervous matter is for the most part founded on analyses of portions of

the brain and spinal cord ; but the substance contained in the nerves,

which is continuous with that of the brain and cord, and similar in

physical characters, appears also, as far as it has been examined, to be
of tlie same general chemical constitution. Xo very careful comparative
analysis has yet been made of the grey and white matter, to say nothing
of the different structural elements of the nervous substance ; and
indeed it must be remembered, that, in portions of brain subjected to

chemical examination, capillary blood-vessels, connective and perhaps
other accessory tissues, as well as interstitial fluid, are mixed up in

greater or less quantity with the true nervous matter, and must so far

affect the result.

Like most of the other tissues of the Ijody the nervous substance

contains a large pro]wrtion of water (from three-fourths to four-fifths

of its weiglit). Of the residue which remains after the removal of this

by evaporation or other means the larger part consists of a phosphur-
reted fat, which may be obtained crystallized, and in this condition was
termed by 0. Liebreich protagon. The crystalline substance, however,

is in reality a mixture of two othei' substances

—

kcifhin and neiirin

(Hoppe-Seyler)—and doubtless includes the fatty acids which were
enumerated by Fremy and others : it appears mainly to compose the

medullary sheath of the nerves.

Lecithin was first obtained from yelk of egg (by Gobley). It con-

tains nearly 4 per cent, of phosphorus, and has a very complex constitu-

tion.

STeurin, sometimes termed cholin, is found also in the bile. It

possesses basic properties, and is, moreover, said to be one of the pro-

ducts of decomposition of lecithin.

A substance named Cerebrin is also described as being frequently
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met with in conjunction with lecithin. Other substances which are

found in analyses of the nervous tissues are :

—

Cholesterin (C.-.^; Hj^^O) which was long considered to be a fatt)^

body, but is prol)a1)ly more allied to the alcohols. It crystallizes in pearly

scales which are tinged blue by treatment with sulphuric acid and iodine.

Extractive matters.—These prol)ably belong chiefly to the inter-

stitial fluid ; but, however this may be, they may be held to represent

the products of decomposition of the nervous substance. The following

have been recognised :

—

1. Lactic, formic, acetic, and (traces of) itric acid.

2. Inosit.

3. Krcntln.

4. Ilijpo.vantlun.

5. Lcncin (in tlie ox).

Certain alljumhioid substances are also obtained from nervous tissue : they are

probably in great part derived from the nerve-cells and axial fibres.

With regard to the reaction of nerve, the same law is said to jirevail as in

muscle—namely, that the substance of nerves in the living but quiescent state is

neutral, but becomes acid after death or prolonged excitement (Funke). The
saline or inorganic matters found by incineration are

—

phoHphortc acid. j>ho-\-

j)hatcs of alhdicn. which, as in muscle, largely predominate over other salts, ^^f^j'^/.vZ',

as a base, largely exceeding .sod(( ; carthij jjhoxjfhati:,':, in smaller proportion,

mafpu'sia prevailing over H)iu' ; i>lu»:phatc of iron ; chloride of sodium ; sulphate of

jyotash ; and a trace of silica.

The white substance contains nearly 75 per cent, of M-ater ; the grey about 85
;

the proportion of water is less in the spinal cord, and still less in the nerves.

Tlie fatty matters amount in the grey substance to nearly 5 and in the white to

nearly 1 5 per cent. ; in the nei-^'es the proportion fluctuates largely. It is worthy
of note that the brain, during embryonic and infantile life, contains much less fatty

matter and more water ; moreover, the grey and the white matter do not present

the same differences as in after life in the proi^ortions of water and fatty sub-

stance which they respectively contam. The brain of embryos of from ten to

twenty-two weeks has Ijeen foirnd to j-ield only from O'OD to 1'5 per cent, of fatty

substance ; that of the full-gro^^ir foetus from 3 to 4 per cent.

VITAL PROPERTIES.

The fibres of nerves are endowed with the property of transmitting

impressions, or, rather impulses, the effect of impressions, from the point

stimulated towards their central or their peripheral extremities. Certain

fibres are employed to conduct towards the nervous centres and are named
" afferent," others to conduct towards their distal extremities, which are

distributed in moving parts, and these fibres are named " eflTerent."

The greater number of nerves possess both afferent and efferent

fibres, and are named compound or moto-sensory, innsmuch as they

minister both to sensation and motion. In such compound nerves the

two kinds of fibres are mixed together and bound up in tlie same
sheaths ; but in the most numerous and be-^t-known examples of this

class, the afferent and efferent fibres, though mixed in the trunk and
branches of the nerves, are separated at their roots. This is the case

in the spinal nerves : these have two roots, an anterior and posterior,

both for the most part consisting of many funiculi, and the posterior

passing through a ganglion with which the fibres of the anterior root

have no connection. Now it has been ascertained by appropriate ex])e-

riments on animals, that the anterior root is efferent and contains the

motor fibres, and that the posterior is afferent and contains the sensory

fibres. The fifth pair of cranial nerves has a sense ry root furnished
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with a ganglion, and a motor root, like the spinal nerves. The glosso-

pharyngeal and pneumo-gastric nerves are also decidedly compound in

nature ; they are also provided with ganglia at their roots, which in-

volve a greater or less number of their fasciculi ; but it has not yet

been satisfactorily determined whether in these nerves the fibres which
have different properties are collected at the roots into separate bundles,

nor how they are respectively related to the ganglia. The sympathetic,

as already stated, contains both afferent and efferent fibres.

Simple nerves are such as contain either afferent or efferent fibres

only. The olfactory, auditory, and optic are simple afferent and sen-

sory nerves. The third, fourth, and sixth, the facial, the spinal accessory

and hypoglossal nerves are generally regarded as examples of simple

motor nerves ; there is reason to believe, at least, that they are simple

and motor in their origin, or as far as their proper fibres are concerned,

and that the sensibility evinced by some of them in their branches is

owing to sensory fibres derived from other nerves which join them in

their progress.

The nerves governing the motions of the blood-vessels are commonly
spoken of as the " vaso-motorial nerves

;
" but although this term is

often of convenient application, there seems no sufficient reason for

reckoning these nerves as a distinct system, any more than motorial

nerves distributed to other parts or organs whose motions are inde-

pendent of the will.

DEVEIiOPMENT OP NERVES.

The knowledge as yet acquired respecting this process is not very

positive or consistent, so that much room is left for speculation and
conjecture. The nerve-cells are doubtless derived from the common
embyro-cells, which, undergoing modification in their substance, send
out branches fi'om their circumference and acquire the character of

nerve-cells. According to the most generally current descriptions, the

fibres are stated to be formed by the linear coalescence of long fusiform

cells, and to be at first pale and grey, but afterwards to accjuire a medul-
lary sheath and become white. This change of aspect is apparent in

the human embryo of the fourth or fifth month. According to KiJlliker's

account of the growth of nerve-fibres at their peripheral ends, as observed

in the tail of batrachian larva3, the existing fibres are prolonged by lines

of fusiform cells which coalesce into pale fibres. These send out fine

offshoots, which may join with neighbouring fibres, or with branched
or stellate cells, which change into branched fibres, and in both of these

ways the branching and conjunction of the nerves go on. The first

fibres thus generated (embryonal fibres, Kiill.) virtually represent

bundles of two, three, or more tubular dark-bordered fibres, into which
they are speedily converted ; the formation of the medullary sheath
proceeding outwards along the branches.

The fact pointed out by Eanvier that the medullary sheath of the

nerves is divided at regular intervals into a series of segments, each of
which possesses a nucleus, and may therefore be looked upon as repre-

senting a cell, the primitive sheath being analogous to the cell mem-
brane, would seem to render it probable that these segments are actually

formed from cells, which come to be applied around previously-formed
axial fibres, and become filled with the fatty matter of the medullary
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sheath in the same way as the connective tissue-cells become filled with

fat in the development of the adipose tissue. At all events, in young
nerves the segments are shorter, and there is a layer of homogeneous or

finely granular protoplasmic substance outside the medullary sheath,

between it and the primitive sheath : as the nerves increase in size this

layer, being more and more encroached upon by fatty substance, eventu-

ally almost or entirely disappears, except in the immediate neighbour-

hood of the nuclei. In the brain and spinal cord at an early period

flattened cells are found surrounding the medullated fibres (Ranvier)

;

subsequently they disappear or become incorporated Avitli the inter-

stitial tissue of those organs, without having produced either a primitive

sheath or constrictions on the fibres.

The fiict that the nerve segments of the peripheral nerves are consi-

derably shorter in the young animal points to the existence of an inter-

stitial as well as a terminal gro\vth of nerve-fibres.

Another mode of formation of nerves has been described by Beale

and subsequently by Hensen, who state that a fibre may be produced

by the lengthening out of a connecting process between two cells,

the one of which remains in the central organ as a nerve-cell, whilst

the other becomes a peripheral terminal organ. For the details of

the description and for other observations on the development of the

nerves, the reader is referred to the original memoir.*

Re-union and regeneration of nerves.—The divided ends of a nerve that has

been cut across readily reunite, and in process of time true nerve-fibres are

formed in the cicatrix, and restore the continuity of the nervous structure. The
conducting- property of the nerve, as regards both motion and sensation, is even-

tually re-established through the reunited part. But, immediately after the sec-

tion, a process of degeneration begins in the peripheral or severed portion of the

nerve. The nuclei become multiplied, and the protoplasm about them largely

increased in amount, the segments taking on to some extent their embiyonic
condition. At the same time the medulla of the white fibres degenerates into a

granular mass consisting of fatty molecules, and is then totally removed, and
eventually the axial fibre also disappears.

The degeneration above referred to does not affect, at least to any great extent,

the part of the nerve remaining in connection with the nervous centre, which
seems to exert an influence in maintaining the nutrition of the nerve.f The
ganglia, as Avell as the brain and spinal cord, were shown by AValler to be

centres of this influence. He found that, in the central and undegenerated portion

of a divided spinal nerve, while the fibres belonging to the anterior root owe
their integrity to their connection with the spinal cord, those of the posterior

root are similarly dependent on the ganglion ; and that, if the posterior root be

cut between the ganglion and the spinal cord, not only will the fibres which belong

to it in the trunk of the nerve beyond the ganglion remain unchanged, but also

those above the ganglion, in the portion of the root left in connection with it

;

whereas the segment of the same root which remains connected with the cord

but severed from the ganglion degenerates. Section of the sympathetic nerve in

the neck is followed by degeneration of the cephalic segment as high as the

superior cervical ganglion, but no farther.

In regeneration the new fibres grow afresh from the axial fibres of the central

end of the divided nerve-ti-unk (often more than one from each) ; and, pene-

trating into the peripheral end of the trunk, grow along this as the axis-cylinders

of the new nerves, becoming after a time surrounded with medullai-y substance.

Beale, Phil. Trans., 1863.

+ In the neighbourhood of the divided central end, the nuclei of the primitive sheath
multiply, and the white substance appears to break up into fat droplets, but the
axis-cylinder remains unaltered. (Ranvier, Compt. Rend. Ixxv. p. 1831.)
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BliOOD-VESSELS.

The blood, from which the solid textures immediately derive material

for their nom-ishmeut, is conveyed through the body by branched tubes

named blood-vessels. It is driven along these channels by the action

of the heart, "which is a hollow muscular organ placed in the centre of

the sanguiferous system. One set of vessels, named arteries, conduct

the blood out from the heart and distribute it to the different regions

of the body, whilst other vessels named veins bring it back to the heart

again. From the extreme branches of the arteries the blood gets into

the commencing branches of the veins or revehent vessels, by passing

through a set of very fine tubes which connect the two, and which,

thougii not abruptly or very definitely marked off from either, are

generally spoken of as an intermediate set of vessels, and by reason of

their smallness are called the capillary {i.e., hair-like) vessels, or, simply,

the capillaries.

The conical hollow muscular heart is divided internally into four

cavities, two placed at its base, and named auricles, and two occupying

the body and apex, named ventricles. The auricles are destined to re-

ceive the returning blood from the great veins, which accordingly open

into them, and to pass it on into the ventricles ; whilst it is the office

of the latter to propel the blood through the body. The ventricles

have therefore much thicker and stronger sides than the auricles, and
the gi'eat arterial trunks lead off from them. Each auricle opens into

the ventricle of the same side, but the right auricle and ventricle are

entirely shut off from those of the left side by an impervious partition

placed lengthwise in the heart.

The blood is sent out by the left ventricle into the main artery of the

body, named the aorta, and passes through the numerous subordinate

arteries, which are branches of that great trunk, to the different parts

of the system ; then, traversing the capillaries, it enters the veins, and
is returned by two gi-eat venous trunks, named the superior and inferior

ven^e cavje, to the right auricle. In passing from the arteries to the

veins the blood changes in colour fi'oni red to dark, and is otherwise

altered in quality ; in this condition it is unfit to be again immediately
circulated through the body. On returning, therefore, to the right side

of the heart, the blood, now dark and venous, must re-acquire the florid

hue and other though less obvious qualities of arterial blood before it is

permitted to resume its course. For this purpose, being discharged by
the right auricle into the right ventricle, it is driven, by the contraction

of that ventricle, along the pulmonary artery and its branches to the

lungs, where, passing through the capillary vessels of these organs, it

is exposed to the influence of the air, and undergoes the requisite

change ; and, having now become florid again, it enters the commenc-
ing branches of the pulmonary veins, which, ending by four trunks in

the left auricle, convey it into that cavity, whence it is immediately dis-

charged into the left ventricle to be sent again along the aorta and
through the system as before.

The blood may thus be considered as setting out from any given

point of the sanguiferous system and returning to the same place again

after performing a circuit, and this motion is what is properly termed
M 2
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the circulation of the blood. Its course from the left ventricle along the

aorta, throughout the body, and back by the venre cavte to the right

ventricle, is named the grecder or sijstemk circulation, and its passage

through the lungs by the pulmonary artery and pulmonary veins from

the right to the left side of the heart, is termed the lesser or pulmonnr)j

circulation ; but the blood must go through both the greater and the

lesser circulation in order to perform a complete circuit, or to return

to the point from which it started. As the vessels employed in the

circulation through the lungs have been named pulmonary, so the aorta

which conveys the blood to the system at large is named the systemic

artery, and the vence cavee the systemic veins ; whilst the two sets of

capillaries interposed between the arteries and veins, the one in the

lungs, the other in the body generally, are respectively termed the pul-

monary and the systemic capillaries.

The blood flows in the arteries from trunk to branches, and from

larger to smaller but more numerous tubes ; it is the reverse in the

veins, except in the case of the vena portce, a vein which carries blood

into the liver. This advehent vein, though constituted like other veins

in the first part of its course, divides on entering the liver into numerous
branches, after the manner of an artery, sending its blood through these

branches and through the capillary vessels of the liver into the efferent

hepatic veins to be by them conducted into the inferior vena cava and
the heart.

The different parts of the sanguiferous system above enumerated may
be contemplated in another point of view, namely, according to the

kind of blood which they contain or convey. Thus the left cavities of

the heart, the pulmonary veins, and the aorta or systemic artery,

contain red or florid blood fit to circulate through the body ; on
the other hand, the right cavities of the heart with the venas cavse, or

systemic veins, and pulmonary artery, contain dark blood requiring to

be transmitted through the lungs for renovation. The former or red-

blooded division of the sanguiferous system, commencing by the capil-

laries of the lungs, ends in the capillaries of the body at large ; the latter

or dark-blooded part commences in the systemic capillaries and terminates

in those of the lungs. The heart occupies an intermediate position be-

tween the origin and termination of each, and the capillaries connect the

dark and the red sets of vessels together at their extremities, and serve

as the channels through which the blood passes from the one part of the

sanguiferous system to the other, and in which it undergoes its alternate

changes of colour, since it becomes dark as it traverses the systemic

capillaries and red again in passing through those of the lungs.

AKTERIES.

These vessels were originally supposed to contain air. This error,

which had long prevailed in the schools of medicine, was refuted by
Galen, who showed that the vessels called arteries, though for the

most part found empty after death, really contain blood in the living

body.

Mode of Distribution.—The arteries usually occupy protected

situations ; thus, after coming out of the great visceral cavities of the

body, they run along the limbs on the aspect of flexion, and not upon
that of extension where they would be more exposed to accidental injury.
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As they proceed in their course the arteries divide into branches, and

the division may take place in different modes. An artery may at

once resolve itself into two or more branches, no one of which greatly

exceeds the rest in magnitude, or it may give off several branches in

succession and still maintain its character as a trunk. The branches

come off at different angles, most commonly so as to form an acute

angle with the further part of the trunk, but sometimes a right or an

obtuse angle, of which there are examples in the origin of the inter-

costal arteries. The degree of deviation of a branch from the direction

of the trunk w^as supposed to affect the force of the stream of blood,

but Weber maintains that it can produce little or no effect in a

system of elastic tubes maintained, like the arteries, in a state of dis-

tension.

An artery, after a branch has gone off from it, is smaller than before,

but usually continues uniform in diameter or cylindrical until the

next secession ; thus it was found by Hunter that the long carotid

artery of the camel does not diminish in calibre throughout its length.

A branch of an artery is less than the trunk from which it springs, but

the combined area or collective capacity of all the branches into which

an artery divides, is greater than the calibre of the parent vessel im-

mediately above the point of division. The increase in the joint

capacity of the branches over that of the trunk is not in the same pro-

portion in every instance of division, and there is at least one case

known in which there is no enlargement, namely, the division of the

aorta into the common iliac and sacral arteries ; still, notwithstanding

this and other possible exceptions, it must be admitted as a general

rule that an enlargement of area takes place. From this it is plain

that, since the area of the arterial system increases as its vessels divide,

the capacity of the smallest vessels and capillaries will be greatest ; and,

as the same rule applies to the veins, it follows that the arterial and

venous systems may be represented; as regards capacity, by two cones

whose apices (truncated it is true) are at the heart, and whose bases are

united in the capillary system. The effect of this must be to make the

blood move more slowly as it advances along the arteries to the

capillaries, like the current of a river when it flows in a wider and
deeper channel, and to accelerate its speed as it returns from the

capillaries to the venous trunks.

When arteries unite they are said to anastomose or inosculate.

Anastomoses may occur in tolerably large arteries, as those of the brain,

the hand and foot, and the mesentery, but they are much more frequent

in the smaller vessels. Such inosculations admit of a free communi-
cation between the currents of blood, and must tend to promote

equability of distribution and of pressure, and to obviate the effects of

local interruption.

Arteries commonly pursue a tolerably straight course, but in some
parts they are tortuous. Examples of this in the human body are

afforded by the arteries of the lips and of the uterus, but more striking

instances may be seen in some of the lower animals, as in the well-

known case of the long and tortuous spermatic arteries of the ram and
the bull. In very moveable parts like the lips, this tortuosity will

allow the vessel to follow their motions without undue stretching ; but
in otiier cases its purpose is not clear. The physical effect of such a
condition of the vessel on the blood flowing along it must be to reduce
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the Telocity, by increasing the extent of surface over which the blood
moves, and consequently the amount of impediment from friction;

still it does not satisfactorily appear why such an end should be
provided for in the several cases in which arteries are known to follow

a tortuous course. The same remark ap])lies to the peculiar arrange-

ment of vessels named a " rete mirabile," where an artery suddenly

divides into small anastomosing branches, which in many cases unite

again to reconstruct and continue the trunk. Of such 7'efia mirahilia

there are many examples in the lower animals, but, as already remarked,

the purpose Avhich they serve is not apparent. The best known instance

is that named the rcfe mirabile of Galen, which is formed by the intra-

cranial part of the internal carotid artery of the sheep and several other

quadrupeds.

Physical Properties.—Arteries possess considerable strength and a

very high degree of elasticity, being extensible and retractile both in

their length and their width. When cut across, they present, although

empty, an open orifice ; the veins, on the other hand, collapse, unless

when prevented by connection with surrounding rigid parts.

Structure.—In most parts of the body the arteries are inclosed in

a sheath formed of connective tissue, and their outer coat is connected

to the sheath by filaments of the same tissue, but so loosely that, when
the vessel is cut across, its ends readily shrink some way within the

sheath. The sheath may inclose other parts along with the artery, as

in the case of that enveloping the carotid artery, which also includes

the internal jugular vein and pneumo-gastric nerve. Some arteries

want sheaths, as those for example which are situated within the cavity

of the cranium.

Independently of this sheath, arteries (except those of minute size

whose structure will be afterwards described with that of the capillaries)

Kg. 107.

cl fi^

zy^

Fig. 107.

—

Transverse Vertical Section of Posterior Tibial Artery (Man). 75
Diameters.

a, Eiiithelioid and Subepithelial layers of inner coat ; b, elastic layer of inner coat,

appearing as a bright line in section ; c, muscular layer (middle coat) ; d, outer coat, con-
sisting of connective tissue bundles, which become more loosely arranged toward the
exterior. In the interstices (seen as white spaces) of the bundles arc some connective tissue
nuclei, and, especially near the muscular coat, a number of fine elastic fibres cut across.
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have been usually described as formed of three coats, named, from their

relative position, internal, middle, and external (fig. 107, in section)

;

and as this nomenclature is generally followed in

medical and surgical works, and also correctly ap-

plies to the structure of arteries so far as it is dis-

cernible by the naked eye, it seems best to adhere

to it as the basis of our description ; although it

will be seen, as we proceed, that some of these

coats are found on microscopic examination really

to consist of two or more strata difiFering from each

other in texture, and therefore reckoned as so

many distinct coats by some authorities.

Internal coat {fig. 107, a, h). This may be

raised from the inner surface of the arteries as a

fine transparent colourless membrane, elastic but

very easily broken, especially in the circular or

transverse direction, so that it cannot be stripped

off in large pieces. It is very commonly corragated

with very fine and close longitudinal wrinkles,

caused most probably by a contracted state of the

artery after death. Such is the appearance pre-

sented by the internal coat to the naked eye, but

by the aid of the microscope, it is found to consist

of three different structures, namely: 1. An eintlie-

lioid layer (fig. 107, a, and fig. 108) forming the

innermost part or lining. This is a simple layer

of thin elhptical or irregularly polygonal cells,

which are often lengthened into a lanceolate shape.

These epithelioid elements have round or oval

nuclei, with nucleoli: the outlines of the cells are often indistinct

in the fresh state, but may be brought into view by means of

nitrate of silver. 2. A su'be})itheUal layer (striated layers of Kolliker).

This is composed of a homogeneous connective tissue with a greater

or less number of branched corpuscles lying in the cell-spaces of

the tissue (fig. 109). In some instances the ground substance is

striated or even fibrillated, and pervaded by longitudinal elastic net-

Fk'. 109.

Fig. 108. — Epithe-
lioid Layer Liking
Posterior Tibial
Artery. 250 Dia-
meters.

Nitrate of silver

preparation.

Fig. 109.

—

Cell-Spaces of Sue-epithelial Layer op Artery (Posterior Tibial).

250 Diameters.

The ground substance is stained by nitrate of silver, and the cell-spaces of the tissue

are thus made manifest as white patches, the contained cells not being seen.
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works of vaiying fineness. This layer is said to be most constant in

the larger arteries : it exists however in the medium-sized ones, and is

to be looked upon as of considerable pathological importance, as being
that in which, under certain conditions, cell proliferation is most apt

to occur. 3. Elastic layers (fig. 107, b). These form the chief sub-

stance of the inner coat. The elastic tissue commonly forms longitu-

dinal networks of fibres (fig. 110), which consist of several layers of

different degrees of closeness. Not uncommonly some of these layers

take on a membranous character, in which case they form the

"perforated" or "fenestrated" membrane of Henle. This consists of

a thin and brittle transparent film, and may exist in one or several

layers ; and in that case it may be stripped olf in small shreds, which
have a remarkable tendency to curl in at their upper and lower borders,

and roll themselves up as represented in fig. HI. The films of

Fig. 110. Fig. 111.

mm

Fig. 110. —Elastic Network of Akterv. 350 Diameters (Kolliker).

Fig. 111.

—

Portion of Fenestrated Membrane from the Crural Artery, magnified
200 Diameters (Henle).

o, h, c, perforations.

membrane are marked by very fine pale streaks, following principally

a longitudinal direction, and joining each other obliquely in a sort of

network. Henle considers these lines to be reticulating fibres formed
upon the membranous layer. This membrane is further remarkable
by being perforated with numerous round, oval, or irregularly shaped
apertures of different sizes. In some parts of the arteries the per-

forated membrane is very thin, and therefore difficult to strip off; in

other situations it is of considerable thickness, consisting of several

layers ; in which case it tends in the outer layers to lose its membra-
nous character : indeed it must be borne in mind that every transition

is met with between the fenestrated membrane, as above described,

and the longitudinal elastic netAvorks before mentioned.
The inner coat may thus be said to be formed of a layer of flattened

epithelioid cells ; a layer of delicate connective tissue with branched
cells ; and clastic layers : the latter consisting of elastic tissue under
two principal forms, namely, the longitudinal elastic networks and
the fenestrated membrane ; and these two forms may coexist in equal
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amount, or one may predominate, the other diminishing or even

disappearing altogether.

Middle coat (fig. 107, c). This consists of plain muscular tissue,

in fine bundles, disposed circularly round the vessel, and consequently

tearing off in a circular direction, although the individual bundles

do not form complete rings. The considerable thickness of the walls

of the larger arteries is due chiefly to this coat ; and in the smaller

ones, it is said to be thicker in comparison with the calibre of the vessel.

In the largest vessels and in some small ones it is made up of many
layers; and elastic films either finely reticular, or quite similar to the

fenestrated membrane of the inner coat, are often found between the

layers. The middle coat is of a tawny or reddish yellow colour, not

unlike that of the elastic tissue, but, when quite fresh, it has a softer

and more translucent aspect. Its more internal part is often described

as redder than the rest, but the deeper tint is probably due to staining

by the blood after death.

This coat consists mainly of muscular fibre cells (fig. 112 and fig. 113),

Fig. 112. Fig. 113.

Fig. 112.

—

Muscular Fibre-cells from HuM.iN Arteries. Magnified 350 Diameters.

1. From the loopliteal artery ; a, natural ; b, treated with acetic acid. 2. From, a
small branch of the posterior tibial (from Kolliker).

Fig. 113.

—

Muscular Fibre-cells from Superior Thyroid Artery (Man). 340
Diameters.

seldom more than from ^-i^ to ^^ of an inch long and fi'equcntly

presenting a very irregular shape with jagged extremities (fig. 113).

Their nuclei are markedly rod shaped and are often slightly curved.

Cells are occasionally met with, especially in the larger arteries, Avhich

appear to present transitions to the forked cells of which the muscular
substance of the heart is composed. Fine elastic fibres are also com-
monly to be found in this coat mixed with the muscular l)undles, and
traversing the layers in form of elastic networks, which in the larger

arteries pass into the elastic laminae already mentioned.
The elastic fibres are accompanied by white fibres of areolar tissue in
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small quantity, the proportion of wliich increases with the size of the

artery. It is important further to note that the muscular tissue oi the

middle coat is more pure in the smaller arteries, and that the admixture

of other tissues increases in the larger-sized vessels ; in these, moreover,

the muscular cells are smaller. Accordingly, the vital contractility of

the arteries, which depends on their middle coat, is very little marked

in those of large size, but becomes much more conspicuous in the

smaller branches.

External coat. {Tunica advenUtia of the German writers) (fig. 107, d).

This is composed mainly of fine and closely- felted bundles of white

connective tissue, together with a variable amount of longitudinally

disposed elastic tissue between the bundles (in the fig. this is seen cut

across). This is much more abundant towards the inner part, next

the muscular coat, and is frequently descr ibed as constituting here a

distinct elastic layer : it is most marked in arteries of medium calibre,

becoming thinner, and at length gradually disappearing in those of

small size.

In large and middle-sized arteries the bundles of white connective

tissue chiefly run diagonally or obliquely round the vessel, and their

interlacement becomes much more open and lax towards the surface of

the artery, where they connect the vessel with its sheath or with other

surrounding parts. Longitudinally arranged contractile fibre-cells have

been described by various observers in the external coat of some of the

larger arteries, and they are said to be occasionally present amongst

the circularly disposed fibres of the middle coat, and even in the sub-

epithelial layer of the internal. The white tissue is usually of great

proportionate thickness in the smaller arteries. -

Some arteries have much thinner coats than the rest, in proportion

to their calibre. This is strikingly the case with those contained within

the cavity of the cranium, and in the vertebral canal ; the difference

depends on the external and middle coats, which in the vessels referred

to are thinner than elsewhere.

Vessels and Nerves of Arteries.—The coats of arteries receive

small vessels, both arterial and venous, named vasa vasorum, which

serve for their nutrition. The little nutrient arteries do not pass imme-

diately from the cavity of the main vessel into its coats, but are derived

from branches which arise from the artery (or sometimes from a neigh-

bouring artery), at some distance from the point where they are

ultimately distributed, and divide into smaller branches within the

sheath, and upon the surface of the vessel, before entering its coats.

They form a network in the tissue of the external coat, from which a

few penetrate into the middle coat, and follow the circular course

of its fibres; none have been discovered in the internal coat, unless

the observations of Jiische and Arnold are to be trusted, who affirm

that they have seen vessels in that situation. Minute venules return

the blood from these nutrient arteries, which, however, they do not

closely accompany, and discharge it into the vein or pair of veins which

usually run alongside the artery. Lymphatics are present in the outer coat.

Arteries are generally accompanied by larger or smaller nerves ; and

when, in the operation of tying an artery, these happen to be included

along with it in the ligature, great pain is experienced, but the vessel

itself, when in a healthy condition, is insensible. Nerves are, neverthe-

less, distributed to the coats of arteries, probably for governing their
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contractile movements. The nerves come chiefly from the sympathetic,

but also from the cerebro-spinal system. They form plexuses round the

larger arteries, and run along the smaller branches in form of fine

bundles of fibres, which here and there twist round the vessel, and
single nerve-fibres have been seen closely accompanying minute arteries.

The fine branches destined for the artery penetrate to the middle coat,

in which they are chiefly distributed. They lay aside their medullary
sheath and form a plexus of pale fibres, the finest of which are without
nuclei.

Minute ganglia have been described by Beale and others as connected
with the arteries, or even in the case of the larger ones, situated in the

external coat. From these, fine nerves proceed to be distributed, chiefly

in the form of plexuses, to the muscular tissue of the middle coat.

Contractility. Besides the merely mechanical property of elasticity, arteries

are endowed in a greater or less degree with vital contractility, hy means of

which they can narrow their calibre. This vital contractility, which has its

seat in the plain muscular tissue of the middle coat, does not cause rapid con-

tractions following in rhythmic succession like those of the heart ;
* its opera-

tion is, on the contrary, slow, and the contraction produced is of long endm-ance.

Its effect, or its tendency, is to contract the area of the arterial tube, and to

offer a certain amount of resistance to the distending force of the blood ; and as

the contracting vessel will shrink the more, the less the amount of iiuid con-

tamed in it, the vital contractility would thus seem to adjust the capacity of the
arterial system to the quantity and force of the blood passing through it, bracing
U13 the vessels, as it were, and maintaining them in a constant state of tension.

In producing this effect, it co-operates with the elasticity of the arterial tubes,

but it can be shown that after that property has reached its limit of operation

the vital contraction can go fui-ther in narrowing the artery. The Adtal or mus-
cular contractility of the arteries, then, counteracts the distending force of the
heart and seems to be in constant operation. Hence it is often named " tonicity,"

and so far justly ; but at the same time, like the contractility of other muscular
structures, it can, by the application of various stimuli, be artificially excited to

more -vivid action than is displayed in this natiu'al tonic or balanced state ; and,

on the other hand, it sometimes relaxes more than the habitual degree, and then
the vessels, yielding to the distending force of the heart, become unusually dilated.

Such a remission in their contractile force (taking place rather suddenly) is doubt-

less the cause of the turgescence of the small vessels of the skin which occurs

in blushing : and the arteries of erectile organs are probably affected in the same
manner, so as to permit an augmented flow of blood iato the veins or venous
cavities when erection begins.

The vital contractility of small-sized arteries is easily demonstrated in the
transparent parts of cold-blooded animals. If the point of a needle be two or

three times dra-^m quickly across one of the little arteries iu the web of a frog's

foot placed under the microscope, the vessel wiU be seen slowly to contract, and
the stream of blood passing through it becomes smaller and smaller, and, by a
repetition of the process, may be made almost entirely to disappear. After per-

sisting in this contracted state for some minutes, the vessel will gradually dilate

again to its original size. The same effect may be produced by the application of

ice-cold water, and also by electricity, especially the interrupted electric current.

Moreover, if one of the small arteries in the mesentery of a frog or of a small
warm-blooded animal, such as a mouse (Poiseuille), be compressed so as to take
off the distending force of the blood from the part beyond the point where the
pressure is applied, that part will diminish in calibre, at first no doubt from its

* Arteries may, however, exhil^it slow rhjrtlimic contractions : this is especially marked
in some of the lower animals, e. g. the rabbit, in the arteries of the ear of which it may
readily be observed. It is probably dependent on the presence of minute ganglia in con-
nection with the vessels.
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elasticity, and therefore suddenly, but afterwards slowly. The contractility of

the smaller arteries, as well as its subjection to the influence of the nervous sys-

tem, is beautifully shown in the experiment of cutting and afterwards stimulating

the cervical sympathetic nerve in a cat or rabbit. Immediately after the sec-

tion, the vessels of the ear become distended with blood from failxire of their

tonic contraction ; but, on ajiplying the galvanic stimulus to the upper portion of

the nerve, they immediately shrink again, and on interrupting the stimulation

they relax as before. The tonic contraction of these vessels appears to be main-

tained by the medulla oblongata operating through the branches of the cervical

part of the sj-mpathetic nerve ; it is found, moreover, that stimvdation of this

so-called '' vaso-motor " centre causes marked contraction of the arteries of the

body generally, especially the smaller ones.

The contractility of the large arteries is not so conspicuous, and many excel-

lent observers have failed to elicit any satisfactory manifestation of such property

on the application of stimuli to these vessels. Others, however, have observed a

sufficiently decided, though by no means a striking degree of contraction slowly

to follow mechanical nritation or electric stimulation of these arteries in recently-

killed animals. To render this effect more evident, C. J. B. Williams adopted a

method of experimenting which he had successfully employed to test the irrita-

bility of the bronchial tubes. He tied a bent glass tube into the cut end of an

artery, and filled the vessel, as well as the bend of the tube, with water ; the

application of galvanism caused a narrowing of the aitery. the reality of which

was made manifest by a rise of the fluid in the tube. Cold causes contraction of

the larger arteries, according to the testimony of various inquirers ; and, as in

the smaller arteries, a gradual shrinking in calibre ensues, when the distending

pressui-e of the blood is taken off, by the extinction or impairment of the force

of the heart on the approach of death. From the experiments of C. Parry, it

would appear that the contraction thus ensuing proceeds considerably beyond

what would be produced by elasticity alone, and that it relaxes after death,

when vitality is completely extinct, so that the artery widens again to a certain

poiat, at which it is finally maintained by its elasticity.

Mode of distribution.—The veins are ramified throughout the

"body, lilvc the arteries, but there are some differences in their propor-

tionate nmiiber and size, as well as in their arrangement, which require

to be noticed.

In most regions and organs of the body the veins are more numerous

and also larger than the arteries, so that the venous system is alto-

gether more capacious than the arterial, but the proportionate capacity

of the two cannot be assigned with exactness. The pulmonary veins

form an exception to this rule, for they do not exceed in capacity the

pulmonary arteries.

The veins are arranged in a superficial and a deep set, the former

running immediately beneath the skin, and thence named subcutaneous,

the latter commonly accompanying the arteries, and named vemc comites

vel micllitcs arieriarwn. The large arteries have usually one accom-

panying vein, and the medium-sized and smaller arteries two ; but

there arc exceptions to this rule ; thus, the veins within the skull and
si)inul canal, the hepatic veins, and the most considerable of those

belonging to the bones, run apart from the arteries.

The communications or anastomoses between veins of considerable

size, are more frequent than those of arteries of equal magnitude.

Structure.—The veins have much thinner coats tlian the arteries,

and collapse when cut across or emptied ; whereas a cut artery presents

a patent orifice. ^ But, notwithstanding their comparative thinness, the
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veins possess considerable strength, more even, according to some
authorities, than arteries of the same calibre. The number of their

coats has been differently reckoned, and the tissues composing them
differently described by different writers, and this discrepancy of state-

ment is perhaps partly due to the circumstance that all veins are not
perfectly alike in structure. In most veins of tolerable size, three coats

may be distinguished, which, as in the arteries, have been named ex-

ternal, middle, and internal.

Internal coat.—This is less brittle than that of the arteries, and
therefore admits of being more readily peeled off without tearing ; but,

in other respects, the two are much alike. It consists of an epiihelmil

layer, a siibeptthelial connective tissue taijer, said to be the most marked
in the smaller veins, and the usual clastic layers ; these occur as dense

lamelliform networks of longitudinal elastic fibres, and but seldom as

fenestrated membranes.
Middle coat.—This coat is much thinner than that of the arteries,

and its muscular tissue has a much larger admixture of white connec-

tive tissue. Its fibres are both longitudinal and circular, the one set

alternating with the other in layers. The former are well-developed

elastic fibres, longitudinally reticulating ; the circular layers consist of

bundles of muscular fibre-cells and white connective tissue, mixed with

a smaller proportion of fine elastic fibres. In medium-sized veins the

middle coat contains several successions of the circular and longitudinal

layers, but the latter are all more or less connected together by elastic

fibres passing through the intervening circular layers. In the larger

veins the middle coat is less developed, especially as regards its mus-
cular fibres, but in such cases the deficiency may be supplied by muscu-
larity of the outer coat. The middle coat is wanting altogether in most
of the hepatic part of the vena cava, and in the great hepatic veins

(Kolliker) ; its muscularity is best marked in the splenic and portal veins.

External coat.—This is usually thicker than the middle coat; it

consists of dense areolar tissue and longitudinal elastic fibres. In cer-

tain large veins, as pointed out by Remak, this coat contains a consi-

derable amount of plain or non-striated muscular tissue. The muscular
elements are well marked in the whole extent of the abdominal cava,

in which they form a longitudinal network, occupying the inner part of

the external coat ; and they may be traced into the renal, azygos, and
external iliac veins. The muscular tissue of the external coat is also well

developed in the trunks of the hepatic veins and in that of the vena
portge, whence it extends into the splenic and superior mesenteric.

Other veins present iDeculiarities of structiire, especially in respect of muscu-
larity. 1. The striated muscular tissue of the auiicles of the heart is prolonged
for some way on the adjoining- jjart of the vense cavce and pulmonary veins.

2. The plain muscular tissue is largely developed in the veins of the gravid uterus,

in which, as well as in some other veins, it is described as being present in all

three coats. 3. On the other hand, muscular tissue is wanting in the following

veins, viz., a, those of the maternal part of the placenta ; /;, most of the veins

of the brain and pia mater ; c. the veins of the retina ; d, the venous sinuses of

the dura mater ; e, the cancellar veins of the bones
; /, the venous spaces of the

coi"pora cavernosa. In most of these cases the veins consist merely of an epithe-

lioid layer and a layer or layers of connective tissue more or less developed ; in

the coiTDora cavernosa the epithelium is applied to the trabecular tissue. It may
be added that in the thickness of their coats the superficial veins surpass the
deep, and the veins of the lower limbs those of the upper.
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Fig. 114.

—

Diagrams showing
OF Veins.

Valves

The coats of the veins are supplied -with nutrient vessels, vasa

vasorum, in the same manner as those of the arteries. Nerves are

distributed to them in the same manner as to the arteries, but in far

less abundance.

Vital properties.—Veins, when in a healthy condition, appear, like arteries, to

he almost devoid of sensibility. They possess vital contractility, which shows itself

in the same manner as that of the arteries, but is greatly inferior in degree, and

much less manifest. The muscular parts of the great veins, near the auricles of

the heart, on being stimulated, in recently-killed quadrupeds, exliibit quick and
decided contractions, somewhat resemb-

Fi;;. 114. Ihig those of the auricles themselves.

"Wliarton Jones discovered a rhythmic
pulsation in the veins of the bafs 'wing,

the pulsation occurring from ten to

twelve times in a minute ; and it is

worthy of note that the muscular tissue

of these vessels is non-striated as in

other veins.

Valves.—Most of the veins are

provided with valves, a mechanical
contrivance beautifully adapted to

prevent the reflu.x of the blood.

The valves are formed of semi-

lunar folds of the internal coat,

strengthened by included connec-

tive tissue, which project oblique-

ly into the vein. Most connnonly

two such folds or flaps are placed

opposite each other (fig. 114, a);

the convex border of each (which,

according to Huller, forms a para-

bolic curve) is connected with the

side of the vein ; the other edge
is free, and points towards the heart, or at least in the natural

direction of the ciuTcnt of the blood along the vessel, and the two
flaps obliquely incline towards each other in this direction. More-
over the wall of the vein immediately above (or nearer the heart than)

the curved line of attachment of the valves, is dilated into a ]iouch or

sinus on each side (fig. 114, b), so that, when distended with blood or

by artificial injection, the vessel bulges out on each side, and thus gives

rise to the appearance of a knot or swelling wherever a valve is placed

(as in fig. 114, c). From the above description, it is plain that the valves

are so directed as to offer no obstacle to the blood in its onward flow,

but that, when from pressure or any other cause it is driven backwards,
the refluent blood, getting between the dilated wall of the vein, and the

flaps of the valve, will press them inwards until their edges meet in the

middle of the channel and close it up.

The valvular folds are usually placed in pairs as above described : in the veins
of the horse and other large quadrapeds three are often found ranged round the
inside of the vessel ; but this rarely occurs in the human body. On the other
hand, the valves are placed singly in some of the smaller veins, and in large

veins single valves are not unfrequently placed over the openings of smaller
entering branches

; also in the right auricular sinus of the heart there is a single

A. Part of a vein laid open and spread

out, with two pairs of valves. B. Longitu-

dinal section of a vein, showing the apposi-

tion of the edges of the valves in their closed

state. C. Portion of a distended vein, ex-

hibiting a swelling in the situation of a pair

of valves.
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crescentic fold at the orifice of the vena cava inferior, and another more com-
pletely covering- the opening of the principal coronary vein.

Many veins are destitute of valves. Those which measiu'e less than a line m
diameter rarely, if ever, have them. In man, valves are wanting- in the trunks of

the superior and inferior venaj cava3, in the trunk and branches of the jioital

vein, in the hepatic, renal, and uterine veins ; also in the t-pcrmatic (ovarian)

veins of the female. In the male, these last-mentioned veins have valves in

their course, and in each sex a little valve is occasionally found in the renal vein,

placed over the entrance of the spermatic. The pulmonary veins, those within

the cranium and vertebral canal, and those of the cancellated textui-e of bone, as

well as the trunk and branches of the umbilical vein, are without valves. Valves

are not generally found, and when present are few in nmnber, in the azygos and
intercostal veins. On the other hand, they are numerous in the veins of the

limbs (and especially of the lower limbs), which are much exposed to pressure in

the muscular movements or from other causes, and have often to support the

blood against the direction of gravity. No valves are met with in the vems of

reptiles and fishes, and not many in those of birds.

Fis. llo.

SMALLER ABTERIES AND VEINS AND CAPILLARIES.

That the blood passes from the arteries into the veins was of course

a necessary part of the doctrine of the circulation, as demonstrated by
Harvey; but the mode in which the passage takes place was not

ascertained until some time after the date of his great discovery.
_
The

discovery of the capillary vessels, and of the course of the blood through

them, was destined to be one of the first fruits of the use of the micro-

scope in anatomy and physiology, and was reserved for Malpighi (in

1661).

When the web of a frog's foot is viewed through a microscope of

moderate power (as in fig. 115), the blood is seen passing rapidly along

the small arteries, and thence more slowly

through a network of finer channels, by
which it is conducted into the veins.

These small vessels, interposed between

the finest branches of the arteries and the

commencing veins, are the capillary vessels.

They may be seen also in the lungs or

mesentery of the frog and other batra-

chians, and in the tail and gills of their

larvas : also in the tail of small fishes
;

in the mesentery of mice or other small

quadrupeds ; and generally, in short, in

the transparent vascular parts of animals

which can readily be brought under the

microscope. These vessels can also be

demonstrated by means of fine injections

of coloured material, not only in mem-
branous parts, such as those above men-
tioned, but also in more thick and opaque

tissues, which can be subsequently rendered

transparent.

The capillary vessels of a part are most
commonly arranged in a network, the branches of which are of

tolerably uniform size, though not all strictly equal ; and thus they

do not divide into smaller branches like the arteries, or unite into

Fig. 115.— Capillary Blood-
vessels IN THE Web of a
Frog's Foot as seen with the
Microscope (after Allen Thom-
son).

The arrows indicate the course

of the blood.
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larger ones like the veins ; but the diameter of the tubes, as well as

the shape and size of the reticular meshes which they form, differs

in diflFerent textures. Their prevalent size in the human body may,

speaking generally, be stated at from 3-^0 to -joVo of ^^ i^ich, as

measured when naturally filled with blood. But they are said to be

in some parts considerably smaller, and in others larger than this

standard : thus, Weber has measured injected capillaries in the

brain, which he found to be not wider than tjj^-^ of an inch, and

Henle has observed some still smaller,—in both cases apparently

smaller than the natural diameter of the blood-corpuscles. The
capillaries, however, when deprived of blood, probably shrink in

calibre immediately after death ; and this consideration, together

with the fact that their distension by artificial injection may exceed

or fall short of what is natural, should make us hesitate on such

evidence to admit the existence of vessels incapable of receiving the red

particles of the blood. Tlie diameter of the capillaries of the marrow,

or of the medullary membrane, is stated as high as -j-aW of an inch.

In other parts, their size varies between these extremes : it is small in

the lungs, small also in muscle ; larger in the skin and mucous mem-
branes. The extreme branches of the arteries and the commencing veins

in certain parts of the synovial membranes are connected by capillary

loops, which are considerably dilated at their point of flexure.

There are differences also in the size or width of the meshes of the

capillary network in different parts, and consequently in the number of

vessels distributed in a given space, and the amount of blood supplied

to the tissue. The network is very close in the lungs and in the choroid

coat of the eye, close also in muscle, in the skin, and in most mucous

Fig. 116. Fig. 117.

Fig. 116.

—

Injected Capillary Vessels of Muscle, seen -mTH a low magnifying

POWER.

Fig. 117.

—

Network of Capillary Vessels op the Air-Cells op the Horse's Lung,

MAGNIFIED.

a, a, capillaries proceeding from 6, h, terminal brandies of the pulmonary artery-

after Frey).

membranes, in glands and secreting structures, and in the grey part
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Fisr. 118.

of the brain and spinal cord. On the other hand, it has wide meshes
and comparatively few vessels in the ligaments, tendons, and otlier

allied textnres. In infants and young persons, the tissues are more
vascular than in after-life

;
growing parts, too, are more abundantly

supplied with vessels than those which are stationary.

The figure of the capillary network is not the same in all textures.

In many cases the shape of the meshes seems accommodated to the

arrangement of the elements of the tissue in which they lie. Thus in

muscle, nerve, and tendon, the meshes are long and comparatively

narrow, and run conformably with the fibres and fasciculi of these

textures (tig. 116). In other parts the meshes are rounded or jDoly-

gonal, with no one dimension greatly predominating (fig. 117). In

the smaller-sized j^apillie of the skin and mucous membranes, the

vessels of tlie network are often drawn out into prominent loops.

Structure of the Smaller-sized Vessels and Capillaries.—The
smallest arteries and veins pass by gradual transition into the capil-

lary vessels, and their finest offsets approach very near to these in struc-

ture ; they may therefore be con-

veniently considered together.

The wall of the capillaries proper

is formed entirely of a simple

epithelioid layer, composed of flat-

tened lanceolate cells joined edge to

edge, and continuous with the cor-

responding layer which lines the

arteries and veins. The outlines of

the cells or their lines of junction

one with another may be made ap-

parent by nitrate of silver ; after

which the nuclei may be brought

into view by logwood or carmine

(fig. 118). Commonly there are not

more than two or three such cells

in the cross section of a capillary,

but there may be four or five. At
the points of junction of the capil-

laries the cells are much broader

and not spindle-shaped, but radiate,

with three or four pointed branches

fitting in between the cells of the

three or four adjoining vessels which

meet at the spot (fig. 118 c).

Fig. 118. — Capillary Vessels from
Bladder of Cat magnified (after

Clirzonszczewsky.

)

The outlines of the cells are stained by

nitrate of silver.

A protrusion of processes from the capillary waU has been observed, not only

in the progress of development, in the manner to be afterwards detailed, but also

in the fully-developed capillaries of the frog's hyaloid membrane (Strieker) :

for this and other reasons the cells which compose these vessels are regarded

as of a protoiDlasmic nature.

Branched cells of the surrounding connective tissue are sometimes found con-

nected more or less intimately with those forming the capillary wall ; this is

more especially the case in parts which are pervaded by a supporting network of

retiform connective tissue, such as the substance of the lymphatic glands, the

solitary and agminated intestinal glands and adjacent mucous membrane,
where the small vessels and capiUaiies may even obtain a continuous covering

VOL. II. N



178 BLOOD-VESSELS.

from the reticulating processes of the cells. This coating has been named by
His, the adventitia ca^illaris.

In vessels one or two degrees larger (small arteries and veins), there

is added outside the epithelioid layer (fig. 119, a, a), a layer of plain

Fig. 119.

Fig. 119.—A Small Artery A, and vein V, from the Subcutaneous Connective

Tissue of the Rat. Treated with Nitrate of Silver. 175 Diameters.

a, a, epithelioid cells with b, V, their nuclei ; in, m, transverse markings due to

staining of substance between the muscular fibre-cells ; c, c, nuclei of connective tissue

corpuscles attached to exterior of vessel.

muscular tissue, in form of the usual oblong contractile fibre-cells,

which are directed across the length of the vessel (fig. 119, m, m).

The elongated nuclei of these cells may be brought into view by
means of acetic acid, as shown in fig. 120. This layer corresponds

with the middle or muscular coat of the arteries. In the smallest

vessels in which it appears the muscular cells are few and apart, and a
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single long cell may turn spirally round the tube (Lister) ; in larger

vessels, especially those of the arterial system, they are of course more
densely laid on. Outside the muscular coat is the areolar or connective

tissue coat, containing fibres and connective tissue corpuscles, with

longitudinally placed nuclei.

In vessels of gV of an inch in diameter, or even less, the elastic layers

of the inner coat may be discovered (fig. 120, A, fi), in the form

Fig. 120.

-/ Ap Y/f // ^

Fig. 120.—A Small Arterv A, with a corresponding vein B, treated with Acetio

Acid, and magnified 350 Diameters (after Kolliker).

o, external coat witli elongated nuclei
; j8, nuclei of the transvei'se muscular tissue of the

middle coat (when seen endwise, as at the sides of the vessel, their outline is ciixular)
;

7, nuclei of the ejnthelium-celLs ; 5, elastic layers of the inner coat.

generally of homogeneous or fenestrated membrane, more rarely of

longitudinal reticulating elastic fibres. The small veins, but two or

three removes from the capillaries, differ from arteries of corresponding

size, chiefly in the inferior development of their muscular tissue ; the

lining cells of the arteries also are very much longer and narrower than
those of the veins. These differences, as well as the comparative size of

corresponding vessels, are well shown in the accompanying figures.

Termination of Arteries.—The only known termination of arteries is in veins,

and this takes place by means of capillary vessels as above described, unless in

the maternal part of the placenta and in the interior of erectile organs, in wdiich

it has been supposed that small arteries open into wide venous cavities without
the intervention of capillaries. Moreover, in the spleen, the arterial capillaries

do not at once unite into the commencements of the veins, but open into the

interstices of the organ, from which the minute veins coUect the blood.

It is said that in certain jjarts small arteries may pass into small veins ndthout
the intervention of true capillaries (Sucquet, Hoyer).

X 2
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Erectile, or cavernous tissue.—By this; term is understood a peculiar stnictm-e.

fonning the principal part of certain organs which are cai)able of being rendered

turgid, or erected, by distension with blood. It consists of dilated and freely

intercommimicating branches of veins, into which arteries poiu' their blood,

occupj-ing the areolaj of a network foiTaed by fibrous, elastic, and probably con-

tractile bands, named trabeculaj, and enclosed in a distensible fibrous envelope.

This pecidiar arrangement of the blood-vessels scarcely deserves to be regarded as

constituting a distinct texture, though reckoned as such by some WTiters : it is

restricted to a very few parts of the body, and in these is not altogether uniform
in character ; the details of its stnicture will, therefore, be considered with the

special description of the organs in which it occurs.

Fig. 121.

DEVELOPMENT OF BLOOD-VESSELS.

The first vessels which appear are formed within the ovum, in the

germinal membrane, and the process subsequently goes on in growing
parts of the animal body. New vessels, also, are formed in the healing

of wounds and sores, in

the OT'ganisation of effused

lymph, in the restoration of

lost parts, and in the pro-

duction of adventitious

growths. The process is in

every case essentially the

same, although more or less

modified a.ccording to cir-

cumstances.

The first vessels of the

embryo chick, those, namely,

which produce the vascular

area, originate fi'om nu-

cleated cells belonging to

the middle germinal layer.

"Within these cells vacuoles

are formed and, increasing

in size, a cavity filled with

fluid is in this way produced
in the interior of the cell

(fig. 121,^). Blood-corpus-

cles (d) are found at an early period within the cavity : the mode in

which they become developed has been already described (p. 41). The
cells, whilst these changes are going on, increase largely in size so as to

form vesicles, visible to the naked eye as minute reddish specks, which
have been known since the time of Pander as "blood-islands." They
are at first isolated, as the name implies, but after a time send out pro-

cesses which unite with those of neighbouring cells, and the cavities

becoming extended into these processes a network of vessels is by
this means produced.*
The wall(Z/) of these primary vessels is therefore composed at first

merely of the protoplasm of the original embryonic cells with a few

* We are liero mainly following Klein's description (Wiener Sitzungsb., Ixiv. 1870),

but accordin;; to the more recent account given by Balfour (Quarterly Journal of

Micioscoiiic Science, July, 1873), the cells first unite by means of processes into a proto-

plasmic network, -witliin the substance of which, by the multiplicatiou of the cell-nuclei,

blood-corpuscles subsetiucutly become developed.

Fig. 121.—Cells from Middle Layer op Chick's
Blastoderm undergoing development into
Blood-Vessels. Magnified.

d, blood-coi-puscles (from Klein).



DEVELOPMENT OF BLOOD-VESSELS. 181

nuclei, derived by division from the original nuclei of those cells,

imbedded in it here and there. Subsequently the protoplasm spreads

out and becomes differentiated around the nuclei into the flattened cells

which compose the wall of the capillaries, and which form the lining

membrane of the arteries and veins. The remaining coats of the larger

vessels are developed later from cells which come to apply themselves to

the exterior of the previously simple tubes and produce the plain

muscular and other tissues of which those coats consist.

The process of formation of the blood-vessels has not been so com-

pletely traced within the hodji of the embryo chick, but there is no

doubt that it is in all respects similar. In mammalia they are pro-

duced in like manner from vacuolated cells belonging to the con-

nective tissue. The most favourable object for the study of the

development of the blood-vessels and their contained blood-corpuscles

is afforded by the subcutaneous tissue of the new-born rat, especially

those parts in which fat is being deposited.

Here we observe that many of the connective tissue corpuscles

are excessively vacuolated (fig. 122, v), and the protoplasm of some

Fig. 122.

Fig. 122.

—

Development op Blood-vessels and BLOOD-CoRPtrscLES in the Connective

Tissue. From the Subcutaneous Tissue of the new-born Rat, examined in

Salt-solution (^ per cent.), and magnified about 350 Diameters.

n, n', n", n'", cells containing blood-corpuscles iu various stages of development
;

in

n"", the reddish matter is mainly in two large roundish ill-defined patches ;
in n, the

lueinoglobin globules are of nearly equal size, and fill the cell ; a little above this cell

another is seen with three such globules ; the nucleus is also apparent ;
11', and n",

exhibit in addition a number of vacuoles ; v, vacuolated cell without blood corpuscles,

applied to another cell the vacuoles of which have united to form a cavity in which two

fully-developed corpuscles are observed ; this cell is joined to the end of the developing

capillary vessel c' ; c, portion of a fully-developed capillary
; /, /', cells in which fat is

being deposited ; another is seen to the right of the capillary, between it and fbr, fibril-

lated cell of the connective tissue ; (/, granular connective tissue corpuscle ; I, leucocyte.

01 tiiera presents a decided reddish tinge. In others the red matter

has become condensed in the form of globules within the cells {n, n\
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&c.), varying in size from minute specks to spheroids of the diameter

of a blood-corpuscle, or more. At some parts the tissue is completely

studded with these cells, each containing a number of such spheroids,

and forming, as it were, " nests " of blood-corpuscles or minute " blood-

islands." After a time the cells, previously rounded, become elongated

and pointed at their ends, sending out processes also to unite with

neio-hbourino; cells. At the same
Fig. 123.

Fig. 123.

—

Capillary Blood-Vessels of

THE Tail of a very Young Frog Larva,
MAGNIFIED 350 DiAMETERS (after Kol-

liker).

a, capillaries permeable to blood ; h,

granules, attached to the walls of the vessels

and concealing nuclei ; c, hollow prolongation

of a capillaiy, ending in a point ; d, a
branched cell, containing a nucleus and
granules, and communicating by three

branches with prolongations of caiiillaiies

already formed ; e, blood-corpuscles.

pervious and gradually widen, blood

begins to pass through them, and the capillary network acquires a tolerably

uniform calibre. The original vascular network may become closer by the forma-

* A formation of blood-corpuscles and vessels from cartilage-cells has been described

by Heitzmann as occun-ing in ossifying cartilage.

time the vacuoles in their interior

become enlarged, and coalesce to

form a cavity within the cell, in

which the reddish globules, which
are now becoming disk-shaped,

are found. Finally the cavity

extends through the cell processes

into those of neighbouring cells

and into those sent out from pre-

existing capillaries (c'). Young
capillaries do not exhibit the

well-known silver lines when
treated with that reagent, for the

diflFerentiation of the hollowed

cells and cell-processes into flat-

tened cellular elements is usually

a subsequent process.

The mode of extension of the

vascular system in growing parts,

as well as in pathological new
formations, is quite similar to

that here described, except that

blood-corpuscles are not as a

rule previously developed within

the cells which are to form the

blood-vessels.*

In the tail of batrachian larva3 the

process has long been studied and is

represented in the adjoining figure

(fig. 123) by KoUiker, in which the

processes of a stellate cell are seen to

meet and join with similar pointed

processes which shoot out from the

sides of neighbouring capillary vessels,

and in this manner the new vessels

are adopted into the existing system.

The junctions of the cells with each

other or with capillary vessels are. at

first, of great tenuity, and contrast

strongly with the central and wider

parts of the cells ; they appear then to

be solid, but they afterwards become
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tion of new vessels in its interstices, and this is effected by similarly metamor-
phosed cells, arising in the areolaj and joining- at various points with the

surrounding' vessels, and also simply by pointed offshoots from the existing

capillaries stretching across the intervals and meeting from opposite sides, so as

when enlarged to form new connecting arches.

The blood-vessels may be said to increase in size and capacity in proportion to

the demands made on their service. Thus, as the uterus enlarges in pregnancy,
its vessels become enlarged, and when the main artery of a limb is tied, or

otherwise permanently obstructed, collateral branches, originally small and insig-

nificant, augment greatly in size, to afford passage to the increased share of blood

which they are required to transmit, and by this admirable adaptation of them
to the exigency, the circulation is restored. In such cases, an increase takes place

in length, as well as in diameter, and accordingly the vessels very commonly
become tortuous.

LYMPHATIC SYSTEM.

Under this head we include not only the vessels specially called

lymphatics or absorbents, together with the glands belonging to them,

but also those named lacteal or chyliferous, which form part of the same
system, and differ in no respect from the former, save that they not

only carry lymph like the rest, but are also employed to take up the

chyle from the intestines during the process of digestion and convey it

into the blood. An introductory outline of the lymphatic system has
already been given at page 37.

A system of lymphatic vessels is superadded to the sanguiferous in

all classes of vertebrated animals, but such is not the case in the inver-

tebrata; in many of these, the sanguiferous vessels convey a colourless

or nearly colourless blood, but no additional class of vessels is provided

for conveying lymph or chyle, at least none such has hitherto been
detected.

Distribution.—In man and those animals in which they are present,

the lymphatic vessels are found in nearly all the textures and organs

which receive blood ; the exceptions are few, and with the progress of

discovery may yet possibly disappear. It is, however, with the con-

nective tissue of the several textures and organs that the lymphatics
are most intimately associated ; indeed, as we shall immediately have
occasion to notice, these vessels may be said to take origin in spaces in

that tissue. The larger lymphatic trunks usually accompany the

deeply-seated blood-vessels ; they convey the lymph from the plexuses

or sinuses of origin towards the thoracic duct. The principal lymph-
atic vessels of a part exceed the veins in number but fall short of them
in size; they also anastomose or intercommunicate much more fre-

quently than the veins alongside of which they run.

It not unfrequently happens that a lymphatic vessel may ensheath an
artery or vein either partially or wholly. In the latter case the lymph-
atic is termed " perivascular."

Origin.—Two modes of origin of lymphatic vessels are described,

viz., the pJexiform and the lacunar.

Plexiform. In this mode of origin, which is by far the most general,

and is met with in its most typical form on the surface of aponeurotic

structures such as the central tendon of the diaphragm (fig. 12-i), the

vessels begin in form of irregular networks or plexuses Avhich are at

various points in connection with the cell-spaces of the connective
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tissue m which they lie. The manner of this connection ^vill be
more tu ly considered after the structure of these " lymphatic capil-
laries (as the vessels forming the plexuses of origin are termed) has

Fig. 124.

ig- 124.—Lymphatic Plexus op Centrai, Tendon of Diaphragm of Rabbit, Pleural
Side (Klein). Magnified.

wit"}', wtTV^?^'^'"*','?
'''^"'^eolate cells and numerous valves ; b, c, lympliatics of origin,with wavy-bordered cells. Here and there an isolated patch of similar cells.

been explained. Oat of these plexuses larger vessels emerge at various
pomts and proceed fo enter lymphatic glands or to form larger lym-
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Fig. 12f

Fig. 125.—LvjirHATic Vessels

OF THE SKI>f OF THE
Breast injected (after

Brescliet).

a, superficial, and 6, deeper

plexus ; c, a lymphatic vessel,

which i^roceeded to the axil-

lary glands.

phatic trunks. In certain structures, such as the skin, the plexuses

consist of several strata, becoming finer as they approach the surface,

in respect both of the calibre of the vessels and the closeness of their

reticulation,, as is shown in figure 125. But even the most superficial

and finest network is composed of vessels

which are larger than the sanguiferous

capillaries.

The short anastomosing branches of these

plexuses are often of very unequal size, even in

the same stratum, some being dilated and
almost saccular, whilst others immediately

communicating with these are narrow, so

that the network may assume a varicose

character (see fig. 124). In some situations

the plexuses have much the appearance of

strata of intercommunicating cavities, and a

characteristic example of this appearance is

afforded by the intestine of the turtle after

its Ij'mphatics have been injected with mer-

cury ; these vessels are then seen to emerge

from what has all the appearance of a dense

stratum of small rounded saccules filled

with mercury and lying beneath the surface of

the mucous coat. This appearance, however, is produced by the short

distended branches of a very close lymphatic network.

Here and there vessels are seen joining the plexuses of origin which

arise in the tissue by a blind and often irregular extremity. A long-

known and well-marked example of such a mode of commencement is to

be found in the lacteals of the intestinal villi, which, although they form
networks in the larger and broader villi, arise in others by a single

vessel beginning with a blind or closed extremity at the free end of the

villus, whence it sinks down to join the general plexus of the intestinal

membrane.
Lacunar.—In the lacunar mode of origin of the lymphatics, which

was shown to exist in the testis by Ludwig and Tomsa, and has since

been described in some other glandular organs, the lymphatic vessels

proceed from irregular or shapeless spaces in the internal parts ; the

spaces, that is, which intervene between the several structures of which
the organ is composed. Thus, in a gland, they are the spaces which
lie between or surround the blood-vessels, secreting tubes or saccules,

partitioning or inclosing membranes, and the like. Though shapeless,

or at least of no regular form, these anfractuous cavities are limited and
defined by a layer of flattened epithelioid cells, agreeing in character

with those of the lymphatic vessels. It may be presumed that their

opposite sides are in apposition or in near proximity, as in serous mem-
branes, for the lymph deposited in these recesses is not suffered to

accumulate, but is drained off by the lymphatic vessels which lead out

of them.

Indeed, as will be pointed out further on, the serous cavities them-
selves may in a certain sense be looked upon as large lymph lacuna?,

for it has been shown that in various parts they communicate directly

with lymphatics by means of definite apertures.

In some of the lower animals the lacunar condition of lymphatics has been
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long-er known. Rusconi found that the aorta and mesenteric arteries of amphiljian

reptiles are inclosed in large Ijinphatic spaces. Johannes MilUer recognised the

spaces which so extensively separate the frog"s skin from the subjacent muscles
as belonging to the lymphatic system, and Von Recklinghausen has shown that

the subcutaneous lymph-spaces of the frog's leg communicate with Ijauphatic

vessels which envelope the blood-vessels of the foot ; also that milk injected into

these spaces finds its way into the blood. The lpni)hatic sj-stem, in being thus

partly constituted by lacunas or insterstitial receptacles, so far agrees with the

sanguiferous system of crustaceans and insects.

It has been sometimes maintained that the lymphatics of glandular organs
communicate at their origm with the ducts ; but, althovigh it is no uncommon
thing for matters artificially injected into the ducts of glands, as, for instance,

those of the liver and testicle, to pass into the lymphatics, a careful examination
of such cases leads to the conclusion that the injected material does not find its

way from the ducts into the IjTuphatics by any natui'ally existing communication,
but by accidental rupture of contiguous walls of the two classes of vessels.

Structure.—In structure the larger lymphatic vessels much resemble

the veins, only their coats are thinner, so thin and transparent indeed

that the contained fluid can be readily seen through them. When
lymphatics have passed out from the commencing plexuses and lacunre,

they are found to have three coats. The internal coat is covered with
an epithelioid lining, consisting of a single layer of flattened nucleated

cells, which have mostly an oblong or lanceolate figure, with an indented

or bluntly serrated border, by which the adjacent cells fit to each other

(fig. 124, a). Beneath the epithelioid layer .the innei coat is formed of

a layer or layers of longitudinal elastic fibres. The middle coat consists

of plain muscular tissue disposed circularly, mixed with finely reticu-

lating elastic fibres taking the same direction. The external coat is

composed mainly of w^hite connective tissue with a sparing intermix-

ture of longitudinal elastic fibres, and some longitudinal and oblique

bundles of plain muscular tissue. In the thoracic duct there is a

subepithelial layer (as in the arteries) ; and in the middle coat there

is a longitudinal layer of white connective tissue with elastic fibres,

immediately within the muscular layer.

The larger lymphatics receive vasa vasorum, which ramify in their

outer and middle coats : nerves distributed to them have not yet been
discovered, although their existence is inferred on physiological grounds.

That the lymphatics are endowed with vital contractility is shown by
the effect of mechanical iri'itation applied to the thoracic duct, as well

as by the general shrinking and emptying of the lacteal and lymphatic

vessels on their exposure to the contact of cold air, in the bodies of

animals opened immediately after death.

The commencing lymphatics or " lymphatics of origin," whether in

plexuses or single (as in the villi), have a much simpler structure, their

wall being entirely formed of a layer of flattened epithelioid cells either

similar in form to those lining the larger vessels or (more frequently)

presenting a characteristic waved border like the epidermic cells of

grasses and some other plants (figs. 124, h, 126, a). The outlines of

the cells are brought into view by staining with nitrate of silver, after

Avhich the nuclei may be made to appear by means of carmine or

haematoxylin.

Helation of the lymphatics of origin to the cells and cell-spaces

of the connective tissue.—It has been already stated (p. 57) that

the colls of the connective tissue lie in spaces in the ground-substance
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which they more or less completely fill. These cells and cell-spaces

form in many parts an intercommmiicatino- network of varying fineness

extending throughout the substance of the tissue (fig. 126, d, d), whilst

Fig. 126.

Fig. 126.

—

Nitrate of Silver preparation from Rabbit's Omentum (Klein).

Magnified.

a, Lymphatic vessel ; i, artery ; c, capillaries ; d, branched cells of the tissue which
are seen to be connected both with the capillary -walls, and, as at e, with the lymphatic.

in other parts the cells acquire a broad flattened form, and joining edge to

edge with other similar cells may in this way form an epithelioid patch

in the ground-substance. Not unfrequently the cells in such a patch

take on the wavy border described above as met with in the lymphatics

of origin (see fig. 124). Further, the flattened cells which form the

walls of the latter vessels are connected here and there both with the

more isolated cells of the tissue (fig. 126 e) and with those which form
the epithelioid patches, and in silvered preparations they appear to be
continuous with one another. The epithelioid patches look in fact

like a part of the lymphatic, and are commonly regarded as such : it

must be understood, however, that the spaces here spoken of, whether
containing single cells or groups, are not true vessels, but merely vacui-
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ties in the ground-substance of the tissue containing flattened cells,

o-hich do not form a continuous vascular wall. And although the

spaces present a very close relation to the lymphatic vessels, they can

hardly be considered as actually opening into them by patent orifices,

for the lymphatics proper have a complete wall of flattened cells

united by a small amount of intercellular substance : at the same time

this thin film can offer but a very slight resistance to the passage of

fluid from the tissue into the vessel, or even to the passage of leuco-

cytes or migrating cells, which, as is well known, penetrate the at least

equally closed wall of the blood-vessels.

It has been a question whether the cell-spaces of the connective tissue are in

every case and completely filled by the cells, or whether they (the spaces) may
in some cases be either devoid of cells altogether, or but partially occupied by

them : so that room is left for the free passage of fluid. On this point we would

remark that in many cases it is impossible to observe a diiference between the

forms of the cells as shown by the gold method, and those of the Kjmca as shown

by treatment with solution of nitrate of silver, so that in these, at least, no open

Ijnnph-passage can be said to exist ; but in other cases the spaces are relatively

larger, and here, no doubt, the part unoccupied by the contained cell may be filled

by fluid. In oedematous conditions of the tissue, the cell-spaces become somewhat

distended with serous fluid, and then in aU cases they appear distinctly larger than

the ceUs. So that we may conclude that the so-called saft-caniilchen- or lymphatic-

canalicular-system is in many cases rather potential than actual ; that is, where

the saft-caniilchen or lymphatic canaliculi (which correspond with the cell-spaces)

are completely filled by protoplasmic cells. Still, lymph can readily find its way
between the cells and the ground-svibstance by which they are closely sur-

rounded. In other cases the cells incompletely fiU the cavities, so as to leave a

freer passage for both fluid and migratory corpuscles.

Valves.—The lymphatic and lacteal vessels are furnished with

valves serving the same ofiice as those of the veins, and for the most

part constructed after the same fashion. They generally consist of two

semilunar folds arranged in the same way as in the valves of veins

already described, but deviations from the usual structure here and

there occur.

Valves a re not present in all lymphatics, but where they exist they

follow one another at much shorter intervals than those of the veins,

and give to the lymphatics, when much distended, a beaded or jointed

appearance. Valves are placed at the entrance of the lymphatic trunks

into the great veins of the neck. They are generally wanting in the

reticularly arranged vessels which compose the plexuses of origin

already spoken of ; so that fluid injected into one of these vessels runs

in all directions, so as to fill a greater or a less extent of the plexus,

and passes along the separate vessels which issue from it.

The lymphatics of fish and naked amphibia are, generally speaking,

destitute of valves, and may therefore be injected from the trunks ; in

the turtle a few^ valves are seen on the larger lacteals which pass along

the mesentery, but none on those upon the coats of the intestine ; and

valves are much less numerous in the lymphatics and lacteals of birds

than in those of mammiferous animals.

Orifices.—It was at one time a prevalent opinion among anatomists

that die lymphatic and lacteal vessels begin on various surfaces by

open mouths, through which extraneous matters are absorbed. This

was especially insisted on as regards the commencing lacteals in the

intestinal villi. That opinion "has been since given up ; but more
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recently satisfactory evidence of openings in the lymphatics on the sur-

fece of the serous membranes has been obtained. EecMinghansen
stretched the tendinous centre of the diaphragm, excised from a
rabbit, over a ring of cork, covered it with a film of milk, and then,

watching it with the microscope, saw the milk-globules at various

points drawn down as if in a vortex, and disappearing. He then

Fi". 127.

Fig. 127.

—

Smali, portion of Peritonkal Surface of Diaphragm of Rabbit (Xlein).

IMAr.xiFIEP.

I, Ij'mpli cliannel below the surface, lying between tendon bundles, t, t, and over which
the surface-cells are seen to be relatively smaller, and to e.\hibit five stomata, S, S',

leading into the lymi^hatic. The epithelioid cells of the lymphatic channel are not
represented.

found they had passed into the lymphatics of the peritoneal covering of

the diaphragm, by small openings, not more than twice the diameter of

a blood-corpusjle, over which the epithelioid layer of the peritoneum
was similarly perforated. Observations iu confirmation of these were
made in the Physiological Institute of Leipsic, under the direction

of Professor Ludwig, by Dybkowski, who found apertures (answer-

ing very nearly to those described by von Recklinghausen) on the

dog's pleura, by which the superficial lymphatics open on the surface

of the membrane ; he also found that fine particles of colouring

matter could, under certain conditions, be made to pass from the

cavity of the pleura into the lympliatics, and apparently by the open-
ings in question. Similar communications were found by Schweigger-
Seidel and Dogiel between the frog's peritoneum and the great lymph-
sac (cisterna magna) behind it.

These apertures, or stomata, have been more recently investi-

gated by Klein,* who has further found them in the omentum of

mammals. They are surrounded by a ring of small granular

* The Lymjihatic System, Pai-t I. : The Anatomy of Serous ilembranes. London, 1S73.
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cubical cells, and the larger flattened epithelioid cells of the

serous membrane are arranged in a somewhat radiated manner in the

neighbourhood of the orifice. When the lymphatic is superficial, it

may communicate directly with the surface of the membrane ; in other

cases a short straight canal, lined with cells similar to those bounding

the orifice, leads from the vessel to the surface. A curious fact has

been pointed out by the same observer, viz., that in female frogs and

toads the cells lining these short lymphatic canals are furnished with

vibratile cilia.

Termination.—The absorbent system discharges its contents into

the veins at two points, namely, at the junction of the subclavian and

internal jugular veins of the left side by the thoracic duct, and at

the corresponding part of the veins of the right side by the right

lymphatic trunk. The openings, as already remarked, are guarded

by valves. It sometimes happens that the thoracic duct divides, near

its termination, into two or three short branches, which open separately,

but near each other ; more rarely, a branch opens into the vena

azygos—indeed the main vessel has been seen terminating in that

vein. Again it is not uncommon for larger branches, which usually

join the thoracic duct, to open independently in the vicinity of the

main termination ; and this is more apt to happen with the branches

which usually unite to form the right lymphatic trunk. By such

variations the terminations in the great veins are multiplied, but still

they are confined in man to the region of the neck ; in birds, reptiles,

and fish, on the other hand, communications take place between the

lymphatics of the pelvis, posterior extremities and tail, and the sciatic

or other considerable veins of the abdomen or pelvis.

The alleged terminations of lymphatics in various veins of the abdomen, de-

scribed by Lippi as occm-ring- in man and mammalia, have not been met with by
those who have since been most engaged in the prosecution of this department
of anatomical research, and accordingly his observations have generally been

either rejected as erroneous, or held to refer to deviations from the normal
condition. Nuhn, of Heidelberg, affirms the regular existence of these abdo-

minal terminations, and refers to three instances which he met with himself.

In two of these the Ijnnphatics opened into the renal veins, and in the other

into the vena cava.*

Lymphatic hearts.—Miiller and Panizza. nearly about the same time, but in-

dependenth^ of each other, discovered that the lymphatic system of I'cptiles is

fva'nished, at its principal terminations in the venous system, with pulsatile

muscular sacs, which serve to discharge the lymph into the veins. These organs,

which are named Ijani^h-hearts, have now been found in all the different orders

of reptiles. In frogs and toads two pau-s have been discovered, a ijosterior

pair, situated in the sciatic region, which pour their hanph into a branch of the

sciatic or of some other neighbouring vein, and an anterior more deeply-seated

pair, placed over the transverse process of the third vertebra, and opening into

a branch of the jugular vein. The parietes of these sacs are thin and trans-

parent, but contain muscular tissue, which here and there appears obscurely
striated, decussating in different layers, as in the blood-heart. In their pulsations

they are quite independent of the latter organ, and are not even synchronous
with each other. In salamanders, lizards, serpents, tortoises, and turtles, only
a posterior pair have been discovered, which, however, agree in all essential points
with those of the frog. In the goose, and in other species of birds belonging
to different orders, Panizza discovered a pair of l^anph-sacs opening into the
iracral veins, and Stannius has since found that these sacs have striated muscular

* Miiller's Archiv,'lSi8, p. 173.
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fibres in their parietes. Nerve-fibres, both dark-bordered and pale, have been
observed in the lyinph-hearts of the frog, and also nerve-cells in those of the

common toitoise (Waldeyer).

Development of lymphatic vessels.—The cleTelopment of lymph-
atic capillaries has been studied by Klein in the serous membranes,
both normal and chronically inflamed. He finds that the process is

similar to that of the development of blood-vessels as described by him
in the chick. A vacuole is formed within one of the cells of the con-
nective tissue, and becomes larger and larger, so as to produce a cavity

filled with fluid, and vrith the protoplasm of the cell thinned out to

form the wall of the vesicle thus formed. From this protoplasmic
wall portions bud inwards into the cavity, eventually becoming de-

tached as lymph-corpuscles. Meanwhile "the nucleus of the cell has
become multiplied, and the resulting nuclei are regularly arranged
in the protoplasmic wall, which now exhibits, on treatment with
nitrate of silver, the well-known epithelioid marking characteristic

of the lymphatic capillaries. To form vessels, these vesicles become
connected with one another by means of processes into which their

cavities extend.*

KoUiker has observed the formation of lymphatics from ramified cells in the
tails of young salamander-lan-fe. He states that the process takes place nearly
in the same manner as in the case of sanguiferous capillaries ; the only notable
difference being, that whilst the growing Ijonphatics join the ramified cells, and
thus extend themselves, their branches very rarely anastomose or become con-
nected by communicating arches.

LYMPHATIC GLANDS.

Lymphatic glands, named also conglobate, glands, and by modern
French wi-iters himpJmtic ganglions, are small solid bodies placed in the
course of the lymphatics and lacteals, through which the contents of these
vessels have to pass in their progress towards the thoracic or the right
lymphatic duct. These bodies are collected in numbers along the course
of the great vessels of the neck, also in the thorax and abdomen, espe-

cially in the mesentery and alongside the aorta, vena cava inferior, and
iliac vessels, A few, usually of small size, are found on the external
parts of the head, and considerable groups are situated in the axilla and
groin. Some three or four lie on the popliteal vessels, and usually one
is placed a little below the knee, but none farther down. In the arm
they are found as low as the elbow joint.

Lymphatic vessels may pass through two, three, or even more lym-
phatic glands in their course, whilst, on the other hand, there are
lymphatics which reach the thoracic duct without encountering any
gland in their way.
The size of these bodies is very various, some being not much bigger

than a hempseed, and others as large or larger than an almond or a kidney
bean. In shape, too, they present differences, but most of them are
round or oval.

The cells lining these l\Tuphatic vesicles, which are common in the mesogastrium o£
the frog and toad in the winter season (owing to the existence of slight chronic inflam-
mation, a condition exceedingly prone to further the development of the lymphatic tissues),
bear, in the female of those animals, cilia directed inwards towards the cavity of the
vesicles. As the development into vessels proceeds, the ciha disappear (Klein), llemak
who first noticed these ciliated vesicles, took them for cysts in the membrane.
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The lymphatics or lacteals which enter a gland arc named inferent or

afferent vessels {vasa infermiia sen affereniia), and those which issue

from it efferent vessels {vasa efferenUa). The afferent vessels (fig. 128,

FiLC. 123.

Fig. 12S.—DiAGRAMM.lTIC SECTION OP LYMPHATIC GlAND.

a, I, affei'ent ; c, I, efferent lymphatics. C, cortical substance. M, reticulating cords

of medullary substance. /, s, lyniph-sinus ; c, fibrous coat sending ti'abcculffi, tr, into

the substance of the gland.

a, I), on appi'oaching a gland, divide into many small branches, which
enter the gland ; the efferent vessels commonly leave the gland in

form of small branches, and at a little distance beyond it, or sometimes
even before issuing from it, unite into one or more trunks (e, l), usually

larger in size but fewer in number than those of the afferent vessels.

The internal structure of hanphatic glands has been long a subject

of inquiry. Hewson considered that a lymphatic gland essentially con-

sists of a network of finely-divided lymphatic vessels, on and between
which capillary blood-vessels are ramified ; the whole being gathered
up and compacted into a comparatively dense mass by connective tissue,

which at the surface of the gland forms for it an enclosing capsule. The
afferent and efferent vessels are, according to Hewson, continuous with
each other within the gland, and the cellular cavities described as inter-

vening between them and serving as the medium of their communication,
were held by him to be nothing more than partial dilatations of some
branches of the common connecting plexus.

Hewson's view of the constitution of the l3-mphatic glands was, until

lately, accepted by most anatomists ; but modern researches have
shown that the structure of these bodies is more complex. The fol-
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Fi?. 129.

Fix. 129. MesentericSection v

Gland from the Ox, slightly jiagni-

FIED.

a, hilus ; h, medullary sub.stance ; c,

cortical substance with indistinct alveoli

;

d, cajisule (after KoUiker).

lowing account is founded cliiefly on the descriptions of His and
Kcilliker.

A lymphatic gland is covered externally with a coat (fig. 128^ c,

129, d) composed of connective

tissue, mixed in certain animals,

with muscular fibre-cells. This

coat or capsule is complete, except

at the part where it gives passage

to the efferent lymphatics and the

larger blood-vessels ; and this part

of the gland, which often presents

a depression or fissure, may be

named the hilus (fig. 128, 129 a).

The proper substance of the gland

consists of two parts, the corti-

cal (c), and within this the medul-

lary. The cortical part occupies all

the superficial part of the gland,

except the hilus, and in the larger

glands may attain a thickness of

from two to three lines. The medul-

lary portion occupies the centre,

and extends to the surface at the hilus. It is best marked in the

inwardly-seated glands, such as the lumbar and mesenteric, whilst in

the subcutaneous glands it is more or less encroached upon by a core

of connective tissue (hihis-sfroma, His), which enters with the larger

blood-vessels at the hilus, and surrounds them, together with the lymph-
vessels, in the centre of the gland, so that the medullary part is reduced

to a layer of no great thickness bounding inwardly the cortical part.

Throughout both its cortical and medullary part the gland is pervaded

by a trabecular frame-work which incloses and supports the proper

glandular substance. The trabeculas pass inwards from the capsule

(fig. 128). They consist, in the ox, chiefly of plain muscular tissue
;

in man, of connective tissue, sparingly intermixed with muscular

fibre-cells. In the cortical part they are mostly lamellar in form, and
divide the space into small compartments, alveoli, from J^j to 2^^ of an
inch wide, which communicate laterally with each other through openings

in the imperfect partitions betv/een them (fig. 130 a). On reaching

the medullary part the trabeculaj take the form of flattened bands or

cords, and by their conjunction and reticulation form a freely intercom-

municating meshwork throughout the interior. (In the figures they are

represented mostly as cut across.) In these alveoles and meshes is

included the proper glandular substance, which appears as a tolerably

firm pulp or parenchyma, agreeing in nature with lymphoid tissue. In
the alveoli of the cortical part this forms rounded nodules (fig. 128 C,

130 A cJ) ; in the trabecular meshes of the medullary part it takes the

shape of rounded cords {lymplioid cords) joining in a corresponding

network (figs. 128, M; 130, b, d) -,
and, as the containing meshes

communicate, so the contained gland-pulp is continuous throughout.
But both in the cortical alveoles and the medullary trabecular meshes, a

narrow space, left white in the figs. (128 I, s ; 130, 1, I) is left all round
the gland-pulp, between it and the alveolar partitions and trabecular

bands, like what would be left had the pulp shrunk away from the
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inside of a mould in which it had been cast. This S23ace is both a
receptacle and a channel of passage for the lymph that goes through the

Fis. 130.

n'>
^-^

Gt ^tfl )^)UUi^^

Fig. 130.

—

Section of a Mesenteric Gland of the Ox (magnified 12 diameters).

The section includes a portion of the cortical part, A, in its whole depth, and a smaller

portion of the adjoining medullary part, B ; c, c, outer coat or capsule sending partitions

into the cortical part to form alveoli, and trabecule, t, t, which are seen mostly cut across

;

d, d, the glandular substance forming nodules in the cortical part. A, and reticulating

cords in the medullary part, B ; Z, ^, lymph-sinus or lymph-channel, left white (after His).

gland ; it is the lymph-sinus (His), or the lymph-channel. It is traversed

by retiform connective tissue (fig. 131 c, c), in which the nuclei of the

spindle-shaped or ramified cells are mostly apparent, and is filled with

fluid lymph, containing many lymph -corpuscles, which may be avashed

out from sections of the gland with a hair pencil, so as to show the

sinus, while the firmer gland-pulp, which the sinus surrounds, keeps its

place. The latter, the proper glandular substance, is also pervaded and
supported by retiform tissue, mostly non-nucleated (fig. 131, a), com-
municating with that of the surrounding lymph-sinus, but marked off

from it by somewhat closer reticulation at their mutual boundary, not

so close, however, as to prevent fluids, or even solid corpuscles, from

l)assing from the one to the other. This glandular pulp is made up of

densely packed lymph-corpuscles, occupying the interstices of its sup-

port hig retiform tissue, and is traversed by an abundant network of

capillary blood-vessels {d, d), which runs throughout the proper gland-

ular pulp, both cortical and medullary, but does not pass into the

surrounding lymph-sinus. The. stellate cells of the retiform tissue of

the lymph-sinus often contain a considerable number of pigment
granules. Arteries enter and veins leave the gland at the hilus, sur-

rounded, in some glands, as already said, with a dense inclosure of

connective tissue. The arterial branches go in part directly to the

glandular substance, but partly run along the trabeculte. The former
end in the glandular capillary network above-mentioned, from which
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the veins becjin, and tend to the hilus alongside the arteries. The

branches which run along the trabeculas are in part conducted to the

Fig. 13L

Pig. 13L

—

Section of the MEDULLAnr Substance of a Lymphatic Gland (Ox).

300 Diameters. (Von Recklinghausen).

«, a, a, follicular or lymphoid cords ; c, lymph-sinus ; b, h, trabeculaa ; d, d, blood-

vessels.

coat of the gland to be there distributed : some of their branches

pass across the lymph-sinus to reach the glandular substance. The
blood-vessels of the gland pulp are supported by its pervading retiform

tissue, which is not only connected to them, but forms an additional

or adventitious coat round their small branches, and even on some of

the capillaries (page 178).

As to the lymphatics of the gland, it seems to be tolerably well made
out, that the afferent vessels, after branching out upon and in the tissue

of the capsule, send their branches through it to open into the lymph-
sinuses of the cortical alveoli, and that the efferent lymphatics begin by
fine branches leading from the l}Tnph-sinuses of the medullary part,

and forming at the hilus a dense plexus of tortuous and varicose-looking

vessels, from which branches proceed to join the larger efferent trunks.

The lymph-sinus, therefore, forms a channel for the passage of the lymph,
interposed between the afferent and efferent lymphatics, communi-
cating with both, and maintaining the contmuity of the lymph-stream.
The afferent and efferent vessels, where they open into the lymph-sinus,

lay aside all their coats, except the epithelioid lining, which is continued
o 2
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over the trahecnlge ; covering these, like the walls of the commencing
Ijmph-lacunje elsewhere, with a layer of flattened cells.

It is not unreasonable to presume that, in tlie proper glandular substance, there
is a continual production of lymph-corpiiscles, most probably by iissiparous multi-
plication, which pass into the lymph-sinus, and that fresh cor[3uscles are thus
added to the lymph as it passes through a gland ; and this view is supported hy
the fact, that the coi-puscles are found to be more abimdant in the lymph or
chyle after it has passed through the glands. It has been alleged, moreover, that
the lymph, after i:)assing the glands, is richer in fibrin, and therefore coagulates

more fimily. In any case, it is plain that the numerous blood-capillaries distri-

buted in a gland must bring the blood into near relation -ndth the elements of
the lymph ; and the latter fluid, as it must move very slowly through the rela-

tively wide space within the gland, is thus placed in a most favourable condition
for some not improbable interchange of material with the blood.

SEROUS MEMBRANES.

The serous membranes are so named from tlie apparent nature of the
fluid with which their surface is moistened. They line cavities of the
body which have no outlet, and the chief examples of them are, the
peritoneum, the largest of all, lining the cavity of the abdomen ; the
two pleuros and pericardium in the chest ; the arachnoid membrane in

the cranium and vertebral canal ; and the tunica vaginalis surrounding-
each of the testicles within the scrotum.

Form and arrangement.—In all these cases the serous membrane
•has the form of a closed sac, one part of which is applied to the walls of
the cavity which it lines, the 2)arietal portion ; whilst the other is re-

flected over the surface of the organ or organs contained in the cavity,

and is therefore named the reflccied or visceral portion of the membrane.
Hence the viscera in such cavities are not contained within the sac of
the serous membrane, but are really placed behind or outside of it ;:

merely pushing inwards, as it were, the part of the membrane which
immediately covers them, some organs receiving in this way a complete,
and others but a partial and sometimes very scanty investment.

In passing from one part to another, the membrane frequently forms
folds Avhich in general receive the appellation of ligaments, as, for

example, the folds of peritoneum passing between the liver and the
parietes of the abdomen, but which are sometimes designated by
special names, as in the instances of the mesentery, meso-colon, and
omentum.
The peritoneum, in the female sex, is an exception to the rule that

serous membranes are perfectly closed sacs, inasmuch as it has two
openings by which the Fallopian tubes communicate with its cavity.

A serous membrane sometimes lines a fibrous membrane, as where
the arachnoid lines the dura mater, or where the serous layer of the peri-

cardium adheres to its outer or fibrous part. Such a combination is

often named ^Jihro-serous membrane.
The inner surface of a serous membrane is free, smooth, and polished;

and, as would occur with an empty bladder, the inner surface of one
part of the sac is applied to the corresponding surface of some other
part ; a small quantity of fluid, usually not more than merely moistens
the contiguous surfaces, being interposed. The parts situated in a
cavity lined by serous membrane can thus glide easily against its
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parietes or upon each other, and their motion is rendered smoother Iby

the lubricating fluid.

The outer surface most commonly adheres to the parts which it lines

or covers, the connection being effected by means of areolar tissue,

named therefore " subserous," which, when the membrane is detached,

gives to its outer and previously adherent surface a floceulent aspect.

The degree of firmness of the connection is very various : in some parts,

the membrane can scarcely be separated ; in others, its attachment is so

lax as to permit easy displacement. The latter is the case in the

neighbourhood of the openings through wliich abdominal hernia} pass
;

and accordingly, when such protrusions of the viscera happen to take

place, tliey usually push the peritoneum before them in form of a
hernial sac.

The visceral portion of the arachnoid membrane is in some measure
an exception to the rule of the outer surface being everywhere adherent

:

for, in the greater part of its extent, it is thrown loosely round the parts

which it covers, a few fine fibrous bands being the sole bond of con-

nection ; and a quantity of pellucid fluid is interposed, especiall}' in the

vertebral canal and base of the cranium, between the arachnoid and the

j)ia mater, which is tlie membrane immediately investing the brain and
spinal cord.

Structure and properties.— Serous membranes are thin and trans-

parent, so that tlie colour of subjacent parts shines through them. They
are tolerably strong, with a moderate degree of extensibility and elasti-

city. They are lined on the inner surface by a simple epithelioid layer of

flattened cells (fig. 132), each of which contains a clear, round or oval

nucleus with one or two nucleoli. The outlines of the cells may readily

Fi^. 132.

;^zi:;y«^<;v'/>^:;L'Av?ss^/^Si?^iy,^^:^s^sls^^

Fig. 132.

—

Portion op Epithelioid Layer op Peritoneum froji Diaphragm of Rap.bit

(Klein.)

«, larger cells h, smaller ones, with here and there a pseiidostoma het-n'een.
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be brought into view by treatment with nitrate of silver. The lines of

junction of the cells which are thus made evident, may be straight and

even, but are most commonly slightly jagged or sinuous. Here and
there between the cells apertures are to be seen, which are of two
kinds. The smaller of these, which are also the more numerous, are

occupied by processes which are sent up to the surface of the mem-
brane from deeper lying cells (pseudostomata, fig. 132) : the larger, on
the other hand; the stomata, are true apertures, which are surrounded

by a ring of small cubical cells (fig. 127 s, s\ page 189), and open into

a subjacent lymphatic vessel, either directly or by the medium of a

short canal lined with similar cells, as already mentioned in treating

of lymphatics. The surface cells of the serous membrane are not

everywhere uniform in size (see figs. 127 and 132), but patches are

here and there met with in which they are smaller and more granular

in appearance. It is not unfrequent also to find evidences of prolifera-

tion, especially in the neighbourhood of the stomata and pseudostomata,

cells being met with containing two or even many nuclei (Klein).

The substance of the membrane underneath the epithelioid layer is

composed of a connective tissue ground substance in which are a

variable amount of fibres, both white and elastic ; the former, when
there are two or more strata, take a difTerent direction in the difiFerent

planes ; the latter unite into a network, and, in many serous mem-
branes, as remarked by Henle, are principally collected into a reticular

layer near the surface. The ground substance contains the blood-

vessels and lymphatics of the membrane, as well as a large number'

of flattened connective tissue corpuscles with their corresponding cell-

spaces (fig. 133), which are often collected into epithelioid patches.

In parts of the membrane in which these corpuscles are more thinly

scattered, they possess branching processes, some of which intercom-

municate with those of neighbouring cells, whilst others, as before

said, pass up to the surface of the membrane (pseudostomata), and
others again, become connected to the walls of the lymphatics and blood-

vessels (see fig. 126, p. 187).

Blood-vessels ending in a capillary network with comparatively

wide meshes pervade the subserous tissue and the tissue of the serous

membrane.
The lymphatics of the serous membranes are exceedingly abundant.

Their relation both to the cell-spaces of the tissue and to the surface

of the membrane, as well as their general arrangement, has been
already noticed (pp. 18 G—191). They are sometimes met with ensheath-

ing the blood-vessels.

Nodules occur here and there in the substance of the serous mem-
branes which consist of a close network of branched connective tissue-

cells amongst which are a number of lymphoid cells or leucocytes,

similar to the pale corpuscles of the blood. These nodules, the

larger of which have a rich supply of blood-vessels, are developed in

connection with the lymphatics, being formed either around those

vessels, or actually within them, in which case the cells forming the
walls of the lymphatic vessel exhibit processes which project into the
interior and join with the enclosed retiform tissue. The cells of this

tissue are in fact developed by a proliferation of the flattened cells of the
lymphatic, which is of course considerably enlarged at these spots.

These lymphatic nodules (peri and endo-lymphangial nodules of Klein)
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possess, as do the stomata of the surface, both true and false, consider-

able importance in a pathological point of view, for it is in connection

Fig, 133.

Fiff. 133. — Portion of Serous Membrane of Diaphraom ^Pleural) from the
Rabbit, treated with Nitrate op Silver after Removal of Superficial Epi-
thelioid Later. (Recklinghausen.)

c, c, ceU-spaces of tissue ; d, d, commencing lymphatic vessels connected at h, h, with
the cell-spaces.

with them that proliferation is apt to occur in chronic inflammation of
the serous membranes.
The nerves of the serous membranes are destined chiefly for the

blood-vessels, and for the most part accompany these in their course.
A few pale_ fibres, however, arc distributed to the substance of the
membrane, in which they form a plexus with large meshes ; from the
branches of this, fibrils may be traced which unite into a somewhat
finer plexus near the surface.

Fluid.—The internal surface of serous cavities is moistened and lubricated -with
a transparent and nearly colourless fluid, which in health exists only in a veiy
small quantity. This fluid, Avhich is doubtless derived from the blood-vessels of
the membrane, has been commonly represented as similar in constitution to the
serum of the blood. But it was long since remarked by Hew son (and a similar
opinion seems to have been held by Haller and Monro), that the fluid obtained
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from the serous cavities of recently killed animals coagailates spontaneously, and
thus resembles the Ijonph of the Ijonphatic vessels, and, we may add, the liquor

sanguinis or plasma of the lilood, the coagulation being, of course, due to the

presence of fibrin, or of its two constituents filirinogen and ijara-globultii. Hewson,
who regarded the fluid as l^nnj^h, found that the coagulability diminished as the

quantity increased. Hewson made his observations on the fluid of the peritoneum,

pleura and pericardium, in various animals, viz., luillocks, dogs, geese and
rabbits.

"WTien the fluid gathers in unusual quantitj- as in dropsies, it rarely coagulates

spontaneously on being let out ; but will often yield a coagulum on the addition

of para-globulin as already stated. From this it may be inferred that fibrinogen

is present, but not the para-globulin requisite to generate fibrin.

The identity in character of the fluid of serous cavities and the lymph-plasma
is, it need scarcely be remarked, in keeping with the notion of their being g-reat

lymph-spaces in open connection with lymphatic vessels. But this view is quite

reconcilable with the mechanical purpose commonlj' ascriljed to these membranes,
of lubricating and facilitating the movement of mutually opijosed surfaces.

"V^lien a serous memljrane is inflamed, it has a great tendency to throw out

coagulable lymph (or fibrin) and serum, the two constituents of the blood-jilasma,

the fonner chiefly adliering to the inner surface of the membrane, whilst the

latter gathers in its cavity. The coagulable lymioh spread over the siirface. in

form of a " false membrane," as it is called, or agglutinating the opposed siu-faces

of the serous sac and causing adliesion, becomes pervaded by blood-vessels, and in

jarocess of time converted into areolar tissue.

Breaches of continuity in these membranes are readily repaired, and the newly
formed portion acquires all the characters of the original tissue.

SYNOVIAL MEMBRAJSTES.

Resemblinr^ serous membranes in some respects, the synorial mem-
branes are distinguished by the nature of their secretion, for this is a
viscid glairy fluid resembling the white of an egg, named si/novia.

These membranes surround the cavities of joints, and are found in con-
nection Avith moving parts in certain other situations ; their secretion
being in all cases intended to lessen friction, and thereby facilitate motion.
The different synovial membranes of the body are referred to three

classes, y\z., articular, vesicular, and- vaf/inal.

1. Articular sjoiovial mem'branes, or Synovial capsules of
Joints.—These by their synovial secretion lubricate the cavities of the
diarthrodial articulations, that is, those articulations in which the
opposed surfaces glide on each other. In these cases the membrane
may be readily seen covering internally the surface of the capsular and
other ligaments which bound the cavity of the joint, and affording also

an investment to the tendons or ligaments which happen to pass through
the articular cavity, as in the mstance of the long tendon of the biceps
muscle in the shoulder-joint. On approaching the articular cartilages
the membrane does not pass over these, but terminates after advancmg
but a little way on their surface, witli which it is here firmly adherent.
So that, it will be seen, the synovial membranes do not form closed
bags lying between the articular cartilages as was supposed by the older
anatomists, for the main part of the surfaces of the joints are not
covered at all by the membrane, nor even by a layer of epithelioid cells,

prolonged from the membrane, as some have supposed.

In several of the joints, folds of the synovial membrane, often containing more
or less fat, pass across the cavity ; these have been called synovial or mucous
ligaments. Other processes of the membrane simply project into the cavity at
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various points. These are yery generally cleft into fringes at tlieir free border,

upon which their blood-vessels, which are numerous, are densely distributed.

They often contain fat. and then, when of tolerable size, are sufficiently obvious ;

but many of them are very small and inconsi3icu.ous. The frmged vascular folds

of the synovial membrane were described, by Dr. Clopton Havers (1691), under

the name of the inucilufiinous f/landx. and he regarded them as an apjaaratus for

secreting synovia. Subsequent anatomists, while admitting that, as so many
extensions of the secreting membrane, these folds must contribute to increase the

secretion, have, for the most part, denied them the special character of glands,

considering them rather ui the light of a mechanical provision for occupying

spaces which would otherwise be left ^'oid in the motion of the joints, and this

view is no doubt right as regards the larger, fat-inclosing folds. The smaller and
less obvious fringes have, however, been found, on investigation by Eainey, to be

most prolmbly secreting organs as originally supposed by Havers. Rainey found
that the processes in question exist in the bursal and vaginal synovial membranes
as well as in those of joints, wherever, in short, synovia is secreted. He states

that their blood-vessels have a peculiar convoluted arrangement, differing from
that of the vessels of fat. and that the layer of cells covering them. " besides iu-

closing separately each packet of convoluted vessels, sends off from each tubular

sheath secondary processes of various shai)es, into which no blood-vessels enter."*

2. Vesiciilar or Bursal synovial membranes, Synovial lursce,

Bursm mucosa..—In these the membrane has the form of a simple sac,

interposed, so as to prevent friction, between two surfaces which move
npon each other. The synovial sac in such cases is flattened and has
its two opposite sides in ap})osition by their inner surfeee, which is

free and lubricated with synovia, whilst the outer surface is attached by
areolar tissue to the moving parts between which the sac is placed.

In point of situation, the bursa? may be either deep-seated or subcu-

taneous. The former are for the most part placed between a muscle or

its tendon and a bone or the exterior of a joint, less commonly between
two muscles or tendons : certain of the bursa3 situated in the neigh-

bourhood of joints not nnfrequently open into them. The subcutaneous
bursffi lie immediately under the skin, aud are found in various regions

of the body interposed between the skin and some firm prominence
beneath it. The large bursa situated over the patella is a well-known
example of this class, but similar though smaller bursa? are found also

over the olecranon, the malleoli, the knuckles, and various other pro-,

minent parts. It must, however, be observed that, among these subcu-
taneous bursfe, some are reckoned which do not always present the

characters of true synovial sacs, but look more like mere recesses in the

subcutaneous areolar tissue, larger and more defined than the neigh-
bouring areolffi, but still not bounded by an evident synovial membrane.
These may be looked on as examples of less developed structure,

forming a transition between the areolar tissue and perfect synovial
membrane.

3. Vaginal synovial membranes or Sijnovial sJ/eaflis.—These are

intended to facilitate the motion of tendons as thej^ glide in the fibrous
sheaths which bind them down against the bones in various situations.

The best-marked examples of such fibrous sheaths are to be seen in the
hand and foot, and especially on the palmar aspect of the digital pha-
langes, where they confine the long tendons of the flexor muscles. In
such instances one part of the synovial membrane forms a lining to the
osseo-fibrous tube in which the tendon runs, and another part affords a

* Troceedings of the Koyal Society, J.Iay 7th, 1846.
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close investment to the tendon. The space betTveen these portions of

the membrane is kibricated with synovia and crossed obliquely by one

or more folds or duplications of the membrane, in some parts inclosing

elastic tissue (Marshall). These are named " frajua," and pass from
one part of the membrane to the other.

Stnicture of synovial uiembranes.—The synovial membranes
are composed essentially of connective tissue with blood-vessels and
nerves. It was formerly stated that they were lined with an epithe-

lioid layer of flattened cells, similar to those lining the serous mem-
branes, but, as was shown by Hiiter, there exists on the synovial

membranes no complete lining of the kind. Patches of cells may, it

is true, here and there be met with which present an epithelioid

appearance (fig. 134, e), as, indeed, we know to be the case in the con-

nective tissue of other parts ; but most of the surface-cells of the

synovial membranes are of the irregularly-branched type (fig. 134, s),

the surface of the membrane between the cells and sometimes also over

them beimj formed by the ground substance of the connective tissue,

whilst here and there small blood-vessels come to the surface from

Fiff. 135.

Fig. 134.

Fig. 134.

—

Cell-Si'aces from Synovial Surface of Tf.ndojj (Human). 340 Diameters.

e, part of an epithelioid patch ; s, more isolated, branched cell-spaces. The nuclei of

the cells are faintly indicated.

Fig. 135. -Connective-Tissue Corpuscles from Articulae Synovial Membrane oi'

Ox. IVIagnified 250 Diametkus.

the subjacent parts. The cells and cell-spaces of the synovial mem-
brane arc at many places considerably smaller than those of the connec-

tive tissue generally : this is owing to a scantiness in the amount of

protoplasm, the nuclei being of the usual size and often appearing

almost to fill the body of the cell. Sometimes the cell-spaces Avith



VESSELS OF SYNOVIAL MEMBRANES. 203

tlieir offsets form a close network of anastomosing channels which, as

Eeyher has proved,* are occupied by cell-protoplasm (fig. 135). Such

networks are met with more ^frequently in some animals (ox) than in

man.
The cells of the vaginal synovial membrane are often slightly elongated

in the direction of the axis of the tendon.

The articular synovial membranes pass, as before said, a certain

Fi-. 13(3.

Fig. 136.

—

Traxsitio^j op

Cartilage Cells into

Connective Tissue Cor-

puscles OP Synovial
Membrane. About
340 Diameters. From
Head of Metatarsal
Bone, Human.

a, oi'dinary cartilage

cells ; J), h, with branclied

processes.

distance over the car-

tilages of the joints.

They do not, how-

ever, end abruptly, but shade off gradually into the surface layer^ of

cartilage, the fibrous tissue disappearing and the cells gradually losing

their processes and becoming transformed into cartilage cells (fig. 136),

so that it is difficult to say for certain where the one begins and the

other ends. This portion of the synovial membrane, which overlies the

edge of the cartilage, is known as the "marginal zone ;" it is most

marked around the convex heads of the bones, and is especially well

seen near the lower margin of the patella (Hilter).

The Haversian folds and fringes, at least the larger ones, agree in

general structure with the rest of the tissue of the synovial membrane,

(except that, as before remarked, some of them contain fat); their surface

layer contains for the most part irregularly stellate cells, except over

the fat, where we have occasionally observed a true epithelioid arrange-

ment like that of a serous membrane. The smaller non-vascular

secondary fringes of Rainey are minute finger-shaped processes pro-

jecting from the margins of the larger ones, and consist for the most

part of small rounded cells with granular protoplasm and but little

intercellular substance ; some of them may contain a few connective

tissue fibrils or even one or two cartilage-cells (Kolliker).

Vessels.— The blood-vessels in and immediately underneath the

membrane are sufficiently manifest in most parts of the joints. They
advance but a little way upon the cartilages, forming a vascular zone

around the margin of each, named " circulus articuli vasculosus " (W.
Hunter), in which they end by loops of vessels dilated at the bent

part greatly beyond the diameter " of ordinary capillaries (Toynbee).

In the foetus, these vessels advance further upon the surface of the

cartilage.

The vessels of the vaginal synovial membranes are less numerous than
those of the synovial membranes of the joints.

Journal of Anatomy and Pliysiology, May, 1874.
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Lymjiliatic vessels have not hitherto been demonstrated in the

synovial membranes.
" Herves.—W, Krause describes the nerves of the sjTiovial membranes
(at least those of the joints) as terminating in peculiar corpuscles allied

to end bulbs. Another observer (Nicoladoni) has traced the nerves into

a plexus of pale fibrils lying close under the surface of the membrane.

Development.—Reyher describes the development of the synovial mem-
Ijianes as follows :—At the time of the fomiation of a joint the surrounding-

tissue becomes changed, so that while its outer jiart developes into the fibrous

capsule of the joint, its inner part fonns the commencement of the synovial

membrane. The cartilage cells on the surfaces of the newly formed joint are at

first placed closely together without matrix or intercellular substance ; after a time

this appears in fine lines between the cells, so that these, in silvered preparations,

now present an epithelioid appearance. By a fm-ther develoi^ment of intercellu-

lar substance the superficial cells become more sei^arated from one another, and
now possess an irregularly branched shape with communicating processes. Near
the edge of the cartilage this condition is permanent, so that the marginal zone

of the sjaiovia] membrane is formed here hi altu from what was originally carti-

lage. More towards the centre of the articular surface, however, a further

change takes place in the progress of development, for in these parts the cells

lose their processes and acquire the characters of ordinary cartilage cells, whilst

at the same time the matrix becomes much increased between them, and forms

also a thin layer covering their sui-face.

Synovia.—As already stated, this is a viscid transparent fluid ; it has a yellowish

or faintly reddish tint, and a slightly saline taste. According to Frerichs, the
synovia of the ox consists of 9-l"85 water, 0'56 mucus and cells. Ot)7 fat,

."•51 albumin and extractive matter, and O'DO salts. If a di'op of sjmovial fluid

be examined microscopically, it is found to contain (in addition to fat-molecules)

a few amoeboid corpuscles, as well as cells similar to those which occiu" on the
surface of the membrane.

MUCOUS MEMBRANES.

These membranes, unlike the serous, line internal passages, and other

cavities which open on the surface of the body, as well as various re-

cesses, sinuses, gland-ducts and receptacles of secretion, which open
into such passages. They are habitually subject to the contact of

foreign substances introduced into the body, such as air and aliment,

or of various secreted or excreted matters, and hence their surface is

coated over and protected by mucus, a fluid of a more consistent and
tenacious character than that which moistens the serous membranes.

Distribution.—The mucous membranes of several different or

even distant parts are continuous, and they may all, or nearly

all, be reduced to two great divisions, namelj^ the (jastro-jmcumonic

and gpnito-unnanj. The former covers the inside of the alimentary

and air-passages as well as the less considerable cavities com-
municating with them. It may be described as commencing at

the edges of the lips and nostrils, where it is conthiuous with
the skin, and proceeding through the nose and mouth to the

throat, whence it is continued throughout the whole length of the ali-

mentary canal to the termination of the intestine, there again meeting
the skin, and also along the windpipe and its numerous divisions as far

as the air-cells of the lungs, to which it affords a lining. From the

nose the mcmlirane may be said to be prolonged into the lachrymal
passages, extending up the nasal duct into the lachrymal sac and along
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the lachrymal canals until, under the name of the conjunctival mem-
brane, it "^spreads ovei" the fore part of the eyeball and inside of the

eyelids, on the edges of which it encounters the skin. Other offsets

from the nasal part of the membrane line the frontal, ethmoidal, sphe-

noidal and maxillary sinuses, and from the upper part of the pharynx a

prolongation extends on each side along the Eustachian tube to line

that passage and the tympanum of the ear. Besides these there are

offsets from the alimentary membrane to line the salivary, pancreatic,

and biliary ducts, and the gall-bladder. The genito-uriaanj membrane
invests the inside of the urinary bladder and the Avhole tract

of the urine in both sexes, from the interior of the kidneys to the

orifice of the urethra, also the seminal ducts and vesicles in the male,

and the vagina, uterus, and Fallopian tubes in the female.

Attachment.—The mucous membranes are attached by one surface

to the parts which they line or cover by means of areolar tissue, named
" submucous," which differs greatly in quantity as well as in consistency

in different parts. The connection is in some cases close and firm, as in

the cavity of the nose and its adjoining sinuses ; in other instances,

especially in cavities subject to frequent variation in capacity, like the

gullet and stomach, it is lax' and allows some degree of shifting of

the connected surfaces. In such cases as the last-mentioned the mucous
membrane is accordingly thrown into folds when the cavity is narrowed

by contraction of the exterior coats of the organ, and of course these

folds, or ru(j(r, as they are named, are effaced by distension. But in

certain parts the mucous membrane forms permanent folds, not capable

of being thus effaced, which project conspicuously into the cavity which
it lines. The best-marked example of these is presented by the valvules

connivenfes seen in the small intestine. These, as is more fully de-

scribed in the special anatomy of the intestines, are crescent-shaped

duplicatures of the membrane, with connecting areolar tissue between
their lamina, which are placed transversely and follow one another at

very short intervals along a great part of the intestinal tract. The
chief purpose of the valvule conniventes is doubtless to increase the

surface of the absorbing mucous membrane within the cavity, and it

has also been supposed that they serve mechanically to delay the ali-

mentary mass in its progress downwards. A mechanical office has also

been assigned to a series of oblique folds of a similar permanent kind,

though on a smaller scale, which exist within the cystic duct.

• Physical properties.—In most situations the mucous membranes
are nearly opaque or but slightly translucent. They possess no great

degree of tenacity and but little elasticity, and hence are readily torn

by a moderate force. As to colour, they cannot be said intrinsically to

have any, and when perfectly deprived of blood they accordingly appear

white or at most somewhat grey. The redness which they commonly
exhibit during life, and retain in greater or less degree in various parts

after death, is due to the blood contained in their vessels, although it

is true that, after decomposition has set in, the red matter of the blood,

becoming dissolved, transudes through the coats of the vessels, and
gives a general red tinge to the rest of the tissue. The degree of
redness exhibited by the mucous membranes after death is greater in
the foetus and infant than in the adult. It is greater too in certain

situations ; thus, of the different parts of tb" alimentary canal, it is

most marked in the stomach, pharynx, and rectum. Again, the intensity
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of the tint, as well as its extent, is influenced by circumstances accom-

lianymg or immediately preceding death. Thus the state of inflam-

mation, or the local application of stimuli to the membrane, such as

irritant poisons, or even food in the stomach, is apt to produce increased

redness ; and all the mucous membranes are liable to be congested with

blood and suflfused with redness when death is immediately preceded

by obstruction to the circulation, as in cases of asphyxia, and in many
diseases of the heart.

Structure.—A mucous membrane is composed of coriuni and epithe-

Jlum. The epithelium covers the surface ; it may be scaly and stratified

as in the mouth and throat, columnar as in the intestine, or ciliated as

in the respiratory tract and uterus. The membrane which remains

after removal of the epithelium is named the coriwn, as in the analogous

instance of the true skin. The corium may be said to consist of a

fibro-vascular layer, of variable thickness, bounded superficially or next

the epithelium by an extremely fine transparent lamella, named lase-

ment-membrane by Bowman, andprimar/j membrane, limitar}j membrane,

and membrana jjrop-ia by others who have described it.

The basement-membrane is best seen in parts where the mucous
membrane is raised into villous processes, or where it forms secreting

crypts or minute glaudular recesses, such as those which abound in the

stomach and intestinal canal (fig. 137, b). On teasing out a portion of

the gastric or intestinal mucous membrane under the microscope, some
of the tubular glands are here and there discovered which are tolerably

Avell cleared from the surrounding tissue, and their parietes are seen to

be formed of a thin pellucid film, which is detached from the adjoining

fibro-vascular layer, the epithelium perhaps still remaining in the inside

of the tube or having escaped, as the case may be. The fine film

referred to is the basement-membrane. It may by careful search be seen

too on the part of the corium situated between the orifices of the glands,

and on the villi, when the epithelium is detached, although it cannot be

there so readily separated from the vascular layer. In these parts it

manifestly forms a superficial boundary to the corium, passing continu-

ously over its eminences and into its recesses, defining its surface, and
supporting the epithelium. In other parts Avhere villi and tubular

glands are wanting, and especially where the mucous membrane, more
simply arranged, presents an even surface, as in the tympanum and
nasal sinuses, the basement-membrane is absent, or at least not demon-
strated.

The basement-membrane, as already said, forms the peripheral

boundary of the corium ; it is in immediate connection with the epi-

thelium. By its under surface it closely adjoins the fibro-vascular

layer, with the retiform tissue, d, of Avhich it is in connection. The
vessels of the corium advance close up to the basement-membrane, but
nowhere penetrate it. In structure the membrane in question seems at

first sight perfectly homogeneous, but treatment with nitrate of silver

brings to view the outlines of flattened epithelioid connective tissue

cells, of which it is in reality composed.*
^\\Q fibro-vascular layer of the corium is composed of vessels both

sanguiferous and lymphatic, with connective tissue—areolar and reti-

* In the large intestine of the frog, and perhaps also in some other parts, these cells,

instead of adhering by their edges, intercommunicate by processes, so as to form a close

network instead of a continuous membrane.
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foi-m—and, in. many parts, non-striated muscular tissue, variously

disposed. The nerves also which belong to the mucous membrane are

distributed in this part of its structure ; in some parts, the palate and

Fig. 137.

Fig. 137.

—

Tubular Gl.\nd with adjacent Lt.mphoid Tissue, fkom Intestine of

Rabbit (Verson). HiGHLr magnified.

K, lumen of gland ; a, a, epitlielium with thickened striated border ; d, lymphoid

tissue, from which most of the corpuscles have been removed. Between this and the

epithelium is seen the basement-membrane, b, in section. T, more condensed connective-

tissue of the mucoiis membrane.

vagina for instance, minute branches of the nerves have also been traced

extending between and amongst the epithelium cells.

The vessels exist almost universally in mucous membranes. The
branches of the arteries and veins, dividing in the submucous tissue,

send smaller branches into the corium, which at length form a network
of capillaries in the fibro-vascular layer. This capillary network lies

immediatel}' beneath the epithelium, or the basement-membrane when
this is present, advancing with that membrane into the villi and
papillae to be presently described, and surrounding the tubes and other

glandular recesses. The lymphatics also form networks, which com-
municate with plexuses of larger vessels in the submucous tissue ;

their arrangement generally, as well as in the villi, has been already

noticed.

The fibres of connective tissue which enter into the formation of the
corium are both the white and the elastic. The former are arranged in

interlacing bundles, the elastic commonly in networks ; but the amount
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Fig. 133.

of both is very different in different parts. In some situations, as in the

gullet, windpipe, bladder, and vagina, the filamentous connective tissue

is abundant, and extends throughout the whole thickness of the fibro-

vascular lawyer, forming a continuous and tolerably compact web, and
rendering the mucous membrane of those parts comparatively stout and
tough. In tlie stomach and intestines, on the other hand, where the

membrane is more complex, and at the same time weaker in structure,

the elastic fibres are wanting and the white connective tissue is in small

]iroportion ; its principal bundles follow and support the blood-vessels,

deserting, however, their finer and finest branches which lie next the

basement-membrane ; and accordingly there exists, for some depth

below this membrane, a stratum of the corium in which very few if any

filaments of the common areolar tissue are seen. In this stratum of

the gastro-enteric mucous membrane, the tubular glands with their

lining epithelium are set, and between and around them the numerous
sanguiferous capillaries and lymphatic vessels are distributed ; but the

substance of the membrane in which these parts lie is constructed of

retiform connective tissue, which is formed of ramified and reticularly

connected corpuscles, with or without nuclei persistent at the points

whence the branches divaricate ; and in the meshes of this tissue

is contained a profusion of granular corpuscles, like those in the

lymphatic glands. This structure

nig. 137 and 138 </), which prevails in

the mucous membrane of the stomach

and intestines, both large and small, as

well as in some other parts, is named
lymphoid tissue from its resemblance

to the interior tissue of the lymphatic

glands, and of other bodies belonging

to or supposed to belong to the lym-

phatic system, and especially those

known as the solitary and agminated
glands of the alimentary mucous mem-
brane. The tissue forming the last-

named bodies, indeed, is often con-

tinuous with the lymphoid tissue in

their vicinity.

The deepest layer of the riiucous

membrane is formed usually by non-

striated muscular tissue, and is named
miiscularis mucosce. This lies next to

the submucous tissue, and consists of

bundles running in many parts both

longitudinally and circularly, in others

in one of these directions only. Pro-

longations from it pass up between the

glands to be distributed in the villi.

Fapillse and villi.—The free sur-

face of the mucous membranes is in

some parts plain, but in others is beset with little eminences named papilke

and villi. The papilke are best seen on the tongue ; they are small pro-

cesses of the corium, mostly of a conical or cylindrical figure, containing

blood-vessels and nerves, and covered with epithelium. Some are small

Fig. 138.

—

Lymphoid or Retiform
Tissue of the Ixtestinal Mucous
Membrane of the Sheep (from Frey).

Magnified 400 Diameters.

Cross section of a small fragment of

the mucous membrane, including one

entire crypt of Lieberkiilm and parts of

several others : a, cavity of the tubxilar

glands or crypts ; b, one of the lining

epithelial cells ; c, the lymphoid or reti-

form spaces, of which some are empty,
and others occupied by lymjih-cells as

at d.
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and simple, others larger and compound or cleft into secondary papillse.

They serve various purposes ; some of them no doubt minister to the

senses of taste and touch, many appear to have chiefly a mechanical

office, while others would seem intended to give greater extension to

the surface of the corium for the production of a thick coating of

epithelium. The villi are most fully developed on the mucous coat of

the small intestines. Being set close together like the pile of velvet,

they give to the parts of the membrane which they cover the aspect

usually denominated " villous." They are in reality little elevations or

processes of the superficial part of the corium, covered with epithelium,

and containing blood-vessels and lacteals, which are thus favourably

disposed for absorbing nutrient matters from the intestine. The more
detailed description of the papilljB and villi belongs to the special

anatomy of the parts where they occur.

In some few portions of the mucous membrane the surface is marked
with fine ridges which intersect each other in a reticular manner, and
thus inclose larger and smaller polygonal pits or recesses. This

peculiar character of the surface of the membrane, which has been
termed '* alveolar," is seen very distinctly in the gall-bladder, and on a

finer scale in the vesiculaa seminales; still more minute alveolar recesses

with intervening ridges may be discovered

with a lens on the mucous membrane of the

stomach (fig. 139).

Glands of mucous membranes.—Many,
indeed most, of the glands of the body pour
their secretions into the great passages lined

by mucous membranes ; but there are certain

small glands which may be said to belong
to the membrane itself, inasmuch as they are

found in numbers over large tracts of that

membrane, and yield mucus, or special secre- F'g- 139.—Portion of Mo-

tions known to be derived from particular f^""
.Membrane of the

„„ ,• e ,-, 1 r\ -lj:- 11 Stomach, slightly mag-
portions of the membrane. Omitting local ^,^^^^_ The alveolar pits
peculiarities the glands referred to may be and small orifices of the

described as of three kinds, viz. :

—

tubular glands are seen

1. Tuhiikir glands.— These are minute ^^^*^^' lacker),

tubes formed by recesses or inversions of

the basement membrane, and lined with epithelium. They are usually

placed perpendicularly to the surface, and often very close together,

and they constitute the chief substance of the mucous membrane
in those parts where they abound, its apparent thickness depend-

ing on the length of the tubes, which differs considerably in different

regions. The tubes open by one end on the surface ; the other end is

closed, and is either simple or cleft into two or more branches. The
tubular glands are abundant in the stomach, and in the small and
large intestines, where they are comparatively short and known as the

crypts of Lieberkiihn. They exist also in considerable numbers in the

mucous membrane of the uterus.

2. Small compound glands.—Under this head are here comprehended
minute but still true compound glands of the racemose kind, with single

branched ducts of various lengths, which open on different parts of the

membrane. Numbers of these, yielding a mucous secretion, open into

the mouth and windpipe. To the naked eye they have the appearanco
VOL. II. P
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of small solid bodies, often of a flattened lenticular form, bnt varyinj]^

nmch both in shape and size, and i)laced at different depths below the

mucous membrane on which their ducts open. The glands of Brunner,

which form a dense layer in the commencing part of the duodenum, are

of this kind.

3. SoJitnrji and agminafed glanrh, conrihhaic glands (\ler\le), follkidar

glands (Kiilliker), IgmpJiofd glands.—Found in various jjarts of the

alimentary mucous membrane. They may be single (soJifarg

glands), or in patches {agminated glands), and commonly extend

down into the submucous tissue. They are small rounded bodies con-

sisting of fine retiform tissue, supporting radiating blood-capillaries,

with lymph-corpuscles in the meshes, and communicating with similar

tissue (lymphoid tissue) diffused in the adjacent part of the membrane.
Several of these follicles are sometimes ])laced round a recess of the

mucous membrane which opens on the surface, and which may be
simple, as in certain glands at the root of the tongue and in the pharynx,

or complex and multilocular, as in the tonsils.

These lymphoid follicles, although designated as glands, pour out no secretion

on a surface. They are to be regarded as dependencies of the lymphatic system,

and as probably concerned in the production of IjTnph corpuscles. At all events,

the Ipnphatics are extremely abundant in their immediate neighbourhood, and in

some places form a kind of sinus closely surrounding the follicle.

The mucous membranes are supplied with nerves, and endowed
with sensibility ; but the proportion of nerves which they receive,

as well as the degree of sensibility which they possess, differs very

greatly in different parts. The mode of distribution and termination

of these nerves will be dealt with in describing the special anatomy of

the parts where they occur.

Secretion.—Mucus is a more or less viscid, transparent, or slightly turbid fluid,

of variable consistency. It is somewhat heavier than water, though expectorated

mucus is generally prevented from sinking in that liquid by entangled air-

bubbles. Examined with the microscope, it is found to consist of a fluid, con-

taining solid particles of various kinds, viz., 1. Epithelium particles detached by
desquamation ; 2. Corpuscles resembling the pale corimscles of the blood ; o.

Granules and molecules occasionally. The visci-

Fig. 139*. dity of mucus depends on the liquid part, which
contains a peculiar substance, named by the
chemists mxei/i. This ingredient is precipitated

and the mucus rendered turbid by the addition of

water or a weak acid, but it may be partly redis-

solved in an excess of water, and completely so in

a strong acid. This mucin is solulile in alkalies,

and its acid solutions are not precipitated by
ferrocyanide of potassium. Little can, of coui'se,

be expected from a chemical analysis of a hetero-

geneous and inseparaljle mixture of solid particles

with a liquid solution, such as we find in mucus.

Pig. 139*.

—

Goblet-Cells FROM which is, moreover, subject to differences of

Trachea of Rabbit. Highly quality according to the part of the mucous
Magnified (Klein). membrane whence it is derived. Examined thus,

however, nasal mucus has been found to yield,

besides water and mucin, alcohol-extract with alkaline lactates, water-extract
with traces of albumin and a phosphate, chlorides of sodium and potassium,
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and soda. Fat has been obtained by analysis of pulmonary mucus, reputed

healthy.

The mucus is secreted partly by the g-eneral surface of the membrane, partly

by special racemose and tubular glands. It is produced -within the epithelium-

cells, and accumulates in them during the inten'als of secretion, in the columnar

epithelium principally near the free extremity. On the addition of "u-ater the

mucus swells up. and may eventually burst through the end of the cell, appearing

on the sru-face as a pellucid drop. The nucleus and the greater part of the cell-

protoplasm are usually forced towards the attached extremity-. It is in this

manner that the so-called " goblet-cells " appear to be produced : occasionally, in

the process of preparing a mucous membrane for microscopical examination,

large numbers of the cells may undergo the transformation (fig. 1:59 *).

Reg-eneration.—The reparatory process is active in the mucous membranes.
Breaches of continuity occasioned by sloughing, ulceration, or other causes,

readily heal. The steps of the process have been exammed with most care in the

healing of ulcers of the large intestine, and in such cases it has been found that

the resulting cicatrix becomes covered -R-ith epithelium, but that the tubular

glands are not reproduced.

The mucous membrane of the uterus becomes disintegrated and cast off diuing

each menstrual flow, and is completely regenerated before the next monthly
period. The process of destruction and renovation has recently been carefully

traced and described by Dr. John AVilliams (Proceedings of the Royal Society,

April, 1874).

THE SKIN.

The skin consists of the cutis vera or coriura, and the cuticle or

epidermis.

EPIDERMIS, CUTICLE, OR SCARF-SKIN.

This belongs to the class of stratified epithelia, the general nature

of which has been already considered. It forms a protective cover-

ing over every part of the true skin, and is itself non-vascular. The
thickness of the cuticle varies in different parts of the surface,

measuring in some not more than -rr^Tjth, and in others from J^th

to ^Vth of an inch. It is thickest in the palms of the hands and
soles of the feet, where the skin is much exposed to pressure, and
it is not improbable that this may serve to stimulate the subjacent

true skin to a more active formation of epidermis ; but the diflerence

does not depend solely on external causes, for it is well marked even in

the foetus.

Structure.—The cuticle is made up of cells agglutinated together in

many irregular layers. The deepest cells are elongated in figure, and
placed pei^pendicularly on the surface of the corium (figs. 140 Z* and 144)

;

they are denticulate at their lower ends, and fit into corresponding fine

deuticulations of the corium into which they appear to send processes

(fig. 144). The perpendicular cells generally form one, but in some
places two or three strata ; above them are cells of a more rounded
sha})e. These, as first shown by Max Schultze and Virchow, are

marked on their surface with numerous ridges and furrows (in some
cases with minute spines). The ridges of neighbouring cells do not,

however, interlock one with another as Avas at first supposed, but on
the contrary, meet at their summits so as to leave between the cells

fine channels through which it is conceived nutrient plasma may be
conducted to the cells. These ridged cells form several strata ; above,

they become gradually more flattened conformably to the surface until

a laver is reached in which it becomes difficult in sections to trace the

p 2
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Fig. 140.

—

Skin of the Negro, vertical

SECTION, MAGNIFIED 250 DiAMETERS
(Kijlliker).

outliues of tlie iudividual cells. Immediately above tliis, which may
1)6 looked iipou as the commenccmeut of the horny layer of the epi-

dermis (see below), is a stratum of
Fig. l-iO- considerable thickness in which the

cells are much enlarged, and the

nuclei in many cases no longer

visible : towards the surface they

pass into the hard flattened scales

Avhich are to be thrown off by
desquamation. As the cells change
their form, they undergo chemical

and physical changes in the nature

of their contents ; for in the deeper

layers they consist of a, soft, granu-

lar, protoplasmic matter, soluble in

acetic acid, whilst the superficial

ones are transparent, dry, and firm,

and are not affected by that reagent.

It would seem as if their contents

were converted into horny matter,

and that a portion of this substance

is employed to cement them to-

gether. These dry hard scales may
be made to reassume their cellular

form, by exposure for a few minutes

to a solution of caustic potash or

soda, and then to water. Under
this treatment they are softened

by the alkali, and distended by
imbibition of water.

The more firm and transparent superficial part, or horny layer, of the

epidermis, d, may be separated after maceration from the deeper, softer,

more opaque, and recently formed part, which constitutes what is called

the Malpighian layer, or rete mucosum, c.

Many of the cells of the cuticle contain pigment granules, and often

give the membrance more or less of a tawny colour, even in the white

races of mankind ; the blackness of the skin in the negro depends

entirely on the cuticle. The pigment is contained principally in the

cells of the deep layer or rete mucosum, and appears to fade as they

approach the surface, but even the superficial part possesses a certain

degree of colour. More special details respecting the pigment have

been already given (page 51).

Between and amongst the cells of the Malpighian layer leucocytes

are occasionally observed. They have no doubt made their way here

from the corium.

The under or attached surface of the cuticle is moulded on the adjoin-

ing surface of the corium, and, when separated by maceration or pu-

trefaction, presents impressions corresponding exactly with the papillary

•or other eminences, and the furrows or depressions of the true skin

;

the more prominent inequalities of the latter are marked also on the

outer surface of the cuticle, but less accurately. Fine tubular prolon-

gations of the cuticle sink down into the ducts of the sweat-glands, and
-are often partially drawn out from their recesses Avhcn the cuticle is

a, a, cutaneous papilloe

most and dark-coloured laj

vertical epidermis-cells ; c, muc
Malpighian layer ; d, horny layer.

h, under-

of oblong
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detached, appearing then like threads proceeding from its under
surface. "When a portion of the cuticle is destroyed by a blister, or
otherwise, it is readily regenerated.

Chemical composition.—The cuticle consists principally of a substance
peculiar to the epithelial and homy tissues, and named hcrat'in. This homy
matter is insoluble in water at ordinary temperatiu-es, and also in alcohol.

It is soluble in the caustic alkalies. In comi^osition, it is analogous to the
albuminoid principles, but wdth a somewhat larger i^roportion of oxgyen ; like

these, it contains sulphur. Besides keratin, the epidermis yields, on analysis, a
small amount of fat, ^Wtli salts, and traces of the oxides of iron and manganese.
The tissue of the cuticle readily imbibes water, by which it is rendered soft, thick,

and opaque, l)ut it speedily dries again, and recovers its usiial characters.

Development and growth, of Epidermis.— In the earliest condition of the
embryo there is a special layer of cells, derived from the primitive embryonic
cells, set aside for the production of the epidermis ; and it is quite conceivable,

and by some histologists considered most probable, that the subsequent generations
of eiudermic and epithelial cells by which the tissue is throughout life maintained,
are derived by unbroken descent from the original embryonic stratum. At the
same time, the reproduction of epidermis in cicatrices after wide and deep de-

struction of the subjacent skin, implies some other source of new cells ; unless
indeed it be supposed that the new cuticle grows exclusively from the old at the
circumference of the sore. Setting aside this supposition, we might conceive the new
cells to come from the connective tissue corpuscles, or at least, from migratory cells

of the granulating sui-face of the new-growing skin ; and such a mode of reproduc-
tion of epidermis has been described as actually observed ; moreover, it may be
questioned whether, in certain situations, this may not be the regular process by
which the growth of epithelium is maintained : the readiness, howev^, with,

which a previously obstinate ulcer will often become covered with epidermis if

one or two small portions of that tissue are transplanted to its surface from some
other i^art, would indicate, on the other hand, that the presence of some
epithelial cells at least is necessary to set U2> the grcn-th.

WTien the lowermost cells are elongated and vertical, it is difficult to conceive
that they rise up as such, and take their place in the upper strata ; for the cells

nest aljove them are spheroidal in shape and may be smaller in size. It seems
more likely that they divide into or produce the smaller cells. It might be
supposed that an oblong vertical cell, by division of its nucleus and separation of
the upper portion of the cell-body, produces a new and smaller cell, which rises

uj:), while the parent cell maintains its place, and lengthens out again for a
repetition of the process.

COKIUM.

The true skin, cutis vera, derma, or corium, is a sentient and
vascular texture. It is covered and defended, as already explained by
the non-vascular cuticle, and is attached to the parts beneath by a
layer of areolar tissue, named " subcutaneous," which, excepting in a
few parts, contains fat, and has therefore been called also the " panni-
culus adiposus " (fig. 155, d). The connection is in many parts loose
and movable, in others close and firm, as on the palmar surface of the
hand and the sole of the foot, where the skin is fixed to the subjacent
fiiscia by nimierous stout fibrous bands, the space between being filled

with a firm padding of fat. In some regions of the body the skin is

moved by striated muscular fibres, which may be unconnected to fixed
parts, as in the case of the orbicular muscle of the mouth, or may be
attached beneath to bones or fascia3, like the other cutaneous muscles
of the face and neck, and the shori palmar muscle of the hand.

Structure.—The corium is made up of an exceedingly strong and
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tough framework of interlaced connective tissue fibres, with blood-

vessels and lymphatics. The fibres are chiefly of the white variety, such

as constitute the chief part of the fibrous and areolar tissues, and are

arranged in stout interlacing bundles, except at and near the surface,

where the texture of the corium becomes very fine.* Witli these are

mixed yellow or elastic fibres, which vary in amount in diflFerent parts,

but in all cases are present in smaller proportion than the former kind

;

also connective tissue corpuscles, fusiform or ramified, and for the most
part reticularly anastomosing. The interlacement becomes much
closer and finer towards the free surface of the corium, and there the

fibres can be discovered only by teasing out the tissue, which often

acquires an almost homogeneous aspect. Towards the attached surface,

on"the other hand, the texture becomes much more open, with larger

and larger meshes, in which lumps of fat and the small sudatory glands

are lodged ; and thus the fibrous part of the skin, becoming more and

more lax and more mixed with fat, blends gradually with the subcu-

taneous areolar tissue, to which it is allied in elementary constitution.

Bundles of plain muscular tissue are distributed in the substance of the

corium wherever hairs occur ; and their connection with the latter will

be afterwards explained. Muscular bundles of the same kind are found

in the subcutaneous tissue of the scrotum, penis, perineum, and areola

of the nipple, as well as in the nipple itself. They join to form reticular

superimposed layers, which are separated from the parts beneath by

a stratum of simple lax areolar tissue, but towards the surface they

are immediately applied to the corium. In the areola they are disposed

circularly.

In consequence of this gradual transition of the corium into the sub-

jacent tissue, its thickness cannot be assigned with perfect precision.

It is generally said to measure from a quarter of a line or less to nearly

a line and a half. As a general rule, it is thicker on the posterior

aspect of the head, neck, and trunk, than in front ; and thicker on the

outer than on the inner side of the limbs. The corium, as well as the

cuticle, is remarkably thick on the soles of the feet and palms of the

hands. The skin of the female is thinner than that of the male.

For convenience of description it is not unusual to speak of the

corium as consisting of two layers, the " reticular " and the " papillary."

The former, the more deeply seated, takes no part in the construction of

the papillae, but contains in its meshes hair follicles, cutaneous glands,

and fat. The latter is divided into papillse, and receives only the upper

portion of the hair-follicles and glands, together with the terminal ex-

pansion of the vessels and nerves.

The free surface of the corium is marked in various places with larger

or smaller furrows, which also affect the superjacent cuticle. The
larger of them are seen opposite the flexures of the joints, as those so

well known in the palm of the hand and at the joints of the fingers.

The finer furrows intersect each other at various angles, and may be

seen almost all over the surface ; they are very conspicuous on the back

of the hands. These furrows are not merely the consequence of the

frequent folding of the skin by the action of muscles or the bending of

joints, for they exist in the foetus. The wrinkles of old persons are of

* A memlrana proprk', or Imsement-membrane, is sometimes described as bounding tlie

corium snpeiliclalJy like that found in tbe mucous membranes.
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a different nature, and are caused by tlie wasting of the soft parts which
the skin covers. Fine curvilinear ridges, with intervening furrows,

mark the skin of the pahn and sole ; these are caused by ranges of the
papilla?, to be immediately described.

Papillae.—The free surface of the corium is beset with small emi-
nences thus named, which seem chiefly intended to contribute to the

FifT. Ii2.

Fig. 141. — Papill-e, as seex with a ^Microscope, ox a portion of the Tkue Skin,

FROM WHICH THE CUTICLE HAS BEEN KKMOVED (after Brescliet).

Fig. 142.

—

Compound Papill.e from the Palm of the Hand, magnified 60 Diameters.

a, basis of a papilla ; b, h, divisions or branches of the same ; c, c, branches belonging

to jjapillifi of which the bases are hidden from view (after Kolliker).

perfection of the skin as an organ of touch, seeing that they are highly

developed where the sense of touch is exquisite, and vice versa: They
serve also to extend the surface for the production of the cuticular

tissue, and hence are large-sized and numerous under the nail. The
papillte are large, and in close array on the palm and palmar surface of

the fingers, and on the corresponding parts of the foot (fig, 142). There
they are ranged in lines forming the curvilinear ridges seen when the

skin is still covered with its thick epidermis. They are of a conical

figure, rounded or blunt at the top, and sometimes cleft into two or more
points, when they are named compound papilliE. They are received into

corresponding pits on the under surface of the cuticle. In structure

they resemble the superficial layer of the corium generalh', and consist

of a homogeneous tissue, presenting only faint traces of fibrillation,

together with a few fine elastic fibres. On the palm, sole, and nipple,

where they are mostly of the compound variety, they measure from ^-^
to y^o of an inch in height. In the ridges, the larger papillae are

placed sometimes in single but more commonly in double rows, with
smaller ones between them (fig. 156), that is, also on the ridges, for

there are none in the intervening grooves. These ridges are marked at

short and tolerably regular intervals with notches, or short transverse

furrows, in each of which, about its middle, is the minute funnel-shaped

orifice of the duct of a sweat-gland (fig. 143). In other parts of the

skin endowed with less sensibility, the papiihe are smaller, shorter,

fewer in number, and irregularly scattered. On the face they are

reduced to from y,}^ to -^^ of an inch ; and here they at parts

disappear altogether, or are replaced by slightly elevated reticular

ridges. In parts where they are naturally small, they often become
enlarged by chronic inflammation round the margin of sores and ulcers



216 THE SKIN.

Fk. 143.

of long standing-, and are then much more conspicuous. Fine blood-
vessels enter most of the papilla, forming either simple capillary loops

in each, or dividing into two or more capil-

lary branches, according to the size of the

papilla and its simple or composite form, which
turn round in form of loops and return to the

veins. Other papillae receive nerves, to be
presently noticed.

Blood-vessels and lymphatics.—The blood-

vessels divide into branches in the subcutaneous
tissue, and, as they enter the skin, supply capil-

lary plexuses to the fat-clusters, sweat-glands,

and hair-follicles. They divide and anastomose

still further as they approach the surface, and
at length, on reaching it, form a dense network
of capillaries, with rounded pergonal meshes.

Fine branches are seen in the papillte. as

already mentioned. The lymphatics are abundant
and large in some parts of the skin, as on the

scrotum and round the nipple; whether they

are equally so in all parts may be doubted.

They form networks, which become finer as they

approach the surface, and communicate under-

neath with straight vessels, and these, after a

longer or a shorter course, join larger ones or

enter lymphatic glands. The finest and most
superficial network, although close to the surface

of the corium, is beneath the net of superficial

blood-capillaries ; in certain parts on the palm and sole, lymphatics

pass into the papillEe, but do not reach their summits. Besides these

plexuses, other lymphatics accompany the blood-vessels to which

they are applied, two passing commonly to each, and joining and anas-

tomosing over the vessel.

Nerves.—Nerves are supplied in very different proportions to

different regions of the skin, and according to the degree of sensibility.

They pass upwards towards the papillary surface, where they form

plexuses, of which the meshes become closer as they approach the sur-

face, and the constituent branches finer. From the most superficial plexus

which lies immediately under the epithelium, delicate non-medullated

fibrils have been traced passing upwards amongst the cells of the Malpi-

ghian layer of the cuticle, where they end, according to some accounts, in

slightly bulbous free extremities ; according to others, in a plexus of

excessively fine fibrils. A large share of the cutaneous nerves is distri-

buted to the hair-follicles, whilst some end in special terminal organs,

namely, end-hidhs, iactile corjniscJes, and Pacinian hodies. The last-

named lx)dies are seated in the subcutaneous tissue. End-bulbs are

found on the glans penis and glans clitoridis, and in some of the papili[B

on the red border of the lips. The tactile corpuscles of the skin are

more numerous ; they are found in certain papillre of the palm and
sole, more sparingly in those of the back of the hand and foot, the

palmar surface of'the fore-arm, and the nipple. Such papilliB commonly
contain no blood-vessels, and are named "tactile," (fig. 144, h), as dis-

tinguished from the "vascular" papilla («). Sometimes, however, a

Fig. 143. — Magxified
View op four of the
eldges of the epider-

mis, caused by rows op

papillie beneath,with
SHORT Furrows or
Notches across them :

also the Openings
OP the Sudoriferous
Ducts (after Brescliet).
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tactile and a vascular papilla may spring from the same stem. The

Fig. 144.

V
r^r

'^^^^\> \\

in

^ nV

,
^,

Fig. 144.

—

Section op Skin showing two Papilla; and deeper Layers op Epidermis.
(Biesiadecki.

)

a, Vascular jiapilla with capillary loop passing from subjacent vessel c ; i, nerve papilla

with tactile corjmscle, t. The latter exhibits transverse fibrous markings : three nerve-

fibres, d, are represented as passing up to it : at // these are seen in oj)tical section.

structure of these different terminal corpuscles has been already described

(pages 147 to 153).

Chemical composition. —The cerium being- composed chiefly of white fibrous

tissue, has a coiTesponding- chemical composition. It is, accordingly, in a great
measui'e, resolved into gelatin by boiling', and hence, also, its conversion into

leather by the tanning process.

Development of the cutis.—The cutis consists at fii'st of cells which may be
traced back to the fii-st formative cells of the embryo. Many of them give rise

to connective tissue ; others to vessels and nerves : and a thii'd portion is con-
verted into fat-cells. The mode of formation of these several elementary tissues

has been already described. Progressive development takes place from within
outwards, so that the papiUse ai-e fonned latest.

NAIIiS AND HAIRS.

The nails and hairs are growths of the epidermis, agreeing essentially

in nature with that membrane ; their epidermic tissue is destitute of
vessels and nerves, and separable from the cutis.

Nails.—The posterior part of the nail which is concealed in a groove
of the skin is named its " root," the uncovered part is the " body," which
terminates in front by the " free edge." A small portion of the nail
near the root, named from its shape the lunula, is whiter than the rest.

This appearance is due partly to some degree of opacity of the Substance
of the nail at this point, and partly to the skin beneath being less vas-
cular than in front.
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The part of the corium to which the nail is attached, and by which

in fact it is secreted or generated, is named the nuifn'x. This portion of

the skin is highly vascular and thickly covered Avith large vascular

papillae. Posteriorly the matrix forms a crescentic groove or fold, deep

in the middle but getting shallower at the sides, Avliich lodges the root

of the nail ; the rest of the matrix, before the groove, is usually named
the bed of the nail. The small lighter coloured part of the matrix next

the groove and corresponding with the lunula of the nail, is covered

with papillfe having no regular arrangement, but the whole remaining

surface of the matrix situated in front of this, and supporting the body

of the nail, is marked with longitudinal and very slightly diverging

ridges cleft at their summits into rows of papilla3. These ridges, or

lamiiuc, as they are sometimes, and perhaps more suitably, named, fit

into corresponding furrows on the under surface of the nail. The
cuticle, advancing from the back of the finger, becomes attached to the

upper surface of the nail near its posterior edge, that is, all round the

margin of the groove in which the nail is lodged ; in front the cuticle

of tiie point of the finger becomes continuous with the under surface of

the nail a little way behind its free edge.

The nail, like the cuticle,

is made up of epithelial

cells. The oldest and most
superficial of these are the

broadest and hardest, but

at the same time very thin

and irregular, and so inti-

mately and confusedly con-

nected together that then

respective limits are scarcely

d ! B jernible. They form th(

exterior, horny part of th(

nail, and cohere together ir

irregular layers, so as t(

give this part a lamellai

structure. On the othe:

hand, the youngest cells

which are those situatec

at the root and under sur

face, are softer and of i

rounded or polygonal shape

The deepest layer differ:

somewhat from the others

having its cells elon

-_ Q^

a.

Fig. 145.

—

Vertical Ti!Ansverse Section through

A SMALL PORTIO>f OF THE NaIL AKD JIaTRIX,

HIGHLY MAGNIFIED (Kolliker).

A, corium of the nail-bed, raised into ridges or

laminn3, a, fitting in between corresponding laminie,

h, of the nail ; 1], Malpighian, and C, horny layer
;

d, deepest and vertical cells ; e, upper flattened cells

of Jlalpighian layer.

ni

gated, and arranged per

pendicularly, as in the cas(

of the epidermis. Thus th(

under part of the nail (fig

145, B) corresponds ii

nature with the Malpi

ghian or mucous layer o

the epidermis, and the upper part (c) with the horny layer. As in th<

case of the ei)idermis, the hardened scales may be made to reassum(

their cellular character by treatment with caustic alkali, and after
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wards with water ; and then it is seen that they still retain their

nuclei. In chemical composition the nails resemble epidermis ; but,

according to Mulder, they contain a somewhat larger proportion of

carbon and sulphur.

The growth of the nail is effected by a constant generation of cells at

the root and under surface. Each successive series of these cells being
followed and pushed from their original place by others, they become flat-

tened into dry, hard, and inseparably coherent scales. By the addition

of new cells at the posterior edge the nail is made to advance, and by
the apposition of similar particles to its under surface it grows in

thickness; so that it is thicker at the fi-ee border than at the root.

The nail being thus merely an exuberant part of the epidermis, the

question at one time raised, whether that membrane is continued,

underneath it, loses its significance. AVhen a nail is thrown off by
suppuration, or pulled away by violence, a new one is produced in its

place, provided the matrix remains.

Development of tlie nails.—In the tliiixl month of intra-uterine life the paii;

of the embryonic cerium which becomes the matrix of the nail is marked off by
the commencing cm'vilinear gi-oove. which limits it posteriorly and laterally.

The epideiTuis on the matrix then begins to assume, in its under part, the cha-

racters of a nail, wliich might, therefore, be said to be at first covered over hy
the embryonic cuticle. After the end of the fifth month it becomes free at the
anterior border, and in the seventh month decidedly begins and thenceforth con-

tinues to gi-ow in length. At bu-th the free end is long and thin, being mani-
festly the earlier fonned part which has been pushed fom^ard. This breaks or

is pared off after birth, and, as the infantUe nail continues to grow, its flattened

cells, at fii'st easily separable, become harder and more coherent, as in after-life.

Kate of growth.—The average rate of growth of the naUs is about ^^ of
an inch per week (Benham). Berthold found that the nails grow rather faster

in summer than in winter, and faster in the right hand than in the left. He
also observed a difference in the nails of different fingers : thus it was fastest in

the middle finger and slowest in the thumb. A careful series of experiments by
Mr. H. J. Benham, hitherto unpublished, confirm generally the observations of

Berthold, but no clear difference could be observed between the two hands, and
tlie gi-owth apijeared to be slowest in the little finger. In some individuals these
differences were not observed.

Hairs.—A hair consists of the root, which is fixed in the skin, the
shaft or stem, and the point. The stem is generally cylindrical, but

FiiT. 146.

Fig. 116.—A, Surface op a White Hair, magnified 160 Ciameters. The Waved
Lines mark the upper or free edges up the Cortical Scales. B, Separated
Scales, magnified 350 Diameters (after KoUiker).

cften more or less flattened : when the hair is entire, it becomes gra-
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dually smaller towards the point. The length and thickness vary
greatly in diflferent individuals and races of mankind as 'well as in

different regions of the body. Light-coloured hair is usually finer than
black.

The stem is covered with a coating of finely imbricated scales, the

upwardly projecting edges of which give rise to a series of fine waved
transverse lines, which may be seen with the microscope on the surface

of the hair (fig. 146, a). Within this- scaly covering, by some called

the Jiair-cuficle, is a fihrous substance which in all cases constitutes

the chief part and often the whole of the stem ; but in many hairs the

axis is occupied by a substance of a different nature, called the medulla

or 7?///?, for which reason the surrounding fibrous part is often named
" cortical," although this term is more properly applied to the super-

ficial coating of scales above mentioned. The fihrous substance is

translucent, with short longitudinal opaque streaks of darker colour

intermixed. It may be broken up into straight, rigid, longitudinal

fibres, which, Avhen separated, are found to be flattened, broad in the

middle and pointed at each end, with dark and rough edges. The
fibres may be resolved into flattened cells of a fusiform outline ; these

are mostly transparent, or marked with only a few dark specks. The
colour of the fibrous sul3stance is caused by oblong patches of pigment-
granules, and generally diffused colouring matter of less intensity.

Very slender elongated nuclei are also discovered by means of reagents,

whilst specks or marks of another description in the fibrous substance

are occasioned by minute irregularly shnped cavitio^ containing air.

These air-lacunules are abundant in wdiite hairs, and in very dark hairs

may be altogether wanting ; they are best seen too in the former, in

which there is no risk of deception from pigment-specks. Viewed by
transmitted light they are dark, but brilliantly white by reflected light.

"When a white hair has been boiled in water, ether, or oil of turpentine,

these cavities become filled with fluid, and are then quite pellucid;

but when a hair which has been thus treated is dried, the air quickly

finds its way again into the lacuna3, and they resume their original aspect.

The medulla or pith, as already remarked, does not exist in all hairs.

It is wanting in the fine hairs over the general surface of the body, and
is not commonly met with in those of the head ; nor in the hairs of

children under "five years. When present it occupies the centre of the

shaft and ceases towards the point. It is more opaque and deep-

coloured than the fibrous part ; in the white hairs of quadrupeds it is

Avhite, but opaque and dark when seen by transmitted light. It seems
to be composed of little clusters of cells, differing in shape, but gene-

rally angular, and containing minute particles, some resembling pigment-
granules, and others like very fine fat granules, but really for the most
part air ]3articlcs, apparently included in some, solidified tenacious sub-

stance. The whole forms a continuous dark mass along the middle of

the stem, interrupted at parts for a greater or less extent. In the latter

case, the axis of the stem at the interruptions may be fibrous like the

surrounding parts, or these intervals may be occupied by a clear colour-

less matter; and, according to Henle, some bairs present the appear-
ance of a sort of canal running along the axis and filled in certain parts

with opaque granular matter, and in others with a homogeneous trans-

parent substance.

The root of the hair is lighter in colour and softer than the stem ;
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it swells out at its lower end into a bulbous enlargement or knob

(fiir. 147 c), and is received into a recess of tlie skin named the Jiair-

foilicle, which, when the hair is of considerable size, reaches down

into the subcutaneous fat.

The follicle, which receives near its mouth the opening ducts of one

or more sebaceous glands (/', Jc), is somewhat dilated at the bottom, to

correspond with the bulging of the root ; it consists of an outer coat

continuous with the corium "(fig. 147, h; 148, d, d), and an epidermic

Fi-. 147. 148.

Fi 147.

—

^Iedium-sized Hair

IN ITS Follicle, maonified

50 Diameters from (KoUiker).

a, stem cut short ; 6, root ; c,

knob ; d, hair-cuticle ; c, internal

and/, external root-sheath
;
g,Ji,

dermic coat of follicle ; /, papilla ;

Ic, h, ducts of sebaceous glands ; I,

corium ; in, mucous layer, and n,

horny layer of epidermis ; o, upper

limit of internal root-sheath (from

Kollikcr).

Fis. 148. —Magnified View of the Root op

a Hair (after Kohlrausch).

a stem or shaft of hair cut across ; h, inner,

and c, outer layer of the epidermic lining of the

hair-follicle, called also the inner and outer root-

sheath ; d, dermic or external coat of the hair-

follicle, shown in part ; c, imbricated scales about

to form a cortical layer on the surface of the hair.

The adjacent cuticle of the root-sheath is not repre-

sented, and the papilla is hidden in the lower

part of the knob where that is represented lighter.

lining (fig. 147, e,fx 148, h, c), con-

tinuous with the cuticle.

The outer or dermic coat of the fol-

licle (fig. 149, 1 in tranvsverse section)

is thin'but firm, and consists of three

layers. The most external (fig. 149, a)

is'formed of connective tissue in longi-

tudinal bundles, without any elastic

fibres, but with numerous corpuscles.

It is highly vascular, and provided with nerves. It is intimately con-

nected above with the corium, and dei?ermines the form of the follicle.

The most internal layer {ItijaUne layer, Ivulliker) (fig. 140, d) is a
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transparent homogeneous meml)rane, marked transversely on its inner

surface \viLli some raised lines, and not reaching so high as the month
of the follicle ; it corresponds "with the membrana propria or basement

membrane of analogous structures, and, like that, probably consists of

flattened colls. Between the two is a layer extending from the bottom
of the follicle as high as the entrance of the sebaceous glands, com-
posed of an indistinctly fibrous matrix, teariug transversely, and of

transversely disposed connective tissue cor])uscles, Avith oblong nuclei,

(fig. 149, r). This layer, which seems to be a form of connective

tissue, receives capillary blood-vessels.

The ejmlcrmic coat (fig. 149, 2) of the follicle adheres closely to the

root of the hair, and commonly separates, in great part, from the follicle

and abides by the hair when the latter is ])ulled out ; hence it is some-

times named the " root-sheath." It consists of an outer, softer, and

more opaque stratum (fig. 148, ^, c ; 149, e), next to the dermic coat of

the follicle, and an internal more transi)arent layer (fig. 148, 1), b ; 149,

fg) next to the hair. The former, named also the outer root-sheath, and
liy much the thicker of the two, corre-

si)onds with the mucous or Malpighian

layer of the epidermis in general, and
contains soft growing cells, including

pigment granules iu the coloured races,

which at the lower part form a much
thinner stratum and pass continuously into

those of the hair-knob ; the internal layer

or hmer root-sheath, represents the super-

ficial or horny layer of the epidermis ac-

cording to some authorities ; but others

maintain that it is not continuous with

that part of the skin, but ceases abruptly

a little below the orifices of the sebaceous

ducts. Lining the root-sheath internally

is a layer of imbricated downwardly pro-

jecting scales, the cuticlp of the root-sheath

(fig. 149, h), which is ap})lied to the

cortical scaly cuticle of the hair proper,

to whose upwardly directed scales it fits like

a mould. Its scales, as well as those of the

hair-cuticle, pass, at the bottom of the fol-

licle, into the round cells of the hair-knob.

The inner root-sheath itselfconsists of two
layers, which towards the bottom of the fol-

licle become blended into one (fig. 149,/^).
The innermost (that next the cuticula) is

known as Hnxleifs layer; it consists of

flattened polygonal nucleated cells, two or

even three deep. The outermost is com-
posed of oblong, somewhat flattened cells

without nuclei, in which fissures and holes

are liable to occur from accidental laceration, so as to give it the aspect

of a ]ierforated or fenestrated membrane. At the lower part both layers

pass into a single layer of large polygonal nucleated cells without open-

ings between them.

Fig. 149.

—

Section op Hair
Follicle (Biesiadecki).

1, Dermic coat of follicle ; 2,

epidermic coat or root-sheath ; a.

Outer layer of dermic coat, with
blood-vessels, h, h,c\\i across ; c,

middle layer ; d, inner or hyaline

layer ; c, outer root-sheath ; /, g,
inner root-sheath ; h, cuticle of

root-sheath ; /, hair.



MUSCULAR FIBRES OF HAIR-FOLLICLES.

The soft, bulbous enlargement of the root of the hair is attached

by its base to the bottom of the fohicle, and at the circumference of

this attached part it is continuous with the epidermic lining. At
the bottom of the follicle it, in fact, takes the place of the epidermis,

of which it is a growth or extension, and this part of the follicle is the

true matrix of the hair, being, in reality, a part of the coriinn

(though sunk below the general surface), which supplies material lor

Fis. 150. ir,i.

Fig. 150.

—

Section of the Skin of the Head, -utth two Hair Follicles, slightly
Magnified (Kolliker).

a, epidermis ; h, coriiim ; c, muscles of the hair-follicles.

Fig. 151.

—

Hair Rudiment from an Embryo of Six Weeks, magnified 350 Diameters
(Kolliker).

a, horny, and h, mucous or Malpighian layer of cuticle ; /, limitary membrane ; m, cells,

some of which are assuming an oblong figure, which chiefly form the future hair.

the production of the hair. From the bottom of this follicle rises a

small vascular i3apilla, usually of a- conical form, which fits into a

corresponding excavation of the hair-knoi) ; in the large tactile hairs

on the snout of the seal and some other animals it is very conspicuous.

As the follicle, in short, is a recess of the corium, so the hair-papilla

is a cutaneous papilla rising up in the bottom of it. The papilla is

sometimes of an ovoid shape, and attached to the bottom of the follicle

by a narrow base, or a sort of pedicle (fig. 147, i). Nervous branches

enter the hair-follicles, but their final distribution is obscure. In the

tactile hairs of animals, they are described as passing upwards over

the outer root-sheath, losing their white substance and forming a close

plexus with vertical meshes and numerous nuclei ; finally terminating

in an annular expansion, which encircles the hair just below the orifices

of the sebaceous glands, and is in immediate connection with the hyaline

layer of the follicle. In the larger tactile hairs the bulb is surrounded

by cavernous tissue, which lies between the outer and middle layers of

the dermic coat.*

Slender bundles of plain muscular tissue are connected with the hair-

follicles (fig. 150). They arise from the most superficial part of the

corium, and pass down obliquely to be inserted into the outside of the

follicle below the sebaceous glands. They are placed on the side to

which the hair slopes, so that their action in elevating the hair is

evident. Some anatomists have also described a layer of circularly dis-

posed muscular cells as applied immediately to the outside of the follicle.

* See papers by Leydig, Stieda, Schobl, and others.
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Development of hair in the foetus.—The radiments of the hau'S may be dis-

cerned at the end of the third or beginning of the fourth month of intra-uterine

life, as little black specks beneath the cuticle. They at first appear as little pits

in the corium (fig. 151), filled with cells of precisely the same nature as those of

the Malpighian or mucous layer of the cuticle, Avith which they are continuous

;

so it might correctly be said that the hair-rudiments are formed of down-growths
of the mucous layer, which sink into the corium. A homogeneous limiting

membrane next appears (/), inclosing the collection of cells, and continuous

above with a similar simple film which at this time lies between the cuticle and
the corium ; it becomes the innermost or hyaline layer of the dermic coat of

the follicle. The hair-rudiments next lengthen and swell out at the bottom, so

as to assume a flask-shape (fig. 152). Cells are deposited outside the limitary

membrane, which eventually give rise to fibres, corpuscles, and other constituents

Fig. 152,—A. Rudiment op a Hair of the Eyebrow, jiagnified 50 Diameters

(KolUker).

The cells form an internal cone indicating the position of the future hair, a, homy
layer of cuticle ; &, mucous layer ; c, external layer of root-sheath ; /, limitary membrane ;

A, papilla.

B.

—

Hair-Rudiment from the Eyebrow, with the Young Hair not yet risen

THROUGH THE CuTICLE.

f, hair-knob
; /, stem, and g, jjoint of the hair ; d, internal layer of the root-sheath,

still inclosing the hair ; n, n, commencing sebaceous follicles.

C.

—

Hair-Follicle from the Eyebrow with the Hair just Protruded ; the Inner
Layer of the Root-Sheath rises to the Mouth of the Haiu-Follicle.

of the dermic coat. "While this is going on outside, the cells within the foUicle

undergo changes. Those in the middle lengthen out conformably with the axis
of the follicle, and give rise to the appearance of a short conical miniature hair,

faintly distinguishable by difference of shade from the surrounding mass of
cells, which are also slightly elongated, but across the direction of the follicle.

The papilla (fig. 152, h) makes its appearance at the swollen root of the
little hair ; and the residuary cells contained within the nidimentaiy follicle

foim the root-sheath, the inner layer of which, or inner root-sheath, lying nexfc
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to tlie hair (fig-. 152, d). is soon distingnislied by its transliicency from the more
opaque outer jiart that fills up the rest of the cavity. The young hair continuing-

to grow, at last perforates the cuticle (fig. 152, C. ff), either directly or after fii-st

slanting up for some way between the mucous and homy strata : it is often,

bent like a whip, and then the doubled part protrudes.

The fii'st hairs produced constitute the lanvgo ; their eruption takes place
about the fifth month of intra-uterine life, but part of them are shed before
birth, and are found floating in the liquor amnii. Kolliker affirms that the
infantile hairs are entu-ely shed and renewed within a few months after birth

;

those of the general sm-face first, and afterwards the hairs of the eyelashes and
head, which he finds in process of change in infants about a year old.

Eeg-eneration.—The new hairs are generated in the follicles of the old (figs. 153
and 154). An increased growth of cells takes place in the soft hair-knob, and in.

Fiff. 153. Fig. 154.

Fig. 153.—Two Eyelashes op an Infant, pullei) out from their Follicles,
MAGNIFIED 20 DiAMETERs (Koiliker).

A, the new cell-growth forming a cone, m, in the interior (as in fig. 152, a). In B, the
cone has separated into the new hair, /, (j, and its inner root-sheath, 6 ; a, outer, and
h, inner root-sheath of new hair ; c, pit for papilla ; d and e, the knob and .stem of old
hair

; /, knob
;

fj, stem ; and /(, tlie point of new hair ; i, sebaceous glands ; k, k, sweat-
glands here opening into mouth of hair-follicle.

Fig. 154.—Eyelash of an Infant, with Young Hair come forth, magnified 20
Diameters (Kolliker).

I, epidermis continuous with outer root-sheath ; other letters as in preceding figures.

the adjoining part of the root-sheath (the outer layer) : the growing mass pushes up
the hair knob, and detaches it from its generative papilla. The newly-fonned mass
of cells occupying the lower part of the follicle, and resting on the papiUa, is
gi-adually converted into a new hair with its root-sheath, just as in the primitive
process of fomation in the embryo ; and as the new hair lengthens and emerges
from the follicle, the old one, separated from its matrix by the interposition of the

VOL. II. ^
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new growth, is gradually pushed towards the opening, and at last falls out, its

root-sheath having previously undergone partial absorption. WTien a hair is

palled out, a new one grows in its place, provided the follicle (from which the-

growth proceeds) remains entire.

Growtll of hair.—On the surface of the papilla or vascular matrix, at the

bottom of the follicle, there is a growth of nucleated cells. The cells for the

most part lengthen out and unite into the flattened fibres which compose th**

fibrous part of the hair, and certain of them, pre\'iously getting filled with pig-

ment, give rise to the coloui-ed streaks and patches in that tissue ; their nuclei,

at first, also lengthen in the same manner, but. at last, partly become indistinct.

The cells next the circumference expand into the scales which form the imbri-

cated cuticular layer. The mediilla, where it exists, is fonned by the cells nearest

the centre ; these retain their primitive figure longer than the rest ; they becomn

coherent, and then- cavities may coalesce by destruction of their mutually adherent

parietes, whilst collections of granular particles of fat or pigment, and occa-

sionally minute air globules make their appearance between and in them and

around their nuclei, forming an opaque mass, which occupies the axis of the hair.

The substance of the hair, of epidermic nature, is, like the epidermis itself,

quite extravascular, but. like that structure also, it is organised and subject to

internal organic changes. Thus, in the progress of its growth, the cells change

their figure, and acquire greater consistency. In consequence of then- elongation,

the hair, bulljous at the commencement, becomes reduced in diameter, and cylin-

drical above. But it cannot be said to what precise distance from the root

organic changes may extend. Some have imagined that the hairs are slowly

permeated by a fluid from the root to the point, but this has not been proved.

The sudden change of the colour- of the hair from dark to gi'cy, which some-

times happens, has never been satisfactorily exijlained : it appears, in some

instances at least, to be due to the development of au- between and among the-

cells composing the hair.

Berthold found the rate of growth to be about half-an-inch per month.

This was in the hairs of the head. Erasmus Wilson states that in the beard

the rate of growth is J
inch per week.

Distribution and arrangement.—Haus are found on all parts of the skin

except the palms of the hands and soles of the feet, the dorsal surface of the'

third phalanges of the fingers and toes, the upper eyelids, the glans. and the inner-

surface of the prepuce. On the scalp they are set in groups, on the rest of the

skin for the most part singly. Except those of the eyelashes, which are im-

planted perpendicularly to the surface, they have usually a slanting dnection,

which is wonderfully constant in the same parts.

Chemical nature.—The chemical composition of hair has been investigated

principally by Vauquelin, Scherer, and Van Laer. When treated v>'ith boiling

alcohol and with ether, it yields a certain amount of oily fat, which is red or

dark-coloured, according to the tint of the haii-. The animal matter of the hair

thus freed from fat, is supposed to consist of a substance yielding gelatine, and a

protein compound containing a large proportion of sulphm-. It is insoluble in.

water, unless by long boiling under pressm-e, by which it is reduced into a Aiscid

mass. It readily and completely dissolves in caustic alkalies. By calcination, hair

:y'ields from 1 to 1^ per cent, of ash, which consists of the following ingredients'

—viz., peroxide of iron, and according to Vauquelin, traces of manganese, siUca,

chlorides of sodium and potassium, sulphates of lime and magnesia, and phosphate

of lime. With the exception of the bones and teeth, no tis.sue of the body with-

stands decay after death so long as the hair, and hence it is often found preserved

in sepulchres, when nothing else remains but the skeleton.

GLANDS OF THE SKIN.

The s-adoriferous glands or swea-t-glands (figs. 155 and 156).

—

These are seated on the under surface of the corium, and at variable

depths in the subcutaneous adipose tissue. They have the appearance

of small round reddish bodies, each of which, when examined with the
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microscope, is found to consist of a fine tube, coiled up into a ball

(though sometimes forming an irregular or flattened figure) ; from ^Yhich

the tube is continued, as the duet of the gland, upwards through the

Fig. 155. Fi-. 156.

i»----^

--C

/

/-

Fig. 155. —Vertical Section of the Skin and Subcutaneous Tissue, from end of

THE Thumb, across the Ridges and Furrows, magnified 20 Diameters (Ki311iker).

«, horny, and h, mucous layer of the epidermis ; r, cerium ; d, pannicidus adiposus ;

e, papilliB on the ridges ; /, fat-clusters
; ff,

sweat-glands ; /(, sweat-ducts ; i, their

openings on the surface.

Fig. 156.

—

Magnified View of a Sweat-Gland, with its Duct (Wagner).

«, the gland surrounded by fat-cells ; b, the duct passing through the corium ; c, its

continuation through tlie lower, and d, througli the upper part of tlie epidermis.

true skin and cuticle, and opens on the surface by a slightly widened
orifice. Qlie duct, as it passes through the epidermis, is twisted like a

corkscrew, that is, in parts where the epidermis is sufficiently thick to

give room for this ; lower down it is but slightly curved. Sometimes
the duct is formed of two coiled-np branches which join at a short

distance from the gland, as happens to be the case in the specimen repre-

sented in fig. 156. The tube, both in the gland and where it forms
the excretory duct, consists of an investment of connective tissue, con-

tinuous with the corium, and reaching no higher than the surface of
the true skin, a thin membrana propria and an epithelial lining, con-

sisting of one or more strata of cells (often containing brownish
pigment), and continuous with the epidermis, which alone forms the

twisted part of the duct. The larger gland-ducts in the axilla, at

the root of the penis, on the labia majora, and in the neighbour-
liood of the anus, contain between their coats a layer of non-striated

Q 2
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muscular fibi-e-cells arranged longitudinally. In the larger glands, more-

over, the duct is rarely simple, being more usually parted by
repeated dichotomous division

Fig- 157. into several branches, which
before ending give off short

csecal processes ; in rare cases

the branches anastomose. On
carefully detaching the cuticle

from the true skin, after its

connection has been loosened

by putrefaction, it usually

happens that the cuticular

linings of the sweat-ducts get

separated from their interior

to a certain depth, and are

drawn out in form of short

threads attached to the under
surface of the epidermis. The
coils of the gland-tube are

loosely held together by con-

nective tissue (fig. 157), which
may form a sort of capsule

round the body of the gland.

Each little sweat-gland is sup-

plied with a dense cluster of capillary blood-vessels.

Pig. 157 —Section of a Sweat-Gland. Highly
MAGNIFIED (Biesiadecki).

The tubules are seen variously cut. a, base-

ment-membrane ; h, lining cells ; c, lumen of

tube ; d, blood-vessels and uniting connective

tissue.

The contents of the smaller sweat-glands are fluid, without any formed elements
;

but in the larger sweat-glands of the axilla the contents are semi-fluid, and
abound in fine pale granules and nuclei ; or their secretion is extremely viscid,

with a varying quantity of large, opaque, colourless, or yellow granules, with

nuclei and cells, similar to epithelium-cells ; and in both cases it may also con-

tain fat.

Distribution.—Sweat-glands exist in all regions of the skin, and attempts have
been made to detennine their relative amount in different parts, for they are not

equally abundant everywhere ; but, while it is easy to count their numbers in a
given space on the palm and sole, the numerical proportion assigned to them in

most other regions must be taken with considerable allowance. According to

Ki'ause, nearly 2800 open on a square inch of the palm of the hand, and somewhat
fewer on an equal extent of the sole of the foot. He assigns rather more than
half this number to a square inch on the back of the hand, and not quite so

many to an equal portion of sui-face on the forehead, and the front and sides of

the neck ; then come the breast, abdomen, and fore-ann, where he reckons about

1100 to the inch, and lastly, the lower limbs and the back part of the neck and
trunk, on which the number in the same space is not more than from 400 to COO.

The size of the sweat-glands also varies. According to the observer last named,
the average diameter of the round-shaped ones is about one-sixth of a line ; but

in some parts they are larger than this—as. for example, in the groin, but

especially in the axilla. In this last situation Ki-ause found the greater number
to measure from one-thii'd of a line to a line, and some nearly two lines in

diameter.

The development of the sweat-glands has been carefully studied by KoUiker.
Their rudiments, when first discoverable in the embryo, have much the same
appearance as those of the hairs, and, in like manner, consist of processes of the

mucous layer of the epidermis, which pass down and are received into corre-

sponding recesses of the corium. They are formed throughout of cells collected into

a solid mass of an elongated pyriform, or rather club shape, continuous by its small

end with the soft layer of tlie cuticle, and elsewhere sm-rounded by a homo-
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Fiff. 158.

geneous limiting membrane, which is prolonged above between the cerium

and cuticle. The subsequent changes consist in the elongation of the radimentary
gland, the formation of a cavity along its

axis—-at fii'st without an outlet—the prolonga-

tion of its canal through the epidermis to open
on the surface, and, in the meantime, the coil-

ing up of the gradually lengthening gland-tube

into a compact ball, and the twisting of the

excretory duct as it proceeds to the orifice. The
original homogeneous membrane of the duct

becomes thickened and is continuous with the

surface of the corium, whilst an epithelium

appears within, consisting of several layers of

polyhedral or rounded cells.

The ceniminous glands in the auditory

passage consist of a tube coiled into a
baU, like the sweat-glands ; and KoUiker's

investigations show such a further corre-

spondence between the two, in structui-e and
mode of develoi^ment as to lead him to regard

the ceruminous glands as a mere local variety

of the sudoriferous, which present specialities

both of structui-e and secretion in particular

regions of the body.

The sebaceous glands (fig. 158)

pour out their secretion at the roots

of the hairs, for, with very few excep-

tions, they open into the hair-follicles,

and are found wherever there are hairs.

Each has a small duct, which opens at

a short distance within the mouth of

the hair-follicle, and by its other end,

leads to a cluster of small rounded
secreting saccules, which as well as the

duct are lined by epithelium, and
usually charged with the fatty secretion,

mixed with detached epithelium-par-

ticles. Tiie number of saccular recesses

connected with the duct usually varies

from four or five to twenty ; it may
be reduced to two or three, in very

small glands, or even to one, but this

is rare. These glands are lodged in the

substance of the corium. Several may
open into the same hair-follicle, surrounding it on all sides, and their

size is not regulated by the magnitude of the hair. Thus, some of the

largest are connected with the fine downy hairs on the alte of the nose

and other parts of the face, and there they often become unduly charged

with pent-up secretion.

Fig. 158.

—

Sebaceous Gland froh
THE Face vhth branched duct,

OPENING INTO A HaIR-FoLLICLE,

MAGNIFIED 50 DIAMETERS (frOm

Kijlliker).

a, epithelium continuous with

h, the mucous laj'cr of epidermis ;

c, contents of gland; d, d, the

groups of saccules on the branches

of the duct ; e, hair-follicle ; /,
hair.

Development of the sebaceous glands.—The nidiments of the sebaceous

glands sprout like little buds from the sides of the hair-follicles ; they are at first,

in fact, excrescences of the external or mucous layer of the root-sheath (fig. 159),

and are composed entirely of nucleated cells. Each little process soon assumes

a flask shape and is at fii-st solid ; but in due time a group of cells containing

fat particles appears in its centre, and gradually extends itself along the
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Fig. 159.

—

Development of a Se-

baceous Gland in a six months'
F(ETus, 2i30 Diameters (Kolliker).

a, hair ; 6, inner root-slieath

outer root-sheath of hair-follicle

rudiment of sebaceous gland.

axis of the pedicle until it penetrates through the root-sheath, and the fat-cells

thus escape into the cavity of the hair-

follicle, and constitute the first secretion

of the sebaceous gland. They are soon

succeeded by others of the same kind,

and the little gland is established in its

office. Additional saccules and recesses, by
which the originally simple ca"\aty of the

gland is complicated, are formed by budding

out of its epithelium, as the fii'st was pro-

duced from the epithelial root-sheath, and
are excavated in a similar manner.

It would thus appear that the rudiments

of the haii'-foUicles, sweat-glands, and
sebaceous glands, are all derived from the

same soui-ce. They all originally appear as

solid bud-like excrescences of the soft

Malpighian or mucous layer of the epidermis,

(for the outer stratum of the root-sheath

must be regarded as such) ; these grow
down into the corium. in which recesses

are formed to receive them, and whiiih, of

course, yields the material required both for

the production of new cells, for their fm-ther

growth, and for the maintenance of their

secreting function.

Functions and vital properties of the skin.—The skin fonns a general ex-

ternal tegument to the body, defining the surface, and coming into relation with

foreign matters externally, as the mucous membrane, with which it is continuous

and in many respects analogous, does internally. It is also a vast emunctory, by

which a large amount of fluid is eliminated from the system, in this also resem-

bling certain jDarts of the mucous membrane. Under certain conditions, moreover,

it performs the office of an absorbing sui-face, but this function is gi-eatly re-

stricted by the epidemiis. Throughout its whole extent the skin is endowed with

tactilv scmihilifi/. but in very different degi-ees in different jDarts. On the skin of

the palm and fingers, which is largely supplied ^^•itll nerves and fimiished ^vith

numerous prominent papillte, the sense attains a high degree of acuteness ; and
this endowment, together with other confonnable arrangements and adaptations,

invests the human hand with the character of a special organ of touch. A ceitain

though low degree of vital contractility, depending doubtless on the muscular

fibres in its tissue, also belongs to the skin. This shows itself in the general

shrinking of the sldn caused by naked exposui-e to cold and by certain mental

emotions, and producing the state of the sui-face named '• cutis anserina," in

which the muscular bundles protrude the hair-follicles with which they are con-

nected, whilst they retract or depress the intermediate cutaneous tissue ;
and this

condition of the skin may be produced locally by the electric stimulus applied by

means of the magneto-electric apparatus. The scrotmn, as is well known, becomes

shmnk and coiTUgated by the application of cold or mechanical irritation to its

surface ; but in this case the contraction takes place in the subcutaneous tissue

and the skin is puckered.

Reproduction of skin.
—

"\Mien a considerable portion of the skin is lost, the

breach is repaired partly by a di-awing inwards of the adjoining skin, and partly

by the foi-mation of a dense tissue, less vascular than the natural corium, and in

which, so far as we know, hairs and glands are not reproduced, so that some deny
that the cutaneous tissue is regenerated. Still the new part becomes covered with
epidennis, and its substance sufficiently resembles that of the corium to warrant
its being considered as cutaneous tissue regenerated in a simple form. In small

breaches of continuity from cuts inflicted in early life, the uniting part sometimes
acquii'es fuiTOws similar to those of the adjoining siu'face.
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SECRETING GLANDS.

The term gland has been applied to various objects, differing widely

from each other in nature and office, but the organs of which it is pro-

posed to consider generally the structure in the present chapter, are

those devoted to the function of secretion.

By secretion is meant a process in an organised body, by which
various matters, derived from the organism, are collected and discharged

^t particular parts, in order to be further employed for special purposes

in the economy, or to be simply eliminated as redundant material or

waste products. Of the former case, the saliva and gastric juice, and of

the latter, which by way of distinction is often called "excretion," the

urine and sweat may be taken as examples.

Secretion is very closely allied to nutrition. In the one process, as in

the other, materials are selected from the general mass of blood and
appropriated by textures and organs ; but in the function of nutrition

or assimilation, the appropriated matter is destined, for a time, to con-

stitute part of the texture or organ, whereas in secretion it is immediately

discharged at a free surface. The resemblance is most striking in those

cases in which the waste particles of the texture nourished are shed or

cast off at its surface, as in the cuticle and other epithelial tissues.

In man, and in animals which possess a circulating blood, that fluid

is the source whence the constituents of the secretions are proximately

derived ; and it is further ascertained, that some secreted nmtters exist

ready formed in the blood, and require only to be selected and separated

from the general mass, whilst others would seem to be p'cpared from

the materials of the blood, by the agency of the secreting organ. Among
the secreted substances belonging to the former category, several, such

as water, common salt, and albumen, are primary constituents of the

blood ; l)ut others, as urea, uric acid, and certain salts, are the result of

changes, both formative and destructive, which take place in the solid

textures and in the blood itself, in the general process of nutrition.

Again, as regards those ingredients of the secretions which are prepared

or elaborated in the secretory apparatus, it is to be observed, that the

crude material may undergo changes in organic form, as well as in

chemical composition. Evidence of this is afforded by the solid cor-

puscles found in many secretions, as well as by the seminal cells and

fipermatozoa produced in the testicle.

In the structural adaptations of a secreting apparatus, it is in the first

place provided that the blood-vessels approach some free surface from
which the secretion is poured out. The vessels, however, do not open

upon the secreting surface, for their coats, as well as the tissue covering

them, are permeable to liquids ; and the most favourable conditions for

the discharge of fluid are ensured by the division of the vessels into their

finest or capillary branches, and by the arrangement of these capillaries

in close order, as near as possible to the surface. In this way, their coats

are reduced to the greatest degree of tenuity and simplicity, and the

blood, being divided into minute streams, is extensively and thoroughly

brought into contact with the permeable parietes of its containing chan-

nels, as well as effectually and, by reason of its slow motion, for a long

time exposed to those influences, whether operating from within or without

the vessels, which promote transudation.

Such a simple arrangement as that just indicated is sufficient for the
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separation of certain substances from the general mass of the blood ; for

the coats of the vessels and tissue superjacent to them are not permeated
with equal facility by all its constituents ; and in certain cases the
elimination of fluid in the animal body is effected without the necessary

aid of any more complicated apparatus. Thus, the exhalation of car-

bonic acid and watery vapour from the interior of the lungs and air-

passages, is probably produced in this simple manner, although the

structure of the exhaling membrane is, for other reasons, complex ; and
the discharge of fluid into cavities lined by serous membranes, which is

known to be preternaturally increased by artificial or morbid obstruction

in the veins, may be a case of the same kind.

But another element is almost always introduced into the secreting

structure, and plays an important part in the secretory process ; this is

the nucleated cell. A series of these cells, which are usually of a spheroidal,

polyhedral, or columnar figure, is spread over the secreting surface, i-n

form of an epithelium, which rests on a simple membrane, named the

basement-membrane, or membrana propria. This membrane, itself

extravascular, limits and defines the vascular secreting surface ; it

supports and connects the cells by one of its surfaces, whilst the other

is in contact with the blood-vessels, and it may very possibly, also,

minister, in a certain degree, to the process of secretion, by allowing

some constituents of the blood to pass through it more readily than
others. But the cells are the great agents in selecting and preparing

the special ingredients of the secretions. They attract and imbibe into

their interior those substances Avhich, already existing in the blood,

require merely to be segregated from the common store and concentrated

in the secretion, and they, in certain cases, convert the matters which
they have selected into new chemical compounds, or lead them to assume
organic structure. A cell thus charged with its selected or converted

contents yields them up to be poured out with the rest of the secretion

—the contained substance escaping from it either by exudation or by
bursting and destruction of the cell itself. Cells filled with secreted

matter may also be detached, and carried out entire with the fluid part

of the secretion ; and, in all cases, new cells speedily take the place of

those which have served their office. The fluid effused from the blood-

vessels, no doubt, supplies matter for the nutrition of the secreting

structure, besides affording the materials of the secretion, the residue,

when there is any, being absorbed.

Examples illustrative of the secreting agency of cells, are afforded both

by plants and animals. Thus cells are found in the liver of various

animals, and especially of crustaceans and mollusks, some of which con-

tain a substance resembling coloured biliary matter, and others par-

ticles of fat. In the urinary organ of mollusks, cells are seen which
inclose little opaque masses of uric acid. In mucous glands, the pro-

duct (mucus) remains in the intervals of secretion stored up within

the cells (Watney). The secretion of the sebaceous follicles in man
often contains detached cells filled with fat ; and, according to Goodsir's

observation, the ink-bag of the cuttle-fish is lined with an epithelium,

the constituent cells of whieh are charged with pigment similar to that

which imparts the dark colour to the inky secretion. This last instance,

as well as the production of spermatozoa, is an example of the forma-
tion of new products within secreting cells, a process further illustrated

in plants, which afford abundant and decided evidence of the production
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of young cel^s, spermatic filaments, starch-granules, oil, various colouring

matters, and other new compounds, in tlie interior of cells.

Both in animals and plants, the individual cells which are associated

together on the same secreting surface may differ from each other in the

nature of their contents. Thus, in the liver of mollusca some cells con-

tain biliary matter, and others contain fat ; and in the recent soft part

of the epidermis and its appendages, it is quite common to see cells

filled with pigment mixed with others which are colourless.

A secreting apparatus, effectual for the purpose which it is essentially

destined to fulfil, may thus be said substantially to consist of a simple

membrane, named the membrana propria or basement-membrane

Fix. 160.

Fig. 160.

—

Plan of a- Secreting Membrane.

a, membrana propria or basement-membi-ane ; b, epithelium, composed of secreting

nucleated cells ; c, layer of capillary blood-vessels.

(marked a in the plan, fig. 160), supporting a layer of secreting cells

on one of its surfaces (indicated by the dotted line b, in the figure),

whilst finely ramified blood-vessels are spread over the other (c). Buc
whilst the structure may remain essentially the same, the configuration

of the secreting surface, or (what amounts to the same thing) of the

supporting basement-membrane, presents various modifications in

different secreting organs. In some cases, the secreting surface is plain,

or, at least, expanded, as in various parts of the serous, synovial, and
mucous membranes, which may be looked on as examples of compara-

tively simple forms of secreting apparatus ; but, in other instances, and
particularly in the special secretory organs named glands, the surface

of the secreting membrane is variously involved and complicated. An
obvious, and no doubt a principal, purpose of this complication is to

increase the extent of the secreting surface in a secreting organ, and
thus augment the quantity of secretion yielded by it. No connection

has been clearly shown to exist between the qualitij of the secretion and
the particular configuration, either internal or external, of the organ ;

on the other hand, we know that the same kind of secretion that is

derived from a complex organ in one animal, may be produced by an
apparatus of most simple form in another.

The more immediate purpose of the complication of the secreting

membrane being to augment its surface within a comparatively circum-
scribed space, there are two principal modes by which the membrane
is so increased in extent, namely, by rising or protruding in form of a

prominent fold or some otherwise shaped projection (fig. 161, d, e), or

by retiring, in form of a recess (fig. 162, //, h).

The first-mentioned mode of increase, or that by protrusion, is not
what is most generally followed in nature, still it is not without
example, and, as instances, we may cite the Haversian fringes of the

synovial membranes, the urinary organ of the snail, which is formed of

membranous lamellae, and perhaps, also, the choroid plexuses in the
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brain, and the ciliary processes in the eye-ball, although secretion may
not be the primary office of the last-mentioned structures. In most of

these cases, the membrane assumes the form of projecting folds, which,

for the sake of further increase of surface, may be again plaited and
complicated, or cleft and fringed, at their borders (fig. 161, e,/).

The plan of augmenting the secreting surface by recession or inver-

sion of the membrane, in form of a cavity, is, with few exceptions, that

Fig. 161.

Fig. 161.

—

Plan to Show Augmentation of Surface by Formation op
Processes.

a, b, c, as in preceding figure ; d, simple, and ef, branclied or suljdivided processes.

generally adopted in the construction of secreting glands. The first

degree is represented by a simple recess (fig, 1G2, //, //), and such a

recess, formed of secreting meml3rane, constitutes a simple gland. The
shape of the cavity may be tubular (//) or saccular (A), and, in either

case, it is called indifferently a crypt, follicle, or lacuna, for these names

have not been strictly distinguished in their application. Examples of

these simple glands are found in the mucous membrane of the stomach,

intestines, and uterus. The secreting surface may be increased, in a

.simple tubular gland, by mere lengthening of the tube, in which case,

however, when it acquires considerable length, the tube is coiled up
into a ball (fig. 102, /), so as to take up less room, and adapt itself to

receive compactly ramified blood-vessels. The sweat-glands, already

described, and the ceruininous glands of the ear are instances of simple

glands formed of a long convoluted tube. But the great means adopted

for further increasing the secreting surface is by the subdivision, as

well as extension, of the cavitj-, and when this occurs the gland is said

to be compound. There is, however, a condition which might be looked

on as a step between the simple and compound glands, in which the

sides or extremity of a simple tube or sac become pouched or loculated

/fig. 1C2, /", I). Tliis form might be named the multilocular crypt.

In the compound glands, the divisions of the secreting cavity may
assume a tubular or a saccular form, and this leads to the distinction of

these glands into the " tubular," and the " saccular," or " racemose."

The racemose compound glands (fig. 1G2, c) contain a multitude of

saccules, opening in clusters, into the extremities of a branched tube,

named the excretory duct. The saccules are rounded, pyriform or

thimble-shaped, and then often named " ca3cal." They are as usual

formed by a proper or basement-membrane, and lined, or often rather

filled with secreting cells ; they are arranged in groups, round the

commencing branches of the duct, into which they open both terminally

and laterally (fig. 1G2, c, n); or it might with equal truth be said that

the branches of the duct are distended into clusters of saccular dilata-

tions. The ultimate branches of the duct open into larger branches (o),



COMPOUND SECEETING GLANDS. 235

Ihese into larger again, till they eventually terminate in one or more
principal excretory ducts (in), by which the secretion is poured out of

Fig. 162.

Fig. 162.—Plans op Extension of Secreting Membrane, by Inversion or Recession.

A, simple glands, viz., r/, straight tube ; h, sac ; i, coiled tube. B, multilocular crypts ;

i, of tubular form ; I, saccular. C, racemose, or saccular compound gland ; in, entire

gland, showing branched duct and lobular structure ; n, a lobule, detached with o, branch

of duct proceeding from it. D, compound tubular gland.

the gland. It is from the clustered arrangement of their ultimate

vesicular recesses that these glands are named " racemose" (in German
" traubenf(irmige Drlisen ") ; and they, for the most part, have a dis-

tinctly lobular structure. The lobules are held together by the branches

of the duct to which they are appended, and by interlobular connective

tissue which also supports the blood-vessels in their ramifications. The
larger lobules are made up of smaller ones, these of still smaller, and
so on for several successions. The smallest lobules (n) consist of two
or three groups of saccules, with a like number of ducts, joining into

an immediately larger ramuscule (o), which issues from the lobule ; and
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a collection of the smallest lobules, united by connective tissue and
vessels, forms one of the next size, which, too, has its larger branch of

the duct, formed by the junction of the ramuli belonging to the ulti-

mate lobules. In this way, the whole gland is successively made up, the

number of its lobules and of the branches of its duct depending on its

size ; for whilst some glands of this kind, like the parotid and pancreas,

consist of innumerable lobules, connected by a large and many-branched
duct, others, such as the duodenal glands ofBrunner and many mucous
glands, are formed of but two or three ultimate lobules, or even of a

single one, with a duct> minute in size and sparingly branched, to

correspond. In fact, a small racemose gland resembles a fragment of a

larger one.

The ultimate saccules of a racemose gland or alveoli, as they are

commonly termed, are almost entirely filled by the secreting cells, only

a small cavity being left in the centre communicating with the excretory

duct. It would appear, however, that in many cases at least, minute
canals lead from the central cavity between the cells, and these

may aid in the conveyance of the secretion of the latter towards the

duct. It is doubtful whether these intercellular channels have proper

walls or are merely formed by the juxtaposition of grooves on the

adjacent sides of the cells. Further—the flattened cells which compose

the basement-membrane have delicate lamellar processes extending

between the alveolar cells, among which they appear to form a susten-

tacular network (Boll, Ebner).

A great many compound glands, yielding very different secretions,

belong to the racemose class. As examples, it will be sufficient to

mention the pancreas, the salivary, lachrymal, and mammary glands,

with the glands of Brunner already referred to, and most of the small

glands which open into the mouth, fauces, and windpipe. From the

description given of their structure, it will be understood why the term
" conglomerate glands " has been applied especially though not exclu-

sively, to this class. Their smallest lobules were called acini, a term
which has also been used to denote the saccular recesses in the lobules,

and indeed the word acinus, which originally meant the seed of a. berry

or the stone of a gi'ape, or sometimes the grape itself, has been so

vaguely applied by anatomists, that it seems better to discard it alto-

gether.

Of the tubular compound glands, the most characteristic examples

are the testicle and kidney. In these the tubular ducts divide again

and again into branches, which, retaining their tubular form, are greatly

lengthened out. The branches of the ducts are, as usual, formed of a

limitary or basement-membrane {memhrana propria), lined by epithe-

lium, and in contact, by its opposite surface, with capillary blood-

vessels. By the multiplication and elongation of the tubular branches

a vast extent of secreting surface is obtained, whilst to save room, the

tubes are coiled up into a more or less compact mass, which is traversed

and held together by blood-vessels, and sometimes, also, divided into

lobules and supported, as in the testicle, by fibrous partitions, derived

from the inclosing capsule of the gland. In consequence of their

intricately involved arrangement, it is difficult to find out how the

tubular ducts are disposed at their extremities. It seems probable,

however, that some are free, and simply closed without dilatation, and
that others anastomose with neighbouring tubes, joinmg with them in
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form of loops ; in the kidney, little round tufts of fine blood-vessels

project into terminal or lateral dilatations of the ducts, but without

0})ening into them.

The human liver does not precisely agree in structure with either of

the above classes of compound glands. Its ducts, which are neither

coiled nor sacculated, would seem to begin within its lobules, in form
of a network of excessively fine channels which run between the sides

of contiguous polyhedral cells, and these occupy the interstices of the

reticular capillary blood-vessels, which also are peculiar, inasmuch as

they receive and transmit venous blood.

Besides blood-vessels, the glands are furnished with lym])hatics, which in

some compound glands proceed from interstitial lymphatic spaces within,

as already stated (p. 1S5). Branches of nerves have also been followed,

for some way, into these organs, and the well-known fact, that the flow

of secretion in several glands is affected by mental emotions, shows that

an influence is exerted on secreting organs through the medium of the

nervous system ; and this is further shown by the fact that an increased

flow may be brought on by direct or reflex stimulation of their nerves.

Moreover, fine non-medullated nervous fibres have in several instances

been described as forming a network between the alveolar cells ; and in

the salivary glands, Pfliiger has affirmed a direct passage of nerve-fibres,

both medullated and non-medullated, into the secreting cells : his ob-

servations, however, have not been corroborated by other inquirers.

From what has been stated, it will be apparent that the substance of

a gland consists of the ducts, blood-vessels, lymph-vessels and lacuna;,

and a few nerves, in some cases connected by an intervening tissue. In the

testicle there is a very small amount of intermediate connective tissue,

which, with the aid of the blood-vessels, holds the tubules but feebly

together, so that the structure is comparatively loose, and readily

admits of being tcazed out ; but then it is sufficiently protected and
supported by a fibrous capsule on the outside, and fibrous septa within

the gland. In the racemose glands there is a good deal of uniting

connective tissue, which surrounds collectively each group of saccules,

binds together the lobules, and supports the vessels in their ramifica-

tions. The substance of the kidney contains scarcely any well-cha-

racterised fibrous connective tissue, except bundles which here and
there accompany the larger branches of vessels, but there is an abun-
dant, though very delicate, network of retiform tissue in a soft amor-
phous matter between the tubules and blood-vessels, which binds them
together.

Parenchyma is a term sometimes employed in describing glandular

organs, though it is less in use now than formerly. It is used some-
times to denote the solid part of a gland composed of the various

tissues already mentioned ; at other times to signify any substance, of
whatever nature, lying between the ducts, vessels, and nerves. In this

last sense the parenchyma is in certain glands represented by connec-
tive tissue, in others by corpuscles and amorphous matter, whilst in

some it can scarcely be said to exist.

Some glands have a special envelope, as in the case of the kidney and
testicle ; others, as the pancreas, have none.
The ducts of glands ultimately open into cavities lined by mucous

membrane, or upon the surface of the skin. They are sometimes
provided with a reservoir, in which the secretion is collected, to be
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discharged when the purposes of the economy so demand. The reser-

Yoir of the urine receives the whole of the secreted fluid ; in the gall-

bladder, on the other hand, only a part of the bile is collected. The
vesiculge seminales afford another example of these laterally appended

reservoirs. The ducts are constructed of a basement-membrane and

lining of epithelium, and in their smaller divisions there is nothing

more ; but in the larger branches and trunks a fibro-vascular layer is

added, as in the ordinary mucous membrane, with which many of them
are continuous, and with which they all agree in nature. A more or

less firm outer coat, composed of connective tissue, comes in many
cases, to surround the mucous lining, and between the two, or, at any

rate, outside the mucous coat, there is in some ducts a deposit of non-

striated muscular tissue. The epithelium is usually composed of

spheroidal or polyhedral cells at the commencement of the ducts, and

is columnar in the rest of their length, though sometimes flattened or

scaly, as in the mammary gland.

DUCTLESS . OR VASCULAR GLANDS.

There are certain bodies which have received the name of glands on
account of their resemblance in general appearance and structure to

the ordinary secreting organs. They differ, however, from the latter in

the fact of their possessing no duets for the discharge of secretion ;

so that their elaborated products must be conveyed into the blood by
lymphatic or sanguiferous vessels, with both of which they are for the

most part abundantly provided. The bodies in question have been
termed " ductless " for this obvious anatomical reason : and " vascular,"^

on certain physiological or theoretic grounds, as they are supposed to

effect some change in the blood which is transmitted through them.

To this class belong the following bodies :—the spleen, the thyroid

body, thymus gland, suprarenal capsules, pituitary body, the solitar}^

closed follicles of the intestines, the Peyerian glands, the follicular

glands at the root of the tongue, and also the lymphatic glands.

The purposes fulfilled by certain of the organs enumerated are still

involved in great obscurity, but the majority have apparently the same
fundamental constitution. They are essentially made up of corpuscles

having the character of lymph- or pale blood-corjDuscles, included and
supported by retiform connective tissue, traversed tliroughout by snn-

guiferous capillaries, and provided with numerous and large lymphatic

vessels : their constituent substance, in fact, agrees in structure with

what has already been described as lymphoid tissue. This is in some
cases formed into small rounded l)odies or pellets, which may be either

closely grouped together to form the lobules of a gland-like organ
(thymus) or distributed in other tissues (follicular glands of mucous
membrane, Malpighian corpuscles of the spleen) : in other cases the

lymphoid substance is in large masses, which may take on a more or
less reticular arrangement, with lymph-sinuses occupying the inter-

stices of the network (lymphatic glands).

Some of the organs in question, for example, the thyroid gland, differ

altogether from the rest, except in the absence of ducts. The account
of these and of the specialities of the " lymphoid" organs is reserved for

the part of this work devoted to special anatomy.
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THE THORACIC VISCEKA.

The greater part of the thorax is occupied by the lungs, each of

which is invested by a serous membrane, the plnira. The heart,

enclosed by a membranous covering, the jierirardiwn, is situate between
the lungs in the middle of a space bounded laterally by the right and
left pleura3, and known as the mediastinal space, the septum formed by
the union of the two pleuras being termed the mctUa^timim. The
term anterior mediastinum is given to the part of this septum in front

of the heart and pericardium, and posterior mediastinum to the part

behind, while that portion which encloses the pericardium is sometimes
distinguished as tlie middle mediastinum.

The anterioi' mediastinnm (fig. 1C3, 2), which is of no great

depth, is situate iu front of the pericardium, between it and the

sternum. At its superior part the two layers of pleurre separate some-
what to enclose the vestiges of the thymus gland ; behind the second

piece of the sternum they are in contact, but below this the left pleura

recedes from its fellow towards the left side, leaving an angular space of

gome breadth. The triangularis sterni muscle bounds this space in front.

The posterior mediastinum, stretching from the pericardium to the

bodies of the vertebra?, encloses between its layers the lower part of the

windpipe and gullet (fig. 1G3 a) the thoracic duct {d), the descending-

aorta {a), the azygos vein (v.a), and the pneumogastric nerves {p.n),

together with some lymphatic glands.

THE PERICARDIUM.

This membranous sac, in which the heart is contained, is of a some-
what conical shape, its base resting on the diaphragm, whilst the upper
narrower part surrounds the great vessels as far as their first divi-

sions. It consists of two layers, one external and fibrous, the other

internal and serous.

The fibrous layer is a dense, unyielding membrane, consisting of

fibres which interlace in every direction. At the base of the pericar-

dium this fibrous layer is attached to the upper surface of the dia-

phragm (fig. 164 d), partly to the central tendon, partly to the

adjoining muscular surface, especially on the left side. Over a small

space near the median line the fibrous structures are continuous, and
the connection very firm

; elsewhere the attachment is more lax, and is

effected mainly by areolar tissue. Above, where the pericardium
embraces the large blood-vessels, the fibrous layer is continued for some
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distance along them in the form of tnbular prolongations, which become
trradually lost upon their external coats. The superior vena cava, the
four pulmonary veins, the aorta, and the ri.i^dit and left divisions of
the pulmonary artery, in all eiglit vessels, receive investments of this

kind.

1G3.

Fig. 1G3.

—

Transverse Section' ok the Ciiest of a F(etus, illustratinu the kelativr
POSITION OF THE HeART AND LuNGS AND THE INFLECTIONS OP THE PERICARDIUM
AND Pleura (Allen Thomson after Luschka).

The sketch represents the upper surface of the lower section ; the division is caiTied

nearly in a horizontal i^laue on a level with the interval in front between the fifth and
sixth ribs, s, the sternum ; c, the body of the seventh dorsal vertebx-a ; /(, the riglit,

and A', the left venti-icle ; cc, the ossophagus
; p n, the left pneumogastric nerve ; near

these letters respectively, the root of the right and left lungs ; the right pneumogastric
nerve is behind the cesojihagus ; a, the aorta ; v a, the vena azygos ; d, thoracic duct

;

1, the cardiac pcricai'dium ; 2, in the anterior mediastinal space, the parietal pericar-

dium ; 2', the cavity of the pericardium ; 3, the pulmonary pleuras passing over the
surface, and i-eflected at the roots of the kings ;

3', their cavity, and on the right side,

the reflection at the mcdiastiniim to the surface of the pericardium ; 4, the parietal or

costal pleuriu ; c, c, the walls of the chest inclosing the ribs, pectoral muscles, &c.

The serous layer not only lines the fibrous layer of the pericardium,

but, like other serous membranes, is reflected on the surface of tlie

viscus Avhich it invests. It has, therefore, a visceral and a parietal

portion. The parietal portion adheres firmly to the fibrous mem-
brane, and becomes continuous with the visceral portion upon the
arch of the aorta and other great vessels, about 2 or 2} inches from
the base of the heart. In passing round the aorta and puhnonary
artery, it encloses those vessels in a common short tubular sheath
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(flg. 164, 5, 5). It is reflected also upon the superior veua cava (c),

and on the four puhnonary veins {p, p), and forms a deep recess or

prolonged cavity between the entrance of tlie right and left veins

into the left auricle. The inferior vena cava (c') receives only a

Fk. 164.

Fig. 164.

—

Semi-Diagrammatio View of the Peuicakdiuji from behind, designed
TO SHOW THE PRINCIPAL INFLECTIONS OF THE SeRoUS SaO ROUND THE GrEAT
Vessels (Allen Tliomson). One-half the natural size.

The drawing is taken from preparations in which the_ heart and vessels had been
partially filled by injection, the pericardium inflated and dried in the distended state, and
the fibrous continuation on the vessels removed. By the removal of a jjortion of the
pericardium from behind the right and left cavities of the heart, the position of that
oi-gan is made apparent. A l>ent jirobe is passed witliin the pericardium from behind
the right auricle, in front of the vena cava inferior, to the back of the left ventricle, which
may indicate the place where the large undivided sac of the pericardium is folded round
that vein. A, posterior surface of the right auricle ; A', the same of the left ; V, right
ventricle ; V, left ventricle ; Ao, the upper and back i^art of the aortic arch ; 6, innomi-
nate ai-tery ; C, vena cava superior ; az, azygos vein ; C, vena cava inferior between the
diaphragm and its union with the right auricle ; c", great coronary vein ; +, cord of the
ductus arteriosus ;, P, the right, P', the left pulmonary artery

; p, the right, ^j', the left

pulmonary veins ; D, the back of the central tendon of the diaphragm ; 1, sac of the
pericardium as yet uninflected

; 2, portion of this on the right side which partially sur-
rounds the vena cava superior, the upper and lower right pulmonary veins, and the vena
cava inferior ; 3, the poi-tion of tlie left side which partially surrounds the vena cava
inferior ; 4, the portion which is extended upwards behind the left auricle, and partially
folds over the pulmonary arteries and veins, and which meets between these different
vessels the extensions of the main sac from the right and left ; o, tubular portion of the
pericardium which completely surrounds the aortic and pulmonary arterial trunks.

VOL. IT. R
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very scanty covering of this membrane (3, 2), inasmuch as that vessel

enters the right auricle almost immediately after passing through the

diaphragm, and is only partially surrounded by a reflection of the peri-

cardium in the narrow interval between these parts. None of the

vessels, indeed, joining the heart, with the exception of the aorta and

pulmonary artery where they are united together, receive a complete

covering from the pericardium, or can be said to be entirely enveloped

by the sac. In structure the serous layer of the pericardium agrees

with that of serous membranes generally, exce]3t that no apertures have

,-__,as yet been discovered in it by which its cavity communicates with

lymphatic vessels.

"Wlien the left pulmonary artery and subjacent pulmonary vein are separated,

a fold of the pericardium will be seen between them, which has been termed by

Marshall the " vestigial fold of the pericardium." It is formed by a duplicature

of the serous layer, including areolar and fatty tissue, together with l^lood-vessels,

and nerves, and is from half to three-quarters of an inch in length, and from

half to one inch deep. It extends from the left superior intercostal vein above

the pulmonary artery downwards to the side of the left auricle, where it is lost in

a narrow streak which crosses romid the lower left pulmonarj^ vein. This fold is

y a vestige of a Irff superior vena cava (duct of Cuvier) , which exists in early em-

bryonic life, (Marshall, '" On the development of the great anterior veins in

Man and Mammalia,'' Philosoph. Trans. 18.50.)

The pericardium is in relation in front and behind with the mediastina and

their contents. Anteriorly also it is overlapped by the pleui-a3 and to some extent

by the lungs, except below, where it approaches the siu-face in the angular space

to the left of the lower piece of the sternum. At the sides it is in contact with

the ]3hrenic nerves, as well as with the pleuraj and their contained viscera. Its

relations to the diaphi-agm and great vessels have been already noticed.

THE HEART.

The heart is a hollow muscular organ, divided by a longitudinal sep-

tum into a right and a left half, each of Avhicli is again sul)divided by a

transverse constriction into two compartments, communicating with

each other, and named auricle and ventricle. Its general form is

that of a blunt cone. Enclosed, as before said, in the pericardium, it

is placed behind the sternum and the costal cartilages (fig. 174 ; on

page 254), the broader end, or base, by which it is attached, being— directed upwards, backwards, and to the right, and extending from

the level of the fourth to that of the eighth dorsal vertebra ; the

apex downwards, forwards, and to the left. In the living subject

its stroke against the wall of the chest is felt in the space between

the cartilages of the fifth and sixth ribs, a little below and to

the inner side of the left mammilla (3f inches from middle line of

sternum and 1| inch below nipple) : in the dead body the apex is a

little higher than during life. The heart, therefore, has a very

oblique position in the chest, and projects farther into the left than

into the right half of the cavity. Its position is afiFected to a certain

extent by that of the body ; thus it comes more into contact with the

anterior wall of the chest when the body is in the prone ])osture or is

lying on the left side. In inspiration, on the other hand, when the

diaphragm sinks and the lungs expand, it recedes slightly from the

chest-wall.

At its base the heart is attached to the great blood-vessels ; moreover,
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the serous layer of the pericardium is here reflected from the one to the

other. In the remainder of its extent the organ is entirely free within

the sac of the pericardium. The convex anterior surftice looks somewhat
upwards as well as forwards towards the sternum and costal cartilages :

from these it is partly separated by the plenne. The lungs "also

advance over it to some extent, and encroach still farther dining

Fig. 165.

—

View of the Heart, and Fig. 105.

Great Vessels FROM before (R. Quaiu).

One-tuird the Natural Size.

The piihnonaTy artery has been cut short

close to its origin in order to show the first

part of the aorta. 1, right ventricle; 2,

left ventricle ; 3, root of the pulmonary
artery ; 4, 4', arch of the aorta ;

4", the

descending thoracic aorta ; 5, the ajipen-

dix and anterior part of the right auricle
;

6, those of the left anricle ; 7, 7', inno-

minate veins joining to form the vena cava

superior ; 8, inferior vena cava below the

diaphragm ; 9, one of the large hepatic

veins ; + ,
placed in the right auriculo-

ventricular groove, jjoints to the right or

posterior coronary artery ; + , + ,
placed

in the anterior interventricular groove,

indicate the left or anterior coronary

artery.

inspiration, so as in that condi-

tion to leave only a triangular

part, not more than two square

inches in extent, uncovered.* The
posterior or under surface is

flattened, and rests on the dia-

phragm. Of the two borders or

margins formed by the meeting
of the anterior and posterior sur-

faces, the right or lower border,

called margo acvtus, is compara-
tively thin, and is longer than the upper or left border, which is

more rounded and is named margo ohtirsus.

A deep transverse groove, the auricido-vcniricular furrow, inter-

rupted in front by the root of the pulmonary artery, divides the

heart into the auricular and the ventricular portions ; and on the ven-

tricular portion two longitudinal furroivs, situated one on the anterior,

the other on the posterior surface, mark its division into a right

and left chamber. They extend from the base of the ventricular

portion, and are continuous one with the other a little to the right

of the apex, which thus appears to be formed entirely by the wall of the

left ventricle. The anterior longitudinal furrow (fig. 165 -t- + ) is nearer

to the left border, whilst the posterior furrow approaches nearer to the

right border of the heart, the right ventricle forming more of the

anterior, and the left more of the posterior surface of the organ.

In the transverse and longitudinal furrows run the coronary or cardiac

* This uncovered part may be marked off on the surface of the chest by two lines

drawn from the apex-point to the middle line of the sternum, one horizontal, the other

extending obliquely upwards to between the fourth cartilages.

K 2
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arteries and veins with lymphatic vessels and nerves, imbedded in

fatty tissue.

CAVITIES OF THE HEART,

The heart, as before remarked, contains four chambers or compart-

ments, a right and a left auricle and a right and a left ventricle.

166. Fig. 166.—View OK THE HEvni
AND Gkeat Vessels from
BEHIND (R. Quain).

1, posterior surface of the

right ventricle ; 2, the same
of the left ; 3, the right iral-

monary arttry near the division

of the primary trunk ;
3',

branches of the right pulmonary
artery passing into the root of

the right lung ;
3", the same of

the left ;
4', arch of the aorta

;

4", descending thoracic aorta ; 5,

right auricle ; 6, is placed on the
division between the right and
left auricles ; 7, superior vena
cava ;

7', left vena innominata

;

8, trunk of the inferior vena
cava ; 9, right large hej)atic

vein ; 10, 11, 12, right pul-

monary veins ; 13, 14, left

pulmonary veins ; + , + , i^os-

terior bi-anches of the right and
left coronary arteries.

The right auricle (fig. 1(15, 5) is best broug'.t into view on turning

the heart somewhat to the left side ; it is then seen to occupy the right

and anterior portion of the base of the organ. When thus viewed the

auricle appears of a quadrangular form, the superior and inferior

venaa cavse (fig. 167, 1, 2), occupying respectively the upper and
lower posterior angles, while a tongue-shaped portion, the auricular

appendix or auricle proper, * is seen to project from the anterior and
upper angle and to turn to the left over the root of the aorta. The
main part of the auricle, that into which the great veins directly pour

their blood, is commonly named simis venosus or atrium, to distinguish

it from the auricular appendix. When opened, the interior of the right

auricle presents a smooth and even surface, except in the appendix

which is ridged vertically with closely set reticulated muscular bands,

and upon the anterior wall of the sinus, where similar bundles are seen

extending, but here running parallel with one another, like the teeth

of a comb, and thence termed musculi pectinali.

The posterior wall corresponds with the partition between the two
auricles (septum auricular urn). Near its lower part and just above and
to the left of the orifice of the inferior vena cava is an oval depression,

the fovea or fossa oralis (fig. 167, 3'), the remains of the foramen ovale

{vestigium foraminis oralis), which is an open passage in the foetal heart

from the right to the left auricle. The fossa oralis is bounded above

and at the sides by a prominent border, deficient below, the annulus

* So termed from its resemblance to the external ear of some animals.
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oralis or isthmus Vieussenii, whilst the floor of the fossa, formed by what
was previously a valve, is thin and translucent ; and occasionally

a small oblique passage leading into the left auricle is left between it

and the annular border. At the right part of the cavity are seen the

orifices of the superior and inferior cavte ; the former passing down-

Fig. 1G7.— The Right
Auricle a.vd Ven-
tkicle opened and a
PART OF THEIR RiGHT
AND Anterior Walls
REMOVED SO AS TO SHOW
THEIR INTERIOR (Allen

Thomson). One-halp
THE Natural Size.

], the superior vena

cava ; 2, the inferior vena

cava at the place where it

passes through the dia-

phragm ;
2', the hepa-

tic veins cut short ; 3,

placed upon the tubercle

of Lower within the cavity

of the right auricle ; -j,

placed in the fossa ovalis,

the Eustachian valve is

just below ;
3", is placed

close to the aperture of

the great coronary vein

and its valve ; + , +

,

the auriculo - ventricular

groove, a narrow piortion

of the adjacent walls of

the auricle and ventricle

having been preserved ;

4, i, on the right side of

the septum, the cavity of

the right ventricle ;
4',

large anterior columua

carnea ; 5, the anterior
;

5', the inferior, and 5",

the septal segment of

the tricuspid valve ; 6,

is placed in the interior of the pulmonary artery, a part of the anterior wall of that

vessel having Ijeen removed, and a narrow poi-tion of it preserved at its commencement
where the pulmonary valve is attached. The valve is represented half-closed ; two of the

segments are seen foreshortened, the third sideways ; 7, concavity of the aortic arch close

to the cord of the ductus arteriosus ; 8, ascending part or sinus of the arch covered at its

commencement Viy the auricular appendix and pulmonary artery ; 9, placed between the

innominate and left common carotid arteries ; 10, appendix of the left auricle ; 11, 11,

the outside of the left ventricle, the lower figure near the apex.

wards and forwards, the latter, the larger, being directed upwards and
inwards. Between the two orifices is a slight projection, better marked
in_ certain quadrupeds than in man, which has received the somewhat
misleading name of tubercJe of Lower (fig. 167, 3).

In front of the orifice of the inferior cava, and partly covering it, is a
crescentic fold of the lining membrane, the Eustachian valve. This is

continuous by its convexity with the margin of the venous orifice, and its

antei-ior cornu is prolonged into tlie anterior limb of the annulus
ovalis. This valve, which is very variable in character in the adult, being



246 THE HEART.

often cribriform or perforated with holes, is an important structm-e in

the fcEtal heart, and serves the purpose of directim;- the stream of blood

from the inferior cava through the foramen ovale into the left auricle.

The other openings into the right auricle are 1,

—

i\\Qcmriculo-ventricnlar

aperture, situate in front of the inferior vena cava and occupying the

anterior and under part of the cavity : it is oval in form and large,

admitting three fingers easily ; 2, the orifice of the large coronary vein of

the heart (fig. 1C7, 3"), situated between the inferior cava and the

auriculo-ventricnlar opening : this is guarded by a semicircular valve,

sometimes double, Avhich, although previously figured by Eustachius, is

often named valve of Thebesius ; 3, openimjs of one or two lesser

cardiac veins ivom. the surface of the right ventricle ; and 4, t\iQ fora-

mina of Thehesins, a number of small pits variously situated, some of

which are merely recesses closed at the bottom, whilst others are the

mouths of small veins {veme minimcG cordis).

IGS. Fig. 168.

—

View of the Adult Heart, frox
BEHIND, TO SHOW THE CuRONARY VeINS (Allen

Tliomson). One-third the Natural Size.

«, jilaced on the back of the right auricle,

points to the Eustachian valve seen within

the opening of the inferior vena cava ; b, left

auricle ; c, right ventricle ; d, left ventricle ; e,

vena cava superior
; /, arch of the aorta ;

1, coronaiy sinus ; 2, great coronary vein turn-

ing reund the heart in the anriculo-ventricular

groove ; 3, 4, iiosterior branches ; 5, one of the

small right cardiac veins passing directly into

the right auricle ; 6, the vestige of the left

superior vena cava i^roceeding over the left

auricle downwards to join the coronary siuns.

The coronary vein (fig. 168, 1) is con-

siderably dilated before it enters the auricle,

and this dilated iiortion, -ndiich is imbedded
in the posterior "svall of the left aiuicle, is

tenned the " coronary sinus." At the junc-

tion of the coronary ""vein with the
dilated portion there is a valve con-

sisting of one or two segments. Other

small veins likewise enter the coronary sinus, each of them protected by a

valve. One of these small veins, the 'lobliav^e _. vein " of Marshall (fig. 168,

(5), takes a straight course from the vestigial fold before mentioned, over the

back of the left auricle, to open into the coronaiy sinus. This vein has no valve

over its orifice : it, together with the coronaiy sinus, is to be looked upon as the

remnant of the original lelt superior cava of the enibiyo (vide antea, p. 212).

The right or anterior ventricle (fig. 165, 1) occupies the chief part

of the anterior surface of the heart, the right border, and a smaller

portion of the posterior surface. It extends nearly, but not quite,

to the apex. The. upper and left angle is prolonged in a conical

form to the commencement of the pulmonary artery : this part of

the ventricle is named conns arteriosus, or infundihulurn. The muscular

wall of this ventricle is thickest at the base, and becomes thinner

towards the apex. When tiie cavity is laid open (fig. IG7) the septum

of the heart is seen to bulge into it, so that the cross section is

crescentic in form (fig. 169). At the base of the ventricle are two
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orifices, protected by A^alves ; the aurtculo-ventriciilar, of an oval

form, and situate towards the right, and that of the j^n</7»o;2«r?/

artery, smaller, more elevated, and towards the left. Between the two
the wall of the cavity projects downwards, in the form of a thick

rounded muscular partition. The inner surface is marked by muscular

bundles, " columnas carnea?," some of which are attached by each ex-

tremity to the wall of the ventricle and are free in the middle, others are

Yv'. 169.
Fig. 169.

—

Cross Section of the
Vektriculak pakt of the
Heart at two-thirds from
the Apex looking kownwards
INTO THE Cavities (Allen

Thomson). 2-3rd3 the
natural size.

1, 1', Wall of the riciht ventri-

cle ; 2, 2', wall of the left ; 3, 3',

septum ; 4, the principal papil-

lary muscle of the right ventricle
;

4', some columnfe carnere on the

septum near the front ;
4", others

posteriorly near the septum ; 5, 5',

the ijrincipal papillary muscles of

the left ventricle ; 6, the deepest

part of the cavity of the right

ventricle ; 7, that of the left ven-

tricle at the apex of the heart.

only sculptured in relief, as it were, being- continuous with the wall of

the ventricle in their whole length ; while a third set, forming two prin-

cipal bundles, an anterior (fig. 167, 4',) and a posterior, named muscidi

papillarcs, are connected at their base with the ventricular wall, and by

the other end are attached to small tendinous cords {chordcc tendinece),

through which they are connected with the segments of the auriculo-

ventricular valve. The inside of the conus arteriosus is smooth, and

free from columnfe carnea?.

The valve guarding the right auriculo-ventricular opening is com-

posed of three triangular segments, or flaps (anterior, right or inferior,

and posterior, or septal), and is hence named the friruspid. The flaps

are mainly formed of folds of the endocardium, enclosing fibrous tissue.

At their bases, they arc continuous with one another, so as to form an

annular membrane attached around the margin of the auricular open-

ing : they are directed downwards, and are retained in position within

the ventricle by the chordae tendinete, which are attached to their

ventricular surfaces and free margins. The middle part of each seg-

ment is thicker than the rest, whilst the marginal part is thin, trans-

parent, and jagged at the edges (compare fig. 173, B, e, e).

The chords tendinete from the anterior papillary muscle pass to the cleft

between the anterior and inferior segments, to be attached to both : the chordte

tendineiE from the posterior papillary muscle are attached in like manner to the

posterior and inferior segments : while others fonning a third set sj^ring directly

from the surface of the septum, sometimes from small eminences upon it, and
pass upwards, to be attached to the adjacent borders of the anterior and poste-

rior segments.

During the contraction of the ventricle, the segments of the valve are applied

to the opening leading from the amicle, and prevent the blood from rushing

back into that cavity. Being retained by the chorda3 tendinea;, the expanded
flaps of the valve resist the pressure of the blood, which would otherwise force
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them back through tlie auriculai; orifice : the papillary mitscles, shortening- as

the cavity of the ventricle itself shortens, are sui^posed thus to prevent the valve

from yielding too much towards the auricle. In the angles between each pair of

the principal segments of the auriculo-ventricular valves there may be found,

but not constantly, as many small mtermediate lobes.

According to Kiirschner (Wagner's Handworterbuch. art. '• Herzthatigkeit"),

three kinds of cords belong to each segment ; a, the first set, generally two to

four in number and proceeding from two different sets of papillae, or from one of

these and the wall of the ventricle, rmi to the base or attached margin of the

segment, and are there connected also with the tendinous ring round the auriculo-

ventricular opening ; h. the second set, more numerous, and smaller than the

first, proceed also from two adjacent papillary muscular groups, and are attached

at intervals to the back or Arentricular surface of each segment along two or

more lines extending from the points of attachment of the tendons of the first

order at the base of the valve to near its fi'ee extremity
; c, the third set, which

are still more numerous and much finer, branch off from the preceding ones, and
are attached to the back and edges of the thinner marginal poi-tions of the

valves. A few muscular fibres prolonged from the neighboming walls penetrate

into the segments of the auriculo-ventricular valves.

A fibrous band, sometimes muscular, is often found stretching across

the cavity of the right ventricle from the base of the anterior papillary

-muscle to the septum. It represents the strong "moderator"' band
found in the heart of the ox and of some other animals.

The valve at the orifice of the pulmonary artery consists of three

flaps, a right and left anterior and a posterior, named from their shape

semilunar or sigmoid (figs. 167, G ; 172 I) : * they are constructed similarly

to those on the left side at the root of the aorta : and as the characters

of the last named are better marked, the more complete description

"svill be reserved until these are treated of.

The left auricle (fig. 170, l') occupies the left and posterior part

of the l)ase of the heart. The atrium presents from behind, where
it is best seen, a quadrilateral ' appearance. In front it is in con-

tact with the aorta and pulmonary artery ; liehind, it receives two
pulmonary veins on each side, those fi-om the left lung entering

very close together ; on the right, it is in contact with the other

auricle. The auricular appendage (fig. 165, 6) is the only part of the

left auricle seen from the front : it extends forwards from the left side

of the atrium, and curves towards the right side, resting on the pulmo-
nary artery. It is more curved as well as longer and narrower than
that of the right auricle, and its margins are more deeply indented.

The interior of the appendix presents musculi pectinati somewhat
similar to those in the right side of the heart, but the walls of the sinus

Tenosus are altogether smooth and even, and are also thicker than those

of the right auricle. Posteriorly the openings of the pulmonary veins are

seen, usually two on each side, and without valves (fig. 170, 1). The
two veins of one or both sides sometimes unite into one before enter-

ing the auricle, whilst in other cases there is found an additional open-
ing, most frequently on the right side. In the lower and fore part of

the auricle is situated the left auriculo-ventricular orifice. It is of an
oval form, and is rather smaller than the corresponding opening between
the right auricle and ventricle. On the septum between the auricles, a

* Sibson proposes to term the whole apparatus guarding the arterial orifices the
aortic or pulmonary valre, reserring the terms semilunar and sigmoid to denote the
icdividual fla2)s or segments.
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lunated depression may be observed (1'), comparable to a mark made
by the finger-nail on a soft surface. This is the vestige of the

foramen ovale, as it appears on the left side. The depression is limited

by a slight crescentic ridge, the concavity of which is turned upwards,

and which is in fact the border of the now adherent membranous valve,

which during foetal life is applied to the left side of the then open
foramen ovale. The line of adhesion may vary so as to leave more or

less of a pocket-like recess.

Fig. 170.

—

The Left Auricle Fig. 170.

AND Ventricle opened and
A I'ART OF the WaLL Re-
jioved so as to show theik

Interior (Allen Thom-
son). One-half the natur-

al size.

The commencement of the

pulmonary artery has been cut

away, so as to show the aorta :

the opening into the left ven-

tricle has been carried a short

distance into the aoi-ta between

two of the semilunar flaps
;

jiart of the auricle with its

appendix lias been removed.

1, the two right inilmouary

veins cut short ; 1', placed

within the cavity of the

auricle on the left side of the

septum and on the part which
fbrms the remains of the valve

of the foramen ovale, of

which the crescentic border is

seen ;
2', a narrow portion

of the wall of the auricle and
ventricle preserved around the

auriculo-ventricular orifice ; 3,

the left ijart, 3', the right part,

towards the septum, of the

cut surface of the wall of the

ventricle, seen to become very

much thinner towards 3", at

the apex ; 4, a small part of

the wall of the left ventricle

which has been preserved with

the jirincipal anterior or left

papillary muscle attached to

it ; 5, 5, the large jiosterior or 3

'

right papillary muscles ;
5', the

left side of the septum ventriculorum : li, the right or aortic segment, and 6', the left or

liarietal segment of the mitral valve ; 7, placed in the interior of the aorta near its com-

mencement and above its valve ;
7', the exterior of the great aortic sinus ; 8, the upj^er

part of the conus arteriosus with the root of the pulmonary artery and its semilunar

valves ;
8', the sejiarated portion of the pulmonary artery remaining attached to the

aorta by 9, the cord of the ductus arteriosus ; 10, the arteries rising from the summit
of the aortic arch.

The left or posterior ventricle occupies the left border of the

heart, but only about a third of its extent appears on the anterior sur-

face, the rest })eing seen behind. It is longer and narrower than the right

ventricle, and the cross section of its cavity is oval, not crescentic, the

septum on this side being concave (fig. 1G9). Its walls, which, excepting
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near the apex, are three times as thick as those of the right ventricle,

are tliickest at the part where the ventricle is widest, about one-fourth

of its length from the base (fig. 170, 3, 3'); from this point they
become thinner towards the auricular opening, and still thinner towards
the apex (3"), which is, therefore, the weakest part. The lining mem-
brane, which is continuous with that of the left auricle and the aorta, is

usually less transparent than that of the right ventricle, especially in

later life. In the interior of the cavity are noticed columnte earner,

musculi papillares with chordie tendineaj, and two orifices guarded with

valves. The columiue earner are smaller than those of the right ven-

tricle, but are more numerous and more closely reticulated. Their

intersections are very numerous near the apex of the cavity, and also

along its posterior wall, but the u])per part of the anterior wall and

septum is comparatively smooth. The musnill papilJares {i, 5) are col-

lected into two groups, which are larger than those of the right ven-

tricle. The two orifices of this ventricle are situated very close together,

with one of the segments (fig. 171, 6) of the auriculo-ventricular valve

Fi<r. 171.

Fig. 171.

—

View of the Base of the Ventricular Part of the Heart, showing
THE relative POSITION OP THE ArTERIAL AND AuRICULO-VENIKICULAR ORIFICES

(Allen Thomson). Two-thirds the Natural Size.

The muscular fibres of the ventricles are exposed by the removal of the pericardium,

fat, bloodvessels, &c. ; the pulmonary artery and aorta and the auricles have been re-

moved. The valves are in the closed condition. A, is placed opposite that part which

is most anterior when the oi'gan is in the natural ijosition within the body. 1, 1, right

ventricle ; 1', conus arteriosus ; 2, 2, left ventricle ; 3, 3, the divided wall of the right

auricle ; 4, that of the left ; 5, the anterior, 5', the right (or inferior), and 5", the

septal segment of the tricuspid valve ; 6, the anterior or aortic, and 6', the posterior

or parietal segment of the mitral valve. In the angles between these segments are seen

smaller fringes ; 7, the pulmonary artery ; 8, placed upon the root of the aorta ; 9, the

posterior, 9', the anterior coronary artery.

between : the auricular opening is placed at the left and posterior part

of the base of the ventricle ; the aortic opening, in close proximity in

front and towards the right.

The hicuspid or mitral valve, at the left auricular opening, resembles

in structure the tricuspid valva of the right ventricle, but it is much
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tliicker and stronger in all its parts, and consists of only two pointed

segments, continuons at their attached bases. The larger of the two
segments is suspended obliquely to the right and in fi'ont of the other,

Ijetween the aniicnlar and aortic openings : the smaller to the left and
posteriorly, and close to the wall of the ventricle. There is usually a

smaller lobe at each angle of junction of the two principal segments,

more apparent than those between the segments of the tricuspid valve.

As on the right side, the two sets of chordee tendinete from the

papillary muscles proceed each to an angle between the two segments,

and are attached in like manner to their margins and ventricular sur-

faces (fig. 173, B, e, e), so that the musculi papillares, when they

contract, tend to bring the edges of the flaps together. The chordae

tendineffi are stronger and less numerous than in the right ventricle.

The arterial or aortic orifice circular in form, and smaller than the

auricular, is separated from it only by the attachment of the anterior

segment of the mitral valve.

As in the pulmonary artery, its valve consists of three semicircular

flaps {semilunar ox siginoid,) (fig. 172, II) each of which is attached by its

Fi'T. 172.

II

Fig. 172.

—

The Sejiiltjnar Valves of the Aorta and Pulmonary Arterv, seen

FROJi their Distal Side (Allen Thomson).

I, transverse section of the pulmonary artery immediately above the attachment of the

semilunar valves : «, the left, ami c, the right anterior segments ; h, the posterior

segment : opposite each the sinus of Valsalva is seen, and between tliem the attachment

of the valve-segments to the inner wall of the artery.

II, a similar section of the aorta : a, the left posterior segment, and h, the anterior

segment, with the corresponding sinuses of Valsalva, from which the coronary arteries

are seen to take their origin ; c, the right posterior segment ; (/, the posterior, and e,

the anterior coronary arteries.
*

A, in each case, as in tig. 171.

convex border to the side of the artery at the place where it joins the

ventricle, whilst its other border, nearly straight, is free, and projects into

the interior of the vessel. The segments are composed of duplicatures

of the endocardium, and of enclosed fibrous structure, which varies in

thickness at different parts. A tendinous band strengthens the free

edge of the valve, and at the middle of that margin there is a slight

* As a result of the study of sections made from frozen bodies, it would appear that the
above nomenclature most correctly descrilies the natural position of the valve-segments.
Those of the pulmonary valve are, however, more commonly known as an anterior, a, and
two posterior ; those of the aortic, as a posterior, c, and two anterior.
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fibro-cartilaginous thickening, the nodulus or corjms Arantii (fig. 173,b,3).
Other tendinous fibres, arising from the attached border, run in the
valve towards the nodule ; occupying its whole extent, except two narrow

Fig. 173.

—

Views of parts of

THE Semilunar and Mitral
Valves, as seen from within
THE Ventricle (Allen Thom-
son).

A, ijortion of the ijulmonaiy
artery and wall of the right ven-

tricle with one entire segment and
two half segments of the valve ;

a, half the sinus of Valsalva of

the left anterior segment ; b, the
same of the posterior segment

;

c, the entire right anterior

sinus (see fig. 172, I, in which
the lettering is the same as in

the present figure) ; d, d', inner

surface of the ventricle; 1, the

attachment of the extremities of

the segments to the inner wall

of the artery ; 2, the middle
of the attached border of the

segments ; 3, the middle of the

free border (corpus Arantii).

B, portion of the aorta and wall

of the left ventricle with one entire

segment and two half segments of

the aortic valve, and the right

or anterior segment of the mitral

valve ; a, half the left posterior

segment and sinus of Valsalva
;

h, the left anterior ; c, the right

posterior sinus of Valsalva and
segment entire ; in «, and h, the

apertures of the coronary arteries

are seen ; d, d', the inner surface

of the wall of the ventricle ; 1, 2,

and 3, as before ; e, e', the base

of the anterior segment of the

mitral \'alve
; /, its apex ; between

c, and e, and /, the attachment

of the branched chordie tendineae

to the margin and outer surface of

the valve segment
; g, the poste-

rior or right principal musculus
papillaris ; h, the anterior or left

principal musculus papillaris : the

cut chords tendinoK are those

which belong to the posterior

segment and the small or inter-

mediate segments.

lunated portions, one on each side, adjoining the free margin of the

valve. These parts, which are named lunulas (fig. 173, B), are

therefore thinner than the rest. There is also a strengthening

fibrous cord surrounding the attached border of each valve. The wall

both of the aorta and pulmonary artery is bulged out opposite each

semilunar flap : these bulgiugs are known as the sinuses of Valsalva.

In the aorta these are situated one anteriorly and two posteriorly (right
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and left). From the anterior arises tlie right coronary artery ; from
the left posterior the left coronary artery : these vessels being for the

supply of blood to the snbstance of the heart.

The capacity of the sinnses of Valsalva is greater, and the tendinons
tissue in the valves is more strongly marked at the mouth of the aorta

than at the connnencement of the pulmonary artery.

During the contraction of the ventricle the valves lie at first against
the sides of the artery, and allow the blood to flow freely past them ;

but when the column of fluid in the artery is partially thrown back
by the elasticity of the coats of that vessel, the sigmoid valves are

floated back by the refluent blood, and completely close the arterial

orifice. When the valves are thus closed, the whole free border and
the thin Innated parts are closely applied to each other, and are held
together, as well as exempted from strain, by the opposite and equal
pressure of the blood on either side, so tliat the greater the pressure

the more accurate must be the closure. The force of the reflux is sus-

tained by the stouter and more tendinous part of the valve.

The part of the ventricle adjoining the root of the aorta forms a
small compartment, the " aorfic vesiihuk " of Sibson, the walls of which
are fibrous, or, in some parts, fibro-cartilaginous. so that it remains
uncollapsed, and allows space for the liulging flaps of the aortic valve
to descend during diastole, besides allowing for the closure of the
mitral valve during extreme contraction of the ventricle.

POSITION OP THE PARTS OF THE HEART WITH RELATION TO THE WAIiL
OF THE THOPuAX.

The following statements are derived mainly from the observations

of Luschka and Allen Thomson : they have l)ceu carefully compared
with, and, where necessary, modified fi-om those of other observers,*

Nearly two-thirds of the bulk of the heart lie to the left of the middle
line (fig, 174). The vpprr edije of the auricles corresponds with a line

extending across the sternum from the second right into the first left

intercostal space. The rinht auricle (3') extends laterally from about an
inch beyond the^ right border of the sternum to the middle of the left

half of that bone, and vertically fi'om the middle of the second right

cartilage to the lower border of the fourtli. The point of the rigid auri-

cular appendage is exactly behind the middle line on a level with the

upper border of the third costal cartilages (3), The left auricle

extends vertically from the level of the second left intercostal space

to the npper border of the fourth left cartilage ; and in breadth
corresponds to the body of the eighth dorsal vertebra and the head of the

adjoining rib. The apex of the left cmricidar appeiulage (4) is in the
lower part of the second intercostal space or behind the third costal

cartilage, about an inch and a quarter from the left of the sternum,

* Luschka, Die Brustorgane, 1857; and Anatomie des Jlenschen, &c., 1863 ; Walslie,

Diseases of the Heart and Great Vessels ; Sibson, On tlie Noi-raal and Abnormal Situation

and Structure of the Viscera of tlie Chest, in Trans, of the Provinc. ]\Ied. and Surg.
Assoc, vol. xii., year 1842, and in his Work on Medical Anatomy, also article on the
Position and Form of the Heart, in RejTiolds' System of Medicine, vol. iv. ; Allen Thomson,
Notice of the case of E. Groux, &c., with Observations on the Position and Actions of

the Heart, in Grlasgow Med. Journ., April, 185S ; Pirogoff, Anatomia Topographica
;

Tiraune, Topographisch-Anatomischer Atlas ; Le Gendre, Anatomie Chinirgicale Homo-
logi-aphique. The three last-mentioned publications give the results obtained by meana
of sections of the chest at dififerent levels, made whilst frozen.
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Fig. 174.

Fig. 174.

—

Semi-diagrammatic representation op the Chest, to show the position

OF the Heart and Great Vessels, as seen behind the Sternum and Costal
Cartilages (from LuscLka and A. Tliomson). One-fourth the natural size.

The lungs have slirunk from tlie front of the cliest. The heart is slightly higher

than dui'ing life, and the aorta more to the right, a, right clavicle ; b, scalenus

anticus mnscle ; c, sterno-mastoid mnscle divided ; d, pectoral muscles divided
;

+ , axillary nerves above the subclavian artery ; c, trachea below the isthmus of the

thyroid body
; /, /, upper surface of the diaphragm

; g, g, surface of the lungs
;

g', on the left side, apex of the lung or pleura appearing in the neck ; h, right,

A', left lobe of the liver ; i, stomach ; k, h, transverse colon ; I, to X, first to tenth ribs

near their cartilages ; 1, placed on the lower part of the manubrium of the sternum, and
on the place of the arch of the aorta indicated by dotted lines ; 2, 'placed in the second left

intercostal space, on the stem of the pulmonary artery ; 3, appendix of the right auricle ;

3', on the sinus venosus, behind the third space ; 3", its lower part at the junction of

the sixth and seventh right costal cartilages with the sternum ; 4, left auricular appendix

;
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5, 5, right ventricle ; 6, left ventricle ;
6', apex of the heart : the white line outside the

heart is intended to indicate the external pericardium, as if the anterior half were removed
by a transverse incision ; 7, 7, vena cava superior ; 8, 8, internal jugular reins ; 9, 9,

subclavian veins, joining the jugular ; 9, 7, 9, innominate veins ; the right rising behind
the sterno-clavicular articulation, the left crossing obliquely behind the upper half of the
manubrium. The position of the first parts of the innominate artery, left carotid and left

subclavian arteries, is indicated behind and below this vein ;
9', 9', outer part of the sub-

clavian arteries. It is to be observed that in this figure the attachment of the sixth costal

cartilage to the sternum is represented a little too high.

The right vmtride extends from above do^vu from the third to the

sixth cartilages on the left side.* The conus arteriosus is its most
projecting part, being uncovered bv lung. The ai/rict'Jo-vcntrkidar

sideUS corresponds with a line drawn obliquely upAvards from near the

sternal end of the 6th costal cartilage on the right side, to the Srd car-

tilage on the left. The rounded margin formed by the left ventricle

extends on the left side from the 3rd cartilage to a point in the fifth

space two inches vertically below the nipple. The sliarp margin formed
by the right ventricle passes from the sternal end of the Gth cartilage on
the right, and crosses behind the 7th right cartilage, the ensiform (at

its upper third), and the 7th left cartilage, to meet the other margin
at the a]5ex.

The apex of tlielicart (fig. 174, C) is situated about ?A inches to the

left of the middle line, in the fifth intercostal space, close to the upper
margin of the sixth rib.

The auricido-ventricidar openings lie slightly to the right of the line

of the auriculo-ventricular sulcus. The tricusjnd orifice lies behind the

lower fourth of the sternum, its upper border being on a level with the

fourth cartilages. The left auricido-vcntricidar opening extends from
the 3rd space to the 5th cartilage behind the left half of the sternum.
The orijice of the indmonarg arterg is placed immediately to the left

of the sternum, behind the edge of that lione and the 3rd cartilage
;

the aortic orifice, also partly behind the left half of the sternum, is on a

slightly lower level than the orifice of the pulmonary artery (being

opposite the lower part of the 3rd cartilage and the 3rd intercostal

space), and is covered by it in one-fourth its diameter. The aortic

orifice is exactly behind the posterior wall of the conus arteriosus.

INTIMATE STRUCTURE OF THE HEART.

The substance of the heart consists chiefly of muscular tissue ; but
besides this a certain amount of fibrous and fibro-cartilaginous tissue

is met with, collected principally at the base of the ventricles around
the ventricular orifices.

Pibro-cartilage and fibrous tissue.—In the angle between the

aortic and the two auriculo-ventricular openings (see fig. 171, close

to 8) a fibro-cartilaginous mass is found, which in some animals, as the
ox and elephant, is bony, and is known as the on cordis. From this

central fibro-cartilage processes pass in various directions. One of these,

extending downwards to meet the fleshy septum of the ventricles,

separates the left ventricle from the right auricle, forming the right
boundary of the aortic vestibule. These processes form the bases of
what have been described by authors as the fibrous or tendinous rings of
the auriculo-ventricular and arterial openings. The fibrous tissue of
these rings is continuous with that which is found in the segments

* These are sometimes termed the " cardiac cartilages."
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of tlie Yulves, strengthened on the sides next the septum by tlie

processes from tlie fibro-cartilago. The rings of tlie arterial orifices

give attachment below to some of the muscular fasciculi of the ventricle,

whilst above they present an uneven edge with three deep semilunar
notches, to which the middle coat of the artery and the flaps of the

valve are iirmly attached. The fibres of the middle coat of the artery,

here comparatively thin, are not arranged annulai'ly, as in other parts

of the vessel, but converge to the intervals between the sinuses of

Valsalva, to be attached to the fibrous rings.

The tendinous rings of the aortic and left amicular orifices are con-

fluent, so that when the fibrous tissue is destroyed by boiling the two
apertures run into one.

are seen

them.

Fig. 175.

—

Anterior view of
Heart op a Young Subject
DISSECTED after BOILING, TO
SHOW THE Superficial Mus-
cular Fibres, two-thirds
THE NATURAL SIZE. (AlleU

Thomson).

Tliis figure is planned after one
of Luschka's, but its details were
chiefly taken from an original

ineparation. The aorta, V, and
pulmonary artery, n', have been
cut short close to the semilunar
valves, so as to show the anterior

fibres of the axaricles. «, super-

ficial layer of the fibres of the

right ventricle ; h, that of the
left ; c, c, anterior interventricu-

lar groove, from which the coron-

ary vessels have been removed,

(7, right auricle ; d' , its appendix,
lioth showing chieflyperpendicular

fibres ; c, ui>per part of the left

auricle ; between c, and V, the
transverse fibres which behind the
aorta pass across both auricles

;

c', appendix of left auricle
; /, su-

l^erior vena cava, around which,
near the auricle, circular fibres

; y, 'J, right and left pulmonary veins with circular bands of fibres surrounding

Muscular tissue.—The microscopical characters of the muscular
tissue of the heart have been already considered (p. 119). It remains,

however, to notice the general course and arrangement of the

fasciculi (or " fibres," as they are ordinarily termed), in the auricles

and ventricles respectively, for the muscular bundles of the two are

not continuous, being only connected by the fibrous tissue around the

auriculo-veutricular orifices : in conformity with this it is seen that

after boiling the heart the auricles may be easily separated from the

ventricles.

Fibres of the auricles.—These consist of a superficial set, common
to both cavities, and of deeper fibres proper to each. The siqm-ficial,

common or trausim-fif fibres run transversely over both venous sinuses,

near the base, and ai'e most numerous on the anterior surface 3
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some of them pass in at the inter-auricular septum (fig. 175). The
deeper fibres, which are proper to each auricle, consist of two sets, viz.,

the looped and the annular fibres. The looped fibres pass over the

auricle, and seem to be attached by both extremities to the correspond-
ing auriculo-ventricular rings. The annular fibres encircle the
auricular appendages (fig. 175, d', 176, e'), some longitudinal fibres

running within them. These annular fibres also surround the entrances
of the venas cava (/, /) on the right, and of the coronary vein and the
pulmonary veins on the left side of the heart {g, li),—the muscular
fibres extending for some distance from the auricle upon the vems,
especially upon the superior vena cava and the pulmonary veins.

Fibres of the ventricles.—The muscular fasciculi of the ventricles

have a very intricate disposition, which has received great attention

from anatomists. Many of the statements, however, are conflicting,

and it must be confessed that the subject still admits of further

investigation.

Fig. 176.

—

Posterior view of
THE SAME PREPARATION AS

IS REPRESENTED IN THE PKE-

CEDiNii FIGURE (Allen Thom-
son).

a, posterioi' surface of the

right ventricle with its super-

ficial muscular fibres dissected
;

b, the same of the left ventricle
;

c, posterior interventricular

groove, from which the coronary

vessels have been removed ; d,

right auricle ; e, the left, show-
ing some transverse fibres common
to both auricles, and others be-

longing to each
; /, superior vena

cava ; (/, <j' laulmonary veins cut

short ; h, sinus of the great

coronary vein covered by muscular
fibres ; W posterior coronary vein

joining the principal one ; i, in-

ferior vena cava ; i! Eustachian
valve.

It is chiefly the constant

twisting and overlapping

of the several bundles

which renders difficult the

investigation of their course

and disposition. In order to unravel them with any degree of success, it

is best to boil the slightly distended heart for a short time, so as to
soften the connective tissue, and then carefully to dissect the organ in
part by cutting and in part by tearing asunder the fibres with blunt
instruments.*

The surface fibres of the ventricles (figs. 175, 176, 177) extend from
the base, where they are attached to the tendinous structures around

* For convenience of description, the heart, in the following account of the course of
the fibres, is supposed placed apex downiwards, and with the anterior and posterior sur-
faces about equally occupied by the two ventricles (as represented in figs. 175, 176).

VOL. II. s
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the orifices, towards the apex of the heart, where they pass with an
abrupt twist into the interior of the left ventricle. Their general

direction is not vertical but oblique, especially in front (fig. 177), just

as if while tlie base of the organ remained fixed the apex had been
twisted half round in the direction of the hands of a watch. They
form a distinct thin superficial stratum, best marked at the back of

Fig. 177.- -SuuFACE Fibres of Vkntricles of Human Heart froii the front akd
BELOW (Reid).

i, bundle of fibres emerging from tbe interior of the left ventricle at the vortex a,

and crossing the lower part of the septum uninteiTuptedly. At d the surface fibres are

somewhat interrupted.

the right ventricle, for here the direction of the fibres is quite different

from those immediately beneath. At the back they pass over the

septum without turning in : at the front they are somewhat interrupted

by fibres which come out from the septnm ; except towards the base

and apex, where they cross uninterruptedly from one ventricle to the

other (fig. 177).

To trace the further course of the surface fibres it is necessary to open
the left ventricle. When this is done, and the endocardium cleared

awav. it is seen that there are here two sets of fibres with which the

superficial fibres become continuous. The first of these consists of

bundles derived mainly from the left (or anterior) set of papillary

muscles, which pass down to the apex of the cavity, turning as they
emerge in a half circle around the front of the apex to the right side

{fig. 178, b). They are continuous on the outside chiefly with those

superficial fibres which cross the lower part of the septmn in front,

and which, spreading out, are attached above to the posterior parts

of the tendinous rings at the base. The second set, on the other

hand, comes chiefly from the right or posterior papillary muscles, and,
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passing behind the first set of fibres in the cavity, turning forwards,

emerges in front of them at the Jipex, around which its fibres twist,

to become continuous cliiefly with those superficial fibres which
cover the anterior surface of the heart, and are attached above to the

corres]")onding parts of the tendinous rings. But since the superficial

fil)res form a continuous stratum around the ventricles, it is impossible

to adjudge any exact limits to the two sets of fibres.

It is very much more difficult to trace the continuity of the derpcr

fihrcs of the ventricles : those, namely, which form the main part of

their thickness.

When the left ventricle is opened, the fibres forming its walls are

seen in the interior to take a general direction downwards, those of the

anterior wall converging somewhat towards the apex, those of the

posterior passing more diagonally from right to left. Traced upwards,

they are observed partly to be attached to the aortic and mitral

tendinous rings, partly to turn round the margin of the auriculo-

ventricular orifice, in continuity with other more external fibres, whicli,

again, come (at least some of them) from the central fibro-cartilage.

Traced downwards, they turn round to form the chief substance of

the wall of the ventricle, passing in front obliquely upwards again

towards the septum. Some of them, however, join the sets of fibres

which emerge at the apex and become superficial ; and, on the other

hand, the deep fibres are joined by the deeper parts of the papillary

muscles. Eeaching the septum, they for the most part turn into it,

and some of them pass at once obliquely upwards, to be attaclied to the

central fibro-cartilage. Others, after indenting or interlocking with
bundles, which turn into the septum from the front of the right ven-

tricle, proceed to form the posterior part of that ventricle, passing to

its posterior papillary muscle and the central fibro-cartilage or its prolong-

ations ; whilst a third set, reinforced by the entering fibres from the

right ventricle, take an annular course around the left ventricle. It is

excessively difficult to trace the ultimate destination of these anm^lar
bundles, for they appear to encircle the ventricle more than once, and
to form the main thickness of its wall : but it is probable that taking

a more and more oblique course, they either are eventually attached to

some of the tendinous or fibro-cartilaginous structures at the base, or

pass up into one or other of the papillary muscles at the apex.

The bundles of fibres on the inside of the right ventricle have a

general direction from the tricuspid and pulmonary rings to which
they are attached above, and from the papillary muscles, especially

the anterior, towards the lower and back part of the cavity. Arrived
here, some turn sharply round to enter the septum, and partly to

pass up in this to the central fibro-cartilage, whilst others pass across

the back of the septum into the posterior wall of the left ventricle,

and become lost amongst the fibres there. There are besides certain sets

of fibres which appear not readily assignable to any ot those above des-

cribed : those, for instance, which encircle thepulmonary orifice, and others
which, as Sibson has shown, radiate upwards fi'om the bases of the
papillary muscles, especially the anterior papillary of the right ventricle,

to be attached to the tendinous structures at the l^ase of the heart,

especially to the pulmonary ring, opposite the two anterior sinuses of

Valsalva. Moreover, a number of fasciculi encircle both ventricles, ap-
parently without a definite attachment, but, according to "VVinckler, they
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may eventually be traced at one end to the tendinous structures at the

base of the heart, and at the other to one of the papillary muscles of the

left ventricle.

The peculiar spiral concentration of the fibres of the heart at the apes is

known as the vorfcv or irhorl. and is pi-oduced. as already described, by the

twisting or interlocking of the fibres in the interior as they pass to be con-

tinuous with those on the exterior. It has been thought that a similar continuity

was the rule at the base of the heart also, and that few if any of the bundles

are attached to the tendinous rings. But although it is true that some bmidles

may tui-n round at the auriculo-ventricular openings, this is by no means general,

and most of the miiscidar fasciculi must be described as being attached to the

fibrous and fibro-cartilaginous structures at the base, either directly or through

the medium of the chordas tendineaa and segments of the valves.

Fi>. 17S. Fig. 178.

—

View op the Fibkes of

THE Sheep's Heakt, dissected at
THE Apex to show the " voktex

"

(Pettigrew).

«, a, fibres entering the apex

posteriorly at h ; c, c, fibres entering

the apex anteriorly at d.

In the middle of the thickness of

the ventricular wall the fibres are,

as before said, annular and trans-

verse (fig. 179, 4, 4') ; but, as

Ludwig showed, they pass by the

most gradual transition into the

diagonal ones nearer the surfaces, so that any separation into layers which
may be effected (with the exception of the superficial stratum previously

described) must be looked upon as in a gi-eat degree artificial. Even by those

anatomists who contend for the existence of definite strata then' number has

been veiy differently stated. Wolff * conceived that five layers might be made
out. Pettigrew f has described as many as seven in the wall of each ven-

tricle, of which the fourth occupies the middle of the thickness of the ven-

tricular Avail ; the thii-d is continuous above and below •udth the fifth ; the second

with the sixth ; and the first, or most external, with the seventh, or most internal

;

the outer layers tui-ning in at the whorl and at the margins of the aui-iculo-ventri-

cular openings respectively, but without being attached to the tendinous struc-

tm-es at all.

It wiU be observed that Pettigrew's description differs materially from that

given in the text, which, although agreeing in many points with the observations

of Ludwig, AVinckler, and Sibson.J is mainly fomrded on an entirely fresh inves-

tigation of the subject, undertaken with the co-operation of Mv. F. J. Davies, of

University College.

Interstitial structures.—The interstices between the closely reti-

culating muscular fibres are filled by connective tissue, with nmnerous
blood-vessels, lymphatics, and nerves. The muscular substance is

supplied Avith -blood by the coronary arteries, the orio-in and course of

which, as Avell as of the coronary vein, are elsewhere described. The
smaller branches penetrate into every part of the muscular substance.

The lymphatics (which are found in great number beneath both the

pericardium and endocardium), are also, according to Schweigger-Seidel,

* C. F. Wolff, Do ordine Fibrarum Muscularium Cordis ; Act. Acad. Petropol. 1780
—1792.

t Phil. Trans. 1864.

X Liulwig, ill Zeitsclirift fur rationelle Medizin, 1849 ; and Milller's Archiv. Winckler,

in Archiv fiir Anatomie und Physiologic, 1865. Sibson, Medical Anatomy, 1SG9.
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extensively distributed throughout the muscular substance, occurring in

the form of freely communicating fissure-like spaces, lying between the

muscular bundles, and lined by epithelioid cells ; the mode of origin

being thus to a certain extent lacunar.

The nerves given off by the cardiac plexuses appear rather small in

comparison with the bulk of the heart ; they are derived partly fi'om the

cerebro-spinal and partly from the sympathetic system (more especially

from the pneumogastric nerve, and from the cervical and superior thoracic

ganglia of the sympathetic nerve). Besides the larger ganglia in the

cardiac plexuses at the base of the heart, the nerves present minute

ganglia at different points along their course in its substance, first

Fig. 179.

—

View of a Partial Dissec- Fig. 179.

TION OF THE FiBRES OP THE ANTERIOR
WALL OF THE VENTRICLES IN A ShEEp's

Heart, designed to show the differ-

ent DEGREES OF OBLIQUITr OF THE
FIBRES (Allen Thomson).

At the base and ajiex the superficial

layerof fibres isdisplayed : in the interven-

ing space, more and moreof the fibres have

been removed from above downwards,
reaching to a gi-eater depth on the left

than on the right side. «\ «', the

superficial layer of the right ven-

tricle ;
6', &', the same of the left

ventricle ; at 2 this superficial layer

has been removed so as to expose the

fibres underneath, which are seen to have
the same direction as the superficial ones

over the left ventricle, but d liferent over

the right ; at 3 some of these have been
removed, but the direction is only

sliglitly different ; 4, transverse or

annular fibres occupying the middle of the
thickness of the ventricular walls ; 6, 7,

internal fibres passing downwards towards

the apex to emerge at the whorl ; between
c, c, the anterior coronary or interventri-

cular groove, over which the fibres of the

superficial layer are seen crossing ; in the remaining part of the groove, some of the
deeper fibres turn backwards towards the septum ; d, the pulmonary artery ; e, the
aorta.

figured and described by Remak.* The larger nerves course obliquely

downwards on the surface of the ventricles beneath the pericardium,

crossing the direction of the superficial fibres, and giving off at intervals

branches into the muscular substance.

Endocardium.—The cavities of the heart are lined by a thin mem-
brane continuous with the inner coat of the bloodvessels, with which in

general structure it for the most part agrees. A layer of flattened

epithelioid cells covers and lines the inner surface, and beneath this

the endocardium consists of connective tissue with a close network of

elastic fibres often passing into fenestrated membrane. Muscular
fibres are present in some parts. These are for the most part similar

to those -which compose the chief muscular substance of the heart.

* Froriep's Notizen, 1S3S, p. 137 ; and Miiller's ArcMv, 18i4, p. 463, taf, xii.
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In some animals others are found which are only striated at their peri-

phery, and present a beaded appearance, the component cells being much
larger and more distinct ; these, which are known as Purkinje's fibres,

appear to represent a condition of arrested development of the ordinary

cardiac fibres. Plain muscular fibre-cells have also been described in

some situations ; and, in some animals, collections of adipose tissue are

met with beneath the endocardium. The membrane is usually more
opaque on the right side than on the left ; and thicker in the auricles

(the left especially) than in the ventricles ; it is, however, very thin on
the musculi pectinati of the auricles and on the columns carnese of the

ventricles.

DIMENSIONS AND WEIGHT OF THE HEART.

Size.—It was stated by Laennec, as the result of his experience, that

the heart in its natural condition was about equal in size to the closed

hand of the individual. It is about five inches long, three and a half

in its greatest width, and two and a half in its extreme thickness from
the anterior to the posterior surface ; but linear measurements of a

flaccid organ like the heart must be subject to so many accidental

variations as to render them of little value.

Weight.—The weight of the heart in the adult is also subject

to considerable variation, ranging between rather wide limits, which
depend on the general weight of the body and on the sex.

Its mean weight is about 9 or 10 oz. According to Eeid's tables,

the average weight in the adult male is as high as 11 oz., and in

the female 9 oz. ; while according to Peacock the average of the male
is 9f oz., and that of the female 9 oz.

The weiglit of the heart maintains some general iiropoi-tion to that of the body.

According to Tiedemann this is about 1 to 160 ; by Clendinning it was found to

be 1 to 158 in males, and 1 to 149 in females ; and by Eeid to be 1 to 169 in a

series of thirty-seven males and 1 to 176 in twelve females ; but in the healthy

males dying suddenly the ratio was as 1 to 173.

It was shown by Clendinning that the heaii; continued to increase in weight

up to an advanced period of life, but at a comparatively slower rate subsequently

to the age of twenty-nine years. Subjoined is a tabular statement of some of the

average results derived from the observations of these authors.

CLENDINNING.
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Capacity of the auricles and ventricles.—To determine with jirecision the

absolute and relative capacities of the four cavities of the heart, as they exist

during life, is impossible ; and their capacity is so much influenced by their

different states of distension, and also })y the different degrees of contraction of

their muscular walls at the moment of death, that no constant numerical relation

in this resjiect can be looked for between them. Hence the most opposite state-

ments prevail, especially with regard to the size of the ventricular cavities.

The auricles are generally stated to be rather less capacious than the ven-

tricles. The right auricle is also said to be larger than the left, in the i^roportion

of ") to 4. (Cruveilhier.)

The right ventricle is asserted by some to be larger than the left ; by others

(Lower, Sabatier, Andral) the two are stated to have an equal capacity ; Cruveil-

hier, judging from the effect of injections, has found the left to be the larger of

the two. In the ordinary modes of death, the right ventricle is always found

more capacious than the left, which is probably owing to its being distended with

blood, in consequence of the cessation of the circulation through the lungs : the

left ventricle, on the other hand, is found nearly empty, and thus becomes more

fully contracted. There are reasons for believing, however, that during life

scarcely any difference of capacity exists between the cavities.

Size of the ventricular openings.—The right auriculo-ventricular opening,

and tlie orifice of the pulmonary artery, are both found to be somewhat larger after

death than the corresponding openings on the left side of the heai-t. Their cir-

cumference is thus stated by Bouillaud. (Traite des Malad. du Coeur, torn. 1. p.

52. Paris, 1835.)

Inches and Lines.
Max. Med. Min.

. . 1 , . , -fi ( Right 4 3 10 3 9
Aui-iculo-ventricular orinces <T^i. o-./^ o/. oo

( lieit o 10 6 b •> .i

Arterial orifices I
^^^^* (Pulmonary) 2 10 2 7 2 6Aiteiial orifices ....

JLeft^^o^ic) 28 28 24
According to observations by Peacock, the average dimensions are somewhat

higher :

—

Males. Females.

Am-iculo-ventricular orifices \
?^?!^*^

t I! t .^1

/Left 3 7 3 10

Right (Pulmonary) 3 4 3 3

Left (Aortic) 3 2 10
Aiterial orifices j

Right (Pulmonary) 3 4 .3 3

( Lef

ORGANS OF RESPIRATION.

Besides the heart, the thorax contains the principal organs of respira-

tion, viz., the hmgs and a part of the trachea. The larynx, which is

affixed to the upper end of the windpipe, and is not only the entrance

for air into the respiratory organs from the pharynx, but also the organ

of voice, will be described after the lungs.

THE TRACHEA AND BRONCHI.

The trachea or windpipe (fig. 180, fr.), the common air-passage of

both lungs, is an open tube which commences above at the larynx, and

divides below into two smaller tubes, right and left bronchi, one for

each lung.

The trachea is placed in the median plane of the body, and extends

from the lower border of the cricoid cartilage of the larynx (('), on a

level with the 5th cervical vertebra in the neck (Gth, Braunc) to a place

opposite the 3rd dorsal vertebra in the thorax, where it is crossed in

front by the arch of the aorta, and at or immediately below that point
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Fig. 18a

bifurcates into the two bronchi. It usually measures from four inches
to four inches and a half in length, and from three-quarters of an
inch to one inch in width ; but its length and width are liable to con-

tinual variation, according to the

position of the larjoix and the

direction of the neck ; moreover,

it usually widens a little at its

lower end, and its average diameter

is greater in the male than in the

female. In front and at the sides

the trachea is rendered cylindrical,

firm, and resistant, by a series of

cartilaginous rings ; these, how-
ever, are deficient behind, so that

the posterior portion is flattened

and entirely membranous (fig.

181).

The windpipe is nearly every-

where invested by a loose areolar

tissue, abounding in elastic fibres,

and is very moveable on surround-

ing parts. Both in the neck and
thorax, it rests behind against the

gullet, which intervenes between it

and the vertebral column, but
towards its lower part projects

somewhat to the left side. The
recurrent laryngeal nerves ascend
to the larynx on each side in the

angle between these two tubes.

In the neck the trachea is situa-

ted between the coimnon carotid

arteries ; at its upper end it is em-
braced by the lateral lobes of the

thyroid body, the middle part or

isthmus of which lies across it just

below the larynx. It is covered
in front by the sterno-thyroid and
sterno-hyoid muscles, between
which, however, there is left an
elongated lozenge-shaped interval

in the middle line : this interval

is covered in by a strong process

of the deep cervical fascia, while,

more superficially, another layer

not so strong crosses between the

sterno-mastoid muscles. The in-

ferior thyroid veins and the

arierkt ihyroidea ima, when that

vessel exists, also lie upon its

anterior surface
; whilst at the root of the neck, in the episternal notch,

the innominate artery and the left carotid pass obliquely over it as
they ascend to gain its sides.

Fig. ISO.

—

Outline showin« the Gene-
ral Form of the Larynx, Trachea,
AND Bronchi, as seen prom before
(Allen Thomson). One-half the Natu-
ral Size.

Ji, the great cornu of the liyoid bone ; c,

epiglottis
; t, superior, and t', inferior cornu

of
_
the thyroid cartilage

; c, middle of the
cricoid cartilage ; t r, the trachea, showing
sixteen cartilaginous rings ; b, the right,
and U, the left bronchus.
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In the thorax, the trachea is covered, above, by the first itiecc of the

sternum, together with the sterno-thyroid and sterno-hyoid muscles ;

lower down, by the left innomi-

nate vein, then by the com- Fig- ISI.

raencement of the innominate

artery and left carotid, which
pass round to its sides ; next by
the arch of the aorta and the

deep cardiac plexus of nerves,

and, quite at its bifurcation, by
the extremity of the pulmonary
artery, where this divides into its

right and left branches. Placed
between the two pleura, the

trachea is contained in the pos-

terior mediastinum, and has on
its right side the pleura and
pneumo-gastric nerve, and on
the left, the left carotid artery,

the pneumo-gastric and its re-

current branch, together with

some cardiac nerves.

The right and left bronchi
(fig. 180, b, h') proceed each to

the root of its corresponding

lung. They differ from each
other in length, width, direc-

tion, and relation to surround-

ing parts. The right bron-

chus (&), wider but shorter

than the left, measuring a])out

an inch in length, passes out-

wards almost horizontalh^ into

the root of the right lung on
a level with the fourth dorsal

vertebra : it is embraced above

by the vena azygos, which
hooks forwards over it, to end
in the vena cava superior; the

right pulmonary artery lies at

first below it and then in front

of it. On looking down the

windpipe towards the bifurca-

tion, the right bronchus appears

to be a more direct continua-

tion of the trachea than the left.

The left bronchus (&'), smaller

in diameter, but longer than the

right, being nearly two inches in

length, inclines downwards and
outwards beneath the arch of the aorta to reach the root of the left

lung, which it enters on a level with the fifth dorsal vertebra, that is,

about an inch lower than the right bronchus. The left bronchus crosses

Fig. 181.

—

Outline showing the General
Form of the Larynx, Trachea, and
Bronchi as seen from behind (Allen

Thomson).

h, great cornu of tlie hyoid bone ; t, superior,

and t' , inferior cornu of the thyroid cartilage
;

e, the epiglottis ; «, points to the back of both

the arytenoid cartilages, which are surmounted
by the cornicula ; c, the middle ridge on the

back of the cricoid cartilage ; t r, the posterior

membranous pai't of the trachea ; b, U, right

and left bronchi.



26Q THE TEACHEA.

oyer the front of the gullet and descending aorta : the arch of the aorta

turns backwards and to the left over it, and the left pulmonary artery

lies first above it and then on its anterior surface. The remaining
connections of each bronchus, as it lies within the root of the corre-

sponding lung, and the mode in which it there subdivides will be
afterwards described.

In form the bronchi exactly resemble the trachea on a smaller scale ;

they are rounded and firm in front and at the sides, where they are

provided with imperfect cartilaginous rings, and flattened and mem-
branous behind.

STRUCTURE OF THE TRACHEA AND BRONCHI.

The trachea consists of the elastic framework of incomplete carti-

laginous rings or hoops, layers of fibrous, muscular, and elastic tissue,

and the lining mucous membrane, with glands.

The cartilages are from sixteen to twenty in number. Each pre-

sents a curve of rather more than two-thirds of a circle, resembling the

letter C. The depth from above downwards is from li to 2 lines, and
the t>hickness half a line. The outer surface of each is flat, but the

inner is convex from above downwards, so as to give greater thickness

in the middle than at the upper and lower edge. The cartilages are

held together by a strong fibrous membrane, which is elastic and
extensible up to a certain point, and not only occupies the intervals

between them, but is prolonged over their outer and inner surfaces, so

that they arc, as it were, imbedded in the membrane. The layer cover-

ing the outer side of the rings is stronger than that within them ;

and from this circumstance, together with the roundness of their inner

surfaces, they may be felt more readily on the interior than on the

exterior of the tube.

The cartilages terminate abruptly behind by rounded ends, but the

fibrous membrane is continued across between them, and completes

the tube behind ; it is here looser in its texture.

The first or highest cartilage, which is connected by the fibrous

membrane with the cricoid, is broader than the rest, and often

divided at one end. Sometimes it coalesces to a greater or less

extent with the cricoid or with the one below. The lowest carti-

lage, placed at the bifurcation of the trachea, is peculiar in shape ;

its lower border being prolonged downwards, and at the same time

bent backwards so as to form a curved projection between the two
bronchi. The cartilage next above this is slightly widened in the

middle line. Sometimes the extremities of two adjacent cartilages are

united, and not unfrequently a cartilage is divided at one end into

two short branches, the opposite end of that next it being likewise

bifurcated so as to maintain the parallelism of the entire scries. The
use of these cartilaginous hoops is to keep the windpipe open, a con-

dition essential for the free passage of air into the lungs.

Within the fibrous membrane at the posterior flattened part of

the trachea, is a continuous pale reddish layer of unstriped mus-
cular fibres, which pass across, not only between the ends of

the cartilages, but also opposite the intervals ; they doulitless serve

to diminish the area of the tube by approximating the ends of

the cartilages. Those opposite the hoops are attached to the ends



STEUCTURE OF THE TEACHEA. 267

of the latter, and encroach also for a short distance upon their inner

surface.

Outside the transA'erse fibres are a few fasciculi having a longi-

tudinal direction. These are said to ai'ise by minute tendons of elastic

tissue, in part fi-om the inner surface of the end of the tracheal rings,

and in part fi'om the external fibrous membrane.
Situated in the submucous tissue immediately beneath the mucous

membrane are numerous longitudinal fibres of elastic tissue. They
are found all round the tube, but are much more abundant along the

posterior membranous part, where they are principally collected into

distinct longitudinal bundles, which produce visible elevations or

flutings of the mucous membrane. These bundles are particularly

strong and numerous ojjposite the bifurcation of the trachea. The
elastic fibres serve to restore the windpipe to its ordinary size after it

has been stretched.

A quantity of adipose tissue is often found in the submucous areolar

tissue.

The trachea is provided with numerous small mucous glands.
The largest are situated at the back part of the tube, either close

upon the outer surface of the fibrous layer, or occupying little recesses

formed between its meshes. They are compound glands, and their

cavities are lined by a columnar or cubical epithelium : their excretory

ducts pass through the muscular layer and the mucous membrane, on
the surface of which multitudes of minute orifices are perceptible.

Similar but smaller glands are found between the cartilaginous rings,

upon and within the fibrous membrane, and still smaller ones close

beneath the mucous membrane.
The mucous membrane is smooth and of a pale pinkish white

colour in health, although when congested or inflamed, it becomes in-

tensely purple or crimson. It contains a considerable amount of
lymphoid tissue, the reticulum of which is condensed immediately
imderneath the epithelium into a well-marked basement membrane, com-
posed of flattened cells which send processes up amongst the epithelium

cells. In the deeper parts of the mucous membrane a large number of

fine elastic fibres are found. The epithelium consists of more than one
layer of cells. The most superficial (fig. 24, p. 47), are columnar and cili-

ated, and send processes, which are often branched, downwards into the

subjacent tissue, to join, it is said, with processes from connective tissue

corpuscles. The cilia serve to drive the mucous secretion upwards towards
the lar}Tix. Between the smaller or attached ends of these ciliated

cells, are found elongated, often spindle-shaped cells; which commonly
are prolonged at one end towards the surface, whilst the other end,

which is not unfrequently forked, reaches to the subjacent membrane.
One or more layers of smaller, more irregularly-shaped cells occupy the
deeper part of the epithelium : amongst the epithelial cells a few
leucocytes are also found. The cells generally contain mucus, and
hence are readily converted into goblets (see p. 211).

Vessels and Nerves.—The arteries of the trachea are principally

derived from the inferior thyroid. The larger branches run for some
distance longitudinally, and then form a superficial plexus with rounded
meshes. The vmns enter the adjacent plexuses of the thyroid- veins.

A rich plexus of Ijpnpltatics may readily be injected in the mucous
membrane and submucous tissue, but the lymphoid fohicles, so commoE



268 THE PLEUEiE.

in the alimentary mucous membrane, would appear to be absent here,

at least in the normal condition. The mrvcs come from the trunk and
recurrent branches of the pneumo-g-astric, and from the sympathetic
system. Their mode of termination has not yet been satisfactorily traced.

The general structure of the bronchi corresponds with that of the
trachea in every particular. Their cartilaginous rings, which resemble
those of the trachea in being imperfect Ijehind, are, however, shorter
and narrower. The number of rings in the right bronchus varies from
six to eight, whilst in the left the number is from nine to twelve.

The bronchi are supplied by the bronchial arteries and veins, and the
nerves are from the same source as those of the trachea.

THE LUNGS AND PLEURA.

The lungs, placed one on the right and the other on the left of the

heart and large vessels, occupy by far the larger part of the cavity of

the chest, and during life are always in accurate contact with the in-

ternal surface of its wall. Each lung is attached at a comparatively
small part of its flattened inner or median surface b}^ a part named the

root, and by a thin membranous fold which is continued downwards
from it. In other directions the lung is free and its surface is closely

covered by a serous membrane, belonging to itself and to the corre-

sponding side of the thorax, and named accordingly, the right or left

lileura.

THE PLEURiE.

The pleurae are serous membranes forming two shut sacs, quite dis-

tinct from each other, which line the right and left sides of the thoracic

cavity, form by their approximation in the middle line the mediastinal

partition, and are reflected each upon the root and over the entire free

surface of the corresponding lung (see fig. 1G3).

Each pleura consists of a visceral ^n^ a parietal portion. The visceral

"portion, pleura jndmonalis, coYers the lung; and the parietal portion

lines the ribs and intercostal spaces, pleura costalis, covers the upper
convex surface of the diaphragm, enters into the formation of the

mediastinum, and adheres to the sides of the pericardium.

The mediastinum, or partition between the two pleural cavities, is

formed by the reflection of each pleura from the anterior wall of the

chest backwards on the pericardium to the root of the lung, and from
the back of the root of the lung to the vertebral column. Its division

into anterior, middle, and posterior mediastina, and the position and
contents of each, have been already described (p. 239).

At the root of each lung the visceral and parietal portions of the

corresponding pleura are continuous with one another ; and, at the

lower border of the root, is a triangular fold of the serous membrane,
extending vertically along the inner surface of the lung down to the

diaphragm, to which it is attached by its extremity ; this fold is

named ligamenfum latum pulmonis.
The upper part of the pleura, together with the apex of the cor-

responding lung, rises into the root of the neck, reaching an inch or

even an inch and a half above the first rib, and passes up under cover
of the scaleni muscles,—a small slip of which, arising from the trans-

verse process of the last cervical vertebra, is described by Sibson as
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expanding into a dome-like aponeurosis or fascia, Avliicli covers or

strengthens the pleural cul-de-sac, and is attached to the whole of the

inner edge of the first rib. The right pleura is generally stated to

reach higher in the neck than the left ; but, in twenty observations

recorded by Hutchinson, tho right lung was higher in ten cases, and

the left in eight, whilst in two the height was equal on the two sides.

Anteriorly the pleural sacs of opposite sides come nearly or altogether

into contact behind the second piece of the sternum, and continue so

for some distance ; but opposite the lower end of the sternum the right

pleura passes beyond the middle line or remains close to it, while the

left recedes to a variable distance. Inferiorly the pleura3 do not pass

quite down to the attachments of the diaphragm, but leave a portion of

its circumference in contact with the costal parietes. Owing to the

height of the diaphragm on the right side (corresponding with the

greater convexity of the liver), the right pleural sac is shorter than the

left ; it is at the same time wider. In the axillary line, the right

pleura extends down to the lower edge of the ninth rib, while the

left pleura reaches to the lower edge of the tenth (Luschka).

Structure.—The pleura possesses the usual characters of serous

membranes. The costal part is the thickest, and may be easily raised

from the ribs and intercostal spaces. It is strengthened here by

a layer of subserous areolar tissue of considerable thickness. On
the pericardium and diaphragm the pleura is thinner and more

firmly adherent ; but it is thinnest and least easily detached upon

the surface of the lungs, A difference is also noticeable in the

character of the superficial epithelioid layer, for while on the 2^Ieiira

costalis this consists of the ordinary flattened cells, on the pinira jml-

monalis the cells, at least in some animals, are less distinctly flattened

and more granular and polyhedral (Klein). Lymphatic vessels are

abundant in and beneath the pleura as in other serous membranes, and

they communicate in many parts, by means of stomata, with the cavity

of the membrane. In the pleura costalis they are only found over the

intercostal spaces ; not over the ribs (Dybkowsky).

THE LUNGS.

Form.—Each lung is irregularly pyramidal or conical, with the base

downwards, and one side (the inner) much flattened. The broad, concave

base is of a semilunar form, and rests upon the arch of the diaphragm.

It is bounded by a thin margin, which is received in the angle between

the ribs and the diaphragm, and reaches much lower down behind and

at the outer side than in front. The ajwx is blunt, and, as already

mentioned, reaches into the root of the neck, above the first rib, where

it is separated from the first portion of the subclavian artery by the

pleural membrane. The outer surface, Avhich moves upon the thoracic

parietes, is smooth, convex, and of great extent, corresponding with the

arches of the ribs and costal cartilag-es. The inner surface is slightly con-

cave, and in part adapted to the convex pericardium. The posterior border

is rounded, and is received into the deep groove formed by the ribs at

the side of the vertebral column ; measured from above dowmvards, it is

the longest part of the lung. The anterior border is thin and overlaps

the pericardium, forming a sliarp edge, which, opposite the middle of the

sternum, is separated during inspiration from the coiTesponding niargin

of the opposite lung only "by the two thin layers of the mediastinal
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septum. Upon the inner surface, somewhat above the middle of the

king, and considerably nearer to the posterior than the anterior border,

is the root, where the bronchi and great vessels join the lung.

Each lung is divided into two lobes by a long and ^qq]) fissure, which

commences upon the posterior border, about three inches from the apex,

and extends obliquely downwards and forwards to the anterior edge, pene-

trating from the outer surface to wdthin a short distance of the root.

The tipper lode is the smaller, and is conical, with an oblique base, whilst

the lower is quadrilateral. In the right lung a second and shorter

•fissure runs forwards and upwards from the principal fissure to the

anterior edge, and marks off a small portion, or middle lode, from the

lower part of the upper lobe. The left lung has no such middle lobe, l)ut

presents a deep notch in its anterior border, into which the apex of the

heart (enclosed in the pericardium) is received. Besides these ditfer-

ences the right lung is shorter than the left, owing to the diaphragm

rising higher on the right side to accommodate the liver, whilst the left

lung is the narrower, owing to the heart and pericardium encroaching

on the left half of the thorax. On the whole, however, as is seen on a

comparison of their Aveights, the right is the larger of the two lungs.

At the summits and posterior borders the extent of the lungs cor-

responds with that of the pleural sacs which contain them, but in front

and below the relation is variable, inasmuch as the anterior margins

pass forwards most completely between the mediastinal and costal

pleura during inspiration, and retire to a variable degree from between

them in expiration ; and in like manner the inferior margins descend,

during inspiration, between the costal and diaphragmatic pleurjB ;

probably at no time do they ever descend completely to the line of

reflection between those membranes.
Weight, Dimensions, and Capacity.—The lungs vary much in

size and weight according to the quantity of blood, mucous, or serous

fluid they may happen to contain, which is greatly influenced by the

circumstances immediately preceding death, as well as by other causes.

The weight of both lungs together, as generally stated, ranges from

30 to 48 ounces, the more prevalent weights being found between 36

and 42 ounces. The proportion borne by the right lung to the left

is nearly that of 22 ounces to 20, taking the combined weight of the

two at 42 ounces. The lungs are not only absolutely heavier in the

male than in the female, but appear to be heavier in proportion to

the weight of the body. The general ratio between the weight of the

lungs and body, in the adult, fluctuates, according to the estimate of

Krause, between one to thirty-five and one to fifty.

The following tables, deduced from Reid's and Hutchinson's observations, show
the average weight of the right and left lungs, and of both lungs together, and
also the relative weight of the lungs to the body in a certain number of adults

of both sexes.

AVERAGE WEIGHT IN TWENTY-NINE MALES AND TWENTY-ONE
FEMALES.

—

(REID.)

MALE. FEMALE.
Right lung . , . .24:02 17 oz.

Left lung . . . . 21 oz 15 oz.

45 oz. 32 oz.
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AVERAGE IN TWENTY-FIVE MALES AND THIRTEEN FEMALES.

—

(KEID AND
HUTCHINSON.)

MALE. FEMALE.
Proportionate weight of the lungs to the body . . 1 to 37 . . 1 to 43

The .ii:c and cuhlcal dimensions of the kings are influenced so much by their

state of inflation, and are therefore so variable, that no useful aj^plication can be
made of many of the statements given as to these measurements. It is im-
portant, however, to ascertain the quantity of air which they contain under
different conditions. This subject has been investigated by many inquirers,

whose statements on this point, however, are exceedingly various. The volume
of ail" contained in the lungs after a forced expiration, was found by Grehant to be
about .57 cubic inches. After an ordinary expii-ation it would seem that about as

much more is retained in the chest. The amount of air inhaled and expelled in

ordinary breathing has been very differently estimated by different observers ; it

is most probably about ."() cubic inches. According to the extensive researches of
Hutchinson, men of mean height, between five and six feet, after an extreme
inspii-ation. exjiel from the chest, by a forced exi^iration, on an average. 225 cubic
inches of air, at a temperatm-e of (30^. This quantity is called by Hutchinson
the vital capacity of the lungs. It would be better tenned cdvemc (I'iffcvcntlal

capacltij. If to it be added the average quantity found by Grehant to l)e re-

tained in the hmgs after comjilete expu'ation, the result will yield 282 cubic inches

of air at 60^, as the average total capacity of the resi^katory organs for air in au
adult male of ordinary height.

The vital capacity (or difference between extreme expiration and extreme in-

spiration) was found by Hutchinson to bear a uniform relation to the height of
the individual, increasing at the rate of eight cubic inches for every additional

inch of statm-e above five feet ; but this relation is affected by the weight and
age of the individual, as well as by the postui-e of the body. It seems to depend
rather on the mobility than the size of the chest. (Hutchinson, in Journal of
Statistical Society, August, 1844 ; and in Medico-Chirui-g. Transactions, vol. xxix.,

184G ; also in the article '• Thorax,"' in Cyclopasdia of Anatomy and Physiology,
and the article " Resjjiration," by Reid, in the same.)

Texture and consistence.—The substance of the lung is of a light

porous spongy texture, and, when healthy, is buoyant in water : but in

the foetus, before respiration has taken place, and also in certain cases

of congestion, collapse, or consolidation from disease, the entire lungs,

or portions of them, sink in that fluid. The specitic gravity of a

healthy lung, as found after death, varies from 0*345 to 0746. When
the lung is fully distended its specific gravity is 0"126, whilst that of the

pulmonary substance, entirely deprived of air, is 1'056 (Krause). When
pressed between the fingers, the lungs impart a crepitant sensation,

which is accompanied by a peculiar noise, both effects being caused by
the air contained in the tissue. On cutting into the lung, the same
crepitation is heard, and there exudes from the cut surface a reddish

frothy fluid, which is partly mucus from the air-tubes and air-cells, and
partly a serous exudation, tinged with blood, and rendered frothy by
the admixed air.

The .pulmonary tissue is endowed with great elasticity, in conse-

quence of Avhich the lungs collapse to about one-third of their bulk
when the thorax is opened. Owing to this elasticity also, the lungs, if

artificially inflated out of the body, contract to their j)revious volume
when the air is again allowed to escape.

Colour.—In infancy the lungs are of a pale rose-pink colour, which
might be compared to blood-froth ; but as life advances they become
darker, and are mottled or variegated with spots, patches, and streaks
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of dark slate-colour, which sometimes increase to such a degree as to

render the surface almost uniformly black.

The dark colom-ing- matter found in these streaks is in the form of granules and
collections of granules, frequently not inclosed in cells ; it is dei^osited in the in-

terstitial areolar tissue mostly near the sui'face of the lung, and is not found so

abundantly in the deeper substance. It exists sometimes in the air-cells, and on
the coats of the larger vessels. Its qviantity increases with age, and is said to be

less abundant in females than in males. In persons wlio follow the occupation of

miners, more especially colliers, the lungs are often intensely charged with black

matter. The black substance seems mainly to consist of particles of carbonaceous

substance. It is found also in the bronchial glands ; indeed, it appears to be

taken u]i in large measure by the lymi^hatics. In exceptional cases the adult

lungs exhibit only vciy slight streaks of pigment.

Condition in the foetus and changes after birth.—In the fcotus the lungs

contain no aii', and consequently sink in water.

For a long time tlie lungs are very small, and occupy only a limited space at

the back part of the chest. In an embryo, 16 lines in length, their proportionate

weight to the body was found by Meckel to be 1 to 25 ; in another, 29 lines long,

it was 1 to 27 ; in another 4 inches in length, 1 to 41 ; and at the full period, 1

to 70. Huschke found that the lungs of stiU-born male childi-en were heavier in

proportion to the weight of the body than those of female children ; the ratio

being, amongst females, 1 to 76, and in males, 1 to do.

The lungs undergo very rapid and remarkable changes after birth, in conse-

quence of the commencement of respii'ation : these affect theii' size, position,

form, consistence, texture, colour', and weight, and should be carefully studied,

as furnishing the only means of distinguishing between a still-born child and
one that has respired.

1. Foiiltlon, size, amiform.—In a foetus at the full period, or in a still-born

child, the lungs, comparatively small, lie packed at the back of the thorax, and
do not entirely cover the sides of the pericardium ; subsequently to respiration,

they expand, and completely cover the plem-al portions of that sac, and are also

in contact with almost the whole extent of the thoracic wall, where it is covered

with the pleiu'al membrane. At the same time, tlieir previously thin sharp margins
become more obtuse, and theii" whole form is less compressed.

2. Coti.t'hstcnve, frxturc, and colotir.—The introduction of air and of an increased

quantity of blood into the foetal lungs, which ensues immediately iipon bii-th,

converts their tissue from a compact, heavy, granirlar, yellowish-i^ink, gland-like

substance, into a loose, light, rose-pink, spongy structiu-e, which, as already men-
tioned, floats in water. The changes thus simultaneously produced in their

consistence, colour, and textui'e, occiu' first at their anterior borders, and iDroceed

backwards through the lungs : they, moreover, ajjpear in the right lung a little

sooner than in the left.

.3. Wciiiht.—The ab.whitc )reif/ht of the lungs having gi-adually increased from
the earliest period of develoj^ment to ))irth, undergoes at that time, from the

quantity of blood then poured into them, a very marked addition, amounting to

more than one thiixl of their previous weight : for example, the lungs before

bii'th weigh about one and a half ounce, but, after complete expansion by respi-

ration, they weigh as much as two and a half ounces. The rcla-tive nrif/Jit of the

lungs to the body, which at the termination of intra-uterine life is about 1 to 70.

becomes, after respiration, on an average, about 1 to 35 or 40 ; a proportion

which is not materially altered through life. The specific gravity is at the same
tune changed from 1'056 to about •342.

4. Cltange.^ hi the trachea after hirth.—In the fojtus the trachea is flattened

before and liehind, its anterior sui-face being even some'U'hat depressed ; the ends
of the cartilages touch ; and the sides of the tube, which now contains only
mucus, are applied to one another. The effect of respiration is at first to render
the trachea open, but it still remains somewhat flattened in front, and only later

becomes convex.
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EOOT OF THE LUHG.

The root of each lung is composed of the bronchus and the large

blood-vessels, together with the nerves, lymphatic vessels, and glands,

connected together by areolar tissue, and enclosed in a sheath of the

pleura.

The root of the right lung lies behind the superior vena cava and
part of the right auricle, and below the azjgos vein, which arches over

it to enter the superior cava. That of the left lung passes below the

arch of the aorta, and in front of the descending aorta. The phrenic

nerve descends in front of the root of each lung, and the pneumogastric

nerve behind, whilst the ligamentura latum pulmonis is continued from
the lower border. The bronchus, together with the bronchial arteries

and veins, the lymphatics and lymphatic glands, arc placed on a plane

230sterior to the great blood-vessels ; the pulmonary artery lies more
forward than the bronchus, and to a great extent conceals it, whilst the

pulmonary veins are placed still farther in advance. The pulmonary
plexuses of nerves lie on the anterior and posterior aspect of the root,

beneath the pleura, the posterior being the larger of the two. OJLn% \
The order of position of the great an--tube and pulmonary vessels

^^
from above downwards differs on the two sides ; for whilst on the right-^ ^. t\ V
side the bronchus is highest and the pulmonary artery next, on the left,,

the air-tube, in passing obliquely beneath the arch of the aorta, is ^ r\ 'S' V
depressed below the level of the left pulmonary artery, which is the

highest vessel. On both sides the pulmonary veins are the lowest of

the three.

Before entering the substance of the lung, the bronchus divides into

two branches, an upper and a lower, one for each lobe. The lower

branch is the larger of the two, and on the right side gives off a third

small branch which enters the middle lobe of that lung.

The pulmonary artery also divides, before penetrating the lung to

which it belongs, into two branches, of which the lower is the larger

and supplies the inferior lobe. On the right side the upper of these

two branches gives the branch to the middle lobe. A similar arrange-

ment prevails in regard to the right pulmonary veins, the upper one
of which is formed by branches proceeding from the superior and
middle lobes of the right lung.

STRUCTURE OF THE LUNGS.

Coverings.—Beneath the serous covering, already noticed, there is

placed a thin layer of suiseroifs areolar tissue mixed with a large number
of elastic fibres. It is continuous with the areolar tissue in the interior

of the lung, and has been described as a distinct coat under the name
of the second or deeper layer of tlie pleura. In the lungs of many
animals, such as the lion, seal, and leopard, this subserous layer forms
a very strong membrane, composed principally of elastic tissue ; in
others, for instance the guinea-pig, a network of plain muscular fibres

is found which have a general radiating direction from the apex. A
close plexus of lymjihatic vessels is also met with in this sub-pleural
tissue : these vessels communicate on the one side by means of stomata
with the pleural cavity, and on the other, as will be afterwards noticed,
with a network of similar vessels in the interalveolar septa of the lunirs

(Klein).
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Pulriionary substance.—The substance of tlie lung is mainly com-
jiosed of numerous small lobules wliieli are attached to tlie ramifications

of the air-tubes, and are held together by those tubes, by the blood-

vessels, and by interlobular areolar tissue. These lobules are of
various sizes, the smaller uniting into larger ones ; they are bounded
by flattened sides, and compactly fitted to each other and to the larger

air-tubes and vessels of the lungs, those on the surface of the organ
having bases, turned outwards, from half a line to a line in diameter.

Though mutually adherent by means of fine areolar tissue, they are

quite distinct one from the other, and may be readily separated by
dissection in the lungs of young animals, and in those of the human
foetus. They may be regarded as lungs in miniature, the same elements
entering into their composition as form the lung itself. The structure

of a single lobule represents in fact that which is essential in the entire

organ, each being made up of the following constituents : the air-tiihes

and their ierminatinri air-cells, the pnlmonarij and hronchial blood-

vessels, with lymphatics, nerves, and interstitial areolar tissue.

The principal divisions of the bronchi, as they pass into the lungs,

divide into tubes of less calibre, and these again subdivide in succes-

sion into smaller and smaller bronchial tubes, or bro)ichia, Avhich,

Fig. 182.

Fig. 182.

—

Portion of Transvkrse Section op a Bronchial Tube (^-inch in Diameter)
(F. E. Schultze). Magnified 30 Diameters.

a, cartilage and fibrous layer with mucous glands, and, in the outer part, a little fat;

in tlie middle, the duct of a gland opens on the inner surface of the tube ; h, annular

layer of involuntary muscular fibres ; r, elastic layer, the elastic fibres in bundles which

are seen cut across ; (/, columnar ciliated epithelium.

diverging in all directions, never anastomose, but terminate separately

in the pulmonary lobules. The prevailing form of division is dichoto-

raous ; but sometimes three branches arise together, and often lateral

branches are given off at intervals fi'om the sides of a main trunk.

The larger branches diverge at rather acute angles, but the more remote
and smaller ramifications spring less and less acutely. After a certain

stage of subdivision each bronchial tube is reduced to a very small size,

and, fomiing what has been termed a lobular bronchial tube (fig. 184;, r),
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enters n distinct pnlmonaiy lobule, ^vithin which it undergoes still

farther division, and at last ends in the small recesses named air-cells,

ah'coli ov pulmonary vesicles (b).

'

.' -

Within the lungs the air-tubes are not flattened behind like the

bronchi and trachea, but form completely cyhndrical tubes. Hence,
although they contain the same elements as the larger air-passages,

reduced gradually to a state of greater and greater tenuity, they possess

certain peculiarities of structure. Thus, the cartilages no longer appear

as imperfect rings running only upon the front and lateral surfaces of

the air-tube, but are disposed over all sides of the tube in the form of

iiTcgularly shaped plates and incomplete rings of various sizes. These
are most developed at the points of division of the bronchia, where they

form a sharp concave ridge projecting inwards into the tube. They
may be traced, becoming rarer and rarer and more reduced in size, as

far as bronchia only one-half a line in diameter, beyond which the

tubes are entirely membranous. The filrrous coat extends to the

smallest tubes, becoming thinner by degrees and degenerating into

areolar tissue. The rducoiis memhrane, which extends throughout the

whole system of air passages, is also thinner than in the trachea and
bronchus, but it retains its ciliated columnar epithelium (fig. 182, il).

The longitudinal bundles of elastic fibres (fig. 182, c, in transverse

section) are very distinct in both the large and small bronchia,

and may be followed by dissection as far as the tube can be
laid open, and by the microscope into the smallest tubes. The mus-
cular fibres, which in the trachea and bronchi are confined to the back

Fig. 183.

—

Portion of the Fig. 183.

Outer Surface of the
Cow's Lung (from Kolliker

after Hartiiig). Magnified
30 Diameters.

a, pulmonary vesicles filled

artificially with wax ; h, the

margins of the smallest lobules.

part of the tube, sur-

round the bronchial

tubes with a continuous

layer of annular fibres,

lying inside the carti-

laginous plates (fig.

182, h) ; they are

found, however, beyond
the place where the car-

tilages cease to exist, and appear as irregular annular fasciculi even

in the smallest tubes.

The air-cells are grouped around the terminations of each lobular

bronchial tube, and, in the natural state, are always filled with air.

They are readily seen on the surface and in a section of a lung, which

has been inflated with air and dried ; also upon portions of foetal or

adult lung injected with mercury or wax (fig. 183, a, a). In the lungs

of some animals, as of the lion, cat, and dog, they are very large,

and are distinctly visible on the surface of the organ. In the adult

human lung their most common diameter is about Too^h of an inch,
T 2
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but it varies from f^oth. to ^^jth of an inch ; they are larger on the
surface than in the interior, and largest towards the thin edges of the
organ : they are also said to be very large at the apex of the lung.

Their dimensions go on increasing from birth to old age, and they are

larger in men than in women. In the infant the diameter is usually

under ^-^oth of au inch.

The small bronchial tube, as already stated, entering a lobule divides

and subdivides a variable number of times, according to the size of the
lobule ; its divisions, losing their cylindrical form, and being converted
into irregular lobular passages, are beset, at first sparingly, but after-

w\ards closely and on all sides"-with numerous little recesses or dilata-

tions, and ultimately terminate near the surface of the lobule in a group
of similar recesses. These small recesses, whether seated along the

course or at the extremity of an air pas-

sage, are the air-cells, or alveoli; and
each group of alveoli, with the compara-
tively large passage between them, con-

stitutes an ullimaie lobule, or infundi-

huli/m, so called from the manner in

which it dilates towards its extremity.

The arrangement of these finest air-

passages and air-cells closely resem-

bles, though on a smaller scale, the

reticulated structure of the tortoise's

lung, in which large open passages lead

in all directions to clusters of wide
alveoli, separated from each other by
intervening septa of various depths.

At the point where the small bron-

chial tubes lose their cylindrical cha-

racter, and become covered on all sides

with the cells, tlieir structural elements

also undergo a change. The muscular
layer disappears or almost so, the longi-

tudinal elastic bundles are broken up
into an interlacement of areolar and
elastic tissue, which surrounds the com-
mencements of the infundibula, and the

columnar ciliated epithelium gives

place to a stratum of cubical non-
ciliated cells. The walls of the alveoli, which mainly consist of an
indistinctly fibrillated connective tissue with corpuscles scattered here

and there, are supported and strengthened by scattered and coiled

elastic fibres, especially numerous near their orifices, in addition to

which, according to Moleschott and others, there is likewise an inter-

mixture of muscular fibre-cells. The air-cells are lined by a delicate

layer of tesselated epithelium, which is most easily demonstrated in the

young subject (fig. 185) but is present also in the adult : here, however,
the cells are less regular both in size and shape. Their outlines may
best be brought into view by treating the tissue with nitrate of silver :

their nuclei are for the most part round, and are thus distinguishable
from the more oval nuclei of the connective tissue and walls of the

blood-vessels. A number of granular rounded amoeboid cells are usually

Fig. 184.

—

Semidiagrammatic re-

presentation OF Two Infundibu-
la, FROM NEAR THE SURFACE OF

THE LUNQ OP A NeW-BoRN ChILD
(from Kolliker). 25 Diameters.

a, exterior of tlie two lobuli or

infundibula ; b, pulmonary vesicles

or alveoli on these and on c, the

smallest bronchial ramifications.
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Fig. 185.

—

An Alteoltjs from the Lung of a new-born Child, stained with
Nitrate op Silver to show the Epithelium (F. E. Scliultze). 500 Diameters.

Some of the cells are mucli more distinct and granular than the rest.

to be found free in the air-cells and smaller bronchial tubes : not

unfrequently they contain carbonaceous particles. It is conceivable

that by the migration of these cells into the pulmonary tissue, the

carbon particles may be conveyed into the substance of the lung and

thence into the lymphatics and bronchial glands.

Fi£r. 186. Fig. 1S7.

Fig. 186.—Capillary Network of the IIlman Lung (Kolliker). 60 Diameters.

Fig. 187.—Capillary Network of the Pulmonary Vesicles of the Horse (from

Frey after a preparation by Gerlach). 100 Diameters.

a, the capillary network ; h, the terminal branches of the pulmonai-y artery passing

towards and surrounding in pai't each pulmonary vesicle.
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Pulmonary vessels.—The capillary network of the pulmonary
vessels (tigs. 18G and 187) is spread beneath the epithelium of the air-

cells, and is found wherever the finest air-tubes have lost their cylin-

drical character, and become beset with alveoli. Around the exterior

of each alveolus there is an arterial circle, which communicates freely

with neighbouring circles, as may be seen near the surface of the lung.

From these circular vessels, which vary in diameter from y^^^th to

-g^:-uth of an inch, the capillary network arises, and covers jthe

bottom of each alveolus, passing also into the interalveolar septa

between the walls of adjacent air-cells, and surrounding the mouths
of these. As was pointed out by Rainey, the capillary network, in the

partitions between contiguous alveoli, is single in the lungs of man and
mammalia, although it forms a double layer in the lungs of reptiles.

The capillaries are very fine, measuring, in injected specimens,

from ^-5^4 0^11 to "soVo^^^ of ^^^ ^^^ch ; the network is so close that

the meshes are scarcely wider than the vessels themselves. Those
vessels which lie nearest to the mouths of the alveoli are observed arching

and coiled over and amongst the elastic fibres found in the interalveolar

septa. The capillaries are very superficial, being covered only by the

thin layer of tesselated epithelium above mentioned.

The branches of the pulmonary artery accompany the bronchial tubes,

but they subdivide more frequently, and are much smaller, especially

in their remote ramifications. They ramify without anastomoses, and
at length terminate upon the walls of the air-cells and on those of the

bronchia in the fine and dense capillary network, from which the radicles

of the pulmonary veins arise. The smaller branches of these veins,

especially near the surface of the lung, frequently do not accompany the

bronchia and arterial branches, but are found to run alone for a slK)rt

distance through the substance of the organ, finally joining some
deeper vein which passes by the side of a bronchial tube, and also

forming, according to Itossignol, frequent lateral communications.

The veins coalesce into large branches, which at length accom-

pany the arteries, and thus proceed to the root of the lung. In their

course through the lung, the artery is usually found above and in front

of a bronchial tube, and the vein below.

The pulmonary vessels differ from the systemic in regard to their

contents, inasmuch as the arteries convey dark blood, whilst the veins

carry red blood. The pulmonary veins, unlike the other veins of the

body, are not more capacious than their corresponding arteries ; indeed,

according to Winslow, Santorini, Haller, and others, they are somewhat
less BO. These veins have no valves. Lastly, it may be remarked that,

whilst the arteries of different lobules are independent (except where a

branch of artery supplies two or three lobules) their veins freely

anastomose.

Tlie bronchial vessels.—The bronchial arteries and veins, which are

much smaller than the pulmonary vessels, carry blood for the nutrition of

the lung. The bronchial arteries, from one to three in number for each
lung, arise from the aorta, or from an intercostal artery, and. follow the

divisions of the air-tubes through the lung. They are ultimately dis-

tributed in three ways : (1) many of their branches ramify in the

bronchial lymphatic glands, the coats of the large blood-vessels, and
in the fibrous and muscular walls of the large and small air-tubes, and
give supply to a copious capillary plexus in the bronchial mucous mem
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bvane, which in fine bronchial tubes is continuous with that supplied

by the pulmonary artery ; (2) others form plexuses in the interlobular

areolar tissue
; (3) branches spread out upon the surface of the lung

beneath the pleura, forming plexuses and a capillary network. These

may be distinguished from the pulmonary vessels of the superficial

air-cells by their tortuous course and open arrangement, by their

being outside the tissue investing the lobules, and by ultimately ending

in the branches of the superficial set of bronchial veins.*

•The bronchial veins have not quite so large a distribution in the lung

as the bronchial arteries, since part of the blood carried by the bronchial

arteries is returned by the pulmonary veins. The superficial and deep

bronchial veins unite at the root of the lung, opening on the right side

into the vena azygos, and on the lefc usually into the superior inter-

costal vein.

Iiymphatics.—Part of the lymphatics of the lung take origin from

lymphatic capillaries in the interalveolar septa in the usual manner,

and where near the surface of the lung come mto connection with the

suhpJcural lymphatic plexus, previously mentioned (p. 273). They join

to form vessels which accompany the branches of the pulmonary artery

and vein, running on those vessels in twos or threes, connected by nume-
rous cross branches, and in some cases, becoming perivascular, even

completely surrounding the blood-vessel. The branched connective

tissue corpuscles with which these interalveolar lymphatics are in con-

nection at their origin, send processes upwards to the inner surface of

the alveoli, between the epithelial cells (like the pseudostomata of the

serous membranes, p. 198).

Other lymphatics, which might be distinguished as bronchial, origi-

nate in the mucous membrane of the bronchial tubes, where the con-

nective tissue cells with which they are connected send up processes to

the surface as before. From the plexuses of origin they pass through

the muscular coat to be distributed in the fibrous layer, where they are

most numerous on the side opposite the accompanying branch of the

pulmonary artery. Here they not nnfrequently are found to enclose

nodules or follicles of lymphoid tissue, like those described under
" Serous Membranes." |
At the root of the lung the superficial and deep lymphatics unite

into a few anastomosing trunks before entering the bronchial lymph-

atic glands.

Nerves.—The nerves to the lung come from the anterior and pos-

terior pulmonary plexuses which are formed chiefly by branches from the

pneumogastric nerves, joined by others from the sympathetic system.

The fine nervous cords enter at the root of the lung, and follow the air-

tubes. Their final distribution requires further examination. Accord-

ing toRemak, whitish filaments from the parvagum follow the bronchia

as far nearly as the surface of the lung, and greyish filaments, proceed-

ing from the sympathetic, and having minute ganglia upon them in

their course, pass both to the bronchial tubes and pleura. Julius

Arnold has described the pulmonary nerves of the frog as ending in

pyriform ganglion cells. (Vn'chow's Archiv. vol. xxviii.)

* A few small branches of tlie intercostal arteries also pass to the pulmonary pleura

and- surface of the lung through the ligamentum latum pulmonis (Turner).

+ liurdon-Sanderson, Report of Medical Officer to the Privy Council, 1868. "Wywodzoff,

Wisuer Med. Jahrb. xi. lSti«. E. Klein, Proceedings of the Royal Society, January, 1874
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THE LARYNX, OR ORGAN OF VOICE.

The larynx is placed at the upper and fore part of the neck, where
it forms a considerable prominence in the middle line. It lies between
the large yessels of the neck, and below the tongue and os hjoides,

to which bone it is suspended. It is covered in front by the cervical

fascia along the middle line, and on each side by the sterno-hyoid,

sterno-thyroid, and thyro-hyoid muscles, by the npper end of the thyroid

body, and by a small part of the inferior constrictor of the phar^-nx.

Behind, it is covered by the pharyngeal mucous membrane, and above
it opens into the cavity of the pharynx.

The larynx consists of a framework of cartilages, articulated together,

and connected by ligaments, two of which, named the true vocal conh,

are more immediately concerned in the production of the voice. It

also possesses muscles, which move the cartilages one upon another,

and modify the form and tension of its apertures, a mucous membrane
lining it internally, numerous mucous glands, and, lastly, blood-vessels,

lymphatics, and nerves, besides areolar tissue and fat.

CARTILAGES OF THE LARYNX

The cartilages of the larynx (tig. 188) consist of three single and
symmetrical pieces, named respectively the ihyroid cartilage (Ji, i), the

cricoid cartilage (d), and the cartilage of the epiglottis (/), and of six

others, which occur in pairs, namely, the two arytenoid cartilages (a, a),

the corninila largngis, and the cuneiform cartilages. In all there are

nine distinct pieces, but the cornicula and cuneiform cartilages are very

small. Only the thyroid and cricoid cartilages are seen on the front

and sides of the larynx ; the arytenoid cartilages, surmounted by the

cornicula laryngis, together with the back of the cricoid cartilage, on
which they rest, form the posterior wall of the larynx, whilst the

epiglottis is situated in front of, and the cuneiform cartilages on each

side of the upper opening.

The thyroid cartilage, the largest, consists of two flat lateral plates

which are continuous in front, forming a narrow angle with one another

like the letter V, most prominent at the upper part. This angular pro-

jection is subcutaneous, and is much more marked in the male than in

the female, being named in the former the pomum Adami. The two
symmetrical halves, nam6d the cdce, are somewhat quadrilateral in form

:

of each half the anterior border where they are joined is the shortest,

the pomum Adami being surmounted by a deep notch (see fig. 180) ; the

free posterior border is thickened and vertical, and is prolonged up-
wards and downwards into two processes or cornua (fig. 188, I), c) ; it

gives attachment to the stylo-pharyngeus and palato-pharyngeus muscles

;

the upper and lower border have each a well-marked sinuosity close to

the cornu : otherwise the upper is convex, and the lower nearly straight.

The flattened externcd surface of each ala is marked by an indistinct ob-
lique hue or ridge (fig. 188, immediately below e), which, commencing at

a tubercle, situated at the back part of the upper border, passes down-
wards and forwards, so as to mark off the anterior three-fourths of the
surface from the remainder. This line gives attachment below to the

sterno-hyoid, and above to the thyro-hyoid muscle, whilst the small

smooth surface behind it gives origin to part of the inferior constrictor



CARTILAGES OF THE LARYXX. 281

Fi-. ISS.

of the pharynx, and affords attachment by means of areolar tissue, to

the thyroid body. On their internal surfaces, the two aliB are smooth
and slightly concave. Of the four cornua, all of wliich bend inwards.

Fig. 1S8. — Cartilages of toe
Larynx seen from behind and
ON THE Right (Bishop).

h, {, thyroid cartilage ; the right

ala is seen foreshortened ; below e, the

oblique line on its outer surface ; b,

superior, and c, inferior coi'nu of the

right side ; cl, ci-icoid cartilage ; to the

left of /(, anterior narrow part of the

ring ; a, a, arytenoid cartilages
; /, /,

epiglottis, the lines point to little

pits (for glands) on its surface.

the two superior or great cornua

(fig. 188, h, b), pass slightly

backwards, and terminate each

by a blunt extremity, which is

connected, by means of the

lateral thyro-hyoid ligament,

to the tip of the corresponding

great cornu of the os hyoides

(fig. 180). The inferior or

smaller cornua (fig. 188, c),

which are somewhat thicker

but shorter, are directed

slightly forwards, and each

presents, on the inner aspect

of the tip, a smooth surface,

for articulation with a prominence on the side of the cricoid cartilage.

The cricoid cartilage (fig. 188, el), so named from being shaped

like a signet-ring, is thicker and stronger than the thyroid. It is

deep behind, where the thyroid cartilage is deficient, measuring in

the male about an inch from above downwards ; but in front its

vertical measurement is diminished to a fourth or a fifth of an inch.

Corresponding with this, the superior harder is markedly elevated

behind, and descends with a deep concavity in front below the

thyroid cartilage ; while the inferior border is horizontal, and connected

by membrane to the first ring of the trachea. The posterior elevated

part of the upper border is slightly depressed in the middle line (fig.

188) ; and on tlie sides of this depression are two convex oval articular

facets, directed upwards and outwards, which form a movable joint with

the arytenoid cartilages. The exlerjial surface of the cartilage is convex

and smooth in front and at the sides, where it affords attachment to the

crico-thyroid muscles, and behind these to the inferior constrictors of

the pharynx : in the middle line posteriorly is a slight vertical ridge

(fig. 189, c) to which some of the longitudinal fibres of the oesophagus

are attached. On each side of this ridge is a broad depression occupied

by the posterior crico-arytenoid muscle, outside which is a small

rounded and slightly raised surface for articulation on either side with

the inferior cornu of the thyroid cartilage (fig. 188, c). The infernal

surface is covered throughout by the mucous membrane of the larynx.

The lower border of the cricoid is circular, but higher up the cartilage
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is somewhat compressed laterally, so that the passage through it is

here elliptical.

The arytenoid cartilages (figs. 188, 189, a) are two in nmnber, and

are symmetrical on each side. They may be compared to three-sided

pyramids recurved at the summit, resting by their bases on the posterior

and highest part of the cricoid cartilage, and with their tips aj^proaching

one another. Each measures five to six lines in height, about three

in width, and, in the middle of its inner surface, rather moi*e than a line

from before backwards. Of the three faces the posterior is broad, trian-

gular, and excavated from above downwards, lodging part of the aryte-

noid muscle. The anterior, convex in its general outline, and somewhat

rough, gives attachment to the thyro-arytenoid muscle, and, by a small

tubercle, to the corresponding superior or false vocal cord. The
internal surftice, which is the narrowest of the three, and slightly con-

vex, is nearly parallel with that of the opposite cartilage, and is covered

by the laryngeal mucous membrane. The anterior and posterior

borders, which limit the internal face, ascend nearly in the same vertical

plane, whilst the external border, which separates the anterior from the

posterior surface, is directed obliquely upwards and inwards.

The Jiasc of each arytenoid cartilage is slightly hollowed, having

towards its inner part a smooth surface for articulation with the cricoid

cartilage. Two of its angles are remarkably prominent, viz., one

external, short, and rounded, which projects backwards and outwards,

and into which the posterior and the lateral crico-arytenoid muscles

are inserted ; the other anterior, which is more pointed, and forms a

horizontal projection forwards, to which the corresponding true vocal

cord is attached.

The apex curves backwards and a little inwards, and terminates in a

Fig. 189. Fig. 189.—Outline siiowing the
Position and Form op the Ary-
tenoid Cahtilages from behind.

One-half the Natural Size.

/(, liyoid Lone ; t, the superior, ami
t', the inferior cornu, of the thyroid

cai-tilage ; c, placed on the median
ridge of the back of tlie cricoid carti-

lage ; «, placed between the two ary-

tenoid cartilages, to which the letter

points by two dotted lines ; the carti-

lages of Santorini or cornicula are

shown above the upper angles ; t r, the

trachea.

blunt point, which is sur-

mounted by a small cartila-

ginous appendage nanii^d
" corniculum laryngis."

The cornicula laryngis,
or cartilages of Santorini
are two small yellowish carti-

laginous nodules of a some-
what conical shape, which are

articulated with the summits of the arytenoid cartilages (fig. 189), and
serve as it were to prolong them backwards and inwards. They
sometimes form part of the arytenoid cartilages.
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The cuneiform cartilages, or cartilages of Wrisberg, are two very

small, soft, yellowish cartilaginous Ijodies, placed, one ou each side, in

the fold of the mucous membrane which extends from the summit of the

arytenoid cartilage to the epiglottis. They have a conical form, with

the base directed upwards. They occasion small elevations of the mu-
cous membrane, a little in advance of the cartilages of Santorini, with
which, however, they are not directly connected.

The epiglottis (fig. 188,/; fig. 189, t) is a median lamella of yellow

cartilage, shaped somewhat like an ovate or obcordate leaf, and covered

by mucous membrane. It is placed in front of the superior opening

of the larynx, projecting, in the ordinary condition, upwards im-

mediately behind the base of the tongue ; but during the act of

swallowing it is carried downwards and backwards over the entrance

into the larynx, which it covers and protects.

The cartilage of the epiglottis is broad and rounded at its upper free

margin, but inferiorly it becomes pointed, and is prolonged by means of

a long, narrow, fibrous band (the thyro-ephjloHic lujamcnt) to the deep

angular depression between the al* of the thyroid cartilage, to which it

is attached, behind and below the median notch. Its laieral borders,

which are convex and turned backwards, are only partly free, the lower

parts being enveloped in the aryteno-epiglottic folds of mucous mem-
brane. The anterior or linyual surface is free only in its upper part,

where it is covered by mucous membrane. Lower down, the membrane
is reflected from it forwards to the base of the tongue, forming three

folds or fi'a^nula, the middle and lateral giosso-epiglottidean folds. This
surface is also connected below with the posterior surface of the os

hyoides by means of a median elastic structure named the liyo-epiglottic

ligament. H^Ivq posterior or laryngeal surface, which is free in the whole

of its extent, is concavo-convex from above downwards, but concave

from side to side : the convexity projecting backwards into the larynx

is named the tubercle or cushion. The epiglottis is closely covered

by mucous membrane, on removing which, the yellow cartilaginous

lamella is seen to be pierced by numerous little pits and perforations,

in which are lodged small glands which open on the surface of the

mucous membrane.
Structure of the cartilages of tlie larynx.—The epiglottis,

the cornicula laryngis and the cuneiform cartilages, are composed of

clastic or yellow fibro-cartilage (p. 78), and have little tendency to ossify.

The structure of all the other cartilages of the larynx resembles

generally that of the costal cartilages (p. 75), like which, they are very

prone to ossification as life advances.

LIGAMENTS AND JOINTS OF THE LARYNX.

The larynx is connected with the hyoid bone by a broad membrane
ending at the sides in two round lateral ligaments. The thyro-hyoid
membrane or middle thyro-hyoid ligament, is a broad, fibrous,

and somewhat elastic membrane, which passes up from the whole length

of the superior border of the thyroid cartilage to the hyoid bone, where
it is attached to the posterior and upper margin of the obliquely inclined

inferior surface. Owing to this arrangement, the top of the larynx,

when drawn upwards, is permitted to slip within the circumference of

the hyoid bone, between which and the upper part of the thyroid carti-
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]age there is occasionally found a small sj'novial bursa. The thjTO-

hyoid membrane is thick where subcutaneous towards the middle line,

but at the sides becomes thin and loose, and is covered by the thyro-

hyoid muscles. Behind, is the epiglottis with the mucous membrane
of the base of the tongue, separated, however, by adipose tissue and

mucous glands. I'his ligament is perforated by the su])erior laryngeal

artery and nerve of each side. The lateral thyro-hyoid ligaments,

placed at the posterior limits of the thyro-hyoid membrane, are two

rounded yellowish cords, which pass up from the superior cornua of the

thyroid cartilage, to the extremities of the great coiiiua of the hyoid

bone. They are distinctly elastic, and frequently enclose a small oblong

cartilaginous nodule, which has been named cartilago iritkca : some-

times this nodule is bony.

The thyroid and cricoid cartilages are connected together by a mem-
branous ligament and synovial articulations. The crico-thyroid

membrane is divisible into a mesial and two lateral pwtious. The
mesial ])ortion, broad below and narrow above, is a strong triangular

yellowish ligament, consisting chiefly of elastic tissue, and is attached

to the contiguous borders of the two cartilages. Its anterior surface is

convex, is partly covered l)y the crico-thyroid muscles, and is crossed

horizontally by a small anastomotic arterial arch, formed by the junc-

tion of the crico-thyroid branches of the right and left superior thyroid

arteries. The lateral portions are fixed on each side along the inner

edge of the upper border of the cricoid close under the mucous mem-
brane : they become much thinner above, where they are attached in

front to the middle of the angle between the ala3 of the thyroid

cartilage, and behind to the anterior projection of the base of the ary-

tenoid cartilages : the upper edges are free l)ctween those attachments

and form the inferior thyro-arytenoid ligaments or true vocal

corda.

The cricc-thsrroid joints, between the inferior cornua of the thy-

roid cartilage and the sides of the cricoid, are two small but distinct

articulations, having each a ligamentous capsule and a synovial mem-
brane. The prominent oval articular surfaces of the cricoid cartilage

are directed ujjwards and outwards, while those of the thpoid cartilage,

which are slightly concave, look in the opposite direction. The cap-

sular fibres form a stout band behind the joint. The movement
allowed is of a rotatory description, the thyroid cartilage revolving on
its inferior cornua, and the axis of rotation passing transversely

through the two joints.

The superior thyro-ary-tenoid ligaments consist of a few slight

fibrous fasciculi, contained within the folds of mucous membrane form-

ing the false vocal cords hereafter to be described, and arc fixed in

front to the angle between the ala3 of the thyroid cartilage, some-
what above its middle, and close to the attachment of the epiglottis :

behind, they are connected to the tubercles on the rough anterior

surface of the arytenoid cartilages. They are continuous above with
scattered fibrous bundles contained in the aryteno-epiglottidean folds.

The crico-arytenoid joints arc surrounded by a series of thin
capsular filjrcs, which, together with a loose synovial membrane, serve

to connect the convex cllij^tical articular surfaces on the upper border
of the cricoid cartilage with the concave articular depressions on the

bases of the arytenoid cartilages. There is, moreover, a strong posterior



INTERIOR OF THE LAEYXX. 285

crico-arytenoid ligament on each side, arising from the cricoid, and
inserted into the inner and back part of the base of tlie arytenoid
cartilage.

The summits of the arytenoid cartihages and the cornicuhi laryngis

have usually a fibrous and synovial capsule to connect them, but"^it"is

frequently indistinct.

INTEEIOR OF THE liARTNX

The cavity of the larynx is divided into an upper and a lower com-
partment by the comparatively

narrow aperture of the glottis, or

rimaglottiiUs, the margins of which,

in their two anterior thirds, are

formed by the lower or tnie vocal

cords; and the wdiole laryngeal

cavity, viewed in transverse verti-

cal section (fig. 190), thus presents

the appearance of an hour-glass,

or of two funnels meeting together

by their narrow ends. The upper

compartment communicates with

the pharynx by the superior aper-

ture of the larynx, and contain

immediately above the rima glot

tidis the ventricles {s) and the

upper or false vocal cords. The
lower compartment passes inferi-

orly into the tube of the windpipe

without any marked constriction

or limitation between them. The
whole of the interior of tiie larynx

is lined by mucous membrane.
The superior aperture of the

larynx, by which it communicates
with the pharynx, is a triangular

opening, wide in front and narrow
behind, the lateral margins of

which slope obliquely downwards
and backwards. It is bounded in

front by the e])iglottis (fig. 191, A,
e, and fig. 192, a), behind by the

summits of the arytenoid carti-

lages (fig. 191, B, a) and cornicula

laryngis {$) with the angular border
of mucous membrane crossing the
median space between them, and
on the sides by two folds of mu-
cous membrane, the ctri/le/w-epi-

glottidean folds, which, enclosing a
few ligamentous and muscular

Fig. 190.

—

Anterior Half of a Trans-
verse Vertical Section through the
Larynx near its middle (Allen Thomson).

1, upi^er division of the laryngeal cavity
;

2, central portion ; 3, lower dinsion,
continued into 4, part of the trachea

;

c, the free part of the epiglottis ; e',

its cushion ; h, the divided great cornua
of the hyoid bone ; ht, thyro-hyoid mem-
Lrane ; t, cut surface of the divided thyroid
cartilage ; c, that of the cricoid cartilage

;

r, first ring of the trachea ; ta, thyro-aryte-

uoid muscle ; iil, thyro-arytenoid ligament
in the true vocal cord covered by mucous
membrane at the rima glottidis : s, the
ventricle ; above this, the superior or false

cords
; s', the sacculus or pouch opened on

the right side.

fibres and the cartilages of Wris-
berg, pass forwards from the tips of the arytenoid cartilaf^-es and
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cornicula to the lateral mavg'ins of the epiglottis (fig. 101 ; and fif^'. 19'>

8, 9, 10).
^ o o

;

In studying the form of the laryngeal cavity and its apertures, it is
proper to hecomo acquainted T;'ith the appearances which they present

Fig- 191- Fig. 191.—Three Laryn-
Goscopic Views of the
SuPEKioR Aperture of
THE Larynx and Sur-
rounding Parts in Dif-
ferent States op ths
Gtlottis during Life (from
Czermak).

A, the glottis during the
emission of a high note in

singing. B, in easy or quiet
inhalation of air. C, in the
state of widest possible dila-

tation as in inhaling a very
deeiJ breath. The diagi-ams A',

B', and C, have been added to
Czermak's figures to show ia

horizontal sections of the
glottis the position of the
vocal ligaments and arytenoid

cartilages in the three several

states represented in the other
figures. In all the figures, so

far as marked, the letters in-

dicate the parts as follows,

viz. : I, the base of the tongue

;

e, the upper free part of the
epiglottis ; c', the tubercle

or cushion of the epiglottis
;

p h, i^art of the anterior wall

of the pharynx behind the
larynx ; in the margin of the
aryteno-epiglottidean fold vj,

the swelling of the membrane
caused by the cartilages of Wrisberg ; s, that of the cartilages of Santorini ; a, the tip

of the arytenoid cartilages ; c r, the true vocal cords or lips of the rima glottidis ; c i' g,

the superior or false vocal cords ; between them the ventricle of the larynx ; in C, t r is-

placed on the anterior wall of the receding trachea, and h indicates the commencement
of the two bronchi beyond the bifurcation, which may be brought into view in this state of

extreme dilatation.

on examination during- life by means of the laryngoscope, and with the
relations of these to the anatomical structure.

* On thns examining the
superior aperture, there are seen on each side two rounded elevations

(fig. 191, s, w), correspondiug respectively to the cornicula and the cunei-
form cartilages ; while in the middle line in front there is a tumescence
of the mucous membrane of the lower part of the epiglottis, enabling-^

that structure to close tlie aperture more accurately when, it isdepressecl^

and named the ti/herde or cusJ/ion of ihe qivjJoiiis {e'). The mucous
memlirane between the arytenoid cartilages is stretched when they are
separated (b, c), and folded double when"they are approximated (a).*
On looking down through the superior opening of the larynx, the

(jlotlis or rima glottidis (fig. 192, f) is seen at some distance below, in
the form of a long narrow fissure running from before backwards. It

Czermak on the Laryngoscoi)e, transhited by the New Sydenham Society.
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is situated on a leyel with the lowr i^art of the arytenoid cartilages,

and is bounded by the Irve vocal cords. Above the glottis, another pair

of projecting folds is seen, the superior or false vocal cords, which are

nuich thinne"r and weaker and less projecting than the inferior, and are

Fig. 192.—Perspective Yiwx of the Yiz- ]^2.

Pharyngeal Opening into the La-

rynx FROM ABOVE AND BEHIND (,Allen

Tliomson.

)

The superior aperture has been much
dilated ; the glottis is in a moderately

dilated condition ; the wall of the pha-

rynx is opened from behind and turned

to the sides. 1, body of the hj'oid

bone ; 2, small cornua ; 3, great cornua;

4, npjjer and lower cornua of the thyroid

cartilage ; 5, membrane of the pharynx
covering the posterior surface of the

cricoid cartilage ; 6, upper part of the

gullet ; 7, membranous jxart of the

trachea ; 8, projection caused by the

cartilage of Santorini ; 9, the same be-

longing to the cartilage of Wrisberg ; 10,

aryteno-epiglottidean fold ; 11, cut mar-

gin of the wall of the pharynx ; «, free

part of the epiglottis ; a', its lower

pointed jiart ;
«", the cushion ; b,

eminence on each side over the sacculus

or jiouch of the larynx ; h', the ventricles
;

c, the glottis : the lines on each side

point to the vocal cords.

arched in form. Bounded by
the superior and inferior vocal

cords are two deep oval depres-

sions, one on each side of the

glottis, named the sinuses, or

ventricles, of the larynx (fig.

190, s, and fig. 192, h') ; and
leading upwards from the an-

terior parts of these depressions, external to the superior vocal cords,

are two small culs-de-sac, named the laryngeal 2^ouches ox saccuU {fig,

190, s').

The superior vocal cords, also called the false vocal cords, because
they are not immediately concerned in the production of the voice,

form on each side a free ci-escentic margin, bounding the corresponding-

ventricle of the larynx, the hollow of which is seen on looking down
into the laryngeal cavity, the superior vocal cords {cvs, fig. 191) being:

further apart than the inferior.

The inferior or true vocal cords, the structures by the vibration

of which the sounds of the voice, are produced, bound the two anterior

thirds of the aperture of the glottis (fig. 192, c). The mucous mem-
brane covering them is so thin and closely adherent as to show the
yellowish colour of the ligaments through it. Their free edges, which are

sharp and straight, and directed upwards, form the lower boundaries of

the ventricles, and are the parts thrown into vibration during the j^ro-

duction of the voice. Their inner surfaces are flattened, and look

towards each other.
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The rinia glottidis, an elongated aperture, situated, anteriorly,

between the inferior or true vocal cords, and, posteriorly, between the

bases of the arytenoid cartilages, forms a long narrow slit, slightly

wider in the centre when nearly closed, as in the production of the

voice (fig. 191, a') ;
when moderately ojien, as in easy respiration, its

shape is that of a long triangle, the pointed extremity being directed

forwards, and the base being behind, between the arytenoid car-

tilages (b) ; in its fully dilated condition it is lozenge-shaped (the pos-

terior sides being formed by the inner sides of the bases of the aryte-

noid cartilages), while the posterior angle is truncated (c). The rima
glottidis is the narrowest part of the interior of the larynx; in the

adult male it measures about eleven lines or nearly an inch in an
antero-posterior direction, and three or four lines across at its widest

part, which may be dilated to nearly half an inch. In the female, and
in males before the age of puberty, its dimensions are less, its antero-

posterior diameter being about eight lines, and its transverse diameter

about two. The vocal cords are about seven lines long in the adult

male, and five in the female.

The ventricles, or sinuses of the larynx (fig. 190, s, and fig. 192, i'),

are narrower at their orifice than in their interior. The outer surface

of each is covered by the upper fibres of the corresponding thyro-aryte-

noid muscle.

The small culs-de-sac named the laryngeal 2)oiiches (fig. 190,6-'), lead

from the anterior part of the ventricles upwards, for the space of half

an inch, between the superior vocal cords inside, and the thyroid

cartilage outside, reaching as high as the upper border of that cartilage

at the side of the epiglottis. The pouch is conical in shape, and
curved slightly backwards. Its opening into the ventricle is narrow,

and is generally marked by two folds of the lining mucous mem-
brane. Numerous small mucous glands, sixty or seventy in number,
open into its interior, and it is surrounded by a quantity of fat. Ex-
ternally to the fat, this little pouch receives a fibrous investment, which
is continuous below with the superior vocal cord. Over its laryngeal

side and upper end is a thin layer of muscular fibres (compressor sacculi

laryngis, arytceno-epiglottideus inferior, Hilton) connected above with

those found in the aryteno-epiglottidean folds. The upper fibres of the

thyro-arytenoid muscles pass over the outer side of the pouch, a few

being attached to its lower part. The laryngeal pouch is supplied

abundantly with nerves, derived from the superior laryngeal.

MUSCLES OF THE LAEYNX.

Besides certain extrinsic muscles elsewhere described—viz., the
sterno-hyoid, omo-hyoid, sterno-thyroid, and thjTO-hyoid muscles,
together with the muscles of the suprahyoid region, and the middle
and inferior constrictors of the pharynx, all of which act more or less

upon the entire larynx—there are certain mtrinsic muscles which move
the different cartilages upon one another, and modify the size of the
apertures and the state of tension of the soft parts. These intrinsic

muscles are the crico-tlnjroid, the posterior and lateral crico-aryfenoid, the
thyro-arytenoid, the arytenoid, and the arylejio-epiylottidcan, together
with certain other slender muscular fasciculi. All these muscles, except
the arytenoid, which crosses the middle line, are in pairs.
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The crico-thyroicl muscle (fig. 193, 10), is a short thick triangular

muscle, seen on the front of the larynx. Its origin from the cricoid

cartila"-e, extends from the median line a considerable way backwards,

and its fibres passing upwards and outwards, diverging slightly, are

Fig. 193.

Fig. 193.—Lateral View of the Cartilages of the Larynx with the Crico-Thyroid

Muscle (after Willis).

8, tliyroid cartilage ; 9, cricoid ; 10, crico-tliyroid muscle ; 11, crico-tliyroid mem-
brane ; 12, upper rings of the trachea.

Fig. 194.—View of the Lary:<x and Part of the Trachea from behind, with the

Muscles dissected.

li, the body of the hyoid bone ; c, epiglottis ; t, the posterior borders of the thyroid

cartilage ; c, the median ridge of the cricoid ; a, arytenoid muscle ; s, placed on one

of the oblique fasciculi ; h, left posterior crico-aryteuoid muscle ; r, ends of the incom-

plete cartilaginous rings of the trachea ; /, fibrous membrane crossing the back of the

trachea ; n, muscular fibres exj)osed in a part.

_inserted into the inferior border of the thyroid cartilage, and into the

anterior border of its lower cornu. The lower portion of the muscle,

the fibres of wliich, nearly horizontal, are inserted into the lower cornu,

is usually distinct from the rest. Some of the superficial fibres are

almost always continuous with the inferior constrictor of the pharynx.

The muscles of the two sides separate from one another iu the middle

line in front, leaving an interval which is triangular with the base

upwards. The crico-thyroid membrane is here uncovered.

The posterior crico-arsrbenoid m-ascle (fig. 194, l), situated be

hind , arises from the broad depression on the corresponding half of

the posterior surface of the cricoid cartilage, and its fibres, converging

upwards and outwards, are inserted mto the outer angle of the base of

the arytenoid cartilage, beliind the attachment of the lateral crico-

arytenoid muscle. The upper fibres are short and almost horizontal

;

VOL. II. u
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tlie middle are the longest and run obliquely ; whilst the lower or

external fibres are nearly vertical.

In connection with the posterior crico-arytenoid muscle, may be mentioned an
occasional small slip in contact with its lower border, viz., the kerato-cricoid

muscle of Merkel. It is a short and slender bundle, arising from the cricoid

cartilage near its lower border, a little behind the inferior cemu of the thyroid

cartilage, and passing oljliquely outwards and upwards to be inserted into that

process. It usually exists on only one side. Turner found it in seven out of

thirty-two bodies. It is not kno^^'n to be of any physiological significance.

(Merkel, Anat. und Phys. des mensclil. Stimm- und Sprachorgans, Leipzig, 1857
;

Turner in Month. Med. Joimial, Feb. 1860.)

Fig. 195. The lateral crico-arytenoid
muscle (fig. 195, /), smaller

than the posterior, is in a great

measure hidden by the ala of the

thyroid cartilage. , It arises from
the upper border of the side of

the cricoid cartilage, its origin

extending as far back as the

articular surface for the aryte-

noid. Its fibres pass backwards
and upwards, the anterior or

upper ones being the longest,

and are_ attached to the outer

side of the base of the arytenoid

cartilage and to the adjacent part

of its anterior surftice, in front

of the insertion of the posterior

crico-arytenoid.

This niur;cle is covered inter-

nally by the mucous membrane,
and at its anterior part by the

upper part of the crico-thyroid

muscle. The upper part is in

close contact and indeed is

sometimes blended with the thyro-

arytenoid.

The tliyro-arytenoid muscle
is situated above the lateral crico-

arytenoid. It is thick below and
in front, and becomes thinner

above and behind. It consists

of several distinct fasciculi,

Avhicli arise in front from the

internal surface of the thyroid

cartilage, the lower two-thirds,

close to the angle formed by
the junction of the two ate,

and extend almost horizontally

backwards and outwards to

j-each the base of the arytenoid cartilage. The lower portion of

the muscle (fig. 195 d), which forms a thick fasciculus, receives a few
additional fibres from the posterior surface of the crico-thyroid mem-

Fig. 195.

—

Side View of the Larynx
AFTEK REMOVAL OP THE LEFT ALA OF THE
Thyroid Cartilage (Bishop).

The upper tliiu part of the left thyro-

ai7teuoid muscle has been removed to show
the lower part, d, supporting the vocal

cord, c ; a, inner surface of right ala of

thyroid ; h, b, arytenoid cartilages ; d', the

small tliyro-avytenoid muscle of Scemmerring
sometimes present ; c, ijosterior, and /,
lateral crico-firytenoid muscles of the left

.side ; n, cricoid cartilage ; /(, trachea.
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brane, and is inserted into the anterior projection on the base of the

arytenoid cartilage and to the surface adjacent, close to the insertion of

the lateral crico-arytenoid. The upper i\\h\ portion of the thyro-arytenoid

muscle is inserted higher up on the anterior surflicc and outer border

of the arytenoid cartilage.

The lower portion of the muscle contributes to the support of the

true vocal cord lying parallel with it ; into the outer surface of the

ligament some of its fibres are inserted. The upper thin portion,

external to the lower, lies upon the laryngeal pouch and ventricle, close

Jjeneath the mucous membrane : indeed the entire muscle may be

exposed from the interior of the larynx, by raising the mucous mem-
brane of the sinus and vocal cord. Fibres from this muscle pass

round the border of the arytenoid cartilage, and become continuous

with some of the oblique fibres of the arytenoid muscle, to be presently

described.

Santorini descriljcd three thyro" '°' '^'

aryiienoicl muscles, an hifcrUir and a

middle, which are constant, and a
.siipci'ior, which is sometimes present.

The fibres of the superior fasciculus (fig.

1 '.).). cZ'), when present, arise nearest to

the notch of the thyroid cartilage, and
are attached to the upper part of the

base of the arytenoid cartilage. This is

named by Soemmerring the ^ina/l thyro-

iirjiienoid, whilst the two other portions

of the muscle constitute the r/rcat

thjTo-ar^-tenoid of that author.

Arytenoid and aryteno -

epiglottidean muscles.—When
the mucous membrane is removed
from the back of the arytenoid

cartilages, a thick band of trans-

verse fibres constituting the aryte-

noid muscle is laid bare (fig. 194, a),

and on the surface of this are

seen two slender decussating ob-

lique bundles (s), formerly de-

scribed as portions of the arytenoid

muscle (arytfenoideus obliquus),

but now more generally con-
sidered as parts of the aryteno-

cpiglottidean muscles, with which
they are more closely associated
both in the disposition of their

fibres and in their action. The -

aryiciioid muscle passes straight

across, and its fibres are attached
to the whole extent of the con-
cave surface on the back of each
arytenoid cartilage. The aryteno-

epifiMtidean muscles (fig. 19G h) arising near the inferior and outer
angles of the arytenoid cartilages, decussate one with the other, and

Fig. 196.

—

View of the Interior op
THE Left Half op the Larvnx (after

Hilton.)

a, left arytenoid cartilage ; c, e, divided
surfaces of the cricoid cartilage ; t, thyroid
cartilage ; c, epiglottis ; v, left ventricle

of the larynx ; }•, left inferior or true
vocal cord ; s, placed on the inner wall of

the laryngeal pouch ; h, aryteno-epiglot-

tideaa muscle
; /, interior of the trachea.
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their fibres ai'e partly attaclicd to the upper and outer part of the

opposite cartilage, partly pass forwards in the aryteno-epiglottidean fold,

and partly join the fibres of the thyro-arytenoid muscle.

A few fibres associated with the anterior and upper part of the

thyro-arytenoid muscle have been described as a tlnjro-epiijloltidecm

muscle.

Actions of the intrinsic muscles of the larynx.—The crlco-ilii/roid muscles

pi-odiTce the rotation forwards and downwards of the thyroid cartilage on the

cricoid, which is permitted by the crico-thyrbid' articulations (fig. 11)7). In this

c«p

Fig. 197.

—

Outline of the TaGHT Half
OP THE Cartilages of the Larynx as
SEEN FROM THE InSIDE, WITH THE THYRO-
ARYTENOID Ligament, to illustrate
THE Action op the Crico-Thtroid
Muscle (Allen Thomson).

t, cut surface of the thyroid cartilage in

the middle anteriorly ; c, c, the same of the
cricoid cartilage before and behind ; a, the
inner surface of the right arytenoid carti

lage ; a', its anterior process ; «, the right

cartilage of Sautorini ; c v, the thyro-ai'y-

tenoid ligament ; the position of the lower

cornu of the thyroid cartilage on the out-

side of the cricoid is indicated by a dotted

outline, and r indicates the point or axis

of rotation of the one cartilage on the other ;

c t h, indicates a line in the principal direc-

tion of action of the crico-thyroid muscle
;

c a p, the same of the posterior crico-

arytenoid muscle ; the dotted line, of which

i' indicates a part, represents the position

into which the thyroid cartilage is moved
by the action of the crico-thyroid muscle

;

if the arytenoid cartilages are fixed by
muscles acting in the direction of c a j5,

the vocal cords will be elongated and
rendered tense by contraction of the crico-

thyroid muscles, as indicated by c v".

movement the arytenoid cai-tilages. being attached to the ci-icoid cartilage at a

level considerably above the axis of rotation, have their distance from the fore-

part of the thyroid cartilage increased, and, in this way. the crico-thjToid muscles

increase the tension of the vocal cords. The f/ii/ro-ari/tnioul muscles are. in

their lower parts, the opponents of the crico-thjToid. raising the fore part of the

thyroid cartilage and decreasing the tension of the vocal cords; the upper parts

"of these muscles, he'mg attached higher up on the arj-tenoid cartilages, depress

them.

The lateral fviro-ari/fetwid muscles, by pulling forwards the outer angles of

the arytenoid cartilages, approximate the vocal cords to the middle line. The

ptntcrim- criro-arijtcHokl muscles pull backwards the outer angles of the arytenoid

cartilages, and thus draw asunder the posterior extremities of the vocal cords,

and dilate the glottis to its greatest extent : they are likewise the elevators of

the arytenoid cartilages.

The avjjtrnoid muscle di-aws the arytenoid cartilages together, and, from the

(•tructure of the crico-arytenoid joints, this approximation -when complete is

necessarily accompanied with depression. Tlie ariitnw-rp'mloiiUlran muscles at

once depress and approximate the arytenoid cartUages, which they include in

their embrace, and draw down the epiglottis, so as to contract the whole superior

apcrtui-e of the larjaix
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With the aid of the laryngoscope it may be seen that in ordinary breathing the
rima glottidis is widely open (fig. 191, B. b'), and that in vocalisation the vocal

cords come closely together ; which is eilected prmcipally, no donljt, by the action

of the lateral crico-arytenoid muscles, assisted by the arj-tenoid aud perhaps by the
thyro-arj-tenoid, and accompanied with a varying amount of contraction of the
crico-thjToid muscles. The regulation of the tension of the vocal cords and of

the width of the aperture of the glottis, in the in'oduction of high and low
liitched notes, is probably accomplished by the crico-thj-roid and thjTO-arytenoid

muscles. The movement of the tlajToid on the cricoid cartilage, effected by
these muscles during the passage of the voice from one extreme of the scale to

the other, may be detected by placing the tip of a finger over the crico-thyroid

ligament. The ai-j'tenoid and arj'teno-epiglottidean muscles come into action

in spasmodic closure of the upper aperture of the larj-nx ; the complete descent

of the epiglottis, however, can only take place when the tongue is retracted

and the thyroid cartilage pushed against it, as in the act of swallowing.

It is remarked by Henle that, with the exceirtion of the crico-thyroid and
posterior crico-arytenoid. the miiscles of the larynx, namely, those '• which lie in

the space enclosed by the laminse of the thjiroid cartilage, and ab>ove the cricoid,

the fibres of which are substantially horizontal, may be regarded in their totalitj'

as a kind of sphincter. Such a spliincter is found in its simple form embracing
the entrance of the larjTix in reiDtiles ; and the comiilication -which it attains in

the higher vertebrates arises, like the comj^lication of the muscles generally, from
the fibres finding various points of attachment in their coiu"se, by which means
they are broken up and divided."'

THE MUCOUS MEMBRANE AND GLANDS OF THE LARYNX.

The laryngeal mucous membrane is thin and of a pale colour. In
some situations it adheres intimately to the subjacent parts, especially

on the epiglottis, and still more in passing over the true vocal cords, on
which it is extremely thin and most closely adherent. About the

upper part of the larynx, above the glottis, it is extremely sensitive.

In or near the aryteno-epiglottidean folds it covers a quantity of loose

areolar tissua, which is liable in disease to infiltration, constituting

oedema of the glottis. Like the mucous membrane in the rest of the

air-passages, that of the larynx is covered in the greater part of its

extent with a columnar ciliated epithelium, by the vibratory action of

which the mucus is urged upwards. The cilia are found higher up in

front than on each side and behind, reaching in the former direction as

high as the widest portion of the epiglottis, and in the other directions

only to a line or two above the superior vocal cords : above these points

the epithelium loses its cilia, and gradually assumes a stratified

squamous form, like that of the pharynx and mouth. Upon the vocal

cords also the epithelium is squamous, although both above and below
them it is ciliated columnar.

Glands.—The lining membrane of the larynx is provided with
numerous glands, which secrete an abundant mucus ; and the orifices

of which may be seen almost everywhere, excepting upon and near the

true vocal cords. They abound particularly upon tlie epiglottis, in the

substance of which are found upwards of fifty small comijound glands,

some of them perforating the cartilage. Between the anterior surface

of the epiglottis, the hyoid bone and the root of the tongue, is a mass
of yellowish fat, erroneously named the epiglottideau gland, in or upon
which some real glands may exist. Another collection of glands,

namely arytenoid, is placed within the fold of mucous membrane in

front of each arytenoid cartilage, from which a series may be traced for-
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wards, along tlie corresponding snperior vocal cord. The glands of the

laiyngeal pouches have already been described.

VESSELS AND NERVES OF THE LARYNX:

The arteries of the larj-nx are derived from the superior thjTroid, a branch of
the external carotid, and from the inferior thyroid, a branch of the subclavian.

The reins join the sui^erior, middle, and inferior thyi'oid veins. The Ji/nijjliaties

are numerous, and j^ass through the cervical glands. Their mode of distribu-

tion resembles that in the trachea. The nrrres are supijlied from the sui^erior

larjaigeal and inferior or recurrent laryngeal branches of the xmeumogastric
aierves, joined by branches of the sympathetic. The superior laryngeal nerves
supply the mucous membrane, and also the crico-thyroid muscles, and in part
t.he arytenoid muscle. The inferior laryngeal nerves supply, in part, the arytenoid
muscle, and all the other muscles, excepting the crico-tliyroid.

Tlie superior and inferior laryngeal nerves of each side communicate with each
other in two jjlaces, viz., at the back of the larynx, beneath the pharyngeal
mucous membrane, and on the side of the larynx, under the ala of the thyroid
cartilage. Numerous ganglion-cells are found on the branches, both on those
which enter the muscles, and also underneath the mucous membrane. End-bulbs
are also described in tlie mucous membrane which covers the posterior or laryngeal
surface of the epiglottis (Lindemann).
The furtlier details of the distribution of the vessels and nerves are to be found

elsewhere.

FORMATION AND GROWTH OF THE LARYNX.

Tlie rudimentary larynx consists, according to Valentin, of two slight enlarge-
ments having a fissure between them, and embracing the entrance from the
pharynx into the trachea. According to Reichert, the rudiments of the arytenoid
cartilages are the first to appear. Rathke. however, states that all the true carti-

lages are fonned at tlie same time, and are recognisable together as the larynx
enlarges, the epiglottis only ajipearing later. In the human embryo, Fleischmann
could not detect the cartilages at the seventh week, though the larjmx was half
a line in length, but at the eighth Aveek there were visible the thyroid and cricoid
cartilages, consisting at tliat period of two lateral halves, which are afterwards
united together in the sixth month. KoUilier, on the other hand, states that
those cartilages are single from the first.

During childhood the growth of the lai-jTix is very slow. Richerand found
that there was scarcely any difference between the dimensions of this organ in
a child of three and in one of twelve years of age. Up to the age of puberty
the larynx is similar in the male and female, the chief characteristics at that
period being the small size and comparative slightness of the organ, and the
smooth rounded form of the thjToid cartilage in front. In the female these con-
ditions are pennanent, excepting that a slight increase in size takes place. In
the male, on the contrary, at the time of puberty, remarkable changes rapidly
occur, and the larynx becomes more prominent and more perceptible at the upper
part of the neck. Its cartilages Ijecome larger, thicker, and stronger, and the
ala3 of the tliAi-oid cartilage project forwards in front so as to form at
their union with one another, the prominent ridge of the pomvm Adnvi'i.

At the same time, the median notch on its upper border is considerably
deepened. In consequence of these changes in the thyroid cartilage, the dis-
tance between its angle in front and the aiytenoid cartilages behind becomes
greater, and the chordaj vocales are necessai'ily lengthened. Hence the dimen-
sions of the glottis, wliich, at the time of puberty, are increased by about one-
third only in the female, are nearly doubled in the male, and the adult male
larynx becomes altogether one-third larger than that of tlie female.
Towards the middle of life the cartilages of the larjTix first show a tendency to

ossification
; this commences first in the thyi'oid cartilage, then appears in the

cricoid, and lastly in the aiytenoid cartilages. In the thyroid cartilage the ossifi-

cation usually begins at the comua and posterior borders; it then gradually
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extends along the whole inferior border, and subsequently spreads upwards

through the cartilage. The cricoid cai-tilage first becomes ossified at its upper

border upon each side, near the two j^osterior articular eminences, and the ossifica-

tion invades the lateral parts of the cartilage before encroaching either in front

or behind. The arytenoid cartilages become ossified from below upwards.

DUCTLESS GLANDS ON THE LARYNX AND TRACHEA,

THE THYROID BODY.

The thyroid body or gland (fig. 198) is a soft reddish and highly

yascular organ, consisting of two lateral lobes, united together towards

their lower ends by a transverse portion named the islhmus. Viewed

Fig. 198.Fig. 198.

—

Sketch showing the Form and Position

OF THE Thvroid Body (Alien Thomson). One-Half
THE Natural Size.

The larynx and surrounding parts are viewed from

before ; on the right side the muscles covering the

thyroid body are retained, on the left side they are

removed ; /(, hyoid bone ; th, right thyro-hyoid muscle
;

oh, omo- hyoid ; ish, stemo-hyoid ; st, sterno-thyroid ;

c, on the crico-thyroid membrane above the cricoid

cartilage, points by a dotted line to the right crico-

thyroid muscle ; tr, the trachea ; a, the oesophagus

appearing behind and slightly to the left of the trachea
;

t, the right lobe of the thyroid body partially seen

between the muscles ; t', the left lobe entirely exposed ;

i, the isthmus ; It, the fibrous or muscular band termed
levator thyroidea;, which is more rarely found in the

middle line or to the right side, and which existed

in the case from which the figure was taken.

as a whole, it is convex on the sides and in

front, forming a rounded projection upon
the trachea and larynx. It is covered by
the sterno-hyoid, sterno-thvroid, and omo-
hyoid muscles, and behind them it comes
into contact with the sheath of the great

vessels of the neck. Its deep surface is concave where it rests against

the trachea and larynx. It usually extends so far back as to touch the

lower portion of the pharynx, and on the left side the oesophagus also.

The general direction of each lobe is, from below, upwards and

backwards, reaching from the fifth or sixth ring of the trachea to

the posterior border of the thyroid cartilage, of which it covers the

inferior cornu and adjoining part of the ala. The upper thin end of

the lobe, which is sometimes called the cornn, is usually connected to

the side of the thyroid and cricoid cartilages by areolar tissue.

The transverse part, or isthmus (i), which connects the two lateral

lobes a little above their lower ends, commonly lies across the third and
fourth rings of the trachea, but is very inconstant in size, shape, and
position, and the part of the trachea covered by it differs accordingly.

From the upper part of the isthmus, or from the adjacent portion

of either lobe, a slender conical process, named, from its shape and
position, the jjyramid, or middle lobe, often proceeds upwards to the

hyoid bone, to which its apex is attached by loose fibrous tissue.
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Commonly this process lies somewhat to the left ; occasionally it is

thicker above than below, or is completely detached, or is split into

two parts : sometimes it appears to consist of fibrous tissue only.

In many cases muscular fasciculi, most frequently derived from the

thyro-hyoid muscle, but occasionally independent, descend from the

Fig. 190. Fig. 199.—Magnified View of

SEVERAii Vesicles from the
Thyroid Gland of a Child (from

Kolliker).

<7, connective tissue between the

vesicles ; h, capsule of the vesicles
;

. c, their epithelial lining.

hyoid bone to the thyroid

piand or its pyramidal process.

They are known as the levator

(/landnlce thi/roidem (fig. 198,

//). It sometimes, though
rarely, happens that the

isthmus is altogether wanting
the lateral lobes being then

connected by areolar or fibrous

tissue only : this is the natural

condition in some animals.

Each lateral lohe, measures

usually two inches or upwards in length, an inch and a quarter in

breadth, and three-quarters of an inch in thickness at its largest

part, which is below its middle : the right lobe is usually a few lines

longer and wider than the left.

The isthmus measures nearly half an inch in breadth, and from a

quarter to three-quarters of an inch in depth.

The ivcight of the thyroid body varies ordinarily from one to two
ounces. It is always larger in females than in males, and appears

in many of the former to undergo a periodical increase about the time

of menstruation. It commonly varies a good deal in size, and occasion-

ally undergoes enormous enlargement, constituting the disease called

goitre, or bronchocele. Its colour is usually of a dusky brownish I'ed,

but sometimes of a yellowish hue. T\\q function of the thyroid body is

unknown.
Structure.—The texture of this organ is firm, and to the naked eye

appears coarsely gi-anulai*. It is invested by a thin transparent layer

of dense areolar tissue, which connects it with the adjacent parts, sur-

rounds and supports the vessels as they enter it and imperfectly

separates its substance into small masses of irregular form and size.

This interstitial areolar tissue is free from fat, and contains elastic

fibres.

When the organ is cut into, a yellow glairy fluid escapes from
the cut surface. Its substance is composed of multitudes of closed

vesicles, which are surrounded by capillary vessels, and arc held together

in groups or imperfect lobules by areolar tissue. The size of the vesicles

varies from -frl-^^th of an inch to that of a millet-seed, so as to be visible

to the naked eye,—varying, however, in different individuals, more than
in the same thyroid body. They are spherical, ovoid, or flattened, and
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perfectly distinct from each other. Each vesicle consists of a simple
basement membrane (fig. 199 t), with a single epithelial layer of cells

(c) lining its inner surface ; at least in the foetus and young subject, for

it would appear that the cells for the most part becoma detached in the
progress of growth. The fluid coagulates by the action of heat or of
alcohol, preserving, however, its transparency.

One of the most frequent pathological changes to which the thyroid
body is subject consists in the accumulation within its vesicles of a
gelatinous-looking substance (colloid) : this may occur without giving
rise to very great enlargement of these vesicles, but in certain forms
of goitre it distends them to an enormous degree.

Vessels and nerves.—The artcricf: of the thyi-oid body are the superior and
inferior thyi-oids of each side, to which is sometimes added a fifth vessel, the

thijroidca ima of Neubauer and Erdmann. The arteries are remarkable for their

large relative size, and for their frequent and large anastomoses ; they teiininate

in a capillary network, uifon the outside of the closed vesicles. The vrina. which
aa'e also large, ultimately form plexuses on the surface, from which a superior,

middle, and inferior thjToid vein are formed on each side. The superior and
middle thyi'oid veins open into the internal jugular ; the inferior veins issue

from a plexus formed in front of the trachea, and open on the right side into

the superior cava, and on the left into the brachio-cephalic vein. The ////iij/hnticx

of the thyroid body form numerous and large anastomosing ti-uuks. both at the

sm-face of the organ and throughout its sulDstance : they originate, according to

the observations of Frey, in the connective tissue which unites the gland-vesicles,

with the cavity of which they appear not to be in communication.
The ncrrcfi are derived from tire middle and inferior cervical ganglia of the

symijathetic. They accompany the blood-vessels ; and have here and there

ganglion-cells in their course ; theii" mode of ending is unknown.
Development.—Remak states that the thjToid body is developed from the

anterior wall of the pharjaix. In a human embiyo at the thu-d month. KoUiker

found the thjToid body consisting of isolated vesicles, with rounded cells in their

interior. The multiplication of these vesicles takes place, according to KoUiker.

either by constriction and subsequent division of one vesicle into two, or by a

process of gemmation. The transverse part of the gland is said to be develoj^ed

subsequently to the two lateral lobes. In the foetus, and dm-ing early infancy.

this organ is relatively larger than in after-life ; its proportion to the weight of

the body in the new-born infant being that of 1 to 240 or 400. whilst at the end
of three weeks it becomes only 1 to 11 GO. and in the adult 1 to 1800 (&ause).

In advanced life the thjToid body is liable to become indurated, and frequently

contains earthy deposit ; its vesicles also attain a very large size.

THE THYI>I'JS GliAND.

The iltymus gland or lodij is a temporary organ which reaches its

greatest size at about the end of the second year of life, after which period

it ceases to grow, and is gradually reduced to a mere vestige. Its function

is not fully understood, althoug'h it is probable that it is in some way
connected with the elaboration of the blood in infancy. "When examined

in its mature state in an infant under two years of age, it appears as a

narrow elongated glandalar-looking body, situated partly in the thorax,

and partly in the lower region of the neck : below, it lies in the

anterior mediastinal space, close behind the sternirm, and in front ot

the great vessels and pericardium ; above, it extends upwards upon
the trachea in the neck. Its colour is greyish, with a pinkish

tinge ; its consistence is soft and pulpy, and its surface appears dis-

tinctly lobulated. It consists of two kiieral Johes, which touch eacli
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other along- the middle line, and are nearly symmetrical in form, thoug-ii

generally unequal in size, sometimes the left, and at other times the
right lobe being the larger of the two. An inlermaliate lobe often exists

between, the two lateral ones, and occasionally the whole body forms a
single mass.

Each lateral lobe is of an elongated triangular form. The apex usually
mounts up into the neck, reaching as high as to the lower border of the
thyroid body. The basr, rests on the upper part of the pericardiimi, to

which it is connected by areolar tissue. The anterior surface, shghtly
convex, is covered by the first and the upper part of the second piece of
the sternum, reaching, in the infant at birth, as low down as the level

of the fourth costal cartilage. It is attached to the sternum by loose

areolar tissue, but opposite the upper part of that bone is separated from
it by the origins of the sterno-hyoid and sterno-thyroid, which muscles
also cover it in the neck. The posterior surface, somewhat concave,
rests, in the thorax-, upon part of the pericardium* upon the front of the
aortic arch and the large arteries arising from it, and also on the left

innominate vein. In the neck it lies upon the front and corresponding-
side of the trachea. Its external border is in contact with the corre-

sponding layer of the mediastinal pleura, near the internal mammary
artery, and higher up (in the neck), with the sheath of the carotid artery.

The internal border is in close contact with that of the opposite lobe.

The dimensions of the thymus vary according to its stage of develop-
ment. At birtli it measures rather more than two inches in length, an
inch and a half in width at its lower part, and about three or four lines

in thickness. Its weight at that period is about half an ounce. Its

specific gravity, which is at first about 1-050, diminishes as the gland
continues to waste.

Structure.—The lateral halves or lobes of the thymus gland are
each invested by a capsule of thin areolar tissue, which sends parti-

tions into the gland between the several lobules : on its outer surface
the capsule is covered by a layer of flattened epithelioid cells. Each
lobe consists of numerous polyhedral lobules, the most of them from
two to five lines in diameter, connected by a more delicate inter-
vening areolar tissue. These primary lobules are each made up of
a number of small nodules or follicles (fig. 200, b, b), as they have
been termed. These are, in many respects, similar in structure to
ordinary lymphoid follicles, such as those of the tonsils or of Peyer's
patches m the intestine : consisting, like these, of retiform tissue, the
meshes of wdiich are filled with lymph corpuscles ; at the surfiice of
each follicle the retiform tissue is somewhat closer, so as to form a
species of capsule for it. In some animals these capsules completely
enclose the follicles, but in others, including man, several follicles

may be united towards the centre of the lobule, which is then conmionly
of softer consistence than the other parts, and apt to break down if

not perfectly fresh, so as to give the deceptive appearance of a centra]
cavit}^ (see fig. 200). Scattered here and there in the retiform tissue arc
peculiar corpuscles, composed of a substance which strongly refracts the
light, and readily becomes stained by carmine. They present an ap-
pearance of concentric striation, and are known as the concentric cor-
2mscl('s of^ Hdssall. They vary in size from that of a blood-corpuscle
to three times that diameter, or more ; the larger often contain smaller
ones in their interior.
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Tis.. 200.

According' to the description given Ijy Astley Cooper the thymiis presents a con-

tinuous anfractuous cavity, the extensions of wliich pass into the lobules : it is pro-

babel, however, that the cavity described was produced artificially, the lymphoid

tissue towards the centre of each lobule being rather looser than in the outer paits.

Vessels and Nerves.—The artrri/'H of the thymus are derived from various

sources, viz., from the internal mammaiy. the inferior and superior thjToid,

the subclavian and carotid arteries. Theii' branches penetrate to the centre

of the lobules, whence tliey radiate outwards, terminating in capillaiy vessels,

which form a network within each follicle

(fig. 200), and pass at its exterior into the

'reins. These pui'sue a different course from
the arteries : they, for the most part, o^jen

into the left innominate vein.*

The h/mphafic.s are largo. According to

the observations of His on the calf, the

larger blood-vessels passing to the centre

are each accompanied by two or more lym-

phatic trunks. These arise from an inter-

lobular plexus, which again is in connection

with vessels which suiTound and enclose

the individual follicles (as in the intes-

tinal follicles).

The nerves are very minute. Haller

thought that they were jiartly derived from
the phrenic nerves, but. according to Cooper,

no filaments from these nerves go into the

gland, although they reach the investing

capsule, as does also a branch from the

descendens noni. Small filaments, derived

from the pneumo-gastric and sympathetic

nerves, descend, on the thyroid liody, to the

upper part of the thymus. Spnpathetic

nerves also reach the gland along its various

arteries.

Development and G-rowtli.—The early

development of the thymus has been care-

fully studied by Simon, whose researches

were chiefly conducted in the embrj'os of

swine and oxen. In embryos about half

an inch in length, it may he distinguished

with the aid of the microscope : and in

those of one and a half inch, with a simple

lens. When first distinguishal)le, it appears

to consist of a simjile closed tube, lying

along the carotid vessels (most likely the fiihe

so described is a collection of embryonic cells enclosed in a naembranous capsule).

It has no connection with the respiratory mucous membrane, as was supposed by
Arnold ; and so soon as discoverable, it is found to be perfectly distinct from
the thji'oid body. At intervals along the sides of this tube or capsule, small pro-

jections bud out. and these go on subsequently branching out into groups of two
or four,—the fonnation of the jiermanent follicles being merely the last repeti-

tion of this i^rocess. In the human foetus at the seventh week, the thjrmus is

bi-lobed below but still single above ; at about tlie ninth week, it consists of two
minute elongated parallel parts, l.^ang chiefly on the ujjper part of the pericar-

dium ; at the twelfth week it is already comparatively broad, and its sui-face is

entii'ely covered with lobules : it then increases rapidly until birth, but not with

Fig. 200.

—

Transverse Section of

A Lobule op an In.jected Infan-

tile Thymus Gland (from Kol-

liker). Magnified.

rt, capsule of connective tissue sur-

rounding the lobule ; h, h, follicles ;

c, cleft in the centre of the lobule,

pi-ol)ably produced by the shi-inking

away of the soft follicular substance

;

from it the blood-vessels are seen to

extend towards and ramify in the

spheroidal folHcles.

* In' some animals the arterial, as well as the venous, branches are found at the

periphery of the follicles, to near the centre of which the capillaries converge (as in

Peyer's patches).
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nniform rapidity, for it gi-ows especially dming the seventh, eighth, and ninth

montlis of intra-uterine existence.

After biith, the thymus, as ah-eady stated, continues to grow until near the end

of the second year. According to the observations of Haugstedt and Simon, it

appears for a short time after birth to increase in weight not merely absolutely,

Ijut even faster than the rest of the system, and during the next period only to

keep pace with the increase of the body. After the second year it ceases to gi'ow.

and Ijecomes gradually converted by the eighth or twelfth year into a fatty mass,

the corpuscles disappearing or becoming developed into the cells of adipose tissue.

At pubert,y the thymus is generally reduced to a mere vestige which has entirely

lost its original stracture, and consists of brownish tissue occuiiying the upper

part of the anterior mediastinum. Occasionally it is still found in good condi-

tion at the twentieth year ; but generally only traces of it remain at that time,

and these are rarely discoverable beyond the twenty-fifth or thirtieth year.

The thymus gland presents no difference in the two sexes, and exists, according

to Simon, in all animals breathing by lungs. It appears in all to become even-

tually transformed into a mass of fat.

OKGANS OF DIGESTION.

The ditjestice aj)paratus consists mainly of the alimentary canal, to-

gether with various glands of which it receives the secretions.

The alimentary canal commences at the mouth and terminates at

the anus. Its average length is ahout thirty feet,—about five or

six times the length of the body.

The part situated in the head and thorax consists of the organs of

mastication, insalivation, and deglutition, and comprises the mouth,
with the teeth, and salirarij glands, the pliarijnx, and the msophaniis or

gullet. The part contained in the abdomen and pelvis consists of the

stomach and tlie small and large intestine. The glands which are most
intimately connected with digestion are very numerous small glan-

dular organs situated in the mucous membrane of the alimentary canal,

and the larger glands, such as the salivary glands, pancreas and liver,

whose ducts open on its inner surface.

THE MOUTH.
The mouth is included between the lips and the throat. Bounded by

the lips, cheeks, tongue, and the hard and soft palate, it communicates
behind with the pharynx through an opening called iha fauces (isthmus
I'aucium). It is lined throughout by a mucous membrane, which is of

a pink rosy hue during life, but pale grey after death, and which pre-

sents peculiarities of surface and structure to be noticed hereafter.

The lips and cheeks are composed externally of skin, and internally of
mucous membrane, together with muscles, vessels, and nerves fully

dtseribed in otlier parts of this work, some areolar tissue, fat, and
numerous small glands. The free border of the lips is protected by a
dry mucous membrane, which becomes continuous with the skin, is

covered with numerous minute papilke, and is highly sensitive. In
some of these pa})illa3 nerve-end-bulbs, a[)proaching in character to
tactile corpuscles, are found (see fig. 101 a, p. 148), in others coiled
nerve-fibres (KiUliker), On the inner surfoce of each lip, the mucous
membrane forms a fold in the middle line, connecting the lip with the
gums of the corresponding jaw. These are ilio,fmna ovfncnula of the
lips : that of the upper lip is the larger.
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Numerous small o-lands, called lalrial glands, are found beneath the

mucous membrane of the lips, around the opening- of the mouth. They
are situated between the mucous membrane and the orbicularis oris

muscle. They are compound racemose glands of a rounded form, the

largest of them not exceeding the size of a split pea ; and they open
into the mouth by distinct orifices. Small sebaceous glands also occur,

at least occasionally, on the part of the red border of the lips which is

seen when the mouth is closed.

Between the buccinator muscle and the mucous membrane of the

cheek are the luccal glands, similar to the labial glands, but smaller.

Two or three glands, larger than the rest, found between the masseter

and buccinator muscles, and opening by separate ducts near the last

molar tooth, are called the molar glands. The secretion of these glands

is understood to be mucus ; whether it has any of the s])ecific properties

of saliva is not known. The duct of the parotid gland also opens upon
the inner surface of the cheek, opposite to the second upper molar tooth.

Immediately within the lips and cheeks, are the drnfaJ arches, consist-

ing of the teeth, gnms, and alveolar borders of the maxillie. Tlie gums
(gingivfe) are composed of a dense connective tissue, cohering very

closely wnth the periosteum of the alveolar processes, and covered by a

red and highly vascular mucous membrane, which is smooth in its

general surface, but is beset with fine papillae in the immediate vicinity

of the teeth. The epithelium covering it is, like that of the mouth
generally, scaly and stratified, containing in the deeper layers numerous
cells marked with ridges and furrows, like those described in the

epidermis (p. 211).

THE TEETH.

In the human subject, as in mammalia generally, two sets of teeth

make their appearance in the course of life, of which the first comprehends
the fcmporarg, deciduous, or mdJc teeth, whilst the second is named the

permanent set. The temporary teeth are twenty in number, ten in

each jaw, and the permanent set consists of thirty-two, sixteen above
and sixteen below.

Deficiencies in the number of teeth sometimes occiu', and, on the other hand, it is

frequently increased by one or more supernumerary teeth. These are usually

small, and simple, and although generally distinct, they are sometimes attached

to other teeth : they occur more freqiiently near the front than the hinder teeth,

and are more often met with in the upper than in the lower jaw.

GENERAL CHARACTERS OF THE TEETH.

A tooth consists of three portions, viz., one which projects above

the gums and is named the body or crown, another fixed in the alveolus

or socket, the root, consisting of the fang ovfangs—and a third, inter-

mediate between the other two, and, from being more or less con-

stricted, named the cervix or neck (fig. 201). The size and form
of each of these parts vary in the different kinds of teeth.

The roots of the teeth are acciu*ately fitted to the alveoli of the jaws,

in which they are implanted. Each alveolus is lined by periosteum (fig.

201, 4), which also invests the contained tooth as high as the cervix.

This dental periosteum, sometimes named the periodontal membrane, is

said to be richly supplied with nerves. It is blended with the dense
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tissue of the gums, which closely surrounds the neck of the tooth.

The fangs of all the teeth taper from the cervix to the point, and this

Fig. 201. Fig. 201.

—

Vertical Section
OF Premolar op Cat. 15
DIAMETERS (Waldeyer).

c, is placed in the pulp-

cavity, opposite the cervix or

neck of the tooth : the part

above is the crown, that below

is the root (fang). 1, enamel
"with radial and concentric

markings ; 2, dentine with
tubules and incremental lines

;

3, cement or crusta jjetrosa,

with bone corpuscles ; 4,

dental periosteum ; 5, bone
of lower jaw.

form, together with the

accurate adjustment to

the alveolus, has the

effect of distributing the

pressure during use over

the whole socket, and of
preventing it from un-
duly bearing on the

point of the fang,

through which the blood-

Tessels and nerves enter.

The thirty-two perma-
nent teeth consist of four

incisors, two canines,

four bicuspids, and six

molars in each jaw. The
twenty temporary teeth

are four incisors, two
canines, and four molars
above and below. There
are no bicuspids among
the temporary teetli, the

eight deciduous molars
preceding eight bicuspids

of the permanent set. The relative position and arrangement of the
different kinds of teeth in the jaws maybe expressed by the following
formula, which also exhibits the relation between the two sets in these
respects :

—

Temporaiy teeth . . . •:

Permanent teetli .

( Upper

( Lower

(Upp

( Lower

MO. CA. IN'. CA. MO.

2 14 ] 2 = 10

- =20

MO. BI. CA.

ler 3 2 1

4 1 2 =10
IX. CA. 151. JIO.

4 1 2 3 ==16

=32
1 3=10

The Peumanext Teeth.—Tlie incisors (fig. 202), eight in number,
ave the four front teeth in each jaw, and are so named from being
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Fiff. 202.

d

Vi". 202. -Incisor Teeth of

AND Lower Jaws.

THE Upper

adapted for cutting or dividincj the food. Their crowns are chisel-

shaped (c), and have a sharp horizontal cutting edge, which by con-

tinued use is bevelled off" behind

in the upper teeth, but in the

lower ones is worn down in front,

where it comes into contact with

the over-lapping edges of the

upper teeth. Before being sub-

jected to wear, the horizontal

edge of each incisor is marked
by three small prominent points,

separated by two slight notches

(fig. 202, d). The anterior sur-

face of the crown is slightly

convex, and the posterior con-

cave. The fan(/ is long, single,

conical, and compressed at the

sides, where it sometimes though
rarely presents a slight longitu-

dinal furrow (as in c).

The lower incisor teeth are

placed vertically in the jaw, but

the corresponding upper teeth

are directed obliqttely forwards.

The upper incisors are, on the

whole, larger than the lower ones.

Of those in the upper jaw the

central incisors are the larger ;

but in the lower jaw, the central

incisors are the smaller, and are,

indeed, the smallest of all the

incisor teeth.

The canine teeth, (fig. 20 P.),

four in number, are placed one

on each side, above and below, next to the lateral incisors. They are

larger and stronger than the incisor teeth. The crown is tliick and
conical, convex in front and hollowed behind, and may be compared
to that of a large incisor tooth the angles of which have been removed,

so as to leave a single central point or cus^i, whence the name cuspidate

applied to these teeth. The point always becomes worn down by use.

The fang of the canine teeth is single, conical, and compressed at

the sides : it is longer than the fangs of any of the other teeth, and is

so thick as to cause a corresponding prominence of the alveolar arch :

on the sides it is marked by a groove, an indication, as it were, of the

cleft or division which appears in the teeth next behind.

The upper canines, popularly called the cijc-tceUi, are larger than the

iOwer, and in consequence of this, as well as of the greater width of the

upper range of incisors, they are thrown a little farther outwards than
the lower ones. In the dog-tribe, and in the carnivora generally, these

teeth acquire a great size, and are fitted for seizing and killing prey,

and for gnawing and tearing it when taken as food.

The bicuspids, also called jjremolars, are four in each jaw ; they
are shorter and smaller than the canines, next to which they are

«, front view of the upper and lower

middle incisors ; b, front view of the upper

and lower lateral incisors ; c, lateral view

of the upper and lower middle incisors,

showing the chisel shape of the crown ;

a groove is seen marking slightly the fang

of the lower tooth ; d, the upper and
lower middle incisor teeth before they have

been worn, showing the three points on

the cutting edge.
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Fis. 20?

]^1accd. Tho rroivn is compressed antero-posteriorly, and is convex,

not only on its outer or Jabial surface, like the preceding teeth,

but on its inner surface also, which rises

vertically from the gum : it is broader than
that of an incisor or canine tooth, and
is surmounted by tivo pointed tubercles or

cusps, of which the external one is larger

and higher than the other. The fang is

similarly compressed, and is deeply grooved
in all cases, showing a tendency to become
double. The apex of the fang is generally

bifid, and in the second upper bicu.-pid the

root is often cleft for a considerable

distance ; but the bicuspid teeth are very
variable in this respect, and may be, all

four, free from any trace of bifidity of the

root. The upper bicuspids are larger than
the lower ones, and their cusps are more
deeply divided. Sometimes tlie first lower

bicuspid has only one tubercle distinctly

marked, i.e., the external, and in that case

approaches in figure to a canine tooth.

The onolm- teeth (fig. 205), true or large molars, or grinders, are

twelve in number, and are arranged behind the bicuspid teeth, three on

Fig. 200.—CANI^•E Tuoth of
THE Upper Jaw.

a, front view ; h, lateral

view, showing the long fang

grooved on the side.

Fig. 204, Fig. 205,

Fig. 204.—FinsT Bicuspid Tooth of the Upper and Loijer Jaws.

a, front view ; h, lateral view, showing the lateral groove of the fang, and the
tendency in the upper to division.

Fig. 205.

—

First Molar Tooth op the Upper and Lower Jaws.

They are viewed from the outer aspect.

each side, above and below. They arc distinguished by the large size

of the crown, and by the great width of its grinding surface. The first.
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molar is the largest, and the third is the smallest, in each range, so

as to produce a gradation of size in these teeth. The last of the

range, owing to its late appearance through the gum, is called the

wisdom-tooth, dens sapientiaj. The crowns of the molar teeth are low
and cuboid in their general form. Their outer and inner surfaces are

convex, but the crowns are rather flattened before and behind. The
grinding surface is nearly square in the lower teeth, and rhomboidal in

the upper, the corners being rounded off ; it bears four or five trihedral

tubercles or cusps (whence the name onulticuspidati), separated from
each other by a crucial depression. The upper molars have four cusps

situated at the angles of the masticating surface ; of these the anterior

internal cusp is the largest, and is frequently connected with the

posterior external cusp by a low oblique ridge. In the upper wisdom-
teeth, the two internal cusps are usually blended. The crowns of the

lower molars, which are larger than those of the upper, have five cusps,

the additional one being placed between the two posterior ones, and
rather to the outer side ; this is especially evident in the lower wisdom-
teeth, in which, however, the crown is smaller and rounder than in

the others. The fanys of the molar teeth are multiple. In the two
anterior molars of the upper jaw, they are three in number, viz.,

two placed externally, which are short, divergent, and directed towards
the antrum of the superior maxilla ; and a third or internal fang,

which is larger and longer, and is directed towards the palate, its

posterior border extending as far back as that of tlie posterior external

fang. This third fang is often slightly grooved, especially when the

two internal cusps of the crown are very distinct, and sometimes it is

divided into two smaller fangs. The two anterior molars of the loiver

jaw have each two broad, compressed fangs, one anterior, the other

posterior, which are grooved on the faces that are turned towards each
other, as if each consisted of two fangs fused together ; they have
an inclination or curve backwards in the jaw, and are slightly divergent,

but sometimes parallel, or even nearly in contact with each other ; more
rarely one or both of them is divided into two smaller fangs. In the

wisdom-teeth of both jaws the fangs are often collected into a single

irregular conical mass, which is either directed backwards in the substance

of the jaw, or curved irregularly ; this composite fang sometimes shows
ti'aces of subdivision, and there ai'e occasionally two fangs in the lower

tooth and three in the upper.

The bicuspid and the molar teeth, from the breadth and uneven
character of their masticating surface, are fitted for bruising, crushing,

and grinding the food.

The range of teeth in each jaw forms a nearly uniform curve, which
is not broken by any interval, as is the case in many animals, even
in the Quadrumana. The upper dental arch is rather wider than
the lower one, so that the teeth of the upper jaw slightly over-

hang those of the lower. This is owing principally to the fact that

the lower teeth are placed either vertically, as in front, or are

inclined somewhat inwards, as is seen behind and at the sides, while

the corresponding teeth of the upper jaw have an inclination forwards
in front, and outwards behind. AVhile there is a slight diminution in

the htjight of the crowns of the teeth fi-om the incisors backwards to

the wisdom-teeth, there is in man no abrupt change of level along the

range. In consequence of the large proportionate breadth of the upper
VOL. II. X
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central incisors, the other teeth of the upper jaw are thrown somewhat
outwards, so that in closure of the jaws the canines and bicuspids come
into contact partly with the corresponding lower teeth, and partly with
those next following ; and in the case of the molars, each cusp of the

upper lies behind the corresponding cusp of the lower teeth. Since,

however, the upper molars and especially the wisdom-teeth are smaller

than those below, the dental ranges terminate behind nearly at the
same point in both jaws.

The MiriK-TERTH(fig. 20G).—The temporary incisor and canine teeth

resemble those of the permanent set in their general form ; but they
are of smaller dimensions. The temporary molar teeth present some
peculiarities. The hinder of the two is much the larger ; it is the

largest of all the milk-teeth, and is larger even than the second per-

manent bicuspid, which it afterwards gives place to. The first upper
milk molar has only three cusps, two external and one internal ; the

second has four. The first lower temporary molar has four cusps, and
the second five, of which in the latter case three are external. The

Fig. 206.

Fig. 206.

—

Milk Teeth of the Right Side ov the TJprEr. and Lower Jaws.

a, the incisors ; h, tlie canines ; c, tlie molar teetli.

fcoif/s of the temporary molars resemble those of the permanent set, but

they are smaller, and are more divergent from the neck of the tooth.

STRUCTURE OF THE TEETH.

On making a section of a tooth, the hard substance of which it is

composed is found to be hollow within (fig. 207). The form of tlie

cavity bears a general resemblance to that of the tooth itself ; it

occupies the interior of the crown, is widest opposite to or a little

above the neck, and extends down each fang, at the point of which
it opens by a small orifice. In the incisor teeth the cavity is prolonged
above into two fine linear canals, which proceed one to each corner of

the cvown ; in the bicuspid and molar teeth it advances a short

distance into each cusp. In the case of a root formed by the blending
of two or more fangs, as occurs occasionally in the wisdom-teeth, each
division has a separate canal prolonged down to its apex.

Pxilp of the teeth.—The central cavity of a tooth is called the
pdj) cavity, because it is occupied and accurately filled by a soft, highly
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Fis. 207

Fig. 207.

—

Sections of an Incisor

AND Molar Tooth.

The longitudinal sections show the

whole of the jmlp-cavity in the incisor

and molar teeth, its exten.sion uinvards
within the crowu, and its prolongation

downwards into the fangs with the
small aperture at the point of each ;

these and tlic cross section show the
relation of the dentine and enamel.

vascular, and sensitive substance, called the dental pulp. This pulp con-
sists of jelly-like connective tissue containing fine lilaments of the white
variety, nucleated cells, blood-vessels

and nerves. The cells are partly

disseminated in the soft mass and
partly form a stratum at the surface

of the pulp, where they are elongated,

somewhat like the cells of columnar
epithelium (see fig. 220, c, p. 318).

On extraction of the pulp fi-om the

cavity of the tooth, this layer usually

remains adherent to the hard tissue,

and has been named the memhrana
f'boris. The oblong cells composing
it (pcloniobk(sts) send processes into

tubules in the dentine, to be after-

wards noticed, of which more than
one may come from the same cell ;

lateral offsets, according to Waldeyer,

proceed to join adjacent cells, and
radical processes connect the super-

ficial cells with others lying deeper
in the pulp. The arteries and nerves, which are derived from the
internal maxillary and fifth pair respectively, enter by the aperture
at the point of each fang. The vessels form a capillary network
beneath the superficial cells ; the nerves, as described by Boll in the
rabbit's incisor, end in fine non-medullated fibres which aVe distributed

abundantly at the surface of the pulp and run up between the superficial

cells. Some appear to take the direction of those cell-processes which
enter the hard tissue, but they have not with certainty been traced into

the dentinal tubules.

Hard tissues of the teeth.—The hard part of a tooth is composed
of three distinct substances,—viz., the proper dental substance, h'ori/

or dentiiip, the enamel, and the cement or crusta petrosa. The dentine

constitutes by far the larger portion ; the enamel is found only upon
the exposed part or crown ; and the cement covers with a thin layer the

surface of the implanted portion or fang.

The dentine (Owen.) forming the principal mass or foundation

of the body and root of a tooth, gives to both of these parts their

general form, and immediately encloses the central cavity. It resem-

bles very compact bone in its general aspect and chemical relations, but
is not identical with it in structure, or in the exact proportions of its

earthy and animal constituents.

According to the analyses of Berzelius and Bibra, the dentine of

human teeth is composed of 28 parts per cent, of animal, and 72 of

earthy matter. The fonner is resolvable into gelatin by boiliug.

The composition of the latter, according to Bibra, is as follows, viz.,

phosphate of lime GG*7 per cent., carbonate of lime 3*o, phosphate of

magnesia and other salts, including a trace of fluoride of calcium, 1*8.

Berzelius found 5*3 carbonate of lime.

The dentine is penetrated thronghout by fine tubes, which being
nearly parallel give it a striated aspect (fig. 201). When a thin section

is viewed under the microsco ie by transmitted light, the solid sub-
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stance, or matrix, is transparent and apparently homogeneous, while

the tubes, being (in a dried specimen) filled with air, are dark : but when
seen with reflected light on a dark ground the latter appear white ; in

these respects they resemble lacunas and canaliculi of bone.

The dcnfiaal tubules open at their inner ends into the pulp-cavity,

which presents very numerous minute orifices over the whole surface.

Thence they pass in a radiated manner through every part of the ivory

towards its periphery. In the upper part of the crown they have a

vertical direction ; but towards the sides, and in the neck and root,

they become gradually oblique, then horizontal, and are finally even

inclined downwards towards the point of the fang. The tubules

describe in their course two or three gentle curves {primary curvatures,

fig. 201), and each is besides twisted throughout its whole length

into numerous fine spiral turns, which
follow more closely one upon another ;

these are the secondary curvatures

(fig. 208). In form a tubule may
accordingly be likened to the thread

of a corkscrew, stretched so that the

turns are drawn far apart, and their

breadth proportionally diminished

(Welcker).

The tubes are only shghtly di-

vergent as they pass towards the sur-

face ; and, as they divide several

times dichotomously, and at first with-

out being much diminished in size,

they continue to occupy the sub-

stance of the dentine at almost equal

distances, and their nearly parallel

primary curvatures produce, by the

manner in which they reflect the

light, an appearance of concentric

undulations in the dentine, which
may be well seen with a low magni-

fying power {Schrcyer's lines). The
average diameter of the tubules at

their inner and larger ends is 45Voth
of an inch, and the distance between

adjacent tubules is commonly about

two or three times their width.

From their sides numerous immeasur-
ably fine branches are given off,

which penetrate the hard intertubu-

lar substance, where they either anas-

tomose or terminate blindl}^ These
lateral ramuscules are said to be more
abundant in the fang. Near the peri-

phery of the ivory they are very

numerous, and, together with the

main tubules themselves, which there

by rapid division and subdivision,

also become very fine, terminate imperceptibly by free ends, or by join-

Fig. 208. —Section of Fang, Faral-

lel to the dentinal tubules
(Human Canine). Magnified 300

DIAMETERS. (Waldeyer).

1, cement, with large bone-lacunse

and indications of lamellise ; 2, granular
layer of Purkinje (interglobular spaces)

;

3, dentinal tnhules.
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ing together in loops, or in the interglobular cavities shortly to be
described.

The tubules arc described as having each a proper wall, independent
of the intertubular matrix, hut intimately adhering to, and under ordi-

nary circumstances indistinguishable from it. This wall, named the
dental or dentinal sJieafJi, is formed of a calcified membranous tube.*
By steeping sections of decalcified dentine in strong hydrochloric acid,

the matrix is destroyed, and the membranous tubes, which consist of a
more resisting material (probably elastic substance), remain behind.
In sections of hard dentine made across the tubules (fig. 209), the walls
of these often ajipcar as a distinct thin border : this may, however, be
due to an optical effect.

In properly prepared sections of softened teeth fine processes may be
seen passing into the tubules from the surface-cells of the pulp before-

mentioned ; and it is suggested by Tomes that these are not only
subservient to the nutrition of the dentine, but probably also confer on.

it a certain degree of sensibility. It has been
^

noticed, indeed, that the dentine is more ^^' "

sensitive near the surface than deeper in its

substance,—a fact not easily intelligible on
the supposition that the sentient tissue is

confined to the pulp-cavity. But the sensibility

of the teeth may not improbably be in part

dependent on the nerves in the dental

periosteum (Salter).

T ,, , 1 , . . ^, Fig. 209.

—

Sections op Den-
Li the tempoi-aiy, and sometimes even m the per- %^^^^ Tubules (after

manent teeth, the tubules are constncted at short FraenkeU
intervals, so as to present a monilifonn character.

Tlae terminal branches of tubules are occasionally ,.
"' ,^^^*

''^^^^"f^
'\ \^^^^ ,.

„ „ .^ .,,, J.T---U hquely. (About 300 dia-
seen to pass on into the cement which covers g- .*\

the fang, and to communicate with canaliculi

proceeding' from the characteristic lacmiaj found in that osseous la3'er. Tu-
bules have likewise been observed by Tomes passing into the enamel in the
teeth of marsupial animals, and in a less marked degree in human teeth.

The mferliihular suhstanre is translucent. The animal matter which
remains in it, after the earth has been removed by an acid, exhibits

a tendency to tear in the direction of the tubules, "but is in reality a

homogeneous substance, deposited in a laminated manner. This was
shown by Sharpey, who observed that in the softened teeth of the

cachalot or sperm-whale the animal substance was readily torn into fine

lamella}, parallel with the internal surface of the pulp-cavity, and there-

fore across the direction of the tubules. In these lamella the sections

of the tubules appear as round or oval apertures, the lamelte having
the same relation to the tubules as those of true bone to the canaliculi.

The same tendency to lamination is exhibited by boiling a longi-

tudinal section of tooth with caustic potash, after which it presents

closely set, short, and regular fissures, lying at right angles to the
tubules, throughout the extent of the dentine (Cleland) ; moreover,
a thin cross-section of a tooth may be broken up, after decalcification,

into concentric riugs like the year-rings of wood (Salter).

* Some authorities maintain that the sheatlis are not calcified.



310 THE TEETH.

Tliis laminfited structm-e is an indication of the dej^osition of dentinal substance

in successive sti^ata in the process of formation of the tooth—the laminae con-e-

sponding svith the shape of the px^lp-surface at successive stages of the process.

Not unfrequently lines, varying in number and breadth, are seen in sections of

the fully-formed tooth, conforming in dii'ection with the lamination just spoken

Fi?. 210. Fig. 211.

:l 1 I ! I I M

1 f f'l^ M

Fig. 210.—Vertical Section of the UrpER Part of an Incisor Tooth (from Kolliker).

Magnified 7 Diameters.

a, the pulp-cavity ; b, dentine ; c, arched incremental lines ; </, cement ; c, enamel
-with hands indicating the direction of the ranges of fibres

; /, coloured lines of the
enamel.

Fig. 211.—A Sjiall Portion of the Dentine with Interglobular Spaces (from
Kolliker). 350 Diameters.

h, the tubules ; c, portion of incremental line formed liy the interglobular si^accs, which
are here filled up by a transparent material.

of (fig. 210. r). They are caused by imperfect calcification of the dentine, which
shows little cavities bounded by, and therefore receiving their figure from, minute
nodules or globules of dentine, and hence named i/ifr/v/lohnlnr .tjMct'.s (fig. 211. c).

The lines themselves may be tenned '• incremental"' lines (Salter), as they repre-
sent stages of deposition of the dentine. The tenn " contour lines," which has
Ijeen applied to tliem, is inapjjroi^riate, inasmuch as they inter.sect the contour
of the tooth. The interglobular spaces, and the globules siu-rounding them, vary
in size within wide limits. A layer, in which they are very fine

—

ffrtiniilfirltij/rrot

Purkinje (fig. 208, 2)—is not uncommonly found towai'ds the sui-face of the fang
beneath the cement, and sometimes in the crown lieneath the enamel : and it may
be noticed that the more superficial of the incremental lines are continued
into this layer (see fig. 201).



STllUCTURE OF THE ENAMEL. 311

Fiff. 212,

ikSm
jfHi;

The enamel is that hard uhite covering which encrusts and pro-

tects the exposed portion or crown of a tooth. It is the hardest of all

the dental tissues, but is gradually worn down by protracted use. It

is thickest on the grinding surface and cutting edge of the teeth, and
becomes gradually thinner towards the neck, where it ceases. Its

extent and thickness are readily seen on charring the tooth, by which
the deniine becomes blackened, whilst the enamel, owing to the very
small quantity of animal matter in its composition, remains white.

According to Bibru it contains of earthy constituents 96-5 per cent.,

viz., phosphate of lime with traces of fluoride of calcium 89'8, carbonate

of lime 4-4, phosphate ot magnesia and other

salts I'o ; and of animal matter only 3'5 per
cent. Berzelius, however, gives the proportion

of carbonate of lime as 8, and of animal matter
as only 2 per cent.

The enamel is made up entirely of very hard
and dense microscopic fibres or prisms, ar-

ranged closely together, side by side, and set

by one extremity upon the subjacent surface

of the dentine (fig. 212). The fibres are

disposed in ranges which are set vertically

on the grinding surface, but on the sides of

the crown get more and more horizontal. Near
the dentine the fibres cross one another in the

alternate ranges, but become more parallel as

they approach the surface of the tooth ; from
this intercrossing the ranges appear on a

section as alternate light and dark stripes

passing tlirough the enamel from its inner to

its outer surface (as in figs. 201 and 210).

This is no doubt owing to the manner in Avhich

the different strata affect the light. A series

of concentric lines is likewise to be seen

crossing the enamel fibres : these are termed
coloured linos irom their brown appearance, but
whether caused by pigmentary deposit or

otherwise is unascertained. Minute fissures not
unfrequcntly exist in the deep part of the

enamel, Avhicli run between clusters of the

fibres down to the suriace of the dentine (fig.

212, c) ; and other much larger and more
evident fissures are orten observed leading

down from tlie depressions or crevices between
the cusps of the molar and premolar teeth.

The unworn surface of the enamel is marked
by concentric ridges, which may be distin-

guished with a common magnifying glass.

The eufimcl-nbres (fig. 21.j) have the form
of solid six-sided prisms. Their diameter is

ordinarily about ^-^^-^-^jth of an inch. They are marked at small intervals

by dark transverse lines. The inner ends of the prisms are implanted
in minute hexagonal depressions found on tlie surface of the dentine ;

whilst the outer ends, somewhat larger in diameter, are free, and

Fig. 212.

—

Thin .Section

OF THE Enamel and a
Part op the Dentine
(from Kolliker). 350
Diameters.

a, cxiticular pellicle of

tlie enamel ; h, enamel-
fibres or columns with
fissures between tliem and
cross striffi; c, clefts in the
enamel communicating with
the extremities of some of

the tubuli [d).
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present, when examined with a high magnifying power, a tesselated

a]3pearance (fig. 213, b).

Fig. 213.

213.

—

Enamel Fibres (from Kolliker). 350 Diameters.

A, fragments and single fibres of the enamel, isolated bytlie action of hydrochloric acid.

B, surface of a small fragment of enamel, showing the hexagonal ends of the fibres.

When submitted to the action of dihite acids, the enamel is ahnost

entirely dissolved, and leaves scarcely any discerniljle traces of animal
matter. By the action of an acid, the enamel of newly formed or still

growing teeth may be broken up, and its structural elements more
easily distinguished.

It is further found, on treatment with acid, that a very thin mem-
brane called by Kolliker " cuticle of the enamel,"—and by Busk and
Huxley " Nasmytli's memdrane " entirely covers the enamel of unworn
teeth upon its outer surface (fig. 212, a). This membrane forms a pro-

tective covering to the enamel. It is of an epithelial and horny
nature, and obstinately withstands prolonged boiling with water as

well as the action of acids and other re-agents.

The crusta petrosa or cement (fig. 201, 3) is the third sub-

stance which enters into the formation of the teeth. This is a layer

of true bone, slightly modified in structure, and investing that part of

the dentine which is not protected by the enamel. It covers the whole
fang, towards the lower end of which it becomes gradually thicker,

and is specially developed at the apex, and along the grooves of the

compound fangs. As life advances, the cement generally grows thicker,

especially near the point of the fang, where it sometimes blocks up the

orifice leading to the pulp-cavity.

The crusta petrosa is lamellar in structure, and contains lacuna) and
canaliculi resembling those of bone but larger and more irregular (fig.

208, 1). In the deeper layers of the cement the fine canaliculi sometimes
anastomose with some of the terminal tubules of the subjacent dentine,
as already stated. Wliere the cement is very thick it may contain vascu-
lar canals, analogous to the Haversian canals of bone. On the deciduous
teeth the cement is thinner, and contains fewer cells. It has been
shoAvn by Sharpey that perforating fibres, similar to those of ordinary
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bone, run abundantly through the cement. In chemical composition it

resembles bone, and contains 30 per cent, of animal matter. The
cement is, according to some, extremely sensitive at the neck of the

tooth, if it be exposed by retraction of the gum. This is probably due
to the nerves of its periosteal covering. By its connection with the

surrounding membranous structures it contributes to fix the tooth in

the socket. It is the seat of the bony growths or exostoses sometimes
found upon the teeth.

FORMATION OF THE TEETH.

A tooth is formed on the same fundamental type of development as a

hair. In the latter case a process grows down from the Malpighian
layer of the epidermis into the subjacent cutaneous corium, in which a

depression is simultaneously produced for its reception. A papilla, soon

becoming vascular, rises up from the bottom of the depression into the

cellular mass, and the primitive tissue forming the wall of the recess is

converted into the coats of a follicle. In the formation of a tooth there

is in like manner a downgrowth from the Malpighian layer of the oral

epithelium (which corresponds with the epidermis and is derived from
the same embryonic layer). The cellular process is received into a recess

of the subjacent mucous membrane. In this also a vascular papilla

grows up from the bottom, and the simple wall of the cavity is differ-

entiated into a vascular sac or follicle.

The first recognized steps in the development of the teeth take place

as early as the seventh week of intra-uterine life. At this time the

oral epithelium becomes thickened along the border of the jaws, and its

Malpighian layer grows down into a corresponding groove, which is

formed to receive it in the soft embryonic tissue of which the jaw then

consists. The groove, although filled and covered in by the epithelium,

is still faintly indicated by a shallow superficial furrow. This down-
growth of epithelium, which is named the " enamel-germ," forms
the foundation of the special structures or organs which generate the

enamel in the several teeth, and for the sake of distinction may be
termed the coinmon enaniel-gerni. The groove, as well as the

changes subsequently occurring in it, was observed by F. Arnold and
by Goodsir, who named it the " primitive dental groove," but neither

of these observers appears to have noticed the contained epithelium

(or at least to have recognized its importance), probably in conse-

quence of its soft and friable substance having been accidentally wiped
away. The common enamel-germ, simultaneously with the groove, next
increases in depth, and, at the same time, its deeper portion inclines

outwards, forming an angle with its more superficial part. It also swells

out below, so that a transverse vertical section of it is club or flask-

shaped. An increased development then takes place at particular

points, corresponding in situation with the ten milk-teeth ; and the

common enamel-germ thus becomes parted in its deeper portion, or

extended by further growth, into as many distinct aggregations of cells,

or special enaiuel-gernis,—one for each tooth—of a club or flask-shape,

connected by a narrowed neck with what remains of the common
epithelial ingrowth (fig. 214, A, /). These tooth-germs, as they may
now be called, are lodged each in its own recess, which at this time
is merely a pit in the soft embryonic tissue, without the membranous
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coats which afterwards are formed. From the bottom a papilla (p)
meanwhile rises, soon becoming vascular, and assuming the shape of

Fiff. 214.

\

C<^^-:- :i-., L.

Fig. 214.

—

Diagrams of the Mode of Origin uf the Dental Germ in the
Ruminant (after Kollikei-).

The three figures represent transverse sections of the gum and a part of the jaw at or

.shortly after the period of the formation of the germ, and are designed chiefly to show

the relation o tlie germ to the epithelium.

A, represents a very early condition, when the enamel-germ of a milk or temporary

tooth has been formed by a down-growth of the deep layer of the epithelium.

15, represents a later stage, when the tooth-papilla has risen from the surface of the

mucous membrane, and has indented the enamel-germ.

C, represents a more advanced stage in which the dental sac has begun to be formed.

c, the superficial thick epithelium of the gum only sketched in outline ; c', the deep

layer ;/, the epithelial downgrowth
;
/', the special enamel-germ, afterwards (in B and

C) the enamel-organ
; p, the dental papilla, and afterwards tooth-pulp. In B and C a

clear space is seen between the dental pulj) and the deeper columnar cells, c, of the

enamel-organ : it is probably produced by a shrinking of the soft parts away from one

another ; s, the commencement of the dental sac ifp, the enamel-germ of the correspond-

ing permanent tooth.
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the future tooth-crown. It is received, into a coiTesponding dimple of

the enamel-germ, which now comes to resemble in form an inverted

cup, and fits upon the papilla (fig. 214, B,/').

Goodsir described the process somewhat differently. According to

his account the papilla3 first appear in the bottom of the undivided

groovo, and separate loculi are then formed for them by partitions

which grow across its deeper part. They thus become lodged in pits

which are partitioned off" at the bottom of the original groove, and this

.condition was termed by him the follicuJar stage. It is represented in

fig. 21G, and in diagrammatic section in fig. 215, Nos. 3 and 4.

According to the same observer, the order in which the papillre appear

is very regular. That of the anterior milk molar is the first (7th

week) ; that of the canine next (8th week) ; the incisor papillae next

(9th week), the central before the lateral ; and that of the posterior

milk molar last (lOth week). The several papillse of the upper jaw-

appear a little earlier than the correspomling ones of the lower. The
groove is said to become separated by partitions in corresponding order,

and the follicular stage to be completed by the 14th week. The open

pits are next closed, and the included enamel-germ cut oflP from connec-

tion with the superjacent epithelium, and finally the sides of the groove

Fis. 215.

6

Fig. 215. DTAGKA'M^r.'VTIO OuTLTXr,:? OF SeCTIOKS THEOUGir THE DeXTAL GeRMS AND

Sacs, at Diffekent Stages of Development (from Goodsir).

1, the primitive dental groove of the lower jaw cut across in a fa>tus of about six-

weeks ; 2, a papiHa rising within the dental groove ; 3, 4, and 5, represent the folli-

cular stage in which the papilla is seen sunk within the follicle, and the lips of the

follicle (opercnla) advancing towards each other, gradually meet and close in the

follicle ; 5, may be looked upon as representing the section indicated by the line a h,

in fig. 216, through the sac of an incisor tooth, in which a lunated depression (o

is left behind ; in G,°th2 sides of the groove are seen to close ;
in 7, the union of the

lips being complete, the follicle becomes a closed sac s, containing the dental pulp p, and

having behind it the lunated depression c, now also enclosed, and forming the cavity of

reserve for the germ of the corresponding permanent tooth ;
in the remaining outlines,

S to 12, are shown the commencement of the cap of dentine on the pulp, the subsequent

steps in the formation of the milk tooth, and its eruption through the gum (11) ;
also the

gradual changes in the cavity of reserve, the appearance of its papilla, its closure to form

the sac of the permanent tooth, its descent into the jaw, behind and below the milk

tooth, and the long pedicle (12) formed by its upper obliterated portion. The epithelium

which covers the gum, and also that which occupies the dental follicles and sacs, is not

represented in these diagi'ams.

above the separate germs coalesce in its whole length—the process
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beginning at the posterior cud—and thus by the end of the 15th week

the groove is obliterated, and the tooth-germs included in shut sacs ; a

condition named by Goodsir the saccular starje (fig. 215, G, 7). He
described the closing of the pits as taking place by the growth and

mutual union of little lappets or opercula over their orifices (fig. 215,

4 and 5 ; fig. 217 o).

Certain lunated depressions, with enclosed epithelium, which are

formed one behind each of the milk-follicles about the fourteenth week,

escape the general adhesion of the lips of the groove (figs. 214, Q,fp,
217, c, 215). These are the germs of the ten anterior permanent teeth

as will be afterwards shown.

While the above-described changes are going on, the soft embryonic

tissue bounding the cavity which contains the tooth-germ, becomes

converted into a vascular memdranons sac, and the osseous foundation

of the maxilla is laid. The jaw is at first in form of a bony gutter.

Fig. 216. Fig. 2ir.

Tig. 216.

—

Enlarged View of the Fpper and Lower Dental Arches ov a Fcetits

OP ABOUT Fourteen "Weeks.

This specimen shows the follicular stage of development of all the milk teeth as
described by Goodsir ; in each follicle the papilla is seen projecting ; but this exposure
of the papilla and the cavity of the follicle arises from the accidental loss of the
eijithelial covering.

Fig. 217.

—

Enlarged Diagram of the Dental Arch on the Left Side op the
Lower Jaw of a Fcetus op about Fourteen AVeeks (slightly altered from Goodsir).

/, the follicles of the five milk teeth, supposed to be open, showing the dental papillse
within them, and o, the opercula on their borders ; they are numbered from 1 to 5 in
the order of their first appearance ; c, to the inside of each is the lunated depression
forming the commencement of the germ of the corresponding permanent tooth.

in which the teeth-rudiments are lodged ; but this is soon divided by
osseous partitions into chambers for the several tooth-sacs, at first with
wide openings, which afterwards are narrowed, but so as to allow
the contained sacs to cohere with the gum along the border of the jaw.
The recesses in question are not the alveoli ; these are formed subsequently
around the fangs of the teeth as they rise into their permanent place, and
the jaw is deepened by the growth of its alveolar border.
The dental sacs are well seen in the jaw of an infant a few months old,

before the eruption of the teeth. They are represented at this stage in
fig. 218. They consist of an outer fibro-vascular coat connected with
the periosteum, and an inner highly vascular layer with a little jelly-
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like tissue interposed between the two. The inner coat is lined with

the epithelium of the enamel organ to be hereafter described. Their

Fig. 218.Fig. 218.—The Dental Sacs

EXPOSED IN THE JaW OF A
Child at Birth.

a, the left half seen from

the inner side ; b, the right

half seen from the outer

side
;

part of the bone has

been removed so as to ex-

pose the dental sacs as they

lie l)elow the gum ; the lower

figure shows the sacs of the

milk-teeth and the first per-

manent molar, exposed by
removing the bone from the

outside ; the iipper figure

shows the same from the in-

side, together -with the sacs

of the permanent incisor and

canine teeth adhering to the

gum.

blood-vessels are derived partly from the dental arteries which course

along the base of the sacs, and partly from those of the gums.
The papilljB, now the dental pulps, acquire a perfect resemblance to

the crowns of the future teeth, and then the formation of the hard sub-

stance commences in them, as will be immediately described. This
process begins very early, and by the end of the fourth month of foetal

life thin shells or caps of dentine (fig. 219, 1) are found on all the

pulps of the milk-teeth, and a little later on that of the first per-

manent molar, while at the same time the coating of enamel begins to

be deposited on each.

Fig. 219.—DlFFERElTT StAGES IN THE FORMATION OF A MoLAR ToOTH WITH T\TO

Fangs (from Blake).

1, the distinct caps of dentine for five cusps in the earliest stage of formation ; in 2,

and the remaining figures, the crown is do\rawards ; in 2 and 3, the formation of the

crown having proceeded as far as the neck, a bridge of dentine stretches across the base

of the tooth-pulp ; and in 4, tlie division of the fangs is thus completed ; in 5, 6, and

7, the extension takes place in the fangs.

The cap of dentine increases in extent by a growth around its edges,

and in thickness by additions in its interior, while the substance of the

pulp decreases in proportion. This growth of the tooth continues until

the crown is completed of its proper width, and then the pulp under-

goes a constriction at its base to form the cervix of the tooth, and
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afterwards elongates and becomes narrower, so as to serve as the basis

of the fang. Sooner or later, after the completion of the crown, this

]iart of the tooth appears through the gum, whilst the growth of

dentine to complete the fang is continued at the surface of the

elongating pul}>, which gradually becomes encroached upon l)y suc-

cessive formations of hard substance, until only a small cavity is left

in the centre of the tooth, containing nothing but the reduced pulp,

supplied by slender threads of vessels and nerves, which enter by a

small aperture left at the point of the fang after the dentine is com-
pleted. In the case of teeth having complex crowns and more than

a single fang, the process is somewhat modified. On the surface of the

dental pulp of such a tooth, as many separate caps or shells of dental

substance are formed as there are eminences or jioints; these soon

coalesce, and the formation of the tooth proceeds as before as far as the

cervix. The ]3ulp then becomes divided into two or more portions,

corresponding with the future fangs, and the ossification advances in

each as it does in a single fang ; while, at the same time, a horizontal

projection or bridge of dentine is deposited across the l^ase of the pulp,

between the commencing fangs, so that if the tooth be removed at this

stage and examined on its under surface, its shell presents as many
apertures as there arc se]mrate fangs (fig. 210, 3 and 4). In all teeth,

the pulp originally adheres by its entire base to the bottom of the sac;

but, when more than one fang is to be developed, the pulp is, as it were,

separated from the sac in certain parts, so that it comes to adhere at

two or three insulated spots only, corresponding with the fangs, whilst

the dentine continues to be formed along the surrounding fi'ee surface

of the pulp.

Formation of tlie hard tissues of the Teeth.—The account

already given of the structure of

Fig. 220. the permanent pulp of a tooth will

ap[)ly also to that of the papilla

or formative pulp of the growing
tooth, both before and after the

dentine has begun to be formed
from it.

It may be added, however, that its

capillary vessels, which form a series

of loops a short distance beneath the

siu'face, are much more abundant op-

liosite the point or points where cal-

cification is about to commence.Fig. 220.— Part of Section of Dkvelop-

iNO Tooth of Young Rat, Showing the
Mode of Deposition of the Dentine.

Highly Magnified.
The dentine is produced more

immediately by the elongated cells

(odontoblasts) already described as

forming the superficial stratum of

the puip (fig. 220, c). These cells

send out from their free extremi-

ties filamentous ])rocesses, as de-

scribed by Lent, and the intercel-

lular substance of the pulp tissue

between and around these pro-

cesses becomes changed into the solid matrix or intertubular substance

a, outer layer of fully formed dentine
;

h, uncalcified matrix, with cue or two
nodules of calcareous nuitter near the cal-

ciiied part ; c, odontohla.sts sending pro-

cesses into tlie dentine ; d, iiulj). The sec-

tion is stained with carmine, which colours

the uncalcified matrix, but not the calciiied

part.
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Fi- 221.

of the dentine, wliicli is thus as it were moulded upon them, so as to

form the tubules in which, therefore, the cell-processes are now enclosed.

The same cell may continue to spin out a filament until the tubule is

completed in its whole length, and it may be that a cell sends out two
or more processes, coalescing into one as the cell recedes, so that a
branched tubule is thus produced.

According to Waldej'er (•n'itli whom Boll sems to agree) it is the substance or
protoplasm of the cells which becomes trans-

formed into the dentinal matrix, all except the

central iDart, which remains unaltered, occupying
the tubule, and is prolonged by another cell lying-

deeper in the pulp, with which the first is in

connection, and so on in succession. Moreover,

he refers the anastomosis of neighbouring tubules

to the existence of communicating branches

between adjacent cells.

The collogenous basis of the dentinal

matrix is at first uncalcified (fig. 220, h),

but the material of calcification soon begins

to be deposited in nodules or globules,

Avhicli run together into a uniform hard

substance {a). In iiarts where this coal-

escence partially fails the uncalcified matter

between the globules shrinks up when the

tooth has become dry, so as to leave the

interglobular spaces previously described

(p. 310). The globular mode of deposition

is indicated also by tlie inner surface of

the growing' dentine, which is nodulated

(Czermak); and, indeed, separate nodules

may sometimes be seen in the soft tissue

of the growing matrix (see fig. 220).

Purkinje and Raschkow described a fine pel-

lucid homogeneous membrane {inniihrdna prc-

foriiKittcti} covering the surface of tlie pulp before

the commencement of calcification, but the exist-

ence of such a coating is at )jest doubtful, and
at any rate Avhether present or not, it appears

to be of no significance in the development of

the teeth. It may possibly be the first uncalcified

dejDosit of dentinal matrix.

The Enamel.—The surface cells of the

enamel-germ line the dental sac in the

form of a tesselated or cubical epithelium

(fig. 221, e). On the other hand the cells

which lie next the surface of the pulp

become elongated and attenuated into a

prismatic shape, precisely like a columnar
epithelium {d fig. 221). Tlie central cells,

Fig. 221.—A Section through the Enamel Organ and Dental Sac from
OF A Child at Birth (from K<3lliker). 250 Diameters.

a, outer dense layer of the dental sac ; h, inner looser texture of the
capillary blood-vessels and a somewliat denser layer towards the enamel
spongy substance ; d, inner cells ; and e, outer cellular layer of the enamel or

THE Tooth

same with
organ ; c.
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those, namely, which are situated between these two layers, undergo
remarkable changes. Originally spheroidal, they for a time merely in-

crease in number, but eA'entually, assuming a stellate form, they send out
branches which join with one another (fig. 221, c), whilst a clear jelly-

like matter collects in their interstices. Next, however, to the tesse-

lated layer is a stratum of epithelial cells, which retain their original

spheroidal shape.

Into the cavity containing the enamel-germ numerous small papillary

processes of the vascular sac and adjacent mucous membrane project,

and between these, on the other hand, epithelial processes extend from
the enamel-germ into the membrane. The enamel-germ is now designated

the '' enamel organ," organon adamanUmc of Purkinje, who named the

columnar epithelium on the surface of the pulp the memlrana
adamantimc, or enamel membrane.
The enamel prisms appear to be formed by the columnar cells

of the enamel-organ, either by direct calcification of their substance

or by deposition. It is true that in sections a space is commonly
observed between the cells and the newly-formed enamel but this is

probably produced after death by a shrinking of the soft parts. The
process of formation commences next to the forming dentine, almost as

soon indeed as the latter begins to be produced. The enamel snbstance

is at first soft and friable, but gets hard eventually. The enamel organ
extends no farther than the crown of the tooth, to which, therefore, the

deposit of enamel is limited. As the formation of enamel becomes
completed the rest of the enamel organ dwindles away : the superficial

tesselated layer is believed to become the "cuticula dentis."

The cement begins to be formed simultaneously with or soon after

the dentine of the fang by the subperiosteal tissue, as in the formation

of the superficial layers of a bone.

Eruption of the temporary Teeth.—At the time of birth the

crowns of the anterior milk-teeth, still enclosed in their sacs, are

completed within the jaw, and their fangs begin to be formed. Their
appearance through the gums follows a regular order, but the period at

which each pair of teeth is cut varies within certain limits. The
eruption commences at the age of seven months, and is completed

about the end of the second year. It begins with the central incisors

of the lower jaw, which are immediately followed by those of the upper

jaw; and, as a general rule, each of the lower range of teeth rises

through the gum before the corresponding tooth of the upper set. The
following scheme indicates, in months, the order and time of eruption

of the milk-teeth :

—

MOLAKS. CANINES. INCISORS. CANINES. MOLARS.

2i 12
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glands {dental ffl/rnd.s), and were supposed by him to secrete the tartar of the

teeth. Meckel thought they were small abscesses, because no aperture could be

detected in them. In a foetus of sis months, they were found by Sharpey to be

small round pearl-like bodies, in fonn of small spherical capsules of various sizes,

filled with epithelium. They are probably the prominences, or sprouts of the

outer epithelial layer of the enamel organ, already referred to.

Development of the permanent Teeth.—The preceding description

of the structure of the dental sacs and pulps and of the mode of

formation of the several parts of a tooth, applies to the permanent as

well as to the milk-teeth. The origin and progressive development of

the sacs and pulps of the permanent teeth have still to be considered.

Ten permanent teeth in each jaw succeed the milk-teeth, and six are

superadded fui'ther back in the jaw. It will be convenient to treat

first of the ten anterior teeth or teeth of succession.

The sacs and pulps of these teeth have their foundations laid before

birth, behind those of the milk set. Eeverting to the follicular stage

of the temporary teeth, which is completed about the fourteenth week,

it will be remembered that behind each milk-follicle there is formed a

small recess (fig. 214, c,/p), which is filled with epithelium derived from

the common enamel-germ, and this forms the germ of the corresponding-

permanent tooth. As already stated, these recesses escape the general

adhesion of the sides of the dental groove, so that when the latter

closes they are converted into so many cavities, enclosing epithelium,

which were called by Goodsir, " cavities of reserve." They are ten in

number in each jaw, and are formed successively from before back-

wards. These cavities soon elongate and recede into the substance of

Fig. 222.

Fig. 222.

—

Sketches showing the Relations of the Temporary and Permanent
Dental Sacs and Teeth (after Blake, with some additions).

The lower parts of the first three figures, which are somewhat enlarged, represent
sections of the lower jaw through the alveolus of a temporary incisor tooth : a, indicates

the sac of the permanent tooth ; c, its pedicle ; b, the sac of the milk tooth or the milk
tooth itself ; a', b', indicate the bony recesses in which the permanent and temporary
teeth are lodged, and c', the canal by which that of the former leads to the surface of
the bone behind the alveolus of the temporary tooth. The fourth and fifth figures which
are nearly of the natural size, show the same relations in a more advanced stage, in IV.
previous to the change of teeth, in V. , when the milk-tooth has fallen out and the per-
manent tooth begins to rise in the jaw ; c, the orifice of the boiiy canal leading to the
place of the permanent tooth.

VOL. II. Y
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the gum behind the cjerms of the milk teeth, above and behind in the

upper jaw, below and behind in the lower. In the meantime, a papilla

appears in the bottom of each, (that for the central incisor appearing

first, at about the sixth month,) and they become closed in above in

a similar manner to the germs of the temporary teeth as already

described. When these changes have taken place, the sac of the per-

manent tooth adheres to the back of that for the temporary tooth.

Both of them then continue to grow rapidly, and after a time it is

found that the bony socket not only forms a cell for the reception of

the milk-sac, but also a small posterior recess or niche for the permanent-

tooth-sac, with which the recess keeps pace in its growth. In the lower

jaw, to which our description may now, for convenience, be confined,

it is found that at length the permanent sac so far recedes in the bone

as to be lodged in a special osseous chamber at some distance below and

behind the milk-tooth, the two being completely separated from each

other by a bony partition. In descending in the jaw, the sac for the

permanent tooth acquires at first a pear-shape, and is then connected

with the gum by a solid pedicle (fig. 222, I., II., c). The recess in the

jaw (a') has a similar form, drawn out into a long canal for the pedicle

which opens on the edge of the jaw, by an aperture behind the corre-

sponding milk-tooth. The permanent tooth is thus separated from the

socket of the milk-tooth by a bony partition, against which, as well as

against the root of the milk-tooth just above it, it presses in its rise

through the gum, so that these parts are in a greater or less extent

absorbed. When this has proceeded far enough, the milk-tooth be-

comes loosened, falls out or is removed, and the permanent tooth

takes its place. The absorption of the dental substance commences at

or near the ends of the fangs, and proceeds upwards until nothing but

the crown remains. The cement is first attacked, and then the dentine

:

but the process is similar in the two tissues. The change is not pro-

duced merely by pressure, but, as in the case of the absorption of bone,

through ' the agency of multi-nucleated absorbing cells or ostoclasts,

developed at the time, and applied to the surface of the tooth.

Fi". 223 —Part of the Lower Jaw op a Child of Three or Four Years Old,

SHOWING THE RELATIONS OF THE TEMPORARY AND PERMANENT TeETH.

The specimen contains all the inilk-teeth of the right side, together with the incisors of

the left ; the inner plate of the jaw has been removed, so as to expose the sacs of all the

permanent teeth of the right side, except the eighth or wisdom tooth, which is not yet

formed. The large sac near the ramus of the jaw is that of the first permanent molar,

and above and behind it is the commencing rudiment of the second molar.
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The six posterior (or " superadded ") permanent teeth, that is, the

three permanent molars on each side, do not come in the place of other

teeth. They arise from successive extensions of the dental groove and
enamel-germ carried backwards in the jaw, posterior to the milk-teeth,

and named by Goodsir ^'posterior cavities of reserve.'"

During the general adhesion of the dental groove occurring at the
fifteenth week, the part posterior to the last temporary molar follicle

continues unobliterated, and thus forms a cavity filled by an enamel-
germ, in the fundus of which a papilla ultimately appears, and forms
the rudiment of the first permanent molar tooth ; this takes place very
early, viz., at the sixteenth week. The deepest part of this cavity is

next converted by adhesion into a sac, which encloses the papilla,

whilst its upper portion with its contained epithelium, elongates back-
wards so as to form another cavity of reserve, in which, at the seventh
month after birth, the papilla for the second molar tooth appears. After
a long interval, during which the sac of the first permanent molar and
its contained tooth have acquired great size, and that of the second
molar has also advanced considerably in development, the same changes
once more occur and give rise to the sac and papilla of the wisdom-
tooth, the rudiments of which are visible at the sixth year. The sub-
sequent development of the permanent molar teeth takes ulace from
these sacs just like that of the other teeth.

Calcification begins first in the anterior permanent molar teeth. Its

order and periods may be thus stated for the upper jaw, the lower being
a little earlier : First molar, five or six months after birth ; central

incisor, a little later ; lateral incisor and canine, eight or nine mouths ;

two bicuspids, two years or more ; second molar, five or six years

;

third molar, or wisdom-tooth, about twelve years.

Eruption of the permanent teeth.—The time at which this occurs
in regard to each pair of teeth in the lower jaw is exhibited in the sub-
joined table. The corresponding teeth of the upper jaw appear some-
what later.

Molar, fii'st......... 6 years.

Incisors, central . . . . . . . . 7 „
„ lateral ........ S ,,

Bicuspids, anterior . . . . . . . . 9 »
,, posterior ....... 10 „

Canines . . . . . . 11 to 12 .,

Molars, second . . . . . . . 12 to 13 „
,, third (or wisdom) . . . . 17 to 2.j ,,

It is just before the shedding of the temporary incisors

—

i.e., about
the sixth year, that there is the greatest number of teeth in the jaws.
At that period there are all the milk-teeth, and all the permanent set

except the wisdom-teeth, making forty-eight (see fig. 224.)

During the gi'owth of the teeth the jaw increases in depth and length, and
undergoes changes in fonn. In the child it is shallow, but it becomes much
deeper in the adult. In the young subject the alveolar arch describes almost the
segment of a ckcle ; but in the adult the curve is semi-elliptical. The increase
which takes place in the lengtli of the jaw arises from a growth Ijehind the posi-

tion of the milk-teeth, so as to provide room for the three additional teeth on
each side belonging to the permanent set. At certain periods in tlie growth of
the jaws there is not sufficient room in the alveolar arch for the growing sacs of
the permanent molars ; and hence the latter are found at certain stages of their

Y 2



324 THE TEETH.

development to be enclosed in the base of the coronoid process of the lower jaTV,

and in the maxillary tuberosity in the upper jaw, but they afterwards succes-

sively assume their tdtunate position as the bone increases in length. The space

Fig. 22i.

Fig. 22'1.

—

The Teeth of a Child of Six Years, with the Calcified Parts of the
Permanent Teeth exposed (Allea Thomson, after Henle).

The whole of the teeth of the right side are shown, together with the three front teeth

of the left side : in the upper and lower jaws the teeth are indicated as follows, viz. :

—

1, milk-teeth—!, inner or first incisor ; i', outer or second incisor; c, canine ; m, first

molar ; m', second molar. 2, permanent teeth— I, inner or first incisor ; I', outer or

second incisor ; C, canine ; B, first bicuspid ; B', second bicuspid ; M', the first molar,

which has passed through the gums ; M-, the second molar, which has not yet risen above

the gums : the third molar is not yet formed.

taken up by the ten anterior permanent teeth very nearly corresponds with that

which had been occupied by the ten mUk-teeth ; the difference in width between

the incisors of the two sets being compensated for by the smallness of the bicus-

pids in comparison -v^ith the milk-molars to which they succeed. Lastly, the

angle formed by the ramus and body of the lower jaw differs at different ages
;

thus it is obtuse in the infant, approaches nearer to a right angle in the adult,

and again becomes somewhat obtuse in old age.

SECONDARY DENTINE.

Under this head are included certain varieties of hard tissue liable to be formed
in the pulp-cavity of a tooth after the regular production of the dentine is com-
pleted. These, as hitherto noticed and described, are the following* :

—

1. Osteodentine (Owen).—This is a hard substance which becomes deposited

* Salter, Guy's Hospital Reports ; and Dental Pathology and Surgery.
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on the inner surface of the dentine, so that the central cavity of a tooth becomes
gradually diminished in size, whUst the pulp slowly shrinks or disappears. This

additional substance, formerly regarded as an exten-

sion of the cement into the interior of the tooth,

—

has been shown to have a distinct structure, in part

resembling dentine, and in part bone. It is traversed

by canals, which contain blood-vessels, and are sur-

rounded by concentric lamellae like the Haversian

canals of bone. From these canals, numerous tubules

radiate, larger than the canaliculi of bone, resem-

bling, in this respect, and also in their mode of rami-

fication, the tubes of the dentine. This new growth
may indeed be compared to a collection of miniature

pulps, each siuTOunded by its appertaining dentine,

IDierced by radiating tubules. It may or may not

coalesce with the previously fonned dentine ; it appeal's

to be produced by a slow conversion of the dental pulp.

2. Dentine of Repair (Salter).—When the outer

siu-face of the dentine becomes denuded at any place,

so that the peripheral ends of the tubules are there

exposed, as may ha^jpen in the crown from injiuy or

wear of the enamel, or at the cervix from continued

friction and abrasion of the cement, a deposition

of dental matter occurs on the inner surface of the

dentine exactly corresponding in position and extent

with the area occupied by the central ends of the

exposed tubules. Many of the affected tubules become
subsequently filled up by a deposit of hard matter
A\'ithin them, so that on section both the secondary

dentine and the corresponding part of the primary
dentine appear clearer and more transparent than
the remainder of the dentinal substance (see fig. 22.5).

AVhen the surface-injmy has been considerable, the

dentine of repair is largely in excess, and may in such

cases completely fill up the pulp-cavity.

THE TONGUE.

Fig. 225.

—

Longitudinal
Section of Incisor

Tooth showing den-
tine OP REPAIR.

Slightly Magnified.
(Reduced from Salter.

)

cl, d', denuded surfaces

of dentine ; r, r', corre-

sponding deposits of se-

condary dentine. Two
or three incremental lines

are observed in the den-

tine.

The tongue is a muscular organ covered with
mucous membrane. Bj its muscular structure

it takes part in the processes of mastication and
deglutition, and in the articulation of speech,

while its mucous membrane is endowed with
common and tactile sensibility and is the seat of

the sense of taste. The tongue occupies the concavity of the arch of
the lower jaw

;
posteriorly it is connected with the hyoid bone, and the

back part of its upper surface forms the floor of the arch of the fauces ;

inferiorly it receives from base to apex the fibres of the genio-glossus
muscle, and through the medium of that muscle is attached to the
lower jaw.

A.—Mucous Membrane.—On the under surface of the tongue the
mucous membrane is smooth and thin. It forms a fold in the middle
line called the frccnum Unguce, placed in fi-ont of the anterior border of
the genio-glossi muscles. On each side below, as the mucous membrane
passes from the tongue to the inner surface of the gums, it is reflected

over the sublingual gland. Not ftir from the line continued forwards
from the frajnum, the ranine vein may be distinctly seen through the
mucous membrane, and close to it lies the ranine artery. Further out
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is an elevated line with a fimbriated margin directed outwards, which

extends to the tip. The ducts of the right and left submaxillary glands

end by papillary orifices placed close together, one on each side of the

frtenum ; and jfurther back, between the sides of the tongue and the

Fitr. 226,

Fig. 22(5.

—

Papillau Surface of the Tongue, with the Fauces and Tonsils (from

Sappey).

1, 2, cii'cumvallate papilire ; in front of 2, the foramen crecum ; 3, fungiform papillaj
;

4, filiform and conical papillfe ; 5, transverse and oblique ranges ; 6, mucons glands at

the base of the tongue and in the fauces ; 7, tonsils ; 8, part of the epiglottis ; 9, median
glosso-epiglottidean fold or frsenum epiglottidis.

lower jaw, are found the orifices of the several ducts belonging to the

sublingual glands.

The iqiper surface or dormm of the tongue (fig. 226), is convex in its

general outline, and is marked along the middle for nearly its whole
length by a slight furrow called the raphe, which indicates its bilateral

symmetry. A])out half an inch from the base of the tongue, the raphe
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often terminates in a depression, closed at the bottom, which is called

i\\Qforamen ccccum (Morgagni), and in which several nmcou^ glands o-^en.

Three folds, named the glosso-epiglottic folds or frasnula, of which the

middle one is the largest (frffinum epiglottidis), pass backwards from
the base of the tongue to the epiglottis. The upper surface of the

tongue in front of the foramen caecum (the anterior two-thirds) is covered

with small eminences named inqnlUc. They are found also upon the

tip and borders, where, however, they gradually become smaller, and
towards its under surface they disappear. These papilla are dis-

tinguished into three orders, circumvallate, fungiform and filiform, vary-

ing both in size and form, but all of them visible to the naked eye ; they

themselves, like the res>t of the mucous membrane of the tongue and

mouth generally are covered with closely set, microscopic secondary

papillce hidden under the epithelium, which correspond with those of the

skin, and are each occupied by a long loop of capillaiy blood-vessels.

The large circumvallate papillae (fig. 226, 1, 2), from seven to twelve

in number, are ibund on the back part of the tongue, arranged in

They are situated in cup-like

Fig. 227.

—

Vertical Section of Cir-

cumvallate Papilla from the
Calf (Engelmann). 25 Diameters.

A, the papilla ; B, the surrounding

wall. The figure shows the nerves of

the papilla sjDreading towards the sur-

face, and towards the taste-buds which
are imbedded in the ei)ithelium at the

sides ; in the sulcus on the left the duct

of a gland is seen to open.

two rows, which run obliquely

backwards and inwards, and
meet towards the foramen cte-

cum, like the arms of the letter V.
depressions of the mucous membrane, and have the shape of a trun-

cated cone, of which the
^^s- 228. smaller end is attached

to the bottom of the

cavity, and the broad flat-

tened base appears on the

surface (fig. 227). They
are therefore surrounded

by a circular trench (fos-

sa), around which again

is an annular elevation of

the raucous membrane
{vallum), and in some of

them there is found a cen-

tral depression, into which
the ducts of one or more
glands open. The epithe-

lium covering the papillae

vallatas is thick and stratified, as elsewhere in the mouth, and completely
conceals the minute secondary papillae. Forming a zone around the sides

of the papilla are found, imbedded in this thick epithelium, peculiar

Fig. 228.—Two Taste-buds from the Papilla
FoLiATA OF THE Eabbit. 450 DiAMETERS (Engel-

mann).
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ovoidal or flask-shaped bodies, composed of modified epithelium cells

and believed to be special organs of taste. These taste-duds, as they have
been termed, are comparable in form and structure to the leaf-buds of a
plant (fig._228)._ By their bases they are in contact with the corium,
while their apices, which appear as round openings or pores when
viewed from the surface, emerge between the ordinary epithelium cells.

The latter are flattened around the taste-buds, enclosing them in a sort
of nest.

_
The taste-buds themselves may be described as consisting

of a cortical and a central part. . The cells composing the cortical part
are long and flattened with tapering ends (fig. 229 c), and are in contact
by their edges, extending from base to apex of the organ (fig. 228) ;

they are disposed in more than one layer, and enclose the central part
like the external scales of a leaf-bud. The enclosed or central cells

(fig. 229 a), on the other hand are not flattened but spindle-shaped.

Fig. 229.

Fig. 229.—Various Cells from TASTE-Bro op Rabbit. 600 Diameters (Engelmann).

a, Four cells from central part ; h, two cortical cells, and one central cell, in con-
nection ; c, three cells from cortical part.

having an enlargement near the middle where the nucleus is situated,
and being prolonged at each end by a process, one of which extends
upwards towards the apex of the taste-bud, and is surmounted by
an excessively fine styliform extremity which projects at the orifice,

whilst the other, which is commonly more slender and sometimes divided
or branched at its extremity, passes down into tlie corium of the
mucous membrane, and is described as being connected with a plexus of
fine nervous fibrils found in this situation. The similarity of these
central or (justatory cells with the well-known olfactory cells of Max
Schultze will be at once apparent.

Tlie taste-buds were discovered by Loven and Schwalbe. independently of each
other.* They have now been found on the sides (but never on the upper sm-face)
of the papillse vallataj of a great number of animals, and are seen also on some
of the fungiform papillas to be immediately described. Their structiu-e is most
readily studied in the rabbit and hare, for in these animals there is found at each
side of the base of the tongue an oval laminated stiaictm-e, the so-called i)ap\lla
follata, the laminte composing which contain in the epithelium of their opposed
sm-faces great numbers of those bodies. A small area, situate just in front of the
anterior pillar of the fauces, of variable appearance, but usually with five longi-

* Loven, Schwalbe, Arch. f. mikr. Anat, 1867, and Arch. f. mikr. Anat. 1868
;

Engelmann, in Strieker's Handbook ; Krause, Giittinger Nacluichten, 1870. According
to Krause the distribution of the taste-buds follows that of the glosso-pharyngeal nerve.
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tudinal folds, which are studded with taste-buds, exists in the human tongue,
and is regarded as representing a i^apilla fohata.

According to Engehnann. each taste-bud is composed of from 15 to 30 cells.

The taste organs of the Amphibia have been longer recognised. They occur- in
the fonn, not of buds but of patches interspersed here and there amongst the
ordinary ciliated and columnar epithelium which covers the upper surface and sides

of the tongue.*

Flask-shaped bodies, resembling the taste-buds in structm-e. were long since

described by Leydig as occm-iing in fish. They are found both in the skin and in

the mucous membrane of the movith, and are believed to be gustatory organs.

The fungiform papillae, more
numerous tlian the last, are small

rounded eminences scattered over the

middle and fore part of the dorsum of

the tongue (fig. '226, 3) ; but they are

found in greater numbers and closer

together at the apex and near the

borders. They are easily distinguished

in the living tongue owing to their

deep red colour. They are narrow at

their point of attachment, but are

gradually enlarged towards their free

extremities, which OA;v- blunt and
rounded (fig. 230).

The conical and liliforni papiLae

are the most numerous of all, as well

as the smallest. They are minute,

conical, tapering, or cylindrical emi-

nences, which are densely set over

the greater part of the dorsum of the

tongue (fig. 226, 4), but towards the

base gradually disappear. They are

arranged in lines diverging from the

raphe, at first in an oblique direc-

tion like the two ranges of the pa-

pillae vallate, but gradually becoming
transverse towards the tip of the

tongue. At the sides they are longer

and more slender, and arranged in pa-

rallel rows, perpendicular to the border

of the tongue.

The secondary papillae, borne by the

filiform, are peculiar both in contain-

ing a number of elastic fibres, giving

them greater firmness, and in the

character of their epithelial covering,

which is dense

Fi?. 230.

Fig. 230.

—

Surface and Sectional,

VIEW OF A Fungiform Papilla
(from KoUiker after Todd and
Bowman).

A, tlie surface of a fungiform

papilla partially denuded of its epi-

thelium (35 diameters)
; p, secon-

darj^ papillaj ; c, epithelium.

B, section of a fungiform iwpilla

with the blood-vessels injected, a,

artery ; r, vein ; c, capillary loops

of simiile papillte in the neighbour-

hood, covered by the epithelium ; d,

capillary loops of the secondary pa-

pilla ; f, epithelium.

and imbricated, and
forms a separate process over each, greater in length than the papilla

Avhich it covers (fig. 231, e, /). Over some of the filiform papilla

these processes form a pencil of fine fibres, approaching in some cases

in appearance to hairs.

* Billroth in Archiv f. Anat. u. Pliys. 1S58: Hoyer in the same journal for 1859 :

Axel Key, in the same for 1861 : Engelmann in Zeitsch. f. "Wiss. Zool. 1867.
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The papillse, besides being the parts chiefly concerned in the special

sense of taste, also possess, in a very acute degree, tactile sensibility

;

and the filiform papillae, armed
Fig- -""^- with their denser epithelial

covering, serve a mechanical

use, in the action of the tongue

upon the food, as is well illus-

trated by the more developed

form which these papillae

attain in many carnivorous

animals. The papillary sur-

face of the tongue is supplied

abundantly with nerves. In
the papillae fungiformes the

nerves are large and nu-

merous, and form a plexus

with brush-like branches ; but

they are still more abundant,

and of greater size, in the

papillae circumvallatfB, where
they are chiefly distributed in

the neighbourhood of the taste-

buds (fig. 227).

Glands.—The mucousmem-
brane of the tongue is pro-

vided with numerous small

racemose glands called lingual

glands, collected principally

about the posterior part of its

upper surface, near the pa-

pillae vallatje and foramen
c^cum, into which last the

ducts of several open. These
glands have commonly been
supposed to secrete mucus,
but it has been recently as-

certained that some of them,

those, namely, which ojjen in

the trenches around the pa-

pilla vallate, and at other

parts where taste-buds occur,

yield a more watery secretion

(Elner). Other small glands are found also beneath the mucous mem-
brane of the borders of the tongue. There is, in particular, a group

on the under surface of the tongue on each side near the apex. They
are there aggregated into a small oblong mass, out of which several

ducts proceed and open in a line on the mucous membrane.
' The mucous membrane of the tongue, at least its posterior part, is

largely composed of retiform or lymphoid tissue, which is collected at

numerous points into the denser nodular masses known as follicular

glands, or lymphoid follicles. The blood-vessels and lymphatics of this

part of the membrane are numerous and large, but the papilla on its sur-

face are comparatively small, and are completely concealed by the thick

Fig. 231.—Two Filiform Papill.?;, one with
Epithelium, the other without. 35 Dia-

meters. (From Kolliker, after Todd and
Bowman).

p, the substance of the papiUre divided at

their ujiper extremities into secondav} lapillre ;

a, artery, and v, vein, connected by capillary

loops ; e, epithelial covering, laminated be-

tween the papillaj, but extended into hair-like

processes, /, from the extremities of the

secondary papillte.
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Fk. 23'2.

Fig. 232.

—

Section op a Lymphoid Crypt frost

THE Root of the Tongue. 30 Diameters.
(Kolliker).

a, epithelial lining ; 6, papillce of the mucous
membrane ; c, outer part of the crypt, formed
of connective tissue ; d, outlet, and e, cavity of tlie

crypt
; g, surrounding follicles.

superjacent epithelium. Here and there the mucous membrane exhibits

recesses or crypts (fig. 232),

either simple or surrounded

by smaller ones which open

into them. The walls of

these recesses are generally

studded with lymphoid no-

dules ; and they receive

many of the ducts of the

raucous glands,

B. — Muscular Sub-
stance.—The substance of

the tongue is chiefly com-
posed of muscular fibres

running in different but de-

terminate directions. Many
belong to muscles which
enter at its base and under
surface, and attach it to

other parts: these are called

the extrinsic muscles of the

tongue, and are elsewhere

described. Others which
constitute the intrinsic or proper muscles, and are placed entirely within

the substance of the organ, will be here more particularly noticed.

They are as follows :

—

The lingualis superficialis (noto-glossus,Zaglas), consisting mainly
of longitudinal fibres, is plated on the upper surface of the tongue,

immediately beneath the mi cous membrane, and is traceable from the

apex of the organ backArar<:s to the hyoid bone (figs. 233, 234, I s).

The individual fibres do not run the whole of this distance, but are

attached at intervals to the sub-mucous and glandular tissues. The
entire layer becomes thinner towards the base of the tongue, near

which it is overlapped at the sides by a thin plane of oblique or nearly

transverse fibres derived from the palato-glossus and hyo-glossus muscles.

According to Zaglas, the fibres of this muscle are directed forwards

and outwards.

The lingualis inferior (lingualis muscle of Douglas, Albinus, and
others) consists of a rounded muscular band, extending along the under
surface of the tongue from base to apex, aud lying outside the genio-

hyo-glossus between that muscle and the hyo-glossus (fig. 234, li). Pos-

teriorly, some of its fibres are lost in the substance of the tongue, and
others reach the hyoid bone. In front, having first been joined, at the

anterior border of the hyo-glossus muscle, by fibres from the stylo-

glossus, it is prolonged beneath the border of the tongue as far as its

point.

The transverse muscular fibres of the tongue (figs. 233, 234, t r)

form together with the intermixed fat a considerable part of its sub-

stance. They are found in the interval between the upper and lower

longitudinal muscles, and they are interwoven extensively with the other

muscular fibres. Passing outwards from the median plane, where they

take origin from a fibrous septum, they reach the dorsum and borders of

the tongue. In proceeding outwards, they separate, and the superior
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fibres incline upwards, forming a series of curves with the concavity

turned upwards. The fibres of the palato-glossus muscle are found by

Fis. 233.

Fif. 233.— Longitudinal Vertical Section of the Tongue, Lip, &c. (from Kolliker

and Arnold).

m, symphysis of the lower jaw ; d, incisor tootli ; /;, liyoid bone
; g h, genio-hyoid

muscle
; g, genio-liyo-glossus spreading along the whole of the tongue ; t r, transverse

muscle ; I s, superior longitudinal muscle
; g I, lingual glands

; /, lymjjhoid cryirts
;

c, epiglottis ; I, section of the lip and labial glands ; o, cut tibres of the orbicularis oris
;

I m, levator menti.

Zaglas and Henle to be continuous with fibres of the transverse set.

Vertical fibres (musculus perpendicularis externus of Zaglas), de-

cussating with the transverse fibres and the insertions of the genio-

glossus (fig. 234, li), form a set of curves in each half of the tongue

Fig. 234. Fig. 234.— Transverse
Vertical Section of the
Tongue in front of the
PAPiLLiK Vallat.i:, seen
FROM before (from Kol-

liker).

g, the genio-hyo-glossi

muscles
;

g', the vertical

fibres of the right side traced

upwards to the surface ; I i,

inferior longitudinal muscle

with the divided ranine ar-

tery ; t r, transverse muscle,

entire on one side, but par-

tially removed on the other,

v/herethe other muscles pass

through it ; c, sej^tum lin-

gure ; /(, hyo-glossus ; kg I,

its fibres spreading upwards
almost vertically outside the

gcnio-hyn-glossus ; /(.', vertical fibres reaching the surface ; I a, divided plates of the fibres

of the superior longitudinal muscle between the vertical fibres ; s t, g I, stylo-glossus j

d, glands near the border of the tongue.
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with their concavity outwards, and extending down and out from the

dorsum to the under surface of the border, so that those which are

outermost are shortest. (Zaglas, " On the Muscular Structure of the

Tongue," in Goodsir's Annals, I. p. 1.)

Examined in transverse sections, the muscular fibres are seen to

be arranged so as to render the substance divisible into an outer

part or coiiex and an internal or central part. The fibres of the cortex

are principally longitudinal, derived superiorly from the lingualis supe-

rior, further outwards from the hyo-glossus, on the side from the stylo-

glossus, and beneath this from the lingualis inferior. They ensheath

the medullary part on all sides except inferiorly, where the genio-glossi

muscles enter it between the inferior linguales. In the medullary part

are found, imbedded in fat, the decussating fibres of the transverse

muscle passing across, the genio-glossi radiating upwards and outwards,

and the vertical muscles arching downwards and outwards. In addition

to the movements which may be given to the tongue by the extrinsic

muscles, this organ is capable of being curved upwards, downwards, or

laterally by its cortical fibres, it is flattened by the vertical fibres, and
its margins are again drawn together by the transverse : whilst the

two last mentioned, acting together, would tend to lengthen the organ.

The septum of the tongue is a thin fibrous partition which extends

forwards from the hyoid bone to the tip, and divides one half of the

medullary part of the tongue fi'om the other, but does not penetrate

into the cortex.

The arteries of the tongue are derived from the lingTialis, with some small

branches from the facial and ascending i^haryngeal. With these the veins for

the most part correspond.

The nerves of the tongue (exclusive of Ijranches from the sympathetic nerves)

are three ; viz.. thelingnal or g-ustatory branch of the fifth pair, which supplies

the papillas and mucous memJjrane of tlie fore part and sides of the tongue to

the extent of about two-thirds of its surface ; the lingiial branch of the g-losso-

pharyngeal, which sends filaments to the mucous membrane at the l:)ase of the

tongue, and especially to the papillaj vaUatai ; and, lastly, the hypoglossal nerve,

which is distributed to the muscles. Microscopic ganglia exist upon the expan-

sion of the glosso-pharj^igeal nerve, and in the sheep and calf upon the gustatory

division of the fifth.

The detailed description of the l)lood-vessels and nerves wiU be found else-

where.

THE PALATE.

The roof of the mouth is formed by the palate, which consists of two

portions ; the fore part being named the hard palate, and the back part,

the soft palate.

The osseous framework of the hard palate, already described with

the bones of the face, is covered by the periosteum, and by the lining

membrane of the mouthy Avhich adhere intimately together. The
mucous membrane, which is continuous with that of the gums, is thick,

dense, rather pale, and much corrugated, especially in front and at the

sides ; but is smoother, thinner, and of a deeper colour behind. Along

the middle line is a ridge or raphe, ending in front in a small eminence,

which corresponds with the lower opening of the anterior palatine canal,

and receives the terminal filaments of the naso-palatine and anterior

palatine nerves. The membrane of the hard palate is provided with

many muciparous glands, which form a continuous layer between th*^



334 THE PALATE.

membrane and the bone ; and, like the rest of the mouth, it is covered

with a squamous stratified epithelium.

In the rabbit fine nervous fibrils have been traced forming a plexus in the

epithelium (Elin),

The soft palate (velum pendulum palati) is formed of a doubling of

mucous membrane inclosing muscular fibres and numerous glands. It

constitutes an incomplete and moveable partition between the mouth
aud the pharynx, continued from the posterior border of the hard palate,

Eig. 235.

—

Antero-Posterior Vertical Section through the Head a little to the
LEFT OF THE MiDDLE LiNE, SHOWING THE RELATIONS OP THE NaSAL AND BuCCAL
Cavities, the Pharynx, Larynx, &;c.

a, nasal septum, and below it the section of the hard palate ; h, the tongue ; c, soft

palate ; d, the lips ; u, the uvula ; r, anterior pillar of the fauces ; i, posterior pillar
;

t, the tonsil placed between the pillars
;

jt, upper part of the pharynx ; h, bod.y of the

hyoid bone ; Tc, thyroid cartilage ; n, cricoid cartilage ; v, on the upper vocal cords above

the glottis ; s, epiglottis ; 1, posterior opening of the nares ; 3, behind the isthmus

faucium ; 4, opposite the superior opening of the larynx ; 5, passage into the cesophagiis
;

Q, opening of the right Eustachian tube.

obliquely downwards and backwards (fig. 235, c). Its form and its infe-

rior connections, bounding the isthmus of the fauces, have been already

described, together with the muscles which enter into its composition.

The anterior or under surface of the velum, which is visible in the

mouth, is concave. The mucous membrane, continuous with that of

the hard palate, is thinner and darker : it is covered with a similar

epithelium. The median ridge or raphe, which is continued backwards
from the hard palate to the base of the uvula, indicates the original

separation of the velum into two lateral halves.

The posterior surface of the soft palate, slightly convex or arched,

is continuous above with the floor of the posterior nares. It is slightly

elevated along the middle line, opposite to the uvula. The greater
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portion of its mucous membrane, as well as that of the free margin of
the velum, is covered with scaly, stratified epithelium ; but quite at its

upper portion, near the orifice of the Eustachian tul3e, the epithelium is

columnar and ciliated. In the new-born child the whole posterior sur-

face is covered with ciliated epithelium (Klein), but this becomes sub-
sequently replaced by squamous ; the epithelium of the gland-ducts,
however, retains in many instances its ciliated character.

On both surfaces of the velum are found numerous small compound
glands, called the imlatine glands. They particularly abound on the
upper surface, where, they form almost a complete layer under the
mucous membrane ; they are also very abundant in the uvula.

THE TONSILS.

The tonsils (tonsillar, amygdalae) are two prominent bodies, which
occupy the recesses formed, one on each side of the fauces, between the

anterior and posterior palatine arches and the pillars of the fauces

(fig. 235, /).

They are usually about half an inch in length, and a third in width
and thickness ; but they vary much in size in different individuals.

The outer side of the tonsil is connected with the inner surface of
the superior constrictor of the pharynx, and approaches very near to

the internal carotid artery. Considered in relation to the surface of
the neck, the tonsil corresponds to the angle of the lower jaw, where it

2nay be felt beneath the skin when it is enlarged. Its inner surface,

projectiug into the fauces between the palatine arches, presents from
twelve to fifteen orifices, which give it a perforated appearance. These
orifices lead into recesses or crypts in the substance of the tonsil,

like those already described (pp. 330-1) as occurriug at the back part
of the upper surface of the tongue. The tonsils contain a large amount
of lymphoid tissue ; indeed this appears to constitute their main
substance.

These structures receive a very large supply of blood from various arteiies.

viz., from the tonsillar and i^alatine branches of the facial arteiy, and from the
descending palatine, the ascending pharyngeal and the dorsalis lingute. From
these arteries fine branches and capillaries are distributed abundantly to the
lymphoid tissue and follicles and to the papilla3 of the mucous membrane which
lines the recesses. The veins are numerous, and enter the tonsillar plexus on its

outer side. The nei-ves come from the glosso-pharyngeal nerve, and from the
fifth pair. Lymphatics are abundant, and, as in the pliarynx. are collected into

a deep and superficial layer.

THE SALIVARY GLANDS.

The saliva, which is poured into the mouth, and there mixed with
the food during mastication, is secreted by three pairs of glands, named
from their respective situations, parotid, suhmaxillary, and sullingual.

Agreeing in their general physical characters and minute structure,

these glands differ in their size, form, and position.

THE PAROTID GLAND.

The parotid (fig. 236, p) is the largest of the three salivary glands.
It lies on the side of the face, in front of the ear, and extends deeply
into the space behind the ramus of the lower jaw. Its weight varies
from five to eight drachms.

Its outer surface is convex and lobulated, and is covered bv the skin
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and fascia, and partially by the platysma muscle. It is bounded above

by the zygoma, below by a line drawn backwards from the lower border

of the jaw to the sterno-mastoid muscle, and behind by the external

meatus of the ear, the mastoid process, and sterno-mastoid muscle. Its

Fig. 236.

Fig. 23G.—Sketch OF a Superficial Dissection op the Face, showing the Position

OP THE Parotid and Submaxillary Glands (Allen Tliomson). Two-Fipths the
Natural Size.

p, the main part of tlie parotid gland
;
p', the small part, which lies alongside the duct,

on the masseter muscle ; d, the duct of Stenson before it perforates the buccinator muscle

;

a, transverse facial artery ; n, n, branches of the facial nerve emerging from below the

gland
; /, the facial artery passing out of a groove in the submaxillary gland and ascend-

ing on the face ; s m, superficial larger portion of the submaxillary gland lying over the

posterior part of the mylo-hyoid muscle.

anterior border, which lies over the ramus of the lower jaw, is less

distinctly defined, and stretches forwards to a variable extent on the

masseter muscle. It is from this anterior border of the gland that the

excretory duct passes off; and there is frequently found in connection

with the duct, and lying upon the masseter muscle, a small process or

a separated portion of the gland {p'), which is called gJamhila soda
parotidis. On trying to raise the deeper part of the parotid gland
from its position, it is found to extend far inwards, between the

mastoid process and the ramus of the jaw, towards the base of the skull,

and to be intimately connected with several deep-seated parts. Thus,
above, it reaches into and occupies the posterior part of the glenoid

cavity ; behind and below, it touches the digastric muscle, and rests
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on the styloid process and styloid muscles ; and, in front, under cover
of the ramus of the jaw, it advances a certain distance between the
external and internal pterygoid muscles.

The internal carotid artery and internal jugular vein are close to the
deep surface of the gland. The external carotid artery, accompanied
hx the temporal and internal maxillary veins, passes through the parotid
gland, and in that situation divides into the tempoi'al and internal

maxillary arteries, the former soon giving off the auricular and trans-

verse facial branches of the temporal. The gland is also traversed
by the facial nerve, which divides into branches within its substance,
and it is pierced by branches of the great auricular nerve.

The parotid duct, named also Stenson's duct (d. Stenonianus),
appears at the anterior border of the gland, about one finger's breadth
below the zygoma, and runs forwards over the masseter muscle, accom-
panied by the socia parotidis, when that accessory portion of the glancl

exists, and receiving its ducts. At the anterior border of the masseter,
the duct (d) turns inwards through the fat of the cheek and pierces the
buccinator muscle ; and then, after running for a short distance ob-
liquely forwards beneath the mucous membrane, opens upon the inner
surface of the cheek, by a small oi-ifice opposite the crown of the second
molar tooth of the upper jaw. Its direction across the face may be
indicated by a line drawn from the lower margin of the concha of the
ear to a point midway between the red margin of the lip and the ala

of the nose. The length of the Stenonian duct is about two inches ^

and a half, and its thickness about one line and a half. At the place
where it perforates the buccinator, its canal is as large as a crow-quill,

but at its orifice it is smaller than in any other part, and will only
admit a fine probe.

The vessels of the parotid gland enter and leave it at numerous points. The
arteries are derived directly from the external carotid, and from those of its

branches which pass through or near the gland. The veins correspond. The
l;\nnphatics join the deep and superficial set in the neck ; and there are often one
or more Ijanphatic glands embedded in the substance of the parotid. The nerves
come from the sympathetic (carotid jjlexus), and also, it is said, from the facial
and the sujDerficial temporal and gi-eat aiu-iciUar nen^es.

An instance is recorded by Giaiber of a remarkable displacement of the parotid
on one side ; the whole gland being situated on the masseter muscle as if it were
an enlarged socia parotidis. (Virchow's Archiv, xxxii., p. 328.)

THE SUBMAXILLARY GLAND.

The submaxillary gland (figs. 2oG, 237, sm), the next in size to the

parotid, is of a spheroidal form, and weighs about 2 or 2-j drachms. It

is situated immediately below the base and the inner surface of the

inferior maxilla, and above the digastric muscle. In this position it is

covered by the skin, fascia and platysma myoides, and its inner surface

rests on the mylo-hyoid, hyo-glossus, and stylo-glossus muscles ; above,

it corresponds with a depression on the imier surface of the jaw-bone ;

and it is separated behind from the parotid gland merely by the stylo-

maxillary membrane. The facial artery, before it mounts over the

jaw-bone, lies in a deep groove upon the back part and upper border

of the -gland.

The duct of the submaxillary gland, named Wharton's duct {(T, fig.

237), which is about two inches in length, passes off, together with
VOL. II. z
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a tliin process of the glandular substance, round the posterior border

of the mylo-hyoid muscle {mh), and then runs forwards and inwards

above that muscle, between it and the hyo-glossus and genio-hyo-

glossus, and beneath the sublingual gland, to reach the side of the

fra^nuni liuguge. Here it terminates, close to the duct of the opposite

side, by a narrow orifice, which opens at the summit of a soft papilla (r/)

seen beneath the tongue. The obvious structure of this gland is like

that of the parotid ; but its lobes are larger, its surrounding areolar

web is finer, and its attachments are not so firm. Moreover," its duct

has much thinner coats than the parotid duct.

The blood-vessels of tlie submaxillary gland are branches of the facial and
lingual arteries and veins. The nerves include those derived from the sub-

maxillary ganglion, and through this, doubtless, from the chorda t^inpani, as

well as branches from the niylo-hyoid division of the inferior dental nerve, and
the sympathetic.

THE SUBLINGUAL GLAND.

The sublingual gland (fig. 237), the smallest of the salivary glands,

is of a narrow oblong shape and weighs scarcely one drachm. It is

Fig. 237. Fig. 237.—View of tue Right Sub-
MAXILLARV AND SUBLINGUAL GlANDS
rnoii THE Inside (Alien Thomson).

A part of the riglit side of tlie jaw,

di%'ided from the left at the symphysis,

remains ; the tongue and its muscles
have been removed ; but the mucous
membrane of the right side is retained

:iiid is drawn upwards so as to expose
tlie sublingual glands ; s on, the larger

.superficial ivdvi of the submaxillary

gland
; /, the facial artery passing

through it ; s in', deej) portion prolonged
on the inner side of the mylo-hyoid
muscle VI h ; s I, is placed below the
anterior large part of the sublingual

gland, with the duct of Bartholin i^artly

shown ; s I', placed above the hinder small end of the gland, indicates one or two of

the ducts perforating the mucous membrane ; d, the papilla, at which the duct of

Wharton opens in front behind the incisor teeth ; d', the commencement of the duct

;

h, the hyoid bone ; n, the gustatory nerve.

situated along the floor of the mouth, where it forms a ridge between

the tongue and the gums of the lower jaw, covered only by the mucous
memln-ane. It reaches from the fra3num lingua?, in front, where it is

in contact with the gland of the opposite side, obliquely backwards and

outwards for rather more than an inch and a half. On its inner side it

rests on the genio-hyo-glossus ; beneath, it is su]:)ported by the mylo-

hyoid muscle (mh), which is interposed between it and the main part

of the submaxillary gland ; but it is here in close contact with the

Whartonian duct, with the accompanying deep portion of the last-named

gland, and also with the lingual branch of the fifth pair of nerves.

The lobules of the sublingual gland are not so closely united together

as those of the other salivary glands, and the ducts from many of them
open separately into the mouth, along the ridge which indicates the

position of the gland. These ducts, named ducts of Riviiius, are from
eight to twenty in number. Some of them open into the duct of
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Wharton. One, longer than the rest (which is occasionall.y derived

in part also from the snl)maxillary gland), runs along the Whartonian

duct, and opens either with it or very near it ; this has been named
the duct of Bartholin.

The blood-vessels of this gland are supplied by the sublingual and submental

arteries and veins. The nerves are numerous, and are derived from the lingual

branch of the fifth.

STRUCTURE OF THE SALIVARY GLANDS.

These glands are constructed on the compound racemose type. Their

ducts (traced backwards), after branching a certain number of times,

terminate in moderately fine ramuscules, around which the terminal

recesses of the gland are grouped, and into which they open. These

terminal recesses, saccules, or alveoli (fig. 238 h) are lined and almost

Fig. 23S.

Fig. 238. —Section op the Submaxillary Gland of the Dog, stained with carmine.

Highly magnified (Kolliker).

a, cross-section of small salivaiy duct ; b, an alveolus containing salivary cells ; c,

semilunar body.

filled by an epithelium, the cells of which {saJivary cells) are spheroidal

in form, with flattened sides where they touch one another, and consist

each of granular protoplasm enclosing a nucleus, which, in sections,

generally appears flattened up against the base of the cell. This position

of the nucleus is, however, produced after death ; in the unaltered con-

dition it occupies a more central position in the cell (as shown in fig. 240).

In the submaxillary gland (and also, to a less extent, in the sublingual, but

never in the parotid) the salivary-cells for the most part contain mucus, and the

swelling up of this by imbibition of water is not improbably the cause of the

altered position of the nucleus, as happens in the formation of goblet-cells from
columnar epithelium.

When isolated, the salivary cells not unfi^equently exhibit processes,

one from the base of each cell : according to Kolliker the projection

is flattened and overlaps the base of a neighbouring cell. A similar

relation of the alveolar cells has also been pointed out in Brunner's

glands of the intestine, which belong to the same class as the salivary

glands (Schwalbe).
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The salivary alveoli are bounded externally by a basement membrane,
which, however, appears in some cases to be incomplete, owing to the

flattened cells which compose it being branched and stellate instead of

epithelioid. Moreover these cells send processes inwards which form a

sustentacular network amongst the salivary cells *

A delicate intra-alveolar reticulum is described by various obseiTers, enclosing-

in its meshes the alveolar cells. It is at present micertain Avhether the appear-

ance is to be referred to the sustentacular network of cell-processes above

mentioned, or to the network of intercellular passages shown in fig. 239, "or to an
independent cause.

In sections of the submaxillary gland there is to be seen here and there in the

alveoli a peculiar lialf-moon-sliai^ed granular mass, staining deeply with carmine,

and lying between the salivary-cells and the enclosing basement membrane
(fig. 2;]8, c). This body, which was fii-st noticed by Gianuzzi. and has been

regarded as of considerable importance, we are inclined to look upon, -wdth

Pfliiger, as most probably due to a post-mortem change consequent on the

presence of mucus within the more central cells—these becommg swollen hy
imbibition, and compressing the marginal cells, which contain no mucus, against

the basement membrane. In accordance with this view it may be stated that the

.semilunar body is not found in those animals (rabbits) in which the salivary-cells

contain no mucus, nor in the glands of other animals (dogs) the cells of which
have been caused to discharge their contained mucus by ii-ritation of the nerves

proceeding to the gland (Heidenhain).

The smallest ducts of the gland, those into which the alveoli open,

are composed only of a basement membrane and a simple layer of

flattened epitheliimi. After a short course the character of the

epithelium changes rather abruptly, the cells becoming large and
columnar, smallest towards the lumen of the tube, and each containing-

a roundish nucleus near the centre (fig. 233, a). The part of the cell

nearest the lumen of the duct is homogeneous or granular in character,

whereas the part nearest the basement membrane appears finely striated

longitudinally. In the ducts of the parotid gland this striated appear-

ance is said to be absent.

Pfliiger states that the striation is due to the presence of excessively fine varicose

fibrils, and that these are directly continuous with those forming the axis-cylinders

of nerves, which he describes as penetrating the basement membrane.

Tire free ends of the cells, which project into the lumen, present a mosaic

apijearance when seen from the surface.

The larger ducts acquire a coating of fibrous
Fig. 239. n^y^^ elastic tissue outside the basement membrane,

and, except in those of the sul)lingual gland, a

few plain muscular fibre-cells are also to be found :

the columnar epithelium becomes at the same time

gradually shorter and shorter, until in the main
-,

' ducts it is cubical or even tesselated.

Fig. 239.

—

An Alveolus of a Compound Racemose Gland,
INJECTED FROM THE EXCRETORY DuCT. HiGHLY MAaNIFIED.

Hardly anything but the dark injecting fluid is sho^^^l ; the

alveolar cells and nuclei are only faintly indicated ; those of the

duct are not represented at all. The injection is seen filling

the central cavity of the alveolus, and passing from this in fine

chani.els (represented by black reticulating Hues), between and

around the cells (after Saviotti).

According to the observations of Pfliiger and Ewald, the central cavities of the

* Boll, Arch. f. milu-. Anat. v.
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alveoli communicate with fine passages (salivary caiiillaries)—like the biliaiy

capillaries to be aftei-wards described—which pass lietween and around the
salivary-cells. Then- statements on this pomt agree generally with those previously

niade by Langerhans and Saviotti with reference to the i^ancreas, a gland of
similar structui-e (see fig. 239.)

The blood-vessels of the salivary glands are numerous, and form a close capil-

lary network outside the basement membrane both of the alveoli and the ducts.

The Ijanjjhatics were described by Gianuzzi as commencing in the form of
fissures between and around the alveoli, but further investigations are requii'ed

on this point. The issuing lymphatics accomjiany the blood-vessels.

The nerves are large and numerous, and many of them exliibit minute ganglia.

Some of them have been observed to terminate in Pacinian corpuscles of a simjile

kind (Krause).

According to Pfliig-er,"' the basement membrane of the alveoli, as well as of
the ducts, is perforated by the nerves, Avhich lose their medullary sheath, and.

breaking up into a number of branches, become connected with the protoplasm
of the cells, either directly (fig. 240. A) or by the medium of small multipolar
ganglion-cells (B). Others he desci;ibes as passing into the cell-nuclei. Other
observers, however, have hitherto failed to corroborate these statements.

Fig. 240.

A B
Fig. 240.

—

Illustrating Pflxjger's views of the Termination of Nerves in the
Alveolar Cells (from Strieker's Handbook).

A, Direct passage of uerve into a salivary cell ; B, by the medium of a multipolar
ganghon-cell, g.

It may be added that Pfliiger believes (and in this he is to some extent sup-
ported by Heidenham) that the cells both of the alveoli and of the smaller ducts
undergo extensive disintegration during the active state of the gland, and are
afterwards renovated.

THE PHARYNX.

The phaijnx is tliat part of the alimentary canal "which unites the
cavities of the mouth and nose to the oesophagus. It extends from the
base of the skull to the lower border of the cricoid cartilage, and forms
a sac open at the lower end, and imperfect in front, where it presents
apertures leading into the nose, mouth and larynx.

The velum pendulum palati projects backwards into the pharynx, and

* Arcli. f. mikr. Anat. Y. ; and article, "Salivary Glands," in Strieker's Handbook,
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during the passage of the food completely separates an upper from a
lower part by means of the contraction of the muscles connected with it

which are placed in the posterior pillars of the fauces. Seven openings
lead into the cavity of the pharynx ; viz., above the velum, the two
posterior openings of the nares {choaiuc narimn, fig. 241, 1), and at

the sides the apertures of the Eustachian tubes (6) ; while below the
velum, there is first the passage leading from the mouth (3) ; then
the superior opening of the larynx (4), and lastly the passage into the
oesophagus (5).

The pharynx is about four inches and a half in length, and is con-
siderably wider across than it is deep"^ from before backwards. Its

width above is moderate ; its widest part is opposite the cornua of the
hyoid bone, and below this it rapidly contracts like a funnel towards
its termination in the gullet, opposite the cricoid cartilage, where it is

narrowest.

Fk. 211.

Fig. 241.

—

Antero-Posterior Vertical Section through the Head a little to the
LEFT OF the MiUDLE LiNE, SHOWING THE RELATIONS OF THE NaSAL AND BuCCAL
Cavities, the Pharynx, Larynx, &c.

a, nasal sejotum, and below it the section of the hard palate ; b, the tongue ; c, soft

palate ; d, the lips ; it, the u\'nla ; r, anterior pillar of the fauces ; i, jjosterior pillar ;

t, the tonsil placed between the pillars
; p, upper part of the pharynx ; If, body of the

hyoid bone ; k, thyroid cartilage ; n, cricoid cartilage ; v, on the upper vocal cords above
the glottis; s, epiglottis; 1, posterior opening of the nares ; 3, behind the isthiniis-

fauciura ; 4, opposite the superior opening of the larynx ; 5, passage into the oesophagus
;

6, opening of the right Eustachian tube.

Attachments.—The walls of the pharynx are formed by a fascia or
layer of fibrous tissue, named the pharyngeal aponeurosis, dense at Its,

upper part but lax and weak below, which is surrounded by muscles
and lined by a mucous membrane. At its upper end this fibrous wall

is attached to the posterior part of the body of the sphenoid bone.
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and passes outwards to the petrous portion of the temporal. It is

strengthened in the middle line by a strong band descending between
the recti antici muscles from a part of the basilar process of the occipital

bone (which often presents a marked tubercle).

The pharjTix is usually described as du-ectly attached superiorly to the loasilar

jn-ocess of the occipital bone ; it is certain, however, from dissections in both
young and old subjects, that the recti capitis antici muscles come quite forward
to the anterior extremity of the basilar process ; that the posterior wall of the
pharynx at its uj^per end forms a cul-de-sac on each side opposite the tip of the
petrous bone, and lies in a curve, with its convexity forwards, in front of the
recti muscles ; and that the only connection of the pharynx with the occipital

bone is by means of the mesial band, which has just been described, and which
forms a cranio-pharjaigeal ligament (Cleland). The tubercle from which this

band principally springs is sometimes named tuherculum. lyliartjiujcum.

Behind, the pharynx is loosely connected by areolar tissue to the

prevertebral fascia covering the bodies of the cervical vertebra and the

muscles which rest upon them. At the sides it has similar connections

with the styloid process and its muscles, and with the large vessels

and nerves of the neck. In front, it is attached in succession to the

sides of the posterior nares, the mouth and the larynx. Thus, com-
mencing above by a tendinous structure only, at the petrous portion

of the temporal bone and the Eustachian tube, the pharynx is con-
nected by means of muscle and fibrous membrane, first, with the

internal pterygoid plate, then with the pterygo-maxillary ligament, and
next with the mylo-hyoid ridge of the lower jaw; below this, it is

attached to the sides of the tongue, to the hyoid bone, and stylo-

hyoid ligament ; and, still lower down, to the thyroid and cricoid

cartilages.

Structure.—The muscles of the pharynx are the superior, middle
and inferior constrictors, the stylo-pharyngeus, and the palato-pharyn-
geus. They are already described.

The mucous membrcme is continuous at the several apertures with
that of the adjacent cavities. It varies somewhat in its character in

different parts. Its upper portion is thick where it adheres to the base
of the skull, but much thinner near the entrance of the Eustachian
tubes and the posterior nares: in this situation numerous racemose
mucous gkinds are found collected in a layer beneath the mucous mem-
brane ; lymphoid follicles also exist throughout the whole of the phaiynx.
A collection of these, forming a glandular mass similar to that forming
the tonsils, stretches across the back of the pharyngeal cavity between
the orifices of the two Eustachian tubes (Kolliker). In the part opposite

the fauces, the mucous membrane exactly resembles that of the mouth.
Lower down it becomes paler, and at the back of the larynx it forms
several longitudinal folds. According to Henle, the epithelium upon
the upper portion of the pharynx, as low down as a horizontal line level

with the floor of the nares, is columnar and ciliated ; but, below that
point, it is squamous and destitute of cilia.

THE (ESOPHAGUS.

The asopMrjus or gullet, the passage leading from the pharynx to

the stomach, commences at the cricoid cartilage opposite the lower
border of the fifth cw-vical vertebra (sixth, Braune), and descending
along the front of the spine, passes through the diaphragm opposite the
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ointh dorsal vertebra, and there ends by opening into the cardiac orifice

of the stomach.

Form and position.—The length of the oesophagus is about nine

or ten inches. It is of smaller diameter than any other division of

the alimentary canal, its narrowest part Ijeing at the commencement
behind the cricoid cartilage ; it is also slightly constricted in passing

through the diaphragm, but, below that, widens into the stomach.

The oesophagus is not quite straight in its direction, but presents

three slight curvatures. One of these is an antero-posterior flexure,

corresponding with that of the vertebral column in the neck and
thorax. The other two are slight lateral curves ; for the oesophagus,

commencing in the median line, inclines to the left side as it descends

to the root of the neck ; thence to the fifth dorsal vertebra it gradually

resumes the mesial position ; and finally, it deviates again to the left,

at the same time coming forward towards the oesophageal opening of

the diaphragm.

Connections.—In the lower cervical and upper dorsal region the

tx'sophagus is applied to the anterior surface of the spine, being con-

nected with it and with the longus colli muscle by loose areolar tissue
;

between it and the bodies of the upper dorsal vertebrae the thoracic

duct ascends obliquely from right to left : its lower third is placed in

front of the aorta. In the necJc, the oesophagus lies close behind the

trachea, and the recurrent laryngeal nerve ascends on either side in the

angle between them ; on each side is the common carotid artery, and
also a part of the thyroid body, but, as the oesophagus inclines to the

left side, it is in more immediate connection with the left carotid. In
the thorax, the oesophagus is successively covered in front by the loAver

j^art of the trachea, by the commencement of the left bronchus, and by
the back of the pericardium. The aorta, except near the diaphragm,

where the oesophagus is in front of the vessel, lies rather to the left, and
the vena azygos to the right ; the pneumogastric nerves descend in

close contact with its sides, and form a plexus around it, the left nerve

proceeding gradually to the front, and the right nerve retiring behind
it. Lastly, the oesophagus, which is here placed in the interval be-

tween the two pleura?, comes partially in contact with both of those

membranes.
Structure.—The walls of the gullet are composed of three coats ; viz.,

an external or muscular, a middle or areolar, and an internal or mucous
coat. Outside the muscular coat there is a layer of areolar tissue, with

well marked elastic fibres, which is sometimes spoken of as a distinct

coat.

The muscular coat consists of an external longitudinal layer (seen

in section in fig. 242, h) and an internal circular layer (r). This twofold

arrangement of the muscular fibres prevails throughout the whole length

of the alimentary canal ; but the two layers are here much thicker, more
uniformly disposed, and more evident than in any other ])art except

quite at the lower end of the intestine. The external or lonijihulinal

fibres are disposed at the commencement of the tube in three fasciculi,

one in front, and one on each side. The lateral fasciculi are blended

above with the inferior constrictor of the pharynx ; the anterior fasci-

culus arises from the back of the cricoid cartilage at the prominent
ridge between the posterior crico-arytenoid muscles, and its fibres

spreading out on each side of the gullet as they descend, soon blend
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Fig. 2i2.

with those of the lateral bundles to form a continuous layer around

the tube. The internal or circular fibres are separated above by the

fibres of the lateral longitudinal fasciculi from those of the inferior

constrictor of the pharynx. The rings which they form around the

tube have a horizontal direction at

the upper and lower part of the

oesophagus, but in the intervening

space are slightly oblique. At the

lower end of the oesophagus, both

layers of fibres become continuous

\vith those of the stomach.

The muscular coat of the upper

end of the oesophagus is of a well-

marked red colour, and consists

wholly of striped muscular fibres;

but lower down, where it becomes
somewhat paler, these are gradually

replaced by plain muscular fibres,

which form almost the whole of the

lower half. A few striped fibres,

however, are found mixed with

the others throughout its whole

length, and even, it is said, on the

cardiac end of the stomach (Ficinus).

The long-itudinal fibres of the oeso-

pliagus are observed by Hyrtl to be
sometimes joined by a broad band of

smooth muscle, passing upwards from
the left pleui'a, and sometimes also by
another from the left bronchus.

1 >""^i-

The areolar or submucous coat

is placed between the muscular and
mucous coats, and connects them
loosely together. It exceeds the

mucous membrane considerably in

thickness, and in it are contained

mucous gland, of wliieli the saccular part is

seen imbedded iu the submucous tissue ; i,

fat vesicles.

Fig. 242.

—

Section of the Coats ov the
Human OEsophagus, 50 Diameters
Kolliker).

The section is transverse, and from near

the middle of the guUet. a, fibrous cover-

ing ; 6, diAdded fibres of the longitudinal

muscular coat ; c, transverse muscular
the glands (fig. 242), which open on fibres ; d, submucous or areolar layer ;

the mucous membrane. /, papilke of mucous membrane ; (j, kmi-

The mucous membrane is of ^^'^^^^^ epithelial^ limng
;

h, opening of a

firm texture, and is paler in colour

than that of the pharynx or stomach.
From its loose connections its outer

surface is freely movable on the muscular tunic ; and when the latter

is contracted, as happens when the oesophagus is not giving passage
to food, the mucous lining is thrown into "longitudinal folds, which
are in mutual contact. These folds disappear again on distension of the
canal.

Minute papillge (/) are seen upon the mucous membrane, and the
whole is covered with a thick stratified scaly epithelium, which can be
traced as far as the cardiac orifice of the stomach, where it suddenly
passes into one of a diff'erent character, as will be hereafter noticed.

The small compound racemose glands, named msophageal glands,

which are for the most part situate as before stated in the submucous
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tissue, are especially numerous at the lower end of the tube. A few of

the smallest which are found in the immediate neighbourhood of the

opening into the stomach are situate almost wholly in the substance of

the mucous membrane.
Next to the submucous coat the mucous membrane is bounded by

longitudinally disposed plain muscular fibres which, imperfect above,

form a continuous layer towards the lower end of the tube {nwscularis

mucoscc-).

Duplicity of the oesophagus in part of its extent, without other abnormality,
has been recorded (Blaes. quoted by Meckel).

The hlood-vcsKi-ls of the oesophagus have for the most part a longitudinal

arrangement ; hjmphdticx are foimd in both the submucous and mucous coats, a
certain amount of l.>^nphoid tissue also being present in the latter. The nei-rcs

form a gangliated jilexus between the two layers of the muscular coat, as in
other iDarts of the alimentary canal.

THE ABDOMINAL VISCEEA.

As that part of the digestive canal which is found beneath the dia-

l^hragm, and consists of the stomach and intestines, is situated within
the cavity of the abdomen, and occupies, together with the liver (the

secretion of which it receives), by far the greater part of that cavitv,

the general topographic relations of the abdominal viscera may here be
briefly exjjlained.

THE ABDOMEIT.

The abdomen is the largest cavity in the body, and is lined by an
extensive and complicated serous membrane, named the peritoneum.

It extends from the diaphragm above to the levatores ani muscles
below, and is subdivided into two parts : an upper and larger part, ihe

ahdomcn, properly so called ; and a lower part, named the 2)elvic cavitij.

The limits between the abdominal and pelvic portions of the cavity are

marked by the brim of the pelvis.

The enclosing walls of this cavity are formed principally of muscles
and tendons which have been already described. They are strengthened
internally by a layer of fibrous tissue lying between the muscles and the

peritoneum, the different parts of which are described under the names
of fascia transversalis, fascia iliaca, and anterior lumbar fascia. These
walls are pierced by several apertures, through which are transmitted
the great vessels and some other parts, such as the several diaphragmatic
apertures for the aorta, vena cava, and oesophagus, and the femoral
arches and inguinal canals. In the median fibrous substance of the
anterior wall lies the umbilical cicatrix. The cavity of the pelvis is

also lined with strong fascire, and partially by peritoneum, and at its

lower part are the apertures for the transmission of the rectum and
the genito-urinary passages.

Regions.—For the purpose of enabling reference to be made
to the situation and condition of the contained organs, the abdomen
jyroper has been artificially subdivided into certain regions, the bounda-
ries of which are indicated by lines drawn upon the surfiice of the body
(fig. 243). Thus, two horizontal lines drawn round the body divide the
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Fif 2i-6.

cavity into three zones ; viz. an upper, a middle, and a lower. One of
these lines commences at the level of the most prominent point of the
ninth costal cartilages, the other line, opposite the crest of the ilinm.

Each of these zones again is subdivided into three parts by means of
two perpendicular lines, drawn from the cartilage of the eighth rib, on
each side, down to the middle of Poupart's ligament.

The upper zone is thus marked off into the right and left hypochon-
driac regions (fig, 243, 4, 4) and the epigastric region (1), the depression
in the upper part of which is called scroUculus cordis, or pit of the
stomach. The middle zone is divided into the wnbUical region (2) in
the middle, and the right and left hnnhar regions (5, 5) ; and the inferior

zone into the inipoijastric region (3) in the middle, and the iliac region
(6, 6) at each side.

On opening the abdominal
cavity from the front, the trans-

verse colon is seen passing from
right to left and separating the

viscera into an upper and lower

group. In the upper group are

comprised the liver, stomach,

spleen, and the commencing part

of the small intestine ; in the

lower, more or less hidden by the

great omentum, are the remain-

ing parts of the small intestine,

surrounded by the great intestine

and dipping into the pelvis,

where they come into relation

with the rectum and bladder, and
in the female also with the uterus.

Lying more posteriorly, and hid-

den by the intestines, are the

pancreas and kidneys.

The surfaces of the viscera

which are in contact one with

another, and with the wall of the

cavity are rendered glistening by
a coating derived from the lining-

membrane of the cavity, the^j^r?-

toneimi; and the various organs

are found to be attached by
means of folds or duplicatures of

that membrane, termed mesen-
teries and omenta, which include

phatics belonging to each organ.

Fi g. 2'43.—OUTLIXE OP THE ANTERIOR
SURFACE OF THE AbDOJIEX, SHOWING
THE DIVISION INTO REGIONS.

1, epigastric region ; 2, umbilical
; 3,

hypogastric ; 4, 4, right and left hypo-
chondriac ; 5, 5, right and left lumbar

;

6, 6, right and left iliac.

the blood-vessels, nerves, and lym-

Subjoined is an enumeration of the viscera situated in the different

regions of the abdomen.

Epigastric region

Hypochondi-iac, right

( The right part of the stomach, the pancreas,

\ and part of the liver.

i The right lobe of the liver, with the gall-

) bladder, part of the duodenum, the hepatic
\ flexure of the colon, part of the right kidney

( with the con-esponding suprarenal capsule.
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fThe large end of the stomach, with the spleen

I

and narrow extremity of the pancreas, the

^ . , p ' splenic fiexiire of the colon, and the upper
hypocaondnac, lett

. .

^ ^^^^^ ^^ ^^^ ^^^^ kidney with'the left supra-

renal capsule. Sometimes also a joart of

the left lobe of the liver.

iPart
of the omentum and mesentery, the

transverse jiart of the colon, lower part of

the duodenum, with some convolutions of

the jejunum and ileum.

. , ^ The ascending colon, lower half of the kidney,
Lumbar, riglit . . . .

-^ ^^^ ^^^^^ ^^ ^^^ duodenum and jejunum.

„ \ The descending colon and lower part of the
Lumbar, lett

. . . .

j ^^^^ kidney, with part of the jejunum.

( The convolutions of the ileum, the bladder in

Ey|30gastric childi-en. and, if distended, in adults also
;

( the uterus when in the gravid state.

. . \ The ca3cum, with the api^endix vermifonnis,
Iliac, right

I
^^^ ^j^g termmation of the ileum.

Iliac, left The sigmoid flexure of the colon.

THE PERITONEUM.

The peritoneum or serous membrane of the abdominal cavity is by
far the most extensive and complicated of the serons membranes. Like
the others it may be considered to form a shut sac, on the outside of

which are placed the viscera which it coders. • In the female, however,
the two Fallopian tubes open at their free extremities into the cavity

of the peritoneum. The internal surface is free, smooth, and moist.

The external or attached surface adheres partly to the parietes of the

abdomen and pelvis, and partly to the outer surface of tlie viscera

situated within them. The pariefal portion is connected with the

fascia lining the abdomen and pelvis by means of a layer of areolar

tissue, distinct from the abdominal fascia3, and named the suhpcritoneal

layer ; it is more firmly adlierent along the middle line of the body in

front, as well as to the under surface of the diaphragm. The visceral

portion, which is thinner than the other, affords a more or less complete

covering to most of the abdominal and pelvic organs.

TJie folds of the peritoneum are of various kinds. Some of them,

constituting the mesenteries, connect certain portions of the intestinal

canal with the posterior wall of the abdomen ; they are, the mesentery

properly so called for the jejunum and ileum, the meso-cfficum, trans-

verse and sigmoid meso-colon, and the meso-rectum. Other duplica-

tures exist, which are called omenta; they are the great omentum or

epiploon, the small omentum, and the gastro-splenic omentum. Lastly,

certain reflexions of the peritoneum from the walls of the abdomen or

pelvis to viscera which are not portions of the intestinal canal, are

named ligaments: such are the ligaments of the liver, spleen, uterus, and
bladder.

These folds or ligaments will be specially described with the viscera

witli which they are connected.
Like other serous membranes the peritoneum is continuous through-

out its whole extent, and its continuity may be traced from any one
point to any other near or distant ; but the description of this will

be most readily understood after an account has been given of the

several viscera to which the membrane is related.
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THE STOMACH.

The oesophagus, as already said, teTminates in the stomach, from
which the intestine leads off.

This organ is seated in the left hypochondriac and the epigastric

regions, extending somewhat into the right hypochondrinm. It lies in

part against the anterior wall of the abdomen, and in part beneath tlie

liver and diaphragm, and above the transverse colon.

In shape it is somewhat conical or pyriform. The left extremity
(fig, 244, f), is the larger, and is named the cardiac, great or splonie

end. The o-iglit or small end is also named the pjlork extremity.

Of its two orifices, the one by which food enters from the oesophagus
is named the cardiac orifice (o), the other, by which it passes into the
duodenum, and which is placed on a somewhat lower level, and more
forwards, is the pj/lori'c orifice (i)).

The cardiac orifice is two or Fig. 244.

three inches from the great ex-

tremity, which projects to the

left, forming the great cul-cle-sac

orfundus.

Between the cardiac and the

pyloric orifices, the outline of the

stomach is curved aloug its upper

and lower borders. The upper
border, about three or four inclies

in length, is concave, and is

named the lesser curvature {h)
;

while the lower border, whicli

is much longer, and, except to-

wards the pylorus, convex, forms

the greater curvature {a).

Towards the pylorus, the small

end of the stomach describes a

double bend, opposite to the first

turn of which is a prominence or

smrdl cul-de-sac or antrum pglori (d).

Dimensions.—These vary greatly in diflFerent subjects, and also

according to the state of distension of the organ. When moderately
fiUed, its length is about ten or twelve inches ; and its diameter at

the widest part, from four to five inches. It weighs, when freed from
other parts, about four ounces and a half in the male, and some-
what less in the female (Clendinning).

Connections.—The borders of the stomach are connected with folds

of peritoneum in their whole extent. Thus, the superior border is

connected with the under surface of the liver by a duplicature of peri-

toneum, the gastro-hepatic or lesser omentum, and at the left of the

cardia between it and the diaphragm is a small fold termed the gastro-

phrenic ligament ; to the inferior border is attached the great

omentum, beneath which is the transverse arch of the colon, while at

the left extremity it is connected with the spleen by a duplicature

of peritoneum, continuous with the left border of the great omentum,
and named the gastro-splenic ligament. The blood-vessels and lym-

Fis. Outline of244.

—

Diagrammatic
THE Stomach.

a, great curvature ; h, lesser curva-

ture ; c, left end, gi'eat cul-de-sac, or

fundus ; d, small cul-de-sac, or antrum
pylori ; o, oesophageal orifice or cardia

;

p, duodenal orifice or pylorus.

bulging, sometimes named the
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phatics of the stomach pass within these duplicatures of the membrane,

and reach the organ along its two cnrvatnres. Its anterior and posterior

surfaces are free, smooth, and covered with peritoneum. The anterior

surface, which is directed upwards as well as forwards, is in contact

above with the diaphragm and the under surface of the liver, and lower

down with the abdominal parietes 0])posite the epigastric region, which

is hence named the pit of the stomach. The posterior surface is turned

downwards and backwards, and rests upon the transverse meso-colon,

behind which are the pancreas and great vessels of the abdomen.

At its cardiac orifice it is continuous with the gullet, and is there

fixed by a reflection of peritoneum to the oesophageal opening in the

diaphragm. The pyloric extremity, situated lower down, nearer to

the surface, and having greater freedom of motion, is continuous with

the duodenum, is covered by the concave surface of the livei", and in

some cases touches tlie neck of the gall-bladder.
_

When the stomach is distended, its position and direction are

changed. The great curvature is elevated and at the same time car-

ried forwards, whilst the anterior surface is turned upwards, and the

posterior surface downwards.

STRUCTURE.

The stomach has four coats, named, in order from without inwards,

the serous, muscular, areolar or submucous, and mucous coats (fig. 245).

Taking all the coats together, they are thinner than those of the oeso-

phagus, but rather thicker than those of the intestines generally. They

are thickest at the pyloric end, and thinnest in the great cul-de-sac.

Fi£r. 245.

Fig. 245. —Diagrammatic View in Perspective
OF A Portion op the Coats of the Stomach
AND Duodenum, including the Pylorus
(Allen Thomson).

g, the inner surface of the gastric mucous
membrane

;
g', section of the mucous membrane

with the pyloric gastric glands ; r, the villous sur-

face of the mucous membrane of the duodenum :

I, section of the same vnih the intestinal glands

ui- cryirts of Lieberkilhn; p p, the ridge of the

})yloric ring, with a section of its component
parts ; m i, deep or circular layer of muscular

fibres : these are seen in the section to form the

pyloric sjihincter ; m e, external or longitudinal

layer of muscular fibres ; s, the serous covering.

The external or serous coat {s), derived from the peritoneum, is a

thin, smooth, transparent, and elastic membrane which closely covers

the entire viscus, excepting along its two curvatures. Along the line

of these curvatures the attachment is looser, leaving an interval occu-

pied by the larger blood-vessels.

The second or musctQar coat, is composed of plain muscular tissue,

forming three sets of filjres, disposed in layers, and named, from their

direction, the longitudinal, the circular, and the oblique fibres.

The first or outermost layer consists of the toiKjitudinal fibres (fig.

245, we, fig. 246, A), which are in direct continuity with those of the

oesophagus. They spread out in a radiating manner from the cardiac

orifice, and are found in greatest abundance along the curvatures, espe-
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cially the lesser one. On the anterior and posterior surfaces they are

very thinly scattered, or scarcely to be found, but towards the pylorus

Fig. 2i6.

Fig. 246.— Sketch
OF THE Distri-

bution OF Mus-
cular Fibres in

THE Stomach
(Allen Thomson).

One-Third the
Natural Size.

A, external laj-er

of longitudinal fi-

bres, as seen from
the outside ; B,

middle layer of cir-

cular fibres as seen

on i-emoving the

longitudinal layer
;

C, oblique fibres ex-

posed by removing
some of the fibres of

the circular layer, the

cut edges of which
are seen below the

lesser curvature ; c,

the cardiac end
; p,

the pyloric end ; in

A, the stronger longi-

tudinal fibres passing

along the lesser and
greater curvatures,

and all round the

pyloric end, are

shown, and the radi-

ating fibres spreading

from the end of the

gullet over the front

(and back) of the

stomach ; in B, the

nearly uniform layer

of circular fibres, in

two sets crossing each

other very obliquely

at 0, and at the car-

diac end becoming
concentric to the

centre of the great

cul-de-sac ; in C, the

oblique fibres, oi, oV,

which form a con-

tinuation of the cir-

cular fibres of the

gullet (a) and spread

from the left side of

the cardia, gradually

merging into the

deeper circular fibres

with which, towards

c(E, they entirely

blend.

cce

jyc

are well marked and form a thick uniform layer, which, passing over
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the pylorus, becomes continuous with the longitudinal fibres of the

duodenum.
The second set consists of the circular fibres (fig. 245, mi, fig. 24C, b),

which form a complete layer over the whole extent of the stomach.

They commence by small and thinly scattered rings at the left extremity

of the great cul-de-sac, describe larger and larger circles as they sur-

round the body of the stomach concentric to its curved axis, and
towards the pyloric end again form smaller rings, and at the same time

become much thicker and stronger than at any other point. At the

pylorus itself, they are gathered into an annular bundle (fig. 245 in

section), which projects inwards into the cavity, and forms, within

the annular fold of mucous membrane, the pyloric sphincter. Some of

the circular fibres appear to be continued from those of the oesophagus,,

spreading from its right side.

The innermost muscular layer is incomplete, and consists of the

oblique fibres (fig. 246, c). These are continuous with the circular fibres

of the gullet ; they embrace the cardiac orifice on the left, where they

form a considerable stratum and from that point descend obliquely

upon the anterior and posterior surfaces of the stomach, where they

spread out from one another, and taking the direction of the circular

fibres, gradually disappear. A similar set of fibres are noticed by Henle,

and more fully described by Pettigrew as proceeding from the right side

of the cardia and spreading over the front and back of the gi-eat cul-de-

sac : these arc in part continuous with the circular layer. The oblique

fibres are best seen from the inside of the stomach, after removing the

mucous membrane.
The areolar or submucous coat of the stomach is a distinct layer

placed betw'een the muscular and mucous coats, and connected with

both : it consists essentially of areolar tissue, in which occasional

fat-cells may be found ; and it is the seat of division and passage of

the blood-vessels.

The internal or mucous coat is a smooth, soft, rather thick and
pulpy membrane, which has generally a somewhat pink hue owing to

the blood in its capillary vessels, but after it has been well washed,

is of a greyish white or pale straw colour. In some cases, however,

it presents this pale aspect without any previous washing. In infancy

the vascular redness is more marked, the surface having then a rosy

hue, but it becomes paler in childhood, and in aged persons is often

of an ash-grey colour. During digestion its vessels become congested,

and when examined in that condition it is always of a much brighter

pink than at other times.

Alter death a few hours often suffice to change its colour to a dixty bro-nii tint,

mottled and streaked in some cases with dull red lines, con-esponding with the

coui'se of the veins. This alteration is owing- to the exudation of the colouring

matter of the blood, and is especially met with in old subjects, in whom the

mucous membrane is always thin. In acute inflammation, or after the intro-

duction of irritating substances or of strong acrid poisons, it becomes of a bright

red, either all over or in spots, patches or streaks of variable sizes. CoiTOsive

poisons, the gastric juice, and sometimes regiu-gitating bile, may stain it variously,

black, brown, yellow, or gi'een. As was pointed out by Yelloly, in cases of

obstracted venous circulation, as when death occurs from hanging or from
drowning, and from certain diseases of the heart, the surface of the stomach is

reddened ; but the amount of vascularity may vary also from cii'cumstanccs

which are not well understood.
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The mucous membrane is thickest in the pyloric region, and thinnest

in the great cul-de-sac. It always becomes thinner in old age.

It is connected with the muscular coat by means of the intervening

subnuicous layer so loosely as to allow of considerable movement or

disphicement. In consequence of this, and of the want of elasticity of

the mucous membrane, the internal surflice of the stomach, when that

organ is in a contracted state, is thrown into numerous convoluted

ridges, r^/^ff, which are produced by the wrinkling of the mucous,
together with the areolar coat, and are entirely obliterated by disten-

sion of the stomach. These folds are most evident along the greater

curvature, and have a general longitudinal direction.

On examining the gastric mucous membrane closely with the aid of

a simple lens, it is seen to be marked throughout, but more plainly

towards the pyloric extremity, with small depressions named alveoli,"

Avhich have a polygonal figure, and vary from about y-^oth to y^o^h
of an inch across, being larger and more oblong near the pylorus.

Towards the pyloric region of the stomach the margins of these

alveoli are elevated into pointed processes or fringes, which may be com-
pared to rudimentary villi, the perfect forms of those appendages ex-

isting only in the small intestine, and making their appearance in the

duodenum, immediately beyond the pylorus.

The thick stratified epithelium of the

oesophagus passes abruptly at the cardia

into a simple layer of columnar epithe-

lium, which completely covers the inner

surface of the stomach, and extends to

a variable distance into the mouths of the

gastric glands. It agrees essentially with
the similar epithelium which covers the

intestine, and which will be afterwards

more particularly described.

As first shown by Sprott Boyd, the

alveoli are dotted all over with small

round apertures, which are the mouths of

minute tubular glands {gasiric glands),

placed perpendicularly to the surface,

closed at their deep extremity, which ex-

tends almost to the submucous areolar

tissue, and opening at the other end on
the inner surface of the stomach. On
making a vertical section of the mem-
brane, and submitting it to microscopic

examination, it is seen to consist almost
entirely of these small iahiiU, arranged
close to and parallel with each other (fig.

247, a). Their diameter varies from -^^o
to iT6T)th of an inch, and their length
from -j-Lfh to ^^^^h of an inch. At the

cardiac end of the stomach, where the

membrane is thinnest, they are shorter,

and are for the most part simply tubular ; but, in approaching the pyloric

portion, they gradually become longer and assume a more complicated

* The alveoli were termed " slomach-cells " by Boyd.

Fig. 247.

—

Vertical Transverse
Skction op the Coats of a
Pig's Stomach. 30 Diameters
(from Kolliker).

or, gastric glands ; h, muscu.ar

layer of the mucous membrane
;

c, submucous or areolar coat ; d,

circular muscular layer ; c, longi-

tudinal muscular layer
; /, serous

coat.
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Fig. 248.

form, for, though simple near their orifices, they may, towards their

deep or closed extremity, be cleft into two or three, or even eventually

into six or eight branches (figs. 248 and 249). The glands have exter-

nally a basement membrane, composed of flattened cells joined edge to

edge, and with processes which on the one side join the retiform tissue

of the mucous membrane, and on the other side, more delicate, extend

in amongst and support the enclosed ei)itlielium cells.*

Two kinds of glands are distinguished,

which differ from one another both in

the character of the enclosed cells, and, it

is believed, in the nature of their secretion.

Those of the one kind (fig. 249, m), which
are simpler in structure and fewer in

number than the others, and are found
most numerously in the pyloric region, are

lined throughout by an epithelium which
is continuous with and in many respects

similar to the columnar epithelium which
covers the general surface of the stomach
between the mouths of the glands. In the

deeper parts, however, of these pyloric

f/Iands—or mucous glands as they have

been termed from the supposed nature of

their secretion—the lining cells become
shorter and more cubical, and according

to Ebstein approach in character to the
" central " cells of the other glands. These,

which are commonly known as peptic glands,

are lined to a variable depth by the colum-

nar epithelium cells (fig. 248, a), which

are then (at the neck of the gland) suc-

ceeded by large spheroidal or ovoidal

coarsely granular cells, which have long

been known as " peptic " cells (fig. 248, c ;

fig. 249, p, 1). Towards the bottom (or

iylhe"'peptic* cells "r^"i "some of fioidiis) of the gland, however, the peptic

Fig. 248. — Peptic Gastric

Glands from the Dog's

Stomach, magnified (from

Frey).

1, longitudinal view ; a, mouth
of the gland ; b, one of the first

tubular divisions of the gland
;

<", the single tubes partly occupied

the cells pressed out ; '^, cross

section near the mouth, showing

the epithelial lining ; 3, cross

section of the simple tubes, near

the neck of the gland.

cells do not form a regular lining, but are

found only here and there (fig. 249, P, jj, 2)

producing generally an outward bulging

of the basement membrane where they

occur ; the rest of the tube is here occu-

pied, except a small channel left along the middle, by finely granular,

polyhedral or angular cells, which, from their position, may be termed

the " central " cells of the gland (//). According to Heidenhain, these

extend up into the neck of the gland, and become continuous Avith

the columnar epithelium there.

It is only quite recently that attention has been more especially di-awn to these

central cells (Heidenhain, RoUett). Fi'om the changes which they appear to

"undergo during the functional acti^dty of the stomach, Heidenhain was led to

infer that it is these cells, and not those ordinarily known as peptic cells, which
are concerned in the secretion of pepsin, hence he named them the principal ceUs

* These sustentacular processes are much more developed in the gastric glands of some
animals (porpoise, pig) than in those of the human stomach (F. E. Schultze, Heidenhain).
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(Hauptzellen) of the gland. The columnar epithelium cells of the mouths of

the glands, as well as of the general sui'face, contain and secrete mucus, and axe

hence very readily transfomied

into goblet-cells after death. In

some animals, the dog, for

example, it is found that the

pyloric jjart possesses only the

so-called mucous glands ; the

cardiac part only peptic, the two
kinds passing, however, gradu-

ally the one into the other. In
the human subject, however,

the two kinds of glands are less

distinctly separated.

Between and at the base

of the glands the mucous
membrane consists of a

delicate connective tissue

with retiform or lymphoid
tissue in small amount.
The stomachs of young

persons, to all appearance

healthy, sometimes present

a mammillated aspect, due
to little elevations of the

surface, which are produced

by local accumulations of

lymphoid tissue, and some-
what resemble the solitary

follicles of the intestine in

iuppearance. The lymphoid
accumulations in question

are, however, situated

amongst the glands near the

.surface of the stomach, and
do not extend into the sub-

raucous tissue ; moreover
they are not distinctly cir-

cumscribed, but fade oft' into

the surrounding retiform

tissue,

A thin layer of plain mus-
cular tissue {muscularis mu-
cosa) bounds the mucous

Fig. 249.

—

Gastric Glands from the Dog's

Stomach, Highly Magnified.

P. Portions op a "Peptic" Gland.

1, neck of the gland ; 2, fundus ; 3, transverse

section
; p, peptic cells (Belegzellen) ; /(, central

cells (Hauptzellen) ; c, ends of columnar cells (after

Heidenliain).

M. A Pyloric or JMucous Gland.

in, mouth ; /?, neck ; tr, a deep jiortion cut

transversely (after Ebstein).

membrane externally, sepa-

rating it from the submucous tissue (fig. 247, I). It commonly con-
sists of more than one stratum (an outer longitudinal and an inner
circular), and is better marked in some animals than in man. Off-

sets pass from it between the gastric glands towards the surface of
the mucous membrane.

Vessels and Nerves.—The stomach is a highly vascular organ. Its arterial

branches, derived from all three divisions of the coeliac axis, reach the stomach
between the folds of the peritoneum, and form, by anastomosing together, two
principal arterial arches, which ai"e placed along its two ciu'vatures. After

A A 2
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ramifj'in.g between the several coats and supplying them with blood (especially

giving off numerous capillaries to the muscular coat) and after dividing into very
small vessels in the submucous areolar tunic, the ultimate arterial branches (fig,

250, a) enter the mucous membrane, and ramifying freely, pass to its surface

between the tubuli ; here they form a plexus (rP)

of fine capillaries upon the walls of the tubules r

and from this plexus larger vessels pass into a
coarser capillary network around the mouths of
the glands and upon the hexagonal borders of the
alveoli. The n-in-f. fewer in number than the

arteries, arise from the latter network, and take an
almost straight course (c, c) through the mucous
membrane l^etween the glands. After piercing

the muscularis mucosae and forming a wide venous
plexus in the submucous tissue, they return the
residual blood into the splenic and superior mes-
enteric veins, and also directly into the vena
portiB. By the Ijreakmg up of the arteries into

capillaries on the walls of tlie glands, these arc

furnished with pure blood for tlie elaljoration of
their secretion ; while it is the blood from which
that secretion has been di'awni which passes on
to the capillaries of the free surface, and has
added to it whatever materials may be taken
into the circulation from the contents of the

stomach.

The li/mph(ttirg are very numerous. As showi:

by Loven,* they arise in the mucous membrane
(fig. 2.51) by a dense network of vessels, situate

between and amongst the gland-tubuli, which,
as well as the blood-vessels, in many jmrts they
enclose in sinus-like dilatations. Near the sur-

face of the membrane they form loops or possess

dilated extremities ; in all cases they appear to

be less superficial than the blood-capillaries.

At the deeper part of the mucous membrane
they pass into a plexus of fine vessels {h),

immediately underlying the tubular glands ;

piercing then the muscularis mucosa3 (^r), they
foi-m a coarser deeply-situated network (r) in the

submucous coat ; the vessels proceeding from
this network pierce the muscular coats, then follow the direction of the blood-

vessels beneath the peritoneal investment, and traverse lymphatic glands found
along the two curvatures of the stomach.

The nerves, which are large, consist of the terminal branches of the two
pneumo-gastric nerves, belonging to the cerebro-spinal system, and of oficsets from
the sympathetic system, derived from the solar plexus. The left pneumo-gastric

nerve descends on the front, and the right upon the back of the stomach.

Xumerous small ganglia have been found by Remak and others on both the

pneumo-gastric and sympathetic twigs. The neiwes form gangliated plexuses

both between the layers of the muscular coat and in the submucous coat.

Their ultimate ending has not been traced.

The pylorus.—While there is no special apparatus at the cardiac

orifice of the stomach for closin<^ the passage from the oesophagus, the

opening at the jDjloric end, leading from the stomach into the
duodenum, is provided with a sphincter muscle. On looking into the

Fig. 250. — Plan of Bloop-
vKSSELs OF Stomach (from

Brinton).

(f, small arteries passing up
fi'om submiicosa to break iip into

the fine capillary network, d, be-

tween tlie glands ; h, coarser

capillary network around the

mouths of the glands ; c, c, veins

jjassing vertically downwards from
the superficial network to join

into larger trunks ; e, in the sub-

mucosa. (The arteries in the

submucous coat do not anastomoi;e

so freely as here represented.

)

* Om lymfviigarna i magsackens slemhinna. NorJ. Med. Arkiv, 1873. See also H
"Watney, in Centr. f. d. Med. Wiss. 48, 1874.
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pyloric end of the stomach, the mucous mem]_)vane is seen projecting in

the form of a circular fold, called the pylorus, leaving a correspondingly
narrow opening <%. 2G6, })). Within this fold are circular muscular
fibres, belonging to the

general system of circular

fibres of the alimentary

canal, which are here col-

lected in the form of a

strong band, whilst the lon-

gitudinal muscular fibres

and the peritoneal coat pass

over the pyloric fold to the

duodenum, and do not enter

into its formation (fig. 253).

Externally the pylorus may
be easily felt, like a thick-

ened ring, at the right end'

of the stomach, where also

a slight external constriction

is visible. Internally its

opening is usually circular

and less than half an inch

across, so that it is the

narrowest part of the whole
alimentary canal.

Occasionally the orifice is

oval, and it is often placed a
little to one side. Sometimes
the circular rim is imperfect,

and there are found instead

two crescentic folds, placed one
above and the other below the passage (Huschke) ; and, lastly, there is occasion

ally but one such creecentic fold.

Fig. 251.

—

Lymphatics of thr Hu.man Gastric

ilucous Mejibkane, Injected (from Loven).

The tubules are only faintly indicated ; a, muscu-

laris mucosae ; h, plexus of fine vessels at base of

glands ; c, plexus of larger, valved lymphatics in

submucosa.

THE SMALL IINTESTIITE.

The small intestine (fig. 252, D, j, i) commences at the pylorus,

and after many convolutions terminates in the large intestine. It

measures on an average about twenty feet in length in the adult,

and gradually becomes slightly narrower from its upper to its lower

end. Its convolutions occupy the* middle and lower part of the

abdomen, and are surrounded by the large intestine. They are con-

nected with the back of the abdominal cavity, and are held in their

position by a fold of the peritoneum, named the mesentery, and by
numerous blood-vessels and nerves.

The small intestine is arbitrarily divided into three portions, which
have received different names ; the first tea or twelve inches im-

mediately succeeding to the stomach, and comprehending the widest

and most fixed part of the tube, being called the duodenum, the upper
tv\o-fifths of the remainder being named the jejunum, and the lower

three-fifths the iJcwn. There are no distinct lines of demarcation

between these three parts, but there are certain peculiarities of connec-

tion and certain diiterences of internal structure to be observed in
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comparing the upper and lower ends of the entire tube, which will

be pointed out after it has been described as a whole.

Fig. 252. STRUCTURE OF THE
INTESTINE.

SMALL

Fig. 252.

—

Diagram of the Abdominal
PART OF THE ALIMENTARY CaNAL (Brintonj.

C, the cardiac, and p, the pyloric end of

the stomach ; d, the duodenum ; j, i, con-

vohitions of the small intestine ; cc,

ciECum, with the vermiform j^rocess ; AC,

ascending, tc, transverse, and DC, de-

scending colon ; SF, sigmoid flexure ; R,

rectum ; A, anus.

The small intestine, like the

stomach, is composed of four

coats, viz., the serous or peri-

toneal, muscular, areolar, and
mucous.
The external or serous coat

almost entirely surrounds the in-

testinal tube in the whole extent

of the jejunum and ileum, leav-

ing only a narrow interval be-

hind, where it passes off and be-

comes continuous with the two
layers of the mesentery. The
line at which this takes place is

named the aftached or mesenteric

border of the intestine. The
duodenum, however, is but
partially covered by the peri-

toneum.
The muscular coat consists of

two layers of fibres ; an outer

longitudinal, and an inner or

circular set. The longitudinal

fibres constitute an entire but
comparatively thin layer, and are

most obvious along the free bor-

der of the intestine. The cir-

cular layer is thicker and more
distinct and its fibres are placed

more closely together, clefts how-
ever being left here and there

between the bundles.

The muscular tunic becomes
gradually thinner towards the

lower part of the small intestine.

It is pale in colour, and is com-
posed of plain muscular tissue, the cells of which are of considerable

length. The progressive contraction of these fibres, commencing in

any part of the intestine, and advancing in a downward direction,

produces the peculiar vermicular or peristaltic movement by which
the contents are forced onwards through the canal. In this move-
ment the circular fibres are mainly concerned ; but the longitudinal
fibres also aid in it ; and those found along the free border of the
intestine may have the effect of straightening or unfolding, as it were,
its successive convolutions.

_
The areolar or submucous coat of the small intestine is a tolerably

distinct and whitish layer, of a loose texture, which is connected more
firmly with the mucous than with the muscular coat, between which two
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it is placed. By turning a portion of the intestine inside out, and then

blowing forcibly into the cavity, the areolar tunic may be inflated, the

air being driven into its areolar tissue through the part at which

Fig. 253.

—

Diagrammatic View in Pkrspkctive

OF A Portion of the Coats of the Stomach
AND Duodenum, includino the Pylorus
(Allen Thomson).

g, inner surface of the gastric mucous mem-
brane ;

//', section of the mucous membi-ane with

the pyloric gastric glands ; r, the villous surface

of the raucous membrane of the duodenum ; i,

section of the same with the intestinal glands or

crypts of Lieberkiihn
; pp, the ridge of the

pyloric ring, with a section of its comi)onent

parts ; vii, deep or circular layer of muscular
tibixs : these are seen in the section to form
the pyloric sphincter ; mc, external or longi-

tudinal layer of muscular fibres ; », the serous

covering.

Fig. 253.

'•'fUiiummni'"'

'

the peritoneal investment is wanting. It supports the mucous mem-
brane, and forms a layer of loose substance in which the vessels divide

and subdivide into smaller branches, preparatory to entering that mem-
brane. It consists of areolar tissue, mixed with fine elastic fibres.

The internal coat or mucous membrane, is characterised by present-

ing all over its inner surface a finely flocculent or shaggy appearance,

like the pile upon velvet, owing to its being thickly covered with
minute processes, named villi; hence it is also named the villous coat.

It is one of the most vascular membranes in the whole body, and is

naturally of a reddish colour in the upper part of the small intestine,

but becomes paler, and at the same time thinner, towards the lower end.

It is covered like that of the stomach with a columnar epithelium

throughout its whole extent, and next to the submucous coat is bounded
by a layer of plain muscular
tissue {muscular is mucos(e) ;

Fig. 254.

between this and the epithe-

lium the substance of the mem-
brane, a])art from the tubular

glands which will be afterwards

described, consists mainly of

retiform tissue which supports

the blood-vessels and lacteals,

and encloses in its meshes
numerous lymph-corpuscles.

The folds and wrinkles found
upon the inner surface of the

oesophagus and stomach may
be completely obliterated by
full distension of those parts of the alimentary canal. In the lining

membrane of the small intestine, however, there exist besides such
effaceable folds, other permanent ones, which cannot be obliterated, even
when the tube is forcibly distended. These permanent folds are the

valvulsB couniventes, or valves of Kerkring (fig. 254). They are

crescentic projections of the mucous membrane, placed transversely to

the course of the boweh each of them reachinsc about one-half or two-

Fig. 254.

—

Portion of Small Intestine laid
OPEN TO SHOW the VALVULiE CoNNIVENTES
(Briuton).
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thirds of the distance round the interior of tlie tube, and tliey follow

closely one upon another along the intestine. The largest are about 2i
inches long and ^ of an inch wide at the middle or broadest part. Large
and small ones are often found to alternate with each other. Some of

them are bifurcated at one end, and others terminate abruptly, appearing

as if suddenly cut off. Each consists of a fold of the mucous membrane,
that is, of two layers placed back to back, united together by the sub-

mucous areolar tissue. They contain no part of the circular or of the

longitudinal muscular coats. Being extensions of tlie mucous membrane,
they serve to increase the absorbent surface to which the food is exposed,

and are said to contribute to delay its passage along the intestine.

Tliere are no valvulas conniventes quite at the commencement of the

duodenum ; a short distance from the pylorus they begin to appear ;

beyond the point at which the bile and pancreatic juice are poured

into the duodenum they are very large, regularly crescentic in form

and placed so near to each other that the intervals between them are

not greater than the breadth of one of the valves ; they continue thus

through the rest of the duodenum and along the upper hatf of the

jejunum ; below that point they begin to get smaller and farther apart

;

and finally, towards the middle of the ileum, having gradually become
more and more irregular and indistinct, sometimes even acquiring a

very oblique direction, they altogether disappear.

The villi, peculiar to the small intestine, and giving to its internal

surface the velvety or villous appearance already spoken of, are

small processes of the mucous membrane, which are closely set on
every part of the inner surface of the small intestine, over the valvule

conniventes, as well as between them. They are best displayed by
placing a piece of intestine, well cleansed from its mucus, under water,

and examining it with a simple lens.

The villi are, as a rule, conical and flattened in form (figs. 255, 257):
some are more cylindrical (fig. 25G), sometimes with an enlarged or

clubbed extremity. Occasionally two or three are connected together at

their base.

Their length varies from ;^th to ^rd of a line, or even more ; and the

broad flattened kinds are about ^th or ^rth of a line wide, and -j-u^h or

a\th of a line thick. They are largest and most numerous in the duo-

denum and jejunum, and become gradually shorter, smaller, and fewer

in number in the ileum. In the upper part of the small intestine

Ivrause estimated their number at from 50 to 90 in a square line, and
in the lower part at i'rom 40 to 70 in the same space : he calculates their

total number to be at least four millions.

In structure a villus consists of a prolongation of the proper mucous
membrane, and is, like that, covered by epithelium and encloses a net-

work of blood-vessels, one or more lacteal vessels, and a few plain

muscular fibre-cells, these being all supported and held together by
retiform or lymphoid tissue, which at the surface under the epithelium

is condensed into a basement membrane upon which the epithelial cells

are set. Nerves have not yet been demonstrated in the villi, although
they are probably not wanting. Each villus receives, as a rule, one
small arterial twig, which runs up the centre to near the middle of the

villus, where it begins to break u]d into a number of capillaries. These
form near the surface, beneath the epithelium and limiting membrane,
a fine capillary network, from which the blood is returned for the most
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Fig. 255. — Mag-
nified View op

THE Blood-ves-

sels OP THE In-

testinal Villi.

The drawing was
taken from a pre-

paration injected by
Lieberkiilm, and
shows in eacli villus

a small artery and
vein with the inter-

mediate capillary

network.

Fis.

Fig. 256. — Injected Lacteal
Vessels in the Villi op the
Human Intestine.

A, two villi in which the lacteals

are represented as filled v.-ith white
substance and the blood-vessels

v,-ith dark : 109 diameters (Teich-

manu). a, b, the lacteal vessels,

single in one villus and double in the

other ; c, the horizontal lacteal ves-

sels with which those of the villi

communicate ; d, the blood-vessels,

consisting of small arteries and veins

with capillary network between.

B, injected lacteal (shaded dark)

in a villus, showing an example
not very common of a looped net-

work «, which is connected by a
single vessel with the horizontal

lacteal vessel b : the jireparation

was made from the intestine of

a young man who died suddenly
while digestion was going on : 80
diameters (from W. Krause).

Fig. 257. — Vertical Section of
the Intestinal Mucous AIem-
BRANE OP THE RaBBIT (slightly

altered from Frey). ^^.

Two villi are represented, in one
of which the dilated lacteal alone is

shown, in the other the blood-

vessels and lacteal are both seen
injected, the lacteal white, the
blood-vessels dark : the section is

carried through the tubular glands
into the submucous tissue : a, the
lacteal vessels of the villi ; a', hori-

zontal lacteal, which they join ; b,

capillary blood-vessels in one of the
villi ; c, small artery ; d, vein

;

e, the epithelium covering the
villi

;
r/, tubular glands or crypts of

Lieberkiihii, some divided in the
middlp, others cut irregularly ;

?',

the submucous layer.

A, cross section of three tubular
glands more highly magnified.

Fig. 256.

Fig. 257.
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part by a single vein, 'which in man commences near the tip of tho

villus, and passes through the mucous membrane into the submucosa
witliout receiving lateral twigs.*

The lacteal lies in the centre of the villus (figs. 256, 257), and is in

the smaller villi usually a single vessel, with a closed and somewhat
expanded extremity, and of considerably larger diameter than the

capillaries of the blood-vessels around. According to the observations

of Teichmann, there are never more than two intercommunicating
lacteals in a single villus in the human subject ; but both he and Frey
found a copious network in the villi of the sheep. Like the lymphatics

elsewhere, the lacteals in the villi are bounded by a delicate layer of

flattened epithelioid cells. These are connected with the branched cells

of the retiform tissue, and these again with the flattened cells which
form the basement membrane ; from the latter, prolongations extend

between the epithelium cells towards the surface.

Fis. 258.

-Efithelium op the Intestinal Villus of a Rabbit (from Kiilliker).

A,
=-f° ; B,

-'l"

A, series of the columnar epitlielial cells separated from a villus ; a cuticular mem-
brane or border is seen passing over the free ends of the cells.

B, some of the same cells showing the striation of the border.

The columnar epithelium cells (fig. 258), which cover not only the

villi but also the rest of the surface of the intestine, and extend into the

tubular glands (fig. 259) are granular in appearance; each with a clear

oval nucleus and a tapering extremity next the basement membrane.
At the free or superficial end they present a distinct layer of highly

refracting substance with vertical strite running through it. This layer

was first recognised by Kolliker and by Funke, who both considered

the strijB to represent minute perforating canals ; while Brettauer and

Steinach, and likewise Henle, maintained them to be solid rods. The
cells for the most part contain mucus, which swells up on the addition

of water, transforming them into goblet-cells (see p. 211).

There has been considerable question as to the manner in which fatty

matters, which are of course indiff'usible through the moist animal

membranes, find their way from the interior of the gut into the com-

mencement of the lacteals. It was formerly believed that the minute

fatty globules were conveyed into the interior of the villus by the

medium of the columnar epithelium cells of the surface, and in accord-

ance with this V)oth Kolliker and Bonders have described minute par-

ticles of oil as passing through the striated base of the cells. More-
over, during digestion, the epithelial cells become turbid with

minute oil-droplets in their interior ; and at a subsequent stage the

tissue of the villus generally appears pervaded wiih similar fatty par-

* The general arrangement of the vascular supply of the villi varies considerably in

different animals.
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tides, and the central lacteal becomes filled with them. According to

our own observations, the amoeboid lymph-corpuscles contained in the

meshes of the retiform tissue, and which also extend amongst the

columnar epithelium cells of the surface, become filled with fat globules

during digestion : and we think it probable that these cells may serve

as carriers of fatty matters into the lacteal, just as the white blood-

corpuscles are known to convey minute solid particles out of the blood

vessels and into the lymphatics. Other authorities are of opinion that

the fat is conveyed into the lacteal through the branched cells of the

retiform tissue.

With reference to the presence of fat in the epithelium-cells of the intestine,

it must be borne in mind that, as pointed out by Vu'chow, the columnar epithe-

limn of other parts, the bile-ducts and gall-bladder, for example, also becomes
filled with fatty particles during digestion (although at a somewhat later stage)

;

and in these cases the fat cannot have entered the cells by a jirocess of dkect
absorjition, but must have been elaborated and deposited within the cells them-
selves, probably serving for their nutrition.

The muscular tissue within the villus was discovered by Brilcke: it

consists of a thin stratum of plain fibre-cells disposed longitudinally

around the lacteal ; on being stimulated in animals, they produce au
obvious retraction of the villus.

This muscular tissue is a prolongation from the muscularis mucosas : the fibre-

cells at the sides and towards the end of the villus pass from the lacteal to be

attached to the basement membrane ; usually tlieii' attachment to this is forked,

a connective tissue corpuscle filling up the interval (AVatney).*

Two kinds of small secreting glands open on the inner surface of the

intestine, viz., the crypts of Lieberkiihn, and Brunner's glands, the

last being peculiar to the duodenum. In addition to these, numerous
lymphoid nodules are found, which are cither scattered and isolated

(solitary glands) or collected into patches (Peyer's glands).

The crypts of Lieberkuhn, the smallest but most numerous of these

glandular structures, are found in every part of the small intestine,

opening between the villi (fig. 257, g). They consist of minute tubes,

closed at theii- attached extremity, and placed more or less perpendi-

cularly to the surface, upon which they open. They appear to be
analogous to the tubuli of the stomach, but are not so thickly set, and
are hardly ever divided. Similar tubules also occur throughout the

whole mucous membrane of the large intestine. The crypts of Lieber-

kiihn vary in length from the .>jyi\\ to the -J^th of a line, and their

diameter is about -^-^ih. of a line. The walls of the tubes are thin,

formed of the l^ascmcnt membrane, lined with a columnar epithelium

(fig. 259), whicli, as elsewhere, possesses the thickened border.

Brunner's glands are small rounded compound glands, first pointed

out by Brunner, which exist in the duodenum, where they are most
numerous at the upper end, in general occupying thickly a space ex-

tending a little way from the pylorus. A few of them are said also to

be found quite at the commencement of the jejunum. They are im-
bedded in the submucous coat, and may be exposed by dissecting off the

muscular coat from the outside of the intestine. In structure they
resemble the small glands wliich are found in various parts of the

lining membrane of the mouth and elsewhere, each consisting of a

* Proceedings of the Royal Society, No. 152, 1874, and Centralblatt, f. d. med. Wiss.

48, 1874, where also will be found other facts having reference to the structm'e of the

villi and the absorjjtion of fat.
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]•;-. 259.

number of saccules or alveoli, situate at the terminal ramifications of

the duct, which latter penetrates the muscularis mucosae, and opens

upon the in-

ner surface of

the intestine.

They present

transitions
lietween com-
pound race-

mose and
compound
tubular
o'lands.*
^ The soli-

tary glands

(g 1 a n d u 1 £6

golitarias) are

soft, Avhite,

rounded, and
slightly pro-

minent bo-

dies about the

size of a

millet-seed,
which are

found scat-

tered over the

raucous mem-
brane in

every part of

the small in-

testine (fig.

260). They
are found as

well at the

mesenteric as

at the free

border, both between and upon the valvuljB conniventes, and are

rather more numerous in the lower portion of the bowel. These so-called

Fig. 25y.

—

Deep part of a Ckypt of Lieiierkuhn from the Rab-

bit's Intestine, seen in Vertical Section. Highly magnified

(Verson).

a, columnar epithelium ; d, lymphoid tissue of the mucous membrane

seen to be connected with the basement membrane, and to extend

between the epithelium cells. T, areolar tissue ; h, lumen of gland.

Pis', 200. Fig. 2G0.

—

Solitary Gland of the Small Intestine (from

Bcehm). 10 Diameters.

The lighter part of the figure represents the elevation pro-

duced by the gland ; on this a few villi are seen, and on the

surrounding surface of the mucous membrane numerous villi

and crypts of Lieberkiihn.

glands are in structure similar to the lymphoid

follicles of various parts ah'eady described, con-

sisting of more or less insulated clumps of dense

retiforui tissue, the meshes of which are closely packed with lymph-

corpuscles and pervaded by fine capillaries. They are here and there

united at the sides with the surrounding lymphoid tissue, but are at

* Schwalbe, Archiv. f. mikr. Anat. viii. 1872.



PETER'S PATCHES. 365

Fi?. 261.

^^PPS m

most jooints distinctly marked olf from it, partly owing to the fact that

their supporting retiform tissue becomes closer and finer, partly owing

to their being closely surronnded by a rich plexus of ]ymi)hatic vessels
;

or they may even hang, as it were, into a lymph (or lacteal) sinus, which

entirely surrounds the follicle, except above. The epithelium over

the follicles often shows a large number of lymph corpuscles between

the epithelial cells. The main part of the follicle is situated in the

submucoas tissue ; but it extends upwards, piercing the muscularis

mucosa, into the mucous membrane, causing a slight bulging of this

towards the interior of the gut (as in fig. 2G4, d d). The prominent

part of the follicle has villi "upon it, and, placed around very irregu-

larl}', are seen the mouths of the crypts

of Lieberkiihn (fig. 260).

Tlie agminatsd glands or glands of

Peyer (who described them in 1G77),

are groups or patches of lym])hoid follicles.

The groups have an oblong figure (fig. 2G1),

and vary fi-om half an inch to two or even

four inches in length, being about half an

inch, or rather more, in width : they arc

placed lengthways in the intestine at that

part of the tube most distant from the

mesentery ; and hence, to obtain the

best view of them, the bowel should be

opened by an incision along its attached

border.

The lymphoid nodules (fig. 264) which
by their aggregation make up a Peyer's

patch are in almost all respects similar to

the solitary glands above described. As
a rule, however, their surface is free from
villi, and the crypts of Lieberkiihn are col-

lected in circles around the follicles (fig.

262). In the situation ofPeyer's patches,

the mucous and submucous coats of the

intestine adhere more closely together

than elsewhere, so that it is there im-
impossible to inflate the areolar coat.

Fine blood-vessels are distributed abundantly on the exterior of the
follicles, and give ofi:' still finer capillary branches, which, supported by

>1.—A Small I'ati h of
Peyer's Glands from tiieIleuji.

Slightly JrAGNiFiED (Pcelim.)

Fig. 262.

—

Enlarged Yitay of a part of a
Patch op Peyer's Glands, showing four
Follicles. Magnified about 10 Diameters.

The figure shows the surface of the intestinal

mucous membrane over part of a patch, occupied
by villi, between which are the orifices of the
crypts of Lieberkuhn ; except over the four folli-

cles, where there are no villi. The crypts of

Lieberkiihn are arranged chiefly in circles round
the nodules.

Fig. 262.

the retiform tissue, are disposed principally in lines convergino- to the
centre (fig. 263).
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Fig. 263.—Portion op an Injected Peter's Patch (from Kolliker). Magnified.

The drawing was taken from a preparation made by Frey ; it represents the fine

capillary network spreading from the surrounding blood-vessels into the intei'ior of

three lymphoid nodules, from the intestine of the rabbit.

Fig'. 264.

gfii/ (/
^ ^^

Fig. 204.

—

Vertical Section of a portion of a Patch op Pe\er's Gi-ands, with
THE Lacteal Vessels injected (after Frey). 32 Diameters.

The specimen is from the lower part of the ileum : a, villi, with their lacteals left

white ; h, some of the tubular glands ; c, the muscular layer of the mucous membrane
;

d, the cupola or projecting part of Peyer's follicles ; c, their central part : /, the reticu-

lated lacteal vessels occupying the lymphoid tissue between the follicles, joined above by
the lacteals from the villi and mucous surface, and passing below into [/, the reticulated

lacteals under the follicles, which again pass into r/', the larger lacteals of the submu-
cous layer, i.
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The lacteal plexuses, which are abundant in the whole extent of the
intestine, are especially rich where they sui-round the follicles of Peyer's

glands (fig. 204), often forming sinuses as in the case of the solitary

follicles above described.

In all, from twenty to thirty of these oblong patches may in general

be found ; but in young persons dying in health, as many as forty-five

have been observed. They are larger and placed at shorter distances

from each other, in the lower part of the ileum ; but in the upper portion

of that intestine and in the lower end of the jejunum, the patches occur
less and less frequently, become smaller, and are of a nearly circular

form ; they may, however, be discovered occasionally in tlic lower por-

tion of the duodenum.
Still smaller irregularly shaped clusters of these follicles are some-

times found scattered throughout the intestine.

It was fonneiiy presumed without question that Peyer's and tlie other closed

follicles in the alimentary tract constituted a peculiar capsular form of secreting
glands ; but there is now no doubt that they are more immediatelj^ connected
A^-ith the Ijnnphatic system, and their similarity on a small scale to the stmctm-e
of the lymphatic glands is immistakeable. It is found that tlie glands of Peyer
are best marked in the young subject. After middle life they become less obvious,
and are said to disajipear completely in advanced age.

Vessels and Nerves.—The branches of the mesenteric artery, ha^-ing reached
the attached border of the intestine, pass round its sides, dividing into numerous
ramifications and frequently anastomosing at its free border. Most of the larger

branches run immediately beneath the serous coat ; they then pierce the mus-
cular coat, supplying it with vessels as they pass, and ramify in the submucous
areolar laj-er. so as to form a close network, from which still smaller vessels pass
on into the mucous coat, and terminate in the capillary network of the folds,

villi, and glands of that membrane. The fine capillaries of the muscular
coat are an-anged in two layers of oblong meshes, which con-espond in dii-ection

with the longitudinal and cii'cidar muscular fibres. The veins accompany the
arteries.

The Ii/))q)hatii's of the intestine (lacteals) may he conveniently distinguished as

those of the mucous membrane, and tliose of the muscular coat. Those of the
mucous membrane form a copious plexus (fig. 26-1) which receives the central

vessels of the villi and pervades both the mucous and submucous layers—in the
latter being of considerable size, and fonning, as before mentioned, a close plexus
or a sinus around the base of each lymphoid follicle ; but there is not, in

the human subject at least, the same distinct division into two strata which has
been found in the stomach (Teichmann). From the submucous plexus larger

vessels proceed and pierce the muscular coat to open into the lymphatics which
lie under the peritoneal coat, and which are esi^eciallj' developed along a nan-ow
strip at the attachment of the mesenterj-. "Witli regard to the lymjihatics of the
muscular coat, the main plexus is situated between the circular an<l longitudinal

layers of fibres ; and there are likewise close plexuses threading- the whole
thickness of the muscular wall. These muscular lymphatics are in complete
continuity with those of the mucous membrane, and iiaes into larger vessels at

the mesenteric border, whicli again run into the lacteal vessels of the mesentery.
To these absorbents of the muscular coat Auerbach gives the name of " inter-

laminar plexus." *

The nerves of the small intestine are chiefl}^ derived from the superior
mesenteric plexiis. This plexus is formed superiorly by neiwous branches,
of which those in the middle come from the celiac plexus, and the lateral

ones proceed directly from the semilunar ganglion, and it also receives con-
tributions from the vagus nerve. The plexus and j^lexiform branches into
which it divides cling at fii'st very closely to the larger divisions of the
superior mesenteric artery, and, dividing similarly with the ramifications

* Virchow's Archiv, vol. xxxiii, p. 310.
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of the arteries, the branches of the nerves, retaining still a wide plexiform

arrangement, pass onwards to the different parts of the intestine between the

two folds of the mesentery, and finally, separating somewhat from the blood-

vessels, reach the intestine in very numerous branches to be distriliuted in its

coats. Passing first between the longitudinal and circular layer of the muscular

coat, they here form a close gangliated plexus throughout the whole extent of

the intestine (shown in fig. 26.5. A, as exhibited under a low power). This, v.iiich

is known as " Auerbach"s jjlexus." or the " plexus myentericus,"' and which is

principally composed of non-medullated fibres, gives ofP fine branches to the

muscular substance, these first forming a smaller plexus amongst the muscular

fibres. Other larger branches pass between the ch-cular bundles of fibres to

reach the siibmucous layer, where they form, a second richly gangliated plexus

(Meissner"s. fig. 26.5, B, under a high power), the threads of which are much finer

than those of the intennuscular network.

From Meissner's plexus nervous fibres pass to be distributed to the muscular

layer of the mucous membrane, breaking up into fine fibrils which take the

du-ection of the fibre-cells of this layer, whilst other excessively fine fibrils form

a comparatively open plexus in the proper tissue of the mucous coat near the

basement membrane, and appear to send branches towards the epithelium, but

the further course of these has not been traced.

Fig. 265.

Fig. 265 (from Kulliker) ; A.

—

Nervous Plexus of Auerbach, from the Musculau

Coat of a Child's Intestine. 20 Diameters.

Three perforated ganglionic masses are seen united by several nei-vous cords.

B.—Small Portion of Meissner's Submucous Nervous Plexus from the Intestine

OF A Child. 350 Diameters.

Two ganglia are represented, of which the cells are seen spreading into the nerve-twigs

connected with the ganglia: the fusiform particles on tbe nerve-twigs are nuclei of connec-

tive tissue corpuscles.
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BPECIAIi CHARACTERS AND CONNECTIONS OF THE SEVERAL PARTS
OP THE SMALL INTESTINE.

DuoDENOTi.—This is the shortest aud widest part of the small intes-

iine. In length ib measures 10 or 12 inches, or about the breadth of
twelve fingers ; hence its name.

It varies in diameter between an inch and a half and two inches.

In its course it describes a single large curve somewhat resembling a
horseshoe, the convexity of which is turned towards the right, whilst
the concavity embraces the head of the pancreas.

Fict. 266.
Fig. 266. —View of thk Duodenum from

BEFOKE (.slightly altered from LiLsclika). ^

12, tlie twelfth dorsal vertebra and rib ; 1,

3, 4, 5, transverse i)rocesses of the tinst, third,

fourth, and fifth left lumbar vertebrte ; 2,

that of the second on the right side ; «, «, the
abdominal aorta above the cadiac axis and also

near the bifurcation ; m, superior mesenteric

arteiy ; v, v, the vena cava above the renal

veins and near the bifurcation
; p, placed on

the first part of the duodenum, points to the

pyloric orifice seen from the side next the

stomach, of which a small part is left con-

nected with the intestine ; d, on the descend-

ing or second part of the duodenum, indicates

the termination of the common bile-duct and
the pancreatic duct ; d', the tlurd or oblique

part of the d uodenum
; j, the commencement

of the jejunum.

It has no mesentery, and is covered only partially by the peritoneum.

Its muscular coat is comparatively thick, and its mucous membrane
towards the pylorus is the seat of the glands of Brunner, already

described. The common bile-duct and the pancreatic duct open into

this part of the intestinal canal.

Three portions of the duodenum are described by anatomists.

The first, or siqmior portion, between two and three inches long,

extends from the pylorus upwards, backwards, and to the right, as far

as beneatli the neck of the gall-bladder, where it bends suddenly down-
wards. The first portion of the duodenum is for the most part free,

and invested by peritoneum like the stomach. Above, and in front of

it, are the liver and gall-bladder, and it is commonly found stained by
the exudation of bile from the latter a few hours after death. Behind
it is tlie biliary duct, with the blood-vessels passing up to the liver.

The second, or descendhhj portion, commencing at tlie bend below the
neck of the gall-bladder passes downwards as low as the second or third

lumbar vertebra, where the bowel turns across to the left to form the

third portion. This part of the duodenum is invested by the perito-

neum on its anterior surface only,—the posterior surface being con-

nected to the right kidney and the vertebral column by areolar tissue.

In front is the transverse colon and mesocolon, the upper layer of

which is continuous with the peritoneal covering of the duodenum. To
the left is the head of the pancreas (see fig. 2b2), whicli adapts itself to

VOL. II. L i;
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the shape of the intestine on that side, and, according to Terson, some
of the longitudinal mnscular fibres of the gut are intercalated amongst
the contiguous lobules of the gland. The common bile-duct descends

behind the left border of this part of the duodenum, and, together with

the pancreatic duct, which accompanies it for a short distance, per-

forates the coats of the intestine obliquely near the lower part of its

left or concave border. In the interior of this part of the intestine the

valvulas conniventes appear numerously ; and a downwardly projecting,

papillary eminence of the mucous membrane is found immediately

IdcIow one of these, about four inches below the pylorus, on the inner

and back ]")ai't of the intestine, at the apex of which is seen the common
orifice of the biliary and pancreatic ducts.

The third, transverse or oblique portion {cl'), somewhat the longest

and narrowest, beginning on the right of the third laminar vertebra,

crosses in front of the second obliquely from right to left. It makes its

appearance below the transverse mesocolon, and, continuing to ascend for

an inch or more, ends in the jejunum (/) at the left side of the vertebral

column, immediately behind the root of the transverse mesocolon, and
the commencement of the mesentery, and has the vena cava inferior and
the aorta behind it, while in front of it the superior mesenteric vessels {m)

pass from beneath the pancreas to enter the mesentery.

At its temiination the duodenum foiiiis an abraiit angle with the commence-
ment of the jejunum. Tliis is due to its being maintained, at that point, in

its position, by a strong fibrous band descending from the left cnas of the dia-

phragm and the tissue around the coeliac axis. According to Treitz. muscular

fibres come from both these soui'ces to this pai-t of the duodenum. In subjects

in which the intestines are large and dilated, the curve of the duodenum may-

descend to the level of the iliac crest, but, owing to the support given by the

band alluded to, its tenniaal extremity maintains a unifoiin position.

Jejunum and Ileum.—The jejunum, originally so called from its

having been supposed to be empty after death, follows the duodenum,
and includes the upper two-fifths of the remainder of the small intes-

tine, while the succeeding three-fifths constitute the ileum, so named
from its numerous coils or convolutions. Both the jejunum and the

ileum are attached and supported by an extensive fold of peritoneum

termed the mesentery. The mesentery of the small intestine, although

greatly frilled out in front to correspond in length with the jejunum
and ileum to which it affords support, is attached posteriorly by a very

short border which extends fi'om the level of attachment of the trans-

verse colon immediately to the left of the middle line, directly down to

the right iliac fossa, where the ileum falls into the caecum. At its

widest part the length of the mesentery is from four to six inches

between its vertebral and its intestinal border. Between the two layers

of peritoneum of which it consists are placed, besides some fat, numerous
branches of the superior mesenteric artery and vein, together with

nerves, lacteal vessels, and mesenteric glands. The convolutions of the

jejunum are situated iu part of the umbilical and left iliac regions of

the abdomen ; while the ileum occupies part of the umbilical and right

iliac regions, together Avith the hypogastric, and descends into the

pelvis, from which its lower end, supported by the mesentery, which is

here very short, ascends obliquely to the right and somewhat back-
wards, over the corresponding psoas muscle, and ends in the right

iliac fossa, by opening into the inner side of the commencement of the
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large intestine. The character of the intestine gradually changes from
its upper to its lower end, so that portions of the two intestines'^ remote
from each other, present certain well-marked differences of structure,
which may be here enumerated. Thus, the jejunum is wider, and its
';oats arc thicker ; it is more vascular, and therefore it has a deeper
colour ; its valvnlfe conniventes are long, wide and numerous ; its villi
are well developed ; and the patches of Peyer's glands are smaller, less
frequent, and sometimes confined to its lower part. The ileum, on the
other hand, is narrower; its coats are thinner and paler ; the valvulte
conniventes are small, and gradually disappear towards its lower end ;

the vilh are shorter
; and the groups of Fever's glands are larger and

more numerous. The diameter of the jejunum is al)out one inch and a
half, that of the ileum about one inch and a quarter. A o-iven length
of the jejunum weighs more than the same of the ileum.

At a point in the lower part of the ileiun it is not very tincommou to find a
pouch or durrficidi/m given off from the main tube. The origin of these
diverticula is explained by reference to the history of development, from which
it appears that they arise from a portion of the ductus vitello-intestinalis. or
tube imiting the intestine with the umbilical vesicle, remaining pervious. They
are not to be confounded with hernial protrusions of the mucous membrane,
which may occur- at any pomt.

THE LARGE INTESTINE.
The large intestine extends from the termination of the ileum to the

anus. It is divided into the crecum (including the vermiform appendix),
the colon and the rectum ; and the colon is again subdivided, according
to Its direction, into four parts, called the 'ascendino-, transverse, and
desccndmg colon, and the sigmoid flexure.
The length of the large intestine is usually about five or six feet

;

being about one-fifth of the whole length of the intestinal canal. Its
diameter, which greatly exceeds that of the small intestine, varies at
different points from two inches and a half to about one inch and a
half. It diminishes gradually from its commencement at the CKCum to
its termination at the anus ; excepting that there is a well-marked
dilatation of the rectum just above its lower end.

In outward form, the greater part of the large intestine differs
remarkably from the small intestine ; for, instead of constituting an
even cylindrical tube, its surface is thrown into numerous sacculi,
marked off" from each other by intervening constrictions, and arranged
in three longitudinal rows, separated by three strong flat bands of
longitudinal muscular fibres. This sacculated structure is not found in
the rectum.

Sa?RUCTURE OF THE LARGE INTESTINE.

The large intestine has four coats, like those of the stomach and
smaU intestine, namely, the serous, muscular, areolar or submucous, and
mucous.
The serous coat is quite similar to that of the small intestine, except

that, along the colon and upper part of the rectum, it is developed into
numerous little projections, which enclose a certain amount of fat, and
are termed cqypendkes cpqMccc.
The muscular coat, like that of the other parts of the intestinal
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canal, consists of external longitncliiial and internal circular fibres. The
loufjitudinal fibres, although found in a certain amount all round the
intestine, are, in the ca3eum and colon, principally collected into three
remarkable flat longitudinal bands (fig. 2G7, / m ; fig. 270). These
bands, sometimes called the ligaments of the colon, are about half an
inch wide, and half a line thick ; they commence upon the extremity of
the crecum, at the attachment of the vermiform appendix, and may
be traced along the whole length of the colon as far as the commence-
ment of the rectum, where they spread out, so as to surround that part of

Fis. 267 Fig. 267.

—

Outline Sketch op a Sec-
tion OF THE AscEKW.xG CoLON (Allen
Thomson). 3

s, the sei'ous or peritoneal covering \

s', s', reflection of this at the attached
border forming a short wide mesentery,
between the folds of which the blood-
vessels are seen passing to the colon ; a,

one of the appendices epiploicce hanging
from the inner Ijorder ; I m, indicates at.

the free border one of the three bands
formed by the thickening of the longi-

tudinal muscular coat ; the dotted line

continued from the margins of these
bands represents the remainder of tlio

longitudinal muscular coat, and the thick
line within it, marked c m, represents
the circular muscular layer ; in, the mu-
cous membrane at the flattened jiart

;

r, the crescentic l)ands or indentations-

which divide the sacculi.

the intestinal tube with a uniform
layer of longitudinal muscular

"^
fibres. One ofthese bands, named
the posterior, is placed along the

attached border of the intestine ; another runs along its anterior border,
and, in the tiansverse colon, corresponds with the attachment of the

great omentum ; whilst the third band {lateral) is found on the inner
border of the ascending and descending colon, and on the under border
of the transverse colon. It is along the course of this third band that

the appendices epiploica? are most of them attached (fig. 267, a). Mea-
sured from end to end, these three bands are shorter than the inter-

vening ]mrts of the tube ; and the latter are thus throAvn into the
sacculi already mentioned : accordingly, when the bands are removed
by dissection, the sacculi are entirely effaced, and the colon, elongating

considerably, assumes the cylindrical ibrm. The transverse constric-

tions seen on the exterior of the intestine, between the sacculi, appear
on the inside as sharp ridges separating the cells, and are composed of
all the coats. In the vermiform appendix the longitudinal muscular
fibres form a uniform layer.

The circvlar muscular fibres form only a thin layer over the general
surface of the csecum and colon, but are accumulated in larger numbers
between the sacculi. In the rectum, especially towards its lower part^
the circular fibres form a very thick and powerful muscular layer.

The submucous or areolar coat resembles in all respects that of
the small intestine.
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The mucous membrane differs fi'om that of the small intestine in

being quite smooth and destitute of villi. Viewed with a lens, its

Fig. 268.

Fig. 268.—DiAGRAiiMATic View (jMagnifiep) op a Sjiall Portion op the Mucous
Membrane op the Colon (Allen Thomson).

A small portion of the mucous membrane cut perpendicularly at the edges is sho'mi in.

perspective ; on the surface are seen the orifices of the crypts of Lieberkiihn or tubular

glands, the most of them lined by their columnar epithelium, a few divested of it and
thus ajipearing larger ; along the sides the tubular glands are seen more or less equally

divided by the section ; these are resting on a wider portion of the submucous tissue,

from which the blood-vessels are represented as passing into the spaces between the

glands.

Fig. 269.

surface is seen to be marked all over by the orifices of numerous tubular

glands (cri/pfs of Lieherkuhn) (fig. 268),

resembling those of the small intestine,

but longer and more numerous, and
placed more closely together and at more
regular intervals.

Besides these, there are scattered over

the whole large intestine hjmjihohl fol-

licles, similar to the solitary glands of

the small intestine, but less prominent.

They are most numerous in the cajcum.

and in its vermiform appendix ; being

placed closely all over the latter.

The epithelium, which covers the

general surface of the mucous membrane,
and lines the tubular glands, is of the

columnar kind, and in every respect

similar to that of the small intestine.

As in the stomach the mucous mem-
brane consists of areolar connective

tissue with a certain amount of retiform

tissue, and is bounded next the submu-
cous coat by a layer of plain muscular
fibres {muscularis miicosce), which sends

prolongations up between the glands to

be attached to the basement membrane
near the surface, in the same way as in

the villi of the small intestine.

Fig. 269.

—

Blood-Vessels op

Large Intestine as seen in

Vertical Section (KoUiker).

a, artery i)assing up from sub-

mucosa ; c, vein arising from capil-

lary plexus, b, around the mouths
of the glands.
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"Vessels and Nerves.—In the large intestine a similar arrangement of capil-

lary plexuses and venous radicles obtains, as lias been described in the stomach
(fig. 269). The arrangement of the lymphatics also presents great similarity :

the lymphatics of the mucous membrane have here been longer recognized.

Nei"vous plexuses similar to those of the small intestine are also found in the

muscular and submucous coats of the large intestine.

SPECIAL CHARACTEBS AND CONNECTIONS OF THE DIFFERENT PARTS
OP THE LARGE INTESTINE.

The CiECUM.—The inledmmn ccecimi, or capiit cmcum coli, is that part

of the large intestine which is situated below the entrance of the ileum

(fig, 270, cc). Its length is about two inches and a half, and its dia-

meter nearly the same : it is the widest part of the large intestine.

The cfecum is situated in the
Fig. 270. right iliac fossa, immediately be-

hind the anterior wall of the ab-

domen. It is covered by the

peritoneum in front, below, and
at the sides : but behind it is

usually destitute of peritoneal

covering, and is attached by
areolar tissue to the fascia cover-

ing the right iliacus muscle. In
this case the caecum is compara-

tively fixed ; but in other in-

stances the peritoneum surrounds

it almost entirely, and forms a

duplicature behind it, called

meso-ciuum.

Coming off from the inner and
back part of the c^cum, at its

lower end, is a narrow, round,

and tapering portion of the in-

testine, named tiie appendix cccci,

or appendix vermifcrmis (figs.

270, 271). The width of this

process is usually about that of a

large quill or rather more, and
its length varies from three

to six inches, these dimensions

differing much in different cases.

Its general direction is upwards
and inwards behind the caBcum ;

and after describing a few slight

turns it ends in a blunt point.

It is retained in its position by a

small fold of peritoneum, which
forms its mesentery. The ctecal

appendix is hollow as far as its extremity : and its cavity communicates
with that of the crecum by a small orifice, sometimes guarded by a
valvular fold of mucous membrane.

So far as is known, this appendix is peculiar to man and certain of
the higher apes, and to the wombat; but in some animals, as in the

rabbit and hare, the distal part of the caecum, being diminished in

Fig. 270.

—

Stomach and Intestines.

cc, cseciim ; AC, ascending ; tc, transverse ;

and DO, descending parts of the colon ; sf,

sigmoid flexure ; R, rectitm.
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diameter and thickly studded with lymphoid follicles, may represent a
condition of the appendix.

Ileo-csecal or ileo-colic valve.—The lower part of the small intestine

(fig. 271 /), ascending- from left to right, and from before backwards,

Fig. 271.

—

View of the Ileo-colio

Valve from the Large Intestine

(after Sautorini). i

The figure shows the lowest part of the

ileum, i, joining the ca'cuiu, c, and the

ascending colon, o, which have been
opened anteriorly, so as to display the

ileo-colic valve ; «, the lower, and e, the

upper .segment of the valve.

enters the commencement of the

large intestine, with a consider-

able degree of obliquity, about
two inches and a half from the

bottom of the cascum, and opposite

the junction of the latter with

tlie ascending colon. The open-

ing leading from the ileum into

the large intestine is guarded by
a valve composed of two seg-

ments or folds. This is the ileo-

cecal or ileo-colic vcdvc : it is also

called the valve of Bauhin and
the valve of Tulpius, although Fallopius had described it before either of

those anatomists.

The entrance between the two segments of the valve is a narrow
elongated slit-like aperture, lying nearly transverse to the direction of
the great intestine. It is rounded and widened at its anterior end
which is turned slightly to the left, but the posterior end is narrow,
and pointed. It is bounded above and below by two prominent semi-

lunar folds, which project inwards towards the caecum and colon. The
upper of these (fig. 271, e) is horizontal in direction, the lower and
larger (a) more oblique. At each end of the aperture these folds

coalesce, and are then prolonged as a single ridge on each side for some
distance round the cavity of the intestine, forming the frcma or

rctinac}ila of the valve. The opposed surfaces of the valvular folds

which look towards the ileum, and are continuous with its mucous sur-

face, are covered like it with villi ; while their other surfaces, turned
toward the large intestine, are smooth and destitute of villi. When the
cKcum is distended, the frajna of the valve are stretched, and the mar-
ginal folds brought into apposition, so as completely to close the aper-

ture and prevent reflux into the ileum, while at the same time no
hindrance is oflTered to the passage of additional matter from thence into

the great intestine.

Each segment of the valve consists of two layers of mucous mem-
brane, continuous with each other along the free margin, and including
between them, besides the submucous areolar tissue, a number of mus-
cular fibres, continued from the circular fibres of the ileum and of the
large intestine. The longitudinal muscular fibres and the peritoneal
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coat take no part in the formation of the valve, but are stretched across

it uninterruptedly from one intestine to the other.

The Colon.—The ascending colon, situated in the right lumbar
and hypochondriac regions, commencing at the ctecum opposite to the

ileo-cffical valve, ascends vertically to the under surface of the liver, near

the gall-bladder, where it proceeds forwards and then turns abruptly to

the left, forming what is named the Impatic flexure of the colon. The
ascending colon is smaller than the c;ecum, but larger than the trans-

verse colon. It is overlaid in front by some convolutions of the ileum,

and is bound down firmly by the peritoneum, which passes over its

anterior surface and its sides, and generally leaves an interval in which
its posterior surface is connected by areolar tissue with the fascia cover-

ing the quadratus lumborum muscle, and with the front of the right

kidney. In some cases, however, the peritoneum passes nearly round it,

and forms a distinct though very short right meso-colon.

The TRANSVERSE COLON passcs across from the right hypochondrium,

through the upper part of the umbilical region, into the left hypochon-

drium. Sometimes it is found as low as the umbilicus or even lower.

At each extremity it is situated deeply towards the back part of the

abdominal cavity, but in the middle it curves forwards, and lies close to

the anterior wall of the abdomen. Hence it describes an arch, the con-

cavity of which is turned towards the vertebral column ; and it has

accordingly been named the arch of the colon.

Above, the transverse colon is in contact with the under surface of

the liver, the gall-bladder, the great curvature of the stomach, and the

lower end of the spleen. Below it are the convolutions of the small

intestine, the third portion of the duodenum being behind it. It is

invested by the general peritoneum, which forms a separate fold for

it behind, the transverse meso-colon, and in front it adheres to the sac

of the omentum.
The DESCENDING COLON is contiuuous with the left extremity of the

transverse colon by a sudden bend named the sjjlenic flexure. At this

bending there is found a remarkable fold of peritoneum, the cosfo-

colic or pleuro-colic l/'i/anienf, which stretches with a lunated free border

to the colon from the diaphragm, opposite the 10th or II th rib. As
was pointed out by Haller, it supports the spleen although uncon-

nected with that organ, and might be termed " sustentaculum

lienis." The colon then descends almost perpendicularly through the

left hypochondriac and lumbar regions to the left iliac fossa, where it

ends in the sigmoid flexure. The peritoneum affords a covering to it

only in front and at the sides, whilst behind it is connected by areolar

tissue to the left crus of the diai3hragm, the quadratus lumborum, and
the left kidney. It is usually concealed behind some convolutions of

the jejunum.
The SIGMOID FLEXURE of the colon, situated in the left iliac fossa,

consists of a double bending of the intestine upon itself in the form of

the letter S, immediately before it becomes continuous with the rectum
at the margin of the pelvis opposite to the left sacro-iliac articulation.

It is attached by a distinct meso-colon to the iliac fossa, and is very

movable. It is placed iuimediately behind the anterior parietes, or is

concealed only by a few turns of the small intestine. The sigmoid
flexure is the narrowest part of the colon.

The Rectum.—The lowest portion of the large intestine, named the
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rectum, extends from the sigmoid flexure of the colon to the anus, and

is situated entirely within the true pelvis, in its back part (fig. 272, r, r).

Commencing opposite the left, sacro-iliac articulation, it is directed

at first obliquely downwards, and from left to right, to gain the middle

line of the sacrum. It then changes its direction, and curves forwards

in front of the lower part of the sacrum and the coccyx, and behind

the bladder, vesiculte seminales and prostate in the male, and at the

back of the cervix uteri and vagina in the female. Opposite the

Fis. 272.

Fig. 272.

—

Vertical Section op the Pelvis and its Viscera in the Male
(from Houston). ^

This figure is introduced to illustrate tlie form, position, and relations of the rectum
;

it also shows the bladder and urethra with the pelvic inflection of the peritoneum over

these viscera : r, r, r, the upper and middle parts of the rectum, and at the middle

letter the fold separating the two ; r, a, the lower or anal portion ; r, the upper part of

the urinary bladder ; v', the base, at the place where it rests more immediately on the

rectuta
; p, the prostate gland and prostatic portion of the urethra ;

b, the bulb
;

c, r,

the corpus cavernosum penis and suspensory ligament ; sc, the scrotum ; s, symphysis

pubis.

prostate it makes another turn, and inclines downwards and backwards

to reach the anus. The intcstinum rectum, therefore, so called from its

original description being derived from animals, is far from being

straight in the human subject. Seen from the ft-ont, the upper part

of the rectum presents a lateral inclination from the left to the median

line of the pelvis, sometimes passing beyond the middle to the right;

and when viewed from the side (fig. 272), it offers two curves, one

corresponding with the hollow front of the sacrum and coccyx, and
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the other at the lower end of the bowel, forming a shorter turn in the

opposite direction.

Unlike the rest of the large intestine, the rectum is not sacculated,

but is smooth and cylindrical ; and it has no separate longitudinal

bands upon it. It is about eight inches in length, and at its

upper end is rather narrower than the sigmoid flexure, but becomes
dih^ted into a large ampulla or reservoir immediately above the

anus.

The upper part of the rectum, covered by peritoneum, is in contact

in front with the bade of the bladder (or uterus in the female), unless

some convolutions of the small intestine hoppen to descend between
them. The ureter and branches of the internal iliac artery are in

contact with it on the left side. It is attached behind to the sacrum

by a duplicature of peritoneum named the mcso-redum. Lower down
the peritoneum covers the intestine in front and at the sides, and at last

in front only ; still lower, it quits the intestine altogether, and is re-

flected forwards to ascend in the male upon the back of the bladder, in

the female on the back of the upper part of the vagina and the uterus.

In passing from the rectum to the bladder, the peritoneum forms a cul-

de-sac, the recto-vesical pouch, which extends downwards between the

intestine and the bladder to within an inch or more from the base of

the prostate, and is bounded above at each side by a lunated fold of the

serous membrane, of which the left is almost always the larger (pos-

terior ligaments of the bladder).

Below the }}oint where the peritoneum ceases to cover it, the rectum
is connected to surrounding parts by areolar tissue, which is mostly

loaded with fat. In this way it is attached behind to the front of the

sacrum and the coccyx, and at the sides to the coccygei and levatores

ani muscles. In front, it is in immediate connection with a trian-

gular portion of the base of the bladder (fig. 272, v'); on each side of

this, with the vesiculas seminales ; and farther forwards, with the under
surface of the prostate (^j). Below the prostate, where the rectum turns

downwards to reach the anus, it becomes invested by the fibres of

the internal sphincter, and embraced by the levatores ani muscles, by
which, as well as by the triangular ligament of the urethra, it is sup-

ported. Lastly, at its termination it is surrounded by the external

sphincter ani muscle.

In the lemale, the lower portion of the rectum is firmly connected
with the back of the vagina.

For convenience of description the rectum is sometimes divided ar]:)itrarily into

three parts ; the first or uppennost, about o^ inches long, extending- to the centre
of the 3rd sacral vertebra : the middle part (o inches) from this point to the tip

of the coccyx ; whilst the lowennost, about an inch and a half long, ciu'ves baclc

to the anus.

Structure of the rectum.—The rectum differs in some respects

from the rest of the large intestine, in the structure of both its muscular
and its mucous coats.

The mi/scular coat is very thick : the external or longitudinal fibres

form a uniform layer around it, and cease near the lower end of the
intestine; the internal or circular fibres, on the contrary, become more
numerous in that situation, where they form what is named the internal

sphincter muscle. The longitudinal fibres are paler than the circular
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but both layers become darker and redder towards the termination of
the bowel.

The tmicous momlrane of the rectum is thicker, redder, and more
vascular than that of the colon ; and it moves more freely upon the mus-
cular coat ;—in this respect resembling the lining membrane of the
oesophagus. It preseuts numerous folds of diflFerent sizes, and running
in various directions, nearly all of which are effaced by the distension of
the bowel. Xcar the anus these folds are principally longitudinal, and
seem to depend on the contraction of the sphincter muscles outside the
loosely connected mucous membrane. The larger of these folds were
named by Morgagni the columns of the rectum {columiuc rorii). These
columns contain longitudinal muscular fibres (apparently part of tlie

muscularis mucosae), which terminate both superiorly and inferiorly in

elastic tissue (Trcitz). Higher up in the intestine, the chief folds are

transverse or oblique. Three prominent folds, larger than the rest,

l^eing half an inch or more in depth, and having an oblique direction
in the interior of the rectum, have been pointed out specially by
Houston. One of these projects backwards from the upper and fore

part of the rectum, opposite the prostate gland ; another is placed higher
up, at the side of the bowel ; and the third still higher. From the

position and projection of these folds, they may more or less impede
the introduction of instruments (Dublin Hospital Eeports, vol. v.).

Vessels and Nerves of the Recttim.—Tlie artcricx of the rectum spring
from three sources, viz., the superior hemorrhoidal branches from, the inferior

mesenteric ; the middle hajmorrhoidal branches from tlie internal iliac directly

or indirectly ; and, lastly, the external or inferior haimorrhoidal branch from the
pudic artery. The aiTangement of the vessels is not the same tlu-oughout the
rectum. Over the greater part the arteries penetrate the muscular coat at short
intervals, supplying its layers as they pass through, and, at once dividing into
small branches in the submucosa, fonn a network by their inter-communication.
Towards the lower end, for foiu' or five inches, the arrangement is different. Here
the vessels, having penetrated the muscular coat at different heights, assume
a longitudinal dii-ection. passing in pai-allel lines towards the end of the bowel.
In their progress downwards they communicate with one another at intervals,

and they are very freely connected near the orifice, where all the arteries join

by transverse branches of considerable size. (Quain, Diseases of the Rectum.)
The veins are very numerous, and fonn a complex interlacement resembling

that of the ax-teries just described, and named the lia'inorvho'uJal 2>lcxus. After
following a longitudinal coiu'se upwards similar to that of the arteries which
tliey accompany, they end partly in the internal iliac vein by branches which
accompany the middle ha3morrlioidal artery, and partly in the inferior mesenteric
vein. Hence, the blood from the rectum is returned in jjart into the vena cava,

and in part into the portal system.

The lijmplKitica enter some glands placed in the hollow of the sacram, or those
of the lumbar series.

The nerves are very numerous, and are derived from both the cerebro-spinal

and the sjanpathetic systems. Tlie fonner consist of branches derived from the
sacral plexus ; and the latter, of offsets from the inferior mesenteric and hypo-
gastric plexuses.

THE ANUS AND ITS MUSCLEH.

The anus, or lower opening of the alimentary canal, is a dilataljle

orifice, surrounded internally by the mucous membrane, and externally

by the skin, which tw^o structures here become continuous with and
pass into each other. The skin around the borders of the anus, which
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is thrown into wrinkles during the closed state of the orifice, is covered

Avith numerous papillae, and is provided with hairs and sebaceous

follicles.

The lower end of the rectum and the margin of the anus are, more-

•over, embraced by certain muscles, which serve to support the bowel,

and to close its anal orifice. These muscles, proceeding from within

outwards, are, the internal sphincter, the levatores ani, the coccygei, and
the external sphincter. The three last muscles have already been
described.

The internal sphincter muscle (sphincter ani internus) is a muscular

ring or rather belt, surrounding the lower part of the rectum, an inch

above the anus, and extending over about half an inch of the intestine.

It is two lines thick, and is paler than the external sphincter. Its fibres

^re continuous above with the circular muscular fibres of the rectum,

and, indeed, it consists merely of those fibres more numerously developed

than elsewhere, and prolonged farther down than the external longitu-

dinal fibres.

Kohli-causch describes a thin stratum of fibres between the mucous membrane
and the internal sj^hincter, these fibres having a longitudinal direction. Henle
thinks this is nothing- more than the stratum of fibres belonging to the proper

mucous coat ; but Kohlrausch gives it a distinct name, the sustentator tunicaj

mucoste. (Kohli-ausch, Anat. und Phys. d. Beckenorgane. Leipzig, 185-1.)

Ellis further describes a thin layer of involuntary muscle "with radiating fibres

which pass from the submucous tissue inside the internal sphincter to end in the

subdermic tissue outside. (Illustrations of Dissections. London, 1865. P. 243.)

THE LIVER.

The liver is an important glandular organ, very constant in the

animal series, being found in all vertebrate, and, in a more or less de-

veloped condition, in most invertebrate tribes. It secretes the bile,

and appears to act, in a manner as yet imperfectly understood, upon the

blood which is transmitted through it. Moreover there is formed in

its texture a starchy substance (glycogen), very easily converted into

sugar.

The liver is the largest gland in the hodj, and by far the most bulky

of the abdominal viscera. It measures about 10 or 12 inches trans-

versely from right to left, between 6 and 7 inches from its posterior

to its anterior border, and about oh inches from above downwards where

thickest, which is towards the right and posterior part. The average

bulk, according to Krause, is 88 cubic inches ; according to Beale, one

hundred. The ordinary weight in the adult is between 50 and 60

ounces.

According to the facts recorded by Reid, the liver weighed, in 43 cases out of

82, between 48 and 58 ounces in the adult male ; and in 17 cases out of 36,

between 40 and 50 ounces in the adult female. It is generally estimated to be

equal to about l-3Gth of the weight of the whole body ; but in the foetus, and

in early life, its proportionate weight is gTeater.

The specific gravity of the liver, according to Ki-ause and others, is between
1'05 and 1-06 : in fatty degeneration this is reduced to 1*03, or even less.

The liver is solid to the feel, and of a dull reddish-brown colour, with

frequently a dark-purplish tinge along the margin. It has an upper

surface smooth and convex, and an under surface, which is uneven and
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concave ; the circumference is thick and rounded behind and on the

rio-ht, but becomes gradually less so towards the left and front borders5^

which are sharp and thin.

The liver is divided into two unequal lobes, a right and a left, and on

the under surface of the right lobe arc three secondary lobes or lobules,

named the lobe of Spigelius, the caudate or tailed lobe, and the square

lobe.

Five fissures or fossa) are likewise described ; viz., the transverse or

portal ; the umbilical fissure and the fissure of the ductus venosus, to-

gether forming the longitudinal fissure ; the fossa of the vena cava and

the fossa for the gall bladder.

Surfaces.—The upper surface of the organ is convex, smooth, and

covered with peritoneum. It is marked off iuto a right ])ortion, large

and convex, and a left portion, smaller and flatter, by the line of attach

nient of the fold of peritoneum named the falciform or broad ligament.

The under surface (fig. 273) looks somewhat backwards, and is

concave and uneven. It is invested with peritoneum everywhere ex-

cept where the gall-bladder is adherent to it, and at the portal fissure

and fissure of the ductus venosus, where the fold of peritoneum (lesser

omentum) comes olf, which encloses the blood-vessels and ducts of the

Fig. 273.

Fig. 273.

—

Lower Surface op the Liver with the Principaii Blood-vessels and
Ducts (from Sappey). 3

1, left lobe ; 2, 3, 4, 5, right lobe ; 6, lobulus quadratus ; 7, pons liepatis ; 8, 9, 10,
lobulus Spigelii ; 11, lobulus caudatus ; 12, 13, transverse or portal fissure with the

great vessels ; 11, heixitic artery ; 15, vena portre ; 16, anterior part of the longitudinal

fissure, containing 17, the round ligament or remains of the obliterated umbilical vein
;

18, posterior part of the same fissure, containing 19, the obliterated ductus venosus ; 20,

21, 22, gall-bladder ; 23, cystic duct ; 21, hepatic duct ; 25, fossa containing 26, the

vena cava inferior ; 27, opening of a small vein from the capsule of the organ ; 28, small

part of the trunk of the riglit hepatic vein ; 29, trunk of the left hepatic vein ; 30, 31,

openings of the right and left diaphragmatic veins.

yIscus, and passes to the smaller curvature of the stomach. On this

surface the lobes and fissures of the liver are observed.
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Lobes.—The right and left lobes are separated from each other on
the under surface by the longitudinal fissure, and in front by the inter-

lobular notch : on the convex surface of the liver there is no other indi-

cation of a separation between them than the line of attachment of the

broad ligament. The right lobe is much larger and thicker than the

left, which constitutes only about one-fifth or one-sixth of the entire

gland.

The lobulus quadratus (anonymus) (fig. 273, 6) is situated be-

tween the gall-bladder and the great longitudinal fissure, and in front

of the portal or transverse fissure. ' It is somewhat oblong from before

backwards.

The lobulus Spigelii(8, 9, 10), more prominent and less regular in

shape than the quadrate lobe, lies behind the fissure for the portal vein,

and is bounded on the right and left by the fissures which contain the

inferior vena cava and the remains of the ductus venosus(2r), ly).

The lobulus caudauus(ll) is a sort of ridge which extends from
the base of tlie Spigelian lobe to the under surface of the right lobe.

This, in the natural position of the parts, passes forwards above the

passage named foramen of Winslow, the Spigelian lobe itself being
situated behind the small omentum, and projecting into the omental sac.

Fissures.—The transverse or portal fissure (fig. 273, 12, 13) is tlic

most imi)ortant, because it is here that the great vessels and nerves

enter, and the hepatic duct passes out. It lies transversely between the

lobulus quadratus and lobulus Spigelii, and meets the longitudinal

fissure nearly at right angles. At its two extremities, the right and
left divisions of the hepatic artery and portal vein, together with
the nerves and deep lymphatics, enter the organ, while the right and
left hepatic ducts emerge.

Thelongitudinal fissure, between the right and theleft lobes, is divided

into two parts by its meeting with the transverse fissure. The anterior

part (16), named the umbilical fissure, contains the umbilical vein in

the foetus, and the remnant of that vein in the adult, which then con-

stitutes the round ligament (17). It is situated between the square and
the left lobe of the liver, the substance of which often forms a bridge

{pons liepaUs) across the fissure, so as to convert it partially or completely

into a canal. The posterior part (18) is named the fissure of the ductus
venosus {fossa ductus vcnosi) ; it is situated between the lobe of Spi-

gelius and the left lobe and lodges the ductus venosus in the foetus, and
in the adult a slender cord or ligament (19) into which that vein is

converted.

The fissure or fossa of the vena cava (25) is situated at the back
part of the liver, between the Spigelian lobe and the right lobe,

and is separated from the transverse fissure by the caudate lobe. It

is prolonged upwards in an oblique direction to the posterior border
of the liver, and may be said to join behind the Spigelian lobe with the

fissure for the ductus venosus. It is at the bottom of this fossa that

the blood leaves the liver by the hepatic veins, which end here in the

vena cava. As in the case of the umbilical fissure, the substance of the
liver in some cases unites around the vena cava, and encloses that vessel

in a canal.

The last remaining fissure, or rather fossa {fossa cijstis fellecv), is

that for the lodgment of the gall-hladder (21) ; it is sometimes continued,

into a slight rounded notch on the anterior margin of the liver.
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Two sliaUoio impressions are seen on the under surface of the riglifc

lobe ; one in front {impressio collca), corresponding with the hepatic

flexure of the colon ; and one behind {impircssio renalis), corresponding
with the right kidney.

Borders.—Tlie anterior border of the liver, a thin, free, and sharp
margin, is the most movable part. Opposite the longitudinal fissure it

presents a notch, and, to the right of this, there is often another slight

notch opposite the fundus of the gall-bladder.

The posterior border, which is directed backwards and upwards, is

thick and rounded on the right side, but becomes gradually thinner
towards the left. It is the most fixed part of the organ, and" is firmly

attached by areolar tissue to the diaphragm. This border of the liver

is curved opposite to the projection of the vertebral column, and has a
deep groove for the reception of the ascending veua cava.

Of the two lateral borders of the liver, the right is placed lower
down, and is thick and obtuse ; whilst the left is the thinnest part of
the gland, is raised to a higher level, and reaches the cardiac part of
the stomach.

Ligaments.—The five ligaments of the liver are, with one exception,

only folds of serous membrane. One of these, tlie coronary ligament,
is a reflection of peritoneum around the somewhat triangular portion of
the posterior border of the liver, which is immediately adherent to the

diaphragm and at either end is continued into two short folds—the

right and left lateral or triangular ligaments, of which the left is the
longer and more distinct. Another of these so-called ligaments is the
broad, falciform, or suspensory ligament, a wide thin membrane,
formed of two cohering layers of peritoneum. By one of its margins
it is connected with the under surface of the diaphragm, and with" the
sheath of the right rectus muscle of the abdomen as low as the um-
bilicus ; by another it is attached along the convex surface of the liver,

from the posterior border to the notch in the anterior border : the re-

maining margin is free, and contains between its layers the round
ligament, a dense fibrous cord, the remnant of the umbilical vein of
the foetus, which ascends from the umbilicus, within the lower edge of
the broad ligament, and enters the longitudinal fissure on the under
surface.

POSITIOX "WITH REGARD TO NEIGHBOURING PARTS.—Occupying the
right hypochondriac region, and extending across the epigastric region
into a part of the left hypochondrium, the liver is accurately adapted to

the vault of the diaphragm above, and is covered, to a small extent in
front, by the abdominal parietes. The right portion reaches higher
beneath the ribs than the left, corresponding thus with the elevated
position of the diaphragm on the right side. The liver is separated by
the diaphragm from the concave base of the right lung, the thin
margin of which descends so as to intervene between the surface of the
body and the solid mass of the liver.

The convex surface is protected, on the right, by the six or seven
lower ribs, and in front by the cartilages of the same and by the ensi-
form cartilage—the diaphragm, of course, being interposed. The
situation of the liver is modified by the position of the body, and also

by the movements of respiration ; thus, in the upright or sitting
posture, it reaches below the margin of the thorax ; but in the
recumbent position ascends an inch or an inch and a half higher up,
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and is entirely covered by the ribs, except a small portion opposite the

substernal notch. AG:ain, during a deep inspiration, the liver descends

below the ribs, and in expiration retires upwards behind them. In

females it is often permanently forced downwards below the costal car-

tilages, owing to the use of tight stays ; sometimes it reaches nearly as

low as the crest of the ilium ; and, in many such cases, its convex

surfrice is indented from the pressure of the ribs.

To the left of the longitudinal fissure the liver is in cor\tact with the

pyloric extremity and anterior surface of the stomach, on which it

moves freely. When the stomach is quite empty, the left part of this

surface of the liver may overlap the cardiac end of that viscus. To the

right of the longitudinal fissure the liver rests upon the first part of

the duodenum and the hepatic flexure of the colon. Farther back it is in

contact with the r.jiper part of the right kidney and suprarenal capsule.

Vessels and Nerves.—The two vessels by which the liver is sup-

plied with blood are the hepatic artery and the vena porta?. The lie-

patic artery (tig. 273, 14), a branch of the coeliac axis, is small in com-
parison with the organ to which it is distributed. It enters the trans-

verse fissure, and there divides into a right and left branch, for the two
principal lobes.

By far the greater part of the blood which passes through the liver,

—

and in this respect it differs from all other organs of the human body,

—

is conveyed to it by a large vein, the vena ports (fig. 273, 15). .This

vein is formed ])y the union of the veins of the stomach, intestines and

omenta as well as those of the pancreas and spleen, and also those from

the gall-bladder. It enters the transverse fissure, or porta, and, like the

he])atic artery, divides into two principal branches.

The hepatic artery and portal vein, lying in company with the bile-

duct, ascend to the liver between the layers of the gastro-hepatic

omentum, above the foramen of AVinslow, and thus reach the transverse

fissure. In this course the bile-duct is to the right, the hepatic

artery to the left, and the large portal vein behind the other two. They
are accompanied by numerous lymphatic vessels and nerves. The
branches of these three vessels accompany one another in their course

through the liver nearly to their termination ; and are surrounded for

somxc "distance by a common areolar investment (Glisson's capsule),

which is prolonged into the interior of the organ.

The hepatic veins, which convey the blood away from the liver,

pursue through its substance an entirely different course from the other

vessels, and pass out at its posterior border, where, at the bottom of the

fossa already described, they end by two or three principal branches,

besides a number of smaller ones, in the vena cava inferior.

The lymphatics of the liver, large and numerous, form a deep and

a superficial set. Their mode of origin and distribution will be after-

wards described.

The nerves arc derived partly from the coeliac plexus, and partly

from the pneumogastric nerves, especially from the left pneumogastric.

Tliey enter the liver supported by the hepatic artery and its branches ;

along with which they may be traced a considerable way in the portal

canals, but their ultimate distribution is not known.
Excretory Apparatus.— The excretory apparatus of the liver

consists of the hepatic duct, the cystic duct, the gall-bladder, and the

common bile-duct.
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The hepatic duct, formed by the union of a right and left branch,

which issue from the bottom of the transverse fissure and unite at a

very obtuse angle, descends to the right, within the gastro-hepatic

omentum, in front of the vena portse, and with the hepatic artery to

its left. Its diameter is about two lines, and its length nearly 'two

inches. At its lower end it meets with the cystic duct, descending' from
the gall-bladder ; and the two ducts uniting together at an acute angle,

form the common bile-duct.

The gall-bladder (fig. 273, 20) is a pear-shaped membranous sac,

3 or 4 inches long, about an inch and a half across its Avidest part,

and capable of containing from 8 to 12 fluid-drachms. It is lodged
obliquely in a fossa on the under surface of the right lobe, with its large

end or fimdiis (21), yvliich projects beyond the anterior border of the

liver, directed downwards, forwards, and to the right, whilst its necJc

(2-2), is inclined in the opposite direction. The gall-bladder is attached

above to the liver by areolar tissue and vessels, along the fossa formed
between the quadrate lobe and the remainder of the right lobe. Below,
it is free and covei-ed by the peritoneum, which is here reflected fi'om

the liver, so as to support the gall-bladder. Sometimes, however, the

peritoneum completely surrounds the latter, which is then suspended at

a little distance from the under surface of the liver. The fundus,
which is free, projecting, and always covered with peritoneum, touches

the abdominal parietes immediately beneath the margin of the thorax,

opposite the tip of the tenth costal cartilage. Below, the gall-bladder

rests on the commencement of the transverse colon ; and, farther back,

is in contact with the duodenum, and sometimes with the pyloric

extremity of the stomach. The neck, gradually narrowing, forms two
curves upon itself like the letter S, and then, becoming much con-

stricted, and changing its general direction altogether, it bends down-
wards and terminates in the cystic duct.

The gall-bladder is supplied with blood by the cyslic branch of the

right division of the hepatic artery, along which vessel it also receives

nerves from the cocliac plexus. The cystic veins empty themselves into

the vena portie.

The cystic duct is about an inch and a half in length. It runs

downwards and to the left, and unites with the hepatic duct to form
the common bile-duct.

The common bile-duct, ductus communis clioledoclius, the largest of

the ducts, being from two to three lines in width, and nearly three

inches in length, conveys the bile from the liver and the gall-bladder

into the duodenum. It passes downwards and backwards, continuing the

course of the hepatic duct, between the layers of the gastro-hepatic

omentum, in front of the vena ports, and to the right of the hepatic

artery. Passing behind the first part of the duodenum it reaches the

descending portion and continues downwards on the inner and posterior

aspect of that part of the intestine, covered by or included in the head
of the pancreas, and, for a short distance, in contact with the right side

of the ])ancreatic duct. Together with that duct, it then perforates the

muscular wall of the intestine, and, after running obliquely for three

quarters of an inch between its coats, and forming an elevation

beneath the mucous membrane, it becomes somewhat constricted, and
opens by a common orifice with the pancreatic duct on the inner surface

of the duodenum, near the junction of the second and third portions of
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that intestine, and three or four inches below the pylorus, as already

described.

Varieties.—^The liver is not subject to gi-eat or frequent deviation from its

ordinary fonn and relations. Sometimes it retains the thick rounded foiin which
it presents in the foetus ; and it has occasionally been found without any divi-

sion into lobes. On the contrary, Soemmerring has recorded a case in which the

adult liver was divided into twelve lobes ; and similar cases of .subdivided liver

(resembling that of some animals) have been now and then observed by others.

A detached jioi-tion, forming a sort of acccs.wnj liver, is occasionally found
appended to the left extremity of the gland by a fold of peritoneum containing

blood vessels.

The gall-bladder is occasionally wanting ; in which case the hepatic duct is

much dilated within the liver, or in some pait of its course. Sometimes the

gall-bladder is irregular in form, or is constricted across its middle, or. but

much more rarely, it is partially divided in a longitudinal direction. Dkect
communications by means of small ducts (named hei^ato-cystic)

,
passing from

the liver to the gall-bladder, exist regularly in various animals ; and they are

sometimes found, as an unusual formation, in the human siibject.

The right and left divisions of the hepatic duct sometimes continue separate

for some distance within the gastro-hepatic omentum. Lastly, the common bile-

duct not unfrequently opens into the duodenum, apart from the pancreatic duct.

STRUCTURE OF THE LIVER.

The liver has two coverings, viz., a serous or peritoneal, already

sufficiently referred to, and a proper areolar coat.

The areolar ov fibrous coat invests the whole gland. Ojiposite to the

parts covered by the serous coat, it is thin and difficult to demonstrate ;

but where the peritoneal coat is absent, as at the posterior border of the

liver, and in the portal fissure, it is denser and more evident. Its inner

surface is attached to the hepatic glandular substance, being there con-

tinuous witli the delicate areolar tissue which lies between the small

lobules of the gland. At the transverse fissure it becomes continuous
with the capsule of Glisson, by which name, as already noticed, is

designated a sheath of areolar tissue which surrounds the branches of

the portal vein, hepatic arter}^ and hepatic duct, as they ramify in the

substance of the liver, and which becomes more delicate as the vase.ular

branches become smaller.

Hepatic lobules.—The proper substance of the liver, which has a

mottled aspect when closely observed, is compact, but not very firm.

It is easily cut or lacerated, and is not unfrequently rui)tured during life

from accidents in which other parts of the body have escaped mjury.

When the substance of the liver is torn, the broken surface is not
smooth but coarsely granular, the liver being composed of a multitude
of small lobules (figs. 21-i and 275), which vary from bftlf-a line to a

line in diametei" (1—2 millimetres). — V '

These lobules are closely packed polyhedral masses, and in some
animals, as in the pig, are completely isolated one from another by
areolar tissue continuous with the fibrous coat of the liver and with the

capsule of Glisson ; but in the human subject, and in most animals,
although very distinguishable, they are not completely insulated, being
confluent in a part of their extent. Notwithstanding this the lobules

of the human liver are sufficiently marked out by interlobular fissures,

although these are incomplete.



STRUCTUEE OF THE LOBULES. 387

The lobules of the liver have, throughout its substance, in general

the polyhedral form of irregularly compressed spheroids ; but on the

surface they are flattened and angular. They are all compactly ar-

Fis. 274.

Fig. 274.

—

Section op a Portion of Liver passing Longitudinally TiiROtroH A
CONSIDERABLE Hepatic Vein, froji THE PiG (after Kiernan). About 5 Diameters.

H, hepatic venous trunk, against which the sides of the lobules are applied ; li, h, h,

three sublobular hepatic veins, ou which the bases of the lobules rest, and through the

coats of which they are seen as polygonal figures ; i, mouth of the intralol)ular veins,

opening into the sublobular veins ; i!, intralobular veins shown passing up the centre

of some divided lobules ; c, c, walls of the hepatic venous canal, with the polygonal

bases of the lobules.

ranged round the sides of branches of the hepatic veins (fig. 274), each

lobule resting by a smooth surfiice or hase, upon the vein, and being

connected with it by a small venous trunklet, which begins in the

centre of the lobule, and passes out from the middle of its base to end
in the larger subjacent vessel. The small veins proceeding from the

centre of the lobules are named the iniralohular or central veins {%), and
those on which the lobules rest, the suhhlular veins (A). If one of these

sublobular veins be opened (as in the figure), the bases of the lobules

may be seen through the coats of the vein, which are here veiy thin,

presenting a tesselated appearance, each little polygonal space nSpre-

senting the base of a lobule, and having in its centre a small spot,

which is the mouth of the intralobular vein (/).

Each lobule consists of a mass of cells penetrated from the circum-

ference to the centre by a close network of blood capillaries, as well

as by the minute capillary commencements of the bile-ducts, with the

intervention of little other tissue. For the sake of clearness, the

disposition of the vessels of the liver may be considered first.

c c 2
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d a

various sizes, and join together.

Blood-vessels.—The hepatic veins commence in the centre of each
lobule by the convergence of its capillaries into a single independent

Fig. 275.
Fig. 275.

—

Longitudinal Section of a
Portal Canal, containing a Portal
Vein, Hepatic Artery, and Hepatic
Duct, from the Pig (after Kier-
nan). About 5 diameters.

P, branch of vena portre, situated in
a portal canal, formed amongst the he-
patic loliules of the liver

; ^j, p, larger
Ijranches of portal vein, giving oft'

smaller ones (?', i), named interlobular
veins

; there are also seen within tlie

large 230i'tal vein numerous orifices of

interlobular veins arising directly from
it ; a, hepatic artery ; d, biliary dnct

;

at c, c, the venous -wall has been par-
tially removed.

intralobular vein (figs. 276, h
;

277, 2 ; and 278, 1), as already

stated. These minute intralobu-

lar veins open at once into the

sides of the adjacent sublobular

veins (fig. 277, 1), which are of

Uniting into larger and larger

vessels, they end at length in hepatic venous trunks, which receive no
intralobular veins. Lastly, these venous trunks, converging towards the
posterior border of the liver, and receiving in their course other sub
lobular veins, terminate in the vena cava inferior, as already described.

In this course the hepatic veins and their successive ramifications are

unaccompanied by auy other vessel. Their coats are thin ; the sub-
lobular branches adhere immediately to the lobules, and even the

larger trunks have but a very slight areolar investment connecting
them to the substance of the liver. Hence the divided ends of these

veins are seen upon a section of the liver as simple open orifices, the
thin wall of the vein being surrounded closely by the solid sutfstance of

the gland.

The portal vein and hepatic artery, which, accom]'>anied by the emerg-
ing hiliarii ducts, enter the liver at the transverse fissure, have a totally

diil'erent course, arrangement, and distribution, from the hepatic vein.

Within the liver the branches of these three vessels lie together in

certain canals, called portal ccinals, which are tubular passages formed
in the substance of the gland, commencing at the transverse fissure,

and branching upwards and outwards from that part in all directions.

Each portal canal (even the smallest) contains one principal branch of
the vena portee, of the hepatic artery, and of the biliary duct (fig. 275)

;

the whole being invested within the larger portal canals by the capsule
of Glisson.

The portal vein subdivides into branches which ramify hetween the
lobules, anastomosing freely aronnd them, and are named interlohiilar

or peripheric veins. From these, still finer vessels pass into the lobules
at their circumference (fig. 278, 3), and end in the capillary network
from which the intralobular or central (hepatic) veins take origin.
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Withiu the portal canals the branches of the portal veins receive small.
" vaginal veins," and also the " capsular veins," from the fibrous coat
of the liver, both returning blood which has been distributed by

Fig. 276.—C-VPiLLARr A'f.twork of the Lobules of the Kabbit's Liver (from
KiJlliker). About 40 Diameters.

Tlie figure is taken from a very successful injection of the hepatic veins made by
Harting : it shows nearly the whole of two lobules, and parts of three others : p, i>ortal

branches running in the interlobular spaces ; h, hepatic veins penetrating and radiating
from the centre of the lobules.

Fig.

Fig. 277.

—

Injected Twig of a Hepatic Vein with Sublobular Veins passing into

THE Hepatic Lobules (from Sappey). About 30 Diameters.

1, small sublobular hepatic vein ; 2, intralobular~veins passing into the base of the

lobules ; 3, their smaller subdivisions ; 4, capillary network of communication with the

extreme ramifications of the vena ports.
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corresponding branches of the hepatic artery to be immediately

described.

The hepatic artery terminates in three sets of branches, termed vaginal.

Fig. 278.

Fig. 278.

—

Cross Section of a Lobule of the Human Liver, in which the Capillary

Network between the Portal and Hei'Atic Veins has been fully injected

(from Sappey). 60 Diameters.

1, section of the intralobular or conti-fil vein ; 2, its smaller branches collecting blood

from the capillary network ; 3, interlobular or peripheric branches of the vena portte

with their smaller ramifications passing inwards towards the capillary network in the

substance of the lobule.

capsular, and interlobular. The vaf/inalhrancheB ramify within the portal

canals, supplying the walls of the ducts and vessels, and Glisson's capsule.

The capsular branches a^jpear on the surface of the liver spread out on

the fibrous coat, accompanied by their veins. The inierlohular branches

accompany the interlobular veins, but are much smaller : they transmit

blood directly to a part of the capillary network of the lobules inter-

mediate between the portal and hepatic veins.

The capillary ncticorh of the lobules is very close, so that commonly

the interval between two vessels is not greater than the diameter of

one or two liver cells ffig. 279, 280). Moreover the vessels composing

it are comparatively large (ii--nT)th of an inch), and in specimens in

which it has been filled with transparent injection, can be seen, not

only to pass in a radiating manner, as before described, between

the intra- and interlobular veins, but also in the human subject to be

continued from one lobule to another.

The distribution of the portal and hepatic veins within the lobules, as just

described, has suggested an explanation of the mottled aspect of the liver, an

appearance vs'hich formerly led to the erroneous idea of there being two sub-

stances in each lobule, one darker than the other. The colour of the hepatic

substance itself is pale yellow, and would be uniform throughout, were it not

varied according to the quantity of blood contained in its different vessels. Thus,

if the system of hepatic veins be congested, the centre of each lobule is dark,

and its margin pale ; this is the common case after death, and was named by
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Kieman j?rt.?.?/;r congestion. In what is considered an active state of hepatic

congestion, the dark colour extends to the portal system, across the interlobular

fissures, leaving intermediate spaces, which remain as iiTegular pale spots : this

state occurs especially in diseases of the heart. "When, on the other hand, the

portal system is congested, which is rare, and occui's chiefly in childi-en, the
margins of the lobules are dark, and their centres pale.

The Hepatic Cells.—The interstices between the blood-vessels are,

as before said, almost entirely filled by the hepatic cells. These
are of a compressed spheroidal or polyhedral form, having a mean dia-

meter of from sioth of an inch. They possess no cell

Fi?. 279.

jth to

membrane. Their sub-

stance appears granular

and of a faint yellowish

tinge, and they contain

each a clear round nucleus,

within which again are one
or two nucleoli. Not un fre-

quently two nuclei are to

be found in a cell ; and, on
the other hand, it is stated

that some of the cells may
be altogether djvoid of

nuclei. In many cases the

cells have larger and
smaller fat-globules in

their interior, which may
conceal the nucleus, and
the amyloid matter pro-

duced by the liver has also

been recognised in the

cells. Wlien isolated in an
indifferent fluid they are

said to exhibit slow changes

of form. Moreover, my-
osin has been detected in

them. The liver-cells are

packedbetween and around
the vessels, and in sections

made at right angles to the intralobular veins, appear as if radiating
from the centre of the lobules towards their circumference. They
form a continuous network, or spongework (fig. 279), the more obvious
openings in which are the spaces occupied by the blood-capillaries.

The walls of the latter are not, as at first sight they appear to be, im-
mediately in contact with the liver cells, but are separated ft-om them by
a delicate membrane composed of flattened cells ; the space between
this membrane and the capillary wall serves for the passage of lymph
(MacGillavry).

The hepatic cells may be washed away from thin sections, and then the network
of blood-capillaries is brought more clearly into view ; and likewise, according to
Henle, nan-ow bands, which he regards as fonned of connective tissue, are to be
seen crossing the intervals : some have regarded them as the network of the
minute bile passages to be immediately described.

Commencement of the Ducts.—The larger bile-ducts accompany,

Fig. 279.—A Small Portion op a Lobule op the
Human Liver highly magnified, showing the
Hepatic Cells in connection and the Capil-
lary Spaces between them (from KoUiker). 450
Diameters.
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as before said, the branches of the portal vein, and ramify in the outer
part of each lobule. When a thin section of the hardened tissue is

examined under a high power of the microscope, minute apertures may
occasionally be observed between the sides of adjacent liver cells (fig.

280). These are the sections of fine intercellular passages which form

Fis. 280. Fig. 281.

Fig. 280.

—

Section of Liver (Child) hardened in Chromic Acid. Highly
MAGNIFIED (Heiing).

The liver cells have slinink somewhat from the walls of the capillaries, which are

filled with red corpuscles. Half-a-dozen pale cori^uscles are also seen within the

vessels. The minute apertures between two cells are the fine bile passages.

Fig. 281.

—

Section of Rabbit's Liver with the Intercellular Network op
Biliary Capillaries injected. Highly Magnified (Heriug).

Tko or three layers of cells are repi'esented ; h, h, blood capillaries.

a close network (fig. 281) between and around the individual cells,

much finer and closer than the blood-capillary network, from the

Ijranches of which they run apart. These passages, which have been
called hiliary capillaries, may be looked upon as the commencements
of the biliary ducts, for towards the circumference of the lobule

they open into the ducts, and, indeed, may with care be injected from
the trunk of the bile duct, at least in the outer parts of the lobule,

as first shown by Budge, Andrejewic and MacGillavry.

To demonstrate the intercellular network throng-hout the whole extent of the
lobules, Chrzonszczewsky's method of natural injection must be emi^loj-ed.

He introduced a saturated watery solution of pure sulph-indigotate of soda, in

repeated doses, into the cii-culation of dogs and sucking-pigs, by the jugular
vein : and in. an hour and a half afterwards the animals were liilled and the
blood-vessels either washed out with chloride of potassium introduced by the
portal vein, or were injected with gelatine and cannine. In specimens preiiarcd in

this way the fine network of gaU-ducts throughout each lobule is filled ^^ ith



STRUCTURE OF THE BILE DUCTS. 393

bine, while the intervening' cells remain free from colotu-. By killing the animals
sooner after the injection, the blue colom-ing matter was found withm the hepatic

cells, thus demonstrating- that it was through theii- agency that the canals were
filled. Further experiments were made in animals in which the portal vein and
hepatic artery respectively had been tied, and the result obtained was that, when
the hepatic artery had been tied, the iieripheral jjarts of the lobules showed the
blue canals, while the centre of each was left colourless ; and that, when the
portal vein had been tied, the reverse effect was produced—the centre of each
lobule showing blue canals, while in the intervening spaces only the larger

ducts were seen, showing that, as previously stated, the caijillary network of the
lobules is in part supplied dii'cctly by the hepatic artery.

It is still a matter of doubt whether the intercellular passages above
described possess proper walls distinct from the cells, or whether they
are to be regarded as mere channels formed by the apposition of corre-

sponding grooves on the sides of the cells, but the balance of evidence
appears to be in favour of the former supposition. It is worthy of
remark that the biliary capillaries are almost always found on the
flattened surfaces, seldom or never running along the corners of the cells.

Lynipliatics of tlie Liver.—Lymphatics are seen on the prolonga-
tions of Glisson's capsule between the lobules (interlobular), where
they accompany the blood-vessels, and in some cases surround and
enclose them. They originate from the spaces around the capillaries

of the lobules (p. 391). In the pig's liver lymphoid follicles

have been noticed by Kisselew and Chrzonszczewsky, in connection
with the interlobular lymphatics. These deep lymphatics unite into

larger vessels which run along the portal canals and emerge at the

portal fissure. They are in communication with a close subperitoneal

plexus on the under surface of the organ. The corresponding plexus
on the upper surface communicates, through the ligaments of the

liver, with tlie thoracic lymj^hatics.

Structure of the Ducts.—The larger bile-ducts have strong dis-

tensible areolar coats, containing abundant elastic tissue, and the

largest, a certain amount of plain muscular tissue. They are lined

with columnar epithelium. The minute ramifications between the
lobules have walls composed simply of a basement membrane, with a
lining of columnar epithelium. As they pass into the lobules, however,
tliis columnar epithelium becomes shorter and broader, and approaches
more and more in character to the hepatic cells, at the same time filling

up the tube so that only a very small passage is left. The basement
membrane is no longer complete, and the intercellular bile passages
open freely into the minute ducts. In the portal canals, where they

are somewhat larger, the ducts present numerous openings on the
inner surface, which are scattered irregularly in the larger ducts, but
in the subdivisions are arranged in two longitudinal rows, one at each
side of the vessel. These openings were formerly supposed to be the
orifices of mucous glands ; but while the main ducts are studded with
true mucous glands of lobulated form and with minute orifices, the
openings now i-eferred to belong to saccular and tubular recesses,

which arc often branched and anastomosing, and may be beset all over
with ca3cal projections (Theile). Sappey and Henle, who have made
these recesses the subject of special investigation, find that they are so

numerous as sometimes to conceal the parent tube, and on this Henle
w\as led to base a suggestion (System. Anat.) that they and not the liver

cells are engaged in the secretion of bile.
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In the duplicature of peritoneum forming the left lateral ligament of

the liver, and also in the two fibrous bands which sometimes bridge

over the fossa for the vena cava and the fissure of the umbilical vein,

there have been found biliary ducts of considerable size which are not

surrounded with lobules. These aberrant ducts as they are called,

were described by Ferrein and afterwards l)y Iviernan ; they anastomose
together in form of a network, and are accompanied by branches of the

vena portie, hepatic artery, and hepatic vein.

Structure of tlie Gall-bladder.—Besides the peritoneal investment

and the mucous lining, the gall-bladder possesses an intermediate mus-
cular and connective tissue coat, of considerable strength. This con-

sists mainly of bands of dense shining white fibres, which interlace in

all directions. Intermingled with these are plain muscular fibres, which
have principally a longitudinal direction, but some run transversely.

This coat forms the framework of the organ, and supports the larger

blood-vessels and lymphatics. The nerves form a gangliated plexus in

it ;
partly also immediately beneath the serous coat (L. Gerlach).

The mucous memirane, which is generally strongly tinged with bile,

is elevated upon its inner surface into very numei-ous small ridges,

which, uniting together into meshes, leave between them depressions

of different sizes and of various polygonal forms. This gives the

interior of the gall-bladder an alveolar aspect, which is similar to what
is seen on a smaller scale in the vesiculo3 seminales. These alveolar

intervals become smaller towards the fundus and neck of the gall-

bladder ; and at the bottom of the larger ones, other minute depres-

sions, which may be seen with a simple lens, lead into numerous
mucous recesses. The whole of the mucous membrane is covered by
columnar epithelium, and it secTctes an abundance of viscid mncus.

At the places where the neck of the gall-bladder curves on itself there

are strong folds of its mucous and areolar coats projecting into the

interior.

In the ci/st'fc duct, the mucous membrane is elevated internally in a

similar manner into a series of crescentic folds, which are arranged in

an oblique direction, and succeed closely to each other, so as to present

very much the appearance of a continuous spiral valve. When dis-

tended, the outer surface of the duct appears to be indented in the

situation of these folds, and dilated or swollen in the intervals, so as to

present an irregularly sacculated or twisted appearance. In the structure

of its wall, the cystic duct resembles the gall-bladder.

THE PANCREAS.

The 2K()icreas (fig. 282, h i) is a long, narrow, flattened gland of a

reddish cream colour, larger at one end than at the other, and lying

across the posterior wall of the abdomen, behind the stomach, and

opposite the first lumbar vertebra. Its larger end, the ]iead, turned

to the right, is embraced by the curvature of the duodenum, whilst its

left or narrow extremity, the tail, reaches to a somewhat higher level,

and is in contact with the spleen.

The pancreas varies considerably, in different cases, in its size and weight. It

is usually from 6 to 8 inches long, about 1^ inch in average breadth, and
from half an inch to an inch in thickness, being thicker at its head and along its

upper border than elsewhere. The weight of the gland, according to Ea-ause and
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Clendenning-. is usually from 2j oz. to oh oz. ; but Meckel has noted it as high as
G oz., and Soemmerruig as low as li oz.

The anterior surfece of the pancreas is covered with the posterior
wall of the sac of the omentum, and is concealed by the stomach, which

Fig. 2S2.

Fig. 282.

—

View of the Pancreas and surrounding Organs. l-5th.

In this figure, wliicli is altered from Tiedemann, the liver and stomach are turned
upwards to show the duodenum, the pancreas, and the spleen : I, the under surface of

the liver
; //, gall-bladder ; /, the common bile duct, formed by the union of the cj'stic

duct from the galhbladder, and the hepatic duct coming from the liver ; o, the cardiac

end of the stomach, where the cesophagus enters ; s, under surface of the stomach
; p,

pyloric end of the stomach ; d, duodenum ; /;, head of the pancreas ; t, tail, and /, body
of that gland ; the substance of the pancreas is removed in front, to show the iiancreatic

duct {e) and its brandies ; r, the spleen ; v, the hilus, at which the blood-vessels enter

;

c, c, crura of the diaphragm ; n, superior mesenteric artery ; a, aorta.

glides upon it. The posterior surface is attached by areolar tissue to

the Tena cava, the aorta, the superior mesenteric artery and vein, the

commencement of tlie vena porta?, and the pillars of the diaphragm (c, r),

all of which parts, besides many lymphatic A'essels and glands, are inter-

posed between it and the upper lumbar vertebrae : to the left of the

vertebral column it is attached similarly to the left suprarenal capsule

and kidney and to the renal vessels. Of the large vessels situated

behind the pancreas, the superior mesenteric artery (;?) and vein are

embraced by the substance of the gland, the lower extremity of the head
curving somewhat behind them,* so as sometimes to enclose these vessels

in a complete canal, through which they pass downwards and forwards,

and then emerge from beneath the lower border of the pancreas, between
it and the termination of the duodenum. The coeliac axis is above the

pancreas ; and in a groove along the upper border of the gland are

placed the splenic artery and vein, the vein pursuing a straight, and
the artery a tortuous course, and both supplying numerous branches to

the pancreas, the narrow extremity of which is thus attached to the

inner surface of the spleen (r). The head of the pancreas, embraced by

* This part of the gland is sometimes marked off from the rest, and is then named the
lesser pancreas.
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the inner curved border of the duodenum, is attached more particuharly

to the descending and transverse portion of that intestine, encroach-

ing slightly on both the anterior and posterior surface. The ductus

communis choledochus passes down behind the head of the pancreas,

and is generally received into a groove or canal in its substance.

Structure.—The pancreas belongs to the class of compound race-

mose glands. In its general characters, and also in its intimate structure

it closely resembles the salivary glands, to the description of the minute

structure of which the reader is referred (p. 339). It is somewhat

looser and softer in its texture than those organs, the lobes and lobules

being less compactly arranged.

The alveolar cells differ from those of the submaxillary gland in not containing-

mucus, resembling in this respect the cells of the parotid : moreover, the

columnar cells of the ducts appear to be devoid of the striated base seen in

those of the submaxillary, and the ducts themselves have an irregular, angular

shape : but in all essential points of structure, and in the distribution of the

vessels and nerves, the two glands, as far as is known, entirely agree.

The principal excretory duct (fig. 282, o), called the pancreatic duct

or canal ofWirsung (by whom it was discovered in the human subject

in 1C42), runs through the entire length of the gland, from left to

right, buried completely in its substance, and placed rather nearer its

lower than its upper border. Commencing by the union of the small

ducts derived from the groups of lobules composing the tail of the

pancreas, and receiving in succession at various angles, and from all

sides, the ducts from the body of the gland, the canal of Wirsung in-

creases in size as it advances towards tlie head of the pancreas, where,

amongst other large branches, it is usually joined by one derived from

that portion of the gland called the lesser pancreas. Curving slightly

downwards, the pancreatic duct then comes into contact with the left

side of the ductus communis choledochus, which it accompanies to the

back part of the descending portion of the duodenum. Here the two

ducts, placed side by side, pass very obliquely through the muscular and

areolar coats of the intestine, and terminate, as already described,

on its internal mucous surface, by a common orifice, situated at

the junction of the descending and horizontal portions of the duo-

denum, between three and four inches below the pylorus. The pan-

creatic duct, with its branches, is readily distinguished from the glandu-

lar substance, by tlie very white appearance of its thin fibrous walls.

Its widest part, near the duodenum, is from 1 line to lA line in diameter,

or nearly the size of an ordinary quill ; but it may be easily distended

bevond that size. It is lined by a remarkably thin and smooth mucous

membrane, which -near the termination of the duct occasionally presents

a few scattered recesses.

Varieties.—Sometimes the duct is double up to its point of entrance into the

duodenum ; and a still further deviation from the ordinary condition is not

unfrequently observed, in which there is a .stq)fh/iitrnfiirij duct, derived from the

lesser pancreas or some part of the head of the gland, opening into the duodenum
by a distinct orifice, at a distance of an inch or more from the termination of

the principal duct. It sometimes occurs that the pancreatic duct and the common
bile duct open separately into the duodenum.
Vessels and Nerves.—Like the salivary glands, the pancreas receives its

blood-vessels at numerous points. Its arteries are derived from the splenic and
from the superior and inferior pancreatico-duodenal branches of the hepatic and
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superior mesenteric. Its blood is returned by the splenic and superior mesenteric
veins. Its lymjihatics terminate in tlie lumbar vessels and glands. The nerves
of the pancreas are derived from the solar plexus.

THE SPLEEW.

The spleen (figf. 282, r) is a soft highly vascular and easily distensible

organ, of a dark bluish or purplish grey colour. It is situated in the left

hypo-chondrium, between the cardiac end of the stomach, and the dia-

phragm. It is the largest of the organs termed ductless glands.

The shape of the spleen is somewhat variable : it forms usually a
compressed oval mass, placed nearly vertically in the body, and having
two faces, one external, convex, and free, and which is turned to the left

;

the other internal and concave, which is directed to the right, and is

applied to the cardiac end or great cul-de-sac of the stomach : it also

presents an anterior sharper and a posterior blunter margin.
The convex face of the spleen, smooth and covered by the peritoneum,

is in contact with the under surfiice of the left side of the diaphragm,
and corresponds with the ninth, tenth, and eleventh ribs. The internal

concave face is divided by a vertical fissure, named the Jiiliis (r), into

an anterior and posterior portion, both covered with peritoneum, con-

tinued round the borders from the convex surface. The anterior of
these two portions is the larger, and is closely applied to the stomach ;

the posterior is in a})position with the left pillar of the diaphragm and
left suprarenal capsule. The anterior border of the spleen is thinner
than the posterior, and is often slightly notched, especially towards the

lower part (see fig. 282). The lower end is pointed, and is in contact

with the left end of the arch of the colon (splenic flexure), and rests on
the costo-colic ligament. The position of the hilns corresponds with
the line of attachment of the gastro-splenic omentum, a fold of perito-

neum, continuous with the left border of the great omentum, attaching
the spleen to the left extremity of the stomach. Along the bottom of
this fissure are large openings, which transmit blood vessels, with
lymphatics and nerves, to and from the interior of the organ. In
some cases there is no distinct fissure, but merely a row of openings
for the vessels ; and in others the situation of the hilns is occupied

by a longitudinal ridge, interrupted by the vascular orifices. A por-

tion of variable extent behind the hilus, and towards its lower end, will

usually be observed deriving its peritoneal covering from the sac of the

omentum, at least in the young subject.

The spleen varies in magnitude more than any other organ in the body ; and
this not only in different subjects, but, as may be ascertained by percussion, in

the same individual, under different conditions. On this account it is difficult or

impossible to state what are its ordinary weight and dimensions : in the adult it

measures generally about 5 or oh inches from the upper to the lower end, 3 or 4
inches from the anterior to the posterior border, and 1 or 1^ inch from its external

to its internal sm-face ; and its usual vohime, according to Krause. is from 9j
to li) cubic inches. In the greater number of a series of cases examined by Reid,

its weight ranged from 5 to 7 ozs. in the male, and was somewhat less in the
female

;
but even when perfectlj- free from disease, it may fluctuate lietween

4 and 10 ounces. Gray states that the proportion of the spleen to the weight of
the adult body varies from 1 : ;)2() to 1 : 400. In the foetus the proportion is as

1 : 850. After the age of forty the average weight gradually diminishes, so that
in old age the weight of the spleen is to that of the body as 1 : 700. The specific

gi-avity of this organ, according to Haller, Soemmeniug, and Krause ;s about
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1"060. In intermittent and some other fevers the spleen is much enlarged,

reaching below the ribs, and often weighing as much as 18 or 20 lbs. In
enlargement and solidification it has been kno^wn to weigh upwards of 40 lbs

;

and it has been found reduced by atrophy to the weight of two drachms.

Small detached roundish nodules are occasionally found in the neighboui-hood

of the spleen, similar to it in substance. These are commonly named acccswri/

or svjJj^lt'mcntary spleens (splenculi ; lienculi). One or two most commonly
occur, but a greater number, and even up to twenty-three, have been met with.

They are small rounded masses, varjing fi-om the size of a pea to that of a

walnut. They are usually situated near the lower end of the spleen, either in

the gastro-splenic omentum, or in the great omentum. These separate splenculi

in the human subject bring to mind the multiple condition of the spleen in

some animals ; as does also the deei^er notching of the anterior margin of the

organ which sometimes occui's in man.

STRUCTUEE OF THE SPLEEN.

The spleen has two membranous investments—a serous coat derived

from the peritoneum, and a special albuginous fibro-elastic tunic. The
substauce of the organ, which is very soft and easily lacerated, is of a

dark reddish-brown colour, but acquires a bright red hue on exposure

to tlie air. Sometimes, however, the substance of the spleen is paler,

and has a greyish aspect. It also varies in density, being occasionally

rather solid, though friable. The substance of the organ consists of a

reticular framework of whitish elastic bands or imheculcc, of a large

proportion of blood-vessels, and of a peculiar intervening pulpy sub-

stance, besides nerves and lymphatic vessels.

The serous coat is thin, smooth, and firmly adherent to the elastic

tunic beneath. It closely invests the surface of the organ, except at

the places of its reflection to the stomach and diaphragm, and at the

hilus.

The t-unica, propria (284, a), much thicker and stronger than the

serous coat, is Avhitish in colour and highly elastic. It is continuous

with the trabecular structure within. Along the hilus this coat is

reflected into the interior of the spleen, in the form of large trabecute,

supported and enclosed by which run the blood-vessels and nerves; so

that these are, as it were, ensheathed by prolongations of the fibrous

coat. These sheaths ramify with the vessels which they include, as

far as their finer subdivisions, and are connected with the numerous
trabecular processes Avhich pass into the interior from the whole inner

surface of the fibrous coat. The arrangement of the sheaths and
trabecule may be easily displayed in the spleen of the ox by pressing

and washing out the pulp from a section ; and then they are seen to

form a close reticulation through the substance. Thus, the proper coat,

the sheaths of the vessels, and the trabecula3, all of a highly elastic

nature, constitute a distensible framework, which contains in its inter-

stices or areolas the vessels and the red pulpy substance of the spleen.

These fibrous structures are composed of interlaced bundles of areolar

tissue containing a large amount of fine elastic tissue. In addition to

these elements, in the spleen of the pig, the dog, and the cat, and to a
smaller extent in that of the ox and sheep, there is found an abundant
admixture of plain muscular fibre-cells, resembling those of the middle
coat of arteries, A scanty admixture of similar fibres occurs also

in the trabecule and fibrous coat of the human spleen (Meissner,

W. MuUer). The elasticity of the fibrous coat and trabeculas, together
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with -whatever amount of muscularity they may possess, renders the
spleen capable of the great and sudden alterations in size to -which it is

subject.

The pulp of the spleen is of a dark reddish-brown colour : when
pressed out from between the trabecule it resembles grumous blood,

and, like that, acquires a brighter hue on exposure to the air.

When a thin section is examined under the microscope the pulp is seen
to consist of a reticulum of branched connective-tissue.corpuscles, which
are of various forms and sizes ; in some parts little but the intercom-
municating branches remaining, forming a fine retiform tissue, in other
parts the cells being larger and in closer connection (fig. 285, p).
These corpuscles, which may be termed the supporting cells of tlie pulp,
contain each a clear oval nucleus, like connective tissue cells generally

;

moreover, in teazed-out preparations of the fresh spleen substance it' is

not uncommon to find within them yellowish pigment granules of
various sizes, presumed to be derived from blood corpuscles ; indeed,
every stage of retrogressive metamorphosis of blood corpuscles may be
noticed to occur within them. The interstices between these "^sus-

tentacular cells are, in sections, always found to be occupied by blood
(fig. 285, hi), the white corpuscles being, however, in rather larger pro-
portion than in ordinary blood, especially in the neighbourhood of the
Malpighian corpuscles to be immediately described.

Blood-vessels.—The splenic artery and vein, alike remarkable for

their great proportionate size, having entered the spleen by six or more
branches, ramify in its interior, enclosed within the trabecular sheaths
already described. The smaller branches of the arteries leave the tra-

beculiB, and, passing into the proper substance of the spleen, terminate
in small tiifts of capillary vessels arranged in pencils (fig. 283).
The external or connective tissue coat of these smaller arteries

becomes transformed into lymphoid tissue, which forms a comparativelv
thick sheath along each. This lymphoid sheath becomes suddenly
dilated here and there into small s})heroidal bodies, measuring on an
average y^ of an inch in diameter, but varying in size from much smaller
than this up to -jtth of an inch, and closely resembling the lymphoid
follicles met with in the intestine and elsewhere. These lymphoid
expansions may be seen on the surface of a fresh section of the organ
as light-coloured spots scatcei-ed in the dark substance composing the
pulp, and have been long noticed and described as the Malpighian
corpuscles of the spleen (fig. 283 ; fig. 284, c c). In some cases they are

developed upon one side only of the arterial wall, upon which they then
appear to be sessile; whilst in other instances—and this is the most
ft-equent in the human subject—the expansion takes place all round
the circumference of the vessel, by which they appear to be pierced,
and which is generally smaller in these cases and sends off radiating
branches which are distributed in the Malpighian corpuscle. This latter

then appears attached by a short peduncle to the vessel of which its

artery is a branch.

The Malpighian corpuscles are, as just stated, localized expan-
sions of the lymphoid tissue of which the external coat of the smaller
arteries of the spleen is formed. The reticulum of the tissue is com-
paratively open, being almost absent towards the centre of the cor-

puscle : at the confines it becomes closer ; there is, however, no
distinct boundary separating it from the retiform tissue of the pulp
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Fiir. 283.

(Busk and Huxley). The meshes are densely packed with lymphoid

corpuscles, and the tissue is traversed by blood capillaries.

The small arteries terminate

in capillaries, the walls of which,

as described by W. Mliller, after

a longer or shorter course, lose

their tubular character, the cells

composing them acquiring pro-

cesses and l>ecoming connected

by these with the connective

tissue cells of the pulp. In this

manner their blood flows directly

into the interstices of the pulp

tissue. The veins, which often

exhibit transverse markings,

perhaps due to a corresponding

arrangement of the retiform

tissue on tlieir surface, com-
mence in this tissue in the same
manner as the capillaries ter-

minate ; that is to say, the layer

of flattened cells which lines and
mainly composes their walls, on
being traced back, loses its

epithelioid character, and the

cells, becoming thickened and
enlarged and their nuclei pro-

minent, are found to

be, separated from each

other, but connected

by processes with, and
passing into those of

the pulp (fig. 285). The
small veins take a dif-

ferent course from the

corresponding arteries,

for they soon pass to

and are conducted

upon and within the

trabecular, freely join-

ing and anastomosing,

whereas the arteries

appear to have few or

no anastomoses within

the substance of the

oro-an.

Fig. 283. — Small Artkry from Dog's

Spleen with Malpiohian Corpuscles at-

tached. 10 Diameters (Kiilliker).

284.

—

Vertical Section of a Smaxl Superficial

Portion of the Human Spleen (from Kolliker). Low
Power.

A, peritoneal and fibrous covering ; b, trabeculse ; c c,

IMalpighian corpuscles, in one of which an artery is seen

cut transversel}', in the other longitudinally ; d, injected

arterial twigs ; c, spleen-pulp.

From the description

above given, it would
appear that the blood in

passing through the spleen

is brought into immediate

relation with the elements

of the pulp, and no doubt
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undergoes important changes in the passage ; in this respect resembling the .

Ijanph as it passes through the Ijanphatic glands. Two modifications which
are probably effected ia it may be here pointed out. In the fir.st place the

l^nnphoid tissue ensheathing the ai-teries, together with that composing the
JMaljiighian corpuscles, would appear, like the same tissue in the lymphatic glands

and other parts, to be the seat of the production of pale blood corpuscles. At the

circumference of this tissue, these may pass into the interstices of the pulj?, and
so get into the blood. It is found, in. fact, that the blood of the splenic rein is

extremely rich in pale corpuscles. In the second place, red blood-coi"puscles

would appear to be taken into the interior of the pulp-cells, then* colouring matter
being transfonned into pigment, which is then probably earned to the liver by
the splenic vein, to be eliminated with the bile (KoUiker). Splenic cells have,

in fact, been noticed, when examined on the wann stage, to take red corpuscles,

which were in contact with them, into their interior.

Fig. 285.

/./. 1^

Fig. 285.

—

Thin Section of Spleen-pulp, hiohlv magnified, showinq the Mode of
Origin op a Small Vein. Chromic acid Prepakation.

V, the vein, filled with blood-corpuscles, which are in continuity with other.s, bl,

filling up the interstices of the retiform tissue of the pulp. At p the blood-corpuscles

have been omitted from the figure, and the branched cells are better seen ; w, wall of the
veiu. The small shaded bodies amongst the red blood-corpxiscles are pale corpuscles.

The lymphatics of the spleen are described as forming two systems, a trahe-

ciiliir and a j^cri-va.scular. The vessels belonging to the foiiner run in the

trabeculai and are in communication with a superficial net-work in the capsule.

The peri-vascular take origin in the interstices of the lymphoid tissue which
ensheaths the smaller arteries, and fonns the Malpighian cor^Duscles ; they do
not, therefore, at first form distinct vessels. "When these are seen they commonly
run in pairs, one on either side of an artery, uniting over it by frequent

anastomoses, and sometimes partially or wholly enclosing it. At the hilus the

two sets of lymphatics joui and proceed along the gastrosplenic omentum to the
neighbouring lymphatic glands.

The nerves, derived from the solai- plexus, suiTound and accompany tho
splenic artery and its branches. They have been traced by Eemak deeply into

the interior of the organ.

The following works on the spleen may be referred to :—Gray, Stnicture and
Use of the Spleen, 1854 ; Busk and Huxley on the Malpighian Bodies, in the
Sydenham Society's translation of Kolliker's Histology ; also Huxley, in Micro.

Jour., ii., p. 74 ; Billroth, in Zeitschrift f. Wiss. Zoologie, xi ; W. Miiller, Ueber
d. fein. Ban der Milz, 1865, and in Strieker's Handbook ; Stieda, in Virch.

Arch., xxiv. ; Schweigger-Seidel, Virch. Arch, xxvii. ; Tomsa, Wiener Sitzungsb,

xlviii. ; Kyber, Arch. f. Mikr, Anat., vi.

A-QL. Ii'. D D
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THE URINAEY ORGANS.

The urinary organs consist of the Icidiieys, the glands by which the

urine is secreted, and the ureters, Madder, and urethra, serving for its

reception and evacuation. As being locally connected, the sup-arenal

capsules are usually described along with these organs, although they

have no relation, so far as is known, to the secretion of urine.

THE KIDIfEYS.

The hidneys, two in number, are deeply seated in the lumbar region,

lying one on each side of the vertebral column, at the back part of the

abdominal cavity, and behind the peritoneum. They are on a level

with the last dorsal and the two or three upper lumbar vertebras, the

right kidney being a little lower than the left, probably in consequence

of the vicinity of the large right lobe of the liver. They are maintained

in this position by their vessels, and by a quantity of surrounding loose

areolar tissue, which usually contains much fat (tunica adiposa).

The kidneys measure about 4 inches in length, 2\ inches in breadth,

and li inch or more in thickness. The left is usually longer and
narrower than the right. The weight of the kidney is usually stated

to be about 4A oz. in the male, and somewhat less in the female.

According to Clendinning. the two kidneys of the male weigh on an average

9^ oz., and those of the female 9 oz. The estunate of Rayer is 4^- oz. for each

organ in the male, and 3| oz. in the other sex. Reid"s observations (made on
sixty-five males and twenty-eight females, between the ages of twenty-five and

fifty-five) would indicate a higher average weight, viz., rather more than 5^ oz.

in the former, and not quite 5 oz. ra the latter,—the difference between the two
sexes being therefore upwards of half an ounce. The 7;;-^ i-a/<'«;' weights of the

kidney, as deduced from the tables of Reid, are. in the adult male (160 observa-

tions) from 4| oz. to 6 oz., and in the adult female {li observations) from 4 oz. to

5^^ oz. The tables more recently published hy Peacock give still higher average

results as to the weight of these organs. The two kidneys are seldom of equal

weight, the left being almost always heavier than the right. The difference,

according to Rayer, is equal to about one-sixth of an ounce. The actual average

difference was found by Reid in ninety-three cases (male and female) to be rather

more than one-fourth of an ounce. The jtrojMn-tionate weight of the two kidneys

to the hodi/ is about 1 to 240. The s2KL'ific gmvity of the renal substance is about

1-052.

The surface of the kidney is smooth, and of a deep red colour. Its

form is pecuHar : it is compressed from before backwards with a convex

outer, and concave inner border, and somewhat enlarged extremities._

Connections.—The anterior surface, more convex than the posterior,

looks somewhat outwards, and is partially covered at its upper end by

the peritoneum. The duodenum and ascending colon, both destitute of

peritoneum behind, are in contact with the anterior surface of the right

kidney, and the descending colon with that of the left. The front of

the right kidney, moreover, touches the under surface of the liver, and
that of the left the lower extremity of the spleen. The posterior surface,

imbedded in areolar tissue, rests 'firstly upon the corresponding pillar

of the diaphragm, in front of the eleventh and twelfth ribs : secondly,

on the anterior layer of lumbar fascia, covering the quadratus lumborum
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muscle ; and, lastly, on the psoas muscle. The external lorder, convex

in its genei'al outline, is directed somewhat backwards towards the wall

of the abdomen. The inierneil horcJer, concave and deeply excavated

towards the middle, is directed a little downwards and forwards. It

presents a longitudinal fissure bounded by an anterior and posterior

lip, and named the Jiihis of the hidneij, at which the vessels, the excre-

tory duct, and the nerves enter or pass out. In this hilus, the renal

vein lies in front, the artery and its branches next, and the expanded -^j^vjww

excretory duct or ureter behind and towards the lower part. The v \

iijjpcr end of the kidne}', which is larger than the lower, is thick ^V>-^—

and rounded, and supports the suprarenal capsule, which descends a 'racA.o^

little way upon its anterior surface. This end of the kidney reaches, on w jv 1

1

the left side, to about the upper border of the eleventh rib, and on the <^^^

right, half a rib's breadth lower. It is moreover directed slightly in-

wards, so that the upper ends of the two kidneys are nearer to each other

than the lower ends, which are smaller and somewhat flattened, diverge

slightly from the spine, and reach nearly as low as the crest of the

ilium. It may here be remarked that, by placing the larger end of the

kidney upwards and its flatter surface backwards, or by noticing the

relation of the parts in the hilus, the side of the body to which the

organ belongs may be determined.

"Varieties.—The kidneys present varieties in form, position, absolute and rela-

tive size, and number. Thus, they are sometimes foimd longer and nan-ower,

and sometimes shorter and more rounded than usual. Occasionally one kidney

is very small, whilst the other is proportionately enlarged. The kidneys may,

one or both, be situated lower down than usual, even in the pelvis.

Instances are now and then met with in which the two kidneys are joined by
their lower ends across the front of the great blood-vessels and vertebral column.

The conjunct organ has usually the form of a semiciixle, the concavity of which

is directed upwards—hence the appellation of the Jwrse-ishoe kidney. Sometimes

two united kidneys are situated on one or other side of the vertebral column,

in the lumbar region, or, but much more rarely, in the cavity of the pelvis.

In other very rare cases three glandular masses have been found, the super-

numeraiy organ being placed either in front or on one side of the vertebral

column, or in the pelvic cavity.

Obvious Structure.—The kidney is surrounded by a proper fibrous

coat, which forms a thin, smooth, but firm investment, closely covering

the organ. It consists of dense fibro-areolar tissue, together with nu-

merous fine elastic fibres, and can easily be detached from the substance

of the gland, to which it adheres by minute processes of connective

tissue and vessels.

On splitting open the kidney by a longitudinal section, from its

outer to its inner border, the fissure named the hilus (fig. 286, h, h) is

found to extend some distance into the interior of the organ, forming a

cavity called the sinus of the kidney (s). This is enclosed on all sides

except at the hilus by the solid substance of the organ ; and is lined

by an inward prolongation of the fibrous coat. The solid part consists

of a cortical and a meclullary substance ; the latter being arranged

in separate conical masses named " pyramids of Malpighi," with their

broad bases (&, I) directed towards*^ the surface, and their points

towards the sinus, where they form prominent iMiyilkc. The pyramids
are imbedded in the cortical substance, which separates them from each

other, and encloses them everywhere except at the papilla, Avhich

emerge from it and project into the sinus.
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Fisr. 286.

The external or cortical substance (a) is situated immediately within
the fibrous capsule, and forms the superficial part of the organ throu<?h-

out its whole extent to the depth of

about two-iin^s, and moreover sends \^ ^(v^w.
prolongations inwards (5/7j/«/rt re;z?w/,

^

or columnce Bertini) between the py-
ramids as far as the sinus and bases

of the papillfe. It is of a nearly uni-

form light crimson brown appearance,
and is soft and easily lacerated in di-

rections vertical to the surface. The
medullary portion of the kidney is

more dense than the cortical, and is

distinctly striated, owing to its con-
sisting of small diverging uriniferous

tubes, and to its blood-vessels being
arranged in a similar manner. There
are generally more than twelve p3'-

ramids, but their number is incon-

stant, varying from eight to eighteen.

Towards the papilla3 the pyramids
are of a lighter colour than the cor-

tical substance, but at their base
they are usually purplish and darker.

Excretory Apparatus. — On
squeezing a fresh kidney which has
been split open, a little urine will be
seen to drain from the papillge by
fine orifices on their surface. The
secretion is carried away and con-
veyed into the bladder by the ureter.

This long tube on being traced up
to the kidney is seen to be somewhat
enlarged, and then to expand, as it

enters the fissure, into a large funnel-

shaped dilatation named the 2)eh'is.

This, within the sinus, divides usually into three, but sometimes only

two primary tubular divisions, and these at length end in a larger

number of short, truncated but comparatively wide branches named
calices or infancVibula, which receive the papillae into their wide mouths
and are attached around the bases of those prominences, from which,

of course, they catch the issuing urine.

A single calix often surrounds two, sometimes even three papillge,

which are in that case united together ; hence, the calices are in general

not so numerous as the papillae. The spaces between the calices are

occupied by a considerable amount of fat, imbedded in which are seen
the main branches of the renal vessels.

Like the rest of the ureter, the pelvis and greater part of the calices

consist of three coats, viz., a strong external fibro-areolar and elastic

tunic, which becomes continuous around the bases of the papilljfi with
that part of the proper coat of the kidney which is continued into the
sinus ; secondly, a thin internal mucous coat, which, or at least its

epithelium, is reflected over the summit of each papilla ; and thirdly^

Fig. 286.

—

Plan of a Longitcdinal
Skction theough the Pelvis and
Substance of the Right Kidney.

One-half the natural size.

a, tlie cortical substance ; 5, 5, broad
part of two of the pyi-amids of Mal-
pigbi ; c, c, the divisions of the peh-is

named calices, or infundibiila, laid open
;

c', one of these unopened ; cl, d, summit
of the pyramids or papillte projecting

into calices ; e, e, section of the narrow
part of two pyramids near the calices

;

p, pelvis or enlarged portion of the ureter

within the kidney ; u, the ureter ; s,

the sinus ; h, the hilus.
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Fig. 287.

between these two, a double layer of muscular fibres, longitudinal and
circular. The lon)2:itudinal fibres are lost near the extremity of the calix,

but the circular fibres, according to Henle, form a continuous circular

muscle round the jDapilla where the wall of the calix is attached to it.

The pyramidal masses found in the adult kidney indicate the original sepa-
ration of this gland into lobiiles in the earlier stages of its growth (fig. 299).
Each of these primitive lobules is in fact a pyramid surrounded by a proper in-

vestment of cortical substance, and is analagous to one of the lobules of the
divided kidneys, seen in many of

the lower animals. As the human
kidney continues to be- developed,

the adjacent surfaces of the lobules

coalesce and the gland becomes a
smgle mass ; the contiguous parts

of the originally separate cortical

investments, being blended together,

fonn the partitions between the
pjTamids ah-eady described. More-
over, upon the surface of the kidney
even in the adult, after the removal
of the fibrous capsiile, faintlymarked
furrows may be traced on the corti-

cal substance, opposite the intei-vals

in the interior between the several

Slalpighian pyramids ; and not un-
fiequently instances occur in which
a deeper separation of the original

lobules by grooves remains apparent
in the adult kidney.

Tubuli uriniferi.—On ex-

amining the summit of one ,of

the papilljB carefully, especially

with the aid of a lens, a num-
ber of small orifices may be seen

varying in diameter from ^^th
to g-^th of an inch. They are

frequently collected in large

numbers at the bottom of a
slight depression or foveola

found near the summit of the

papilla, but most commonly the

surface is pitted over with about

a score of small depressions of

this sort. On tracing these

minute openings into the sub-
stance of the pyramids, they are

discovered to be the mouths of
small tubes or ducts, the urini-

fcrous tubes before mentioned,
which thus open upon the sur-

face of the several papillte into

the interior of the calices.

As these tubuli pass up into

the pyramidal substance, they bifurcate again and again at very acute
angles, their successive branches running close together in straio-ht and

Fig. 287.

—

Diagram of the course and ar-
rangement OF THE UrINIFEROUS TuBES
(from Ludwig).

J5, corresponds to the apical part, and (/, to
the base of a pyramid of Malpighi ; r, cortical
part ; ix, excretory tube ; viii, vii, vi, straight
or collecting tube with its branches ; v, junc-
tional tube ; IV, ascending limb of Henle's
loop (h) ; III, descending limb ; ii, commencing
convoluted tube; i, Malpighian capsule with
glomerulus.
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slightly diverging lines, and they continue thus to divide and subdivide
until they reach the sides and bases of the pyramids, whence they pass,

greatly augmented in number, into the cortical substance, where they
become convoluted. In the cortical part the straight tubules belonging
to a Malpighian pyramid are continued for some way, in several groups
or bundles, the tubules in the centre of which approach nearer the
surface than those at the sides, which sooner become convoluted, so that
conical bundles are formed which have been termed p>j)wmds of Fcrrein,

several of which therefore correspond to a single Malpighian pyramid.
The tubes commence in the cortical substance by spherical dilatations

(fig. 287, I) enclosing like a capsule the vascular Malpighian tufts to be
afterwards described. Arising in this manner, the tubes are at first

much convoluted (ii) ; they then become smaller (iii), pass straight

down in the pyramid towards the papilla, and return again (iv), forming
the looped tubes of Henlc. Each of these tubes on returning to the
cortical substance becomes again convoluted (v), and joins one of the
straight collecting tubes (vi). This part is named the junctional tube.

The collecting tulles uniting together eventually form the excretory

tubes (IX) (often called duds of Bellini), which open on the papillaa.

Structure of the tubules.—The tubules consist in every case of a
basement membrane and epithelium, but the form and character of the

Fig. 288.

Convoluted Tubules of Kidney. About 400 Diameters.

or, transverse, a', longitudinal section of a tubule from the human kidney ; h, portion

of a tubule from the dog's kidney, showing the striated appearance of the base of the

cells, somewhat analogous to that observed in the tubules of the submaxillary gland.

latter, as well as the size of the tubes, varies considerably in the different

parts. In the straight or collecting and excretory tubes the epithelium

is columnar in form, the cells are distinct, and the lumen of the tube

is of considerable size. These tubules are largest near their termination,

at a short distance from which within the papilla), their diameter varies,

according to Huschke, from Trloth to ^^oth of an inch. Further on in

the pyramid they become smaller, measuring about -^h^ih of an inch

in diameter, and then do not diminish as they continue to bifurcate,

but remain nearly of the same uniform average diameter.
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The convoluted tubes {tuluU contorfi), which form the greater part of

the cortical substance, and, together ^vith vessels and connecting

Stroma, the whole of its outermost portion, vary m diameter, but corn-

Fig. 290.

Fig 289 — Tr v^s^KR&l Sectio\ (I a Papilla or

THE PiaS KlDNKY 400 DIAMFTERS (KoUlkei)

a, a, collecting tubes with short columnai epithe-

lium , b, b, lu^er , t, c, smaller tubes of Henle ,
d, d,

blood-vessels.

3.

Yicf, 290. Tubes of Henle, prom the Pig's Kidney. 400 diameters (Kolliker).

1, loop foi-med by the narrower variety of Henle's tube ; 2, passage of the broader

variety, a, into the narrower, h ; 3, loop formed by the broader variety of tube, with

granular epithelium.

monly maintain the same average width as the smaller straight tubes,

namely -^Q^h of an inch. In the convoluted tubes the epithelium is

extremely granular, the nuclei are, in the fresh state, for the most part

obscured, and the epithelium in many cases almost fills the tubule, so

as to leave but a comparatively small lumen. In most animals it is

scarcely possible to make out the lines of junction between the

individual cells (fig. 288, h, from the dog), but in the human kidney the

latter are much more distinct (fig. 288, a, a'), being separated by clefts,

which extend almost to the basement membrane.
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^'«- 2^1- According to the descrip-

tion of Heidenhain, the
epithelium of these tubules
mainly consists of minute
thickly-set rod-shaped par-

ticles, which rest by one end
against the basement mem-
brane, whilst the other pro-

jects towards the centre of
the tube, surrounding the
nuclei, which are imbedded
in a certain amount of un-
altered protoplasm. He
states that it is the optical

sections of these " rods "

which produce the well-
known gi-anular appearance
of the epithelium of the
convoluted tubules.

The descending limb of
the loop of Henle is very
small in diameter, but has a
distinct lumen, being lined
by flattened cells, each ^^-ith

an oval nucleus which pro-

duces a slight bulging into

the interior of the tube (fig.

2S9, c. a
;

fig. 290, 1). The
ascending limb is much wider
than the descending, but its

lumen is comijaratively

small, for the epithelium
approaches more in charac-

ter to that of the convoluted
tubules having- a granular
appearance, and almost fill-

ing the tube (fig. 289. Z' ; fig.

290, 3). The bend of the
loop is formed sometimes
by the larger, sometimes by
the smaller kind of tubule,

Schweigger-Seidel.

Imbedded among the

convoluted tubules in

irregular rows between
the pyramids of Ferrein

are the Malpighian cor-

puscles. These are small

rounded bodies about

y-jo th of an inch in dia-

Fig. 291. DI.4.GRAM.1IATIC REPRESENTATION OF A PART OP THE STRAIGHT AND CONVO-
LUTED Uriniferous Tubes with the Glomeruli (from Frey, after a drawing by
MiiUer).

0, 0, t-wo large straight tiibes in the medullary substance of the pjTamid ; c, con-
voluted tubes with several of their terminations in the Malpighian capsules as in d ;
a, three arteries passing up the pyi-amid and dividing into branches to the glomendi

;

the efferent vessels are also seen, and the network of capillaries between them and the
veins. The looped tubules of Henle are not represented.
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meter, but sometimes only -^^^th. or ^-^oth of an inch. They consist

each of a membranous capsule, containing a tuft of blood-vessels. The
yascular tuft or glomerulus is formed by a small afferent artery (fig.

292,/; fig. 293, V, v'), breaking up at once into a number of minute

branches, which form convoluted loops, and are re-united in a single,

somewhat smaller efferent vessel (fig. 292,^ ; fig, 293, c, e)), placed close

Fig. 292, Fig. 293.

,€^^.

Fig. 292.

—

Semidiagrammatic He-
presentation OF A MaLPIGHMN
Body in its relation to the
UriniferousTube (fromKolliker).

300 Diameters.

ff, capsule of the Malpighiau body
continuous with b, the membrana
propria of the coiled uriniferous tube

;

c, epithelium of the Malpighian body;

d, epithelium of the uriniferous

tube ; e, detached epithelium
; /,

afferent vessel
; g, efferent vessel

;

/(, convoluted vessels of the glome-
rulus.

.7=^

Fig. 293.

—

Malpighian Corpuscle from the Rabbit's Kidney : nitrate of silver
preparation. Highly magnified (Ludwig).

V, vas afferens, showing its epithelioid lining : at v', the 'transverse muscular fibres

are also seen ; c, vas efferens ; a, a', basement membrane of capsule with ejjithelioid

markings, passing at h into that of the commencing uniferous tubule.

to the afferent : the further history of the afferent and efferent vessels

will be given later. The capsule, by which the glomerulus is enclosed,

is formed of a basement membrane lined by flattened epithelium (fig.

294, d). It receives the two vessels at one part ; and at another is

continued as already stated into a convoluted uriniferous tubule, as was
first pointed out by Bowman (fig, 292), The epithelium lining the

capsule is reflected over the glomerus, the cells becoming thicker and
less flattened (fig. 294, c) ; it is doubtful whether in the adult they in

all cases form a continuous layer over the vascular tuft, but in the
foetus it is not difficult to recognise both layers. Sometimes the tuft

is divided into two or or three bunches of vessels, in which case the
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Fi-. 294.

epithelium dips down between the bunches. The basement, membrane,
both of the capsule and of the uriniferous tubule, is formed of flat

epithelioid cells (fig. 293, a, a').

Blood-vessels. — The
kidneys are highly vascu-

lar, and receive their blood

from the renal arteries,

which are very large in

proportion to the size of

the organs they supply.

Each renal artery divides

into four or five branches,

which, passing in at the

hilus, between the vein

and ureter, may be traced

into the sinus of the

kidney, where they lie

amongst the infundibula,

together with which they

are usually embedded in

a quantity of fat. Pene-

trating the substance of

the organ between the pa-

pilla?, the arterial branches

enter the cortical substance

found in the intervals be-

tween the pyramids ofMal-
pighi, and proceed in this,

accompanied by a sheath-

ing of areolar tissue, and
dividing and subdividing, to reach the bases of the pyramids, where
they form arches between the cortical and medullary parts, which how-

-Section

Human
OF CoRTicAii Substance of
F(ETus. Highly magnified

Fig. 294.-

Kidney
(Klein).

a, glomerulus with blood-vessels not fully de-

veloped ; c, eijithelium covering it continuous with d,

flattened epithelium lining Bowman's capsule
; /, /,

convoluted tubes.

Fig. 295. Fig. 295.

—

Diagram showing the Relation of the
Malpigiutan Body to the Uriniferous Ducts and
Blood-vessels (after Bowman).

a, one of the interlobular arteries ; a' afferent artery

passing into the glomerulus ; c, capsule of the

Malpighian body ; t, uriniferous tube ; e\ c', efferent

vessels which sulxlivide in the plexus p, surrounding

the tube, and finally terminate in the branch of the
renal vein, c.

ever are not complete, and in this respect

differ from the freely anastomosing venous
arches which accompany them. From the

arches smaller "interlobular" arteries (fig,

29G, ai) are given off", wliich pass outwards

between the double layers of Malpighian
capsules which intervene between the pyramids of Ferrein ; and from
these interlobular arteries are derived the afferent arteries of the

glomeruli. The renal arteries give branches likewise to the capsule

of the kidney which anastomose with branches of the lumbar arteries,

and that so freely that Ludwig was able partially to inject the kidneys

'©
t*',
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Fi-:. 296.

Fig. 297.

Fig. 297. — Injected Glome-
KULUS FROM THE INNER PART
OP THE Cortical substance
OF THE Horse's Kidney.
70 diameters (from Kolliker

after Eowman).

a, interlobular artery ; «/,
Ctfferent artery ; m, m, convo-
luted vessels of the glomerulus

;

ef, efferent or straight arteriole

;

h, its subdivision in the medul-
lary substance.

Fig. 296.—DiAGR.vM OF the Distkibution op THE Blood-vessels in the Kidney
(from Ludwig).

ai, ai, interlobular artery giving off numerous vasct affercntia to tlie glomeruli, g ; the
rasa cffcrentia are seen to break up into capillaries amongst the convoluted tubules in the
cortical substance, and their blood is collected partly by the venre stellatte or stellulse, v s,

near the suface of the kidney, partly by the interlobular veins, vi, vi, which accompany
the interlobular arteries. From the lowermost glomeruli some of the vasa efferentia pass
down amongst the straight tubules of the medullary substance as the so-called false
arterire recta, ar'. The true arteriie recttp, ar, spring directly from the main branches of
the renal aixery, or from the interlobular arteries, and run down in bundles, ah, towards
the apex of the pyramid, breaking up into capillaries with long meshes. Their blood ia

returned to the interlobular veins, vi, by the vense rectte, vr. vp, represents the fine
venous plexus around the apices of the pjTamids.
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of a dog from the aorta after the renal arteries had been tied. Within
the glomerulus the afferent artery fig. 297, {af) breaks up into con-
voluted capillary branches, which are gathered together again to form
the efferent vessel {ef). The eflFerent vessel is so far comparable with
the vena portaa of the liver that it breaks up again into capillaries,

which form a close honeycomb network surounding the convoluted
tubules (fig. 295, e'), and a less copious network with elongated meshes
round the straight tubes of the cortical substance. Within the medullary

Fig. 298. Fig. 298. —Longitu-
dinal Section of a
Part of the medul-
lary Substance and
the adjacent Cor-

tical Substance op
the Kidney, show-
ing the blood-ves-

sels injected (from,

Southey).

The figure is design-

ed principally to show
the origin of the vasa

recta. A A, ascending

arteries divided longi-

tudinally ; A a, trans-

verse section of anasto-

motic arch ; C V, cor-

tical veins ; m, glome-

ruli ; R R, artery rectae;

M Y, R medullary veins.

substance are
Ibund numbers of

straight vessels,

vasa recta, which
lie between the ur-

iniferous tubes,

and, at the bases

of the Malpighian
pyramids, are ar-

ranged in bundles extending inwards from between the pyramids of

Ferrein. These vessels partly break up into capillaries, from which
returning veins arise, and partly form loops similar to those of the

looped tubules of Henle. The vasa recta take origin partly from the

vasa eflferentia from the innermost glomeruli (fig. 296, ar' ; fig. 297, h),

partly from the renal arteries without intervention of the glomeruli

(fig. 296, ar).

Small veins, arising by numerous venous radicles from the capillary

network of the kidney, are seen near the surface of the gland, and
collect the blood fi'om the capillary plexus around the convoluted
tubules which mainly compose this part. These vessels, some of which
have a stellate arrangement {stellulm, Verheyen, fig. 296, vs), are joined

by numerous branches from the fibrous coat of the kidney, and, passing
through the cortical substance, end in larger veins, which again unite

into arches around the bases of the pyramids of Malpighi. The arches

receive the interlobular veins (fig. 296, vi) which accompany the inter-
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lobular arteries, receiving capillaries from the cortical substance, and

also the straight veins of the pyramids, which commence in a beautiful

plexus {vjj, fig. 29 G) around the orifices of the tubuli on the surface of

the papilljfi. The venous trunks then proceed, in company with the

arteries, through the cortical septula between the pyramids, to the sinus

of the kidney. Joining together, they escape from the hilus, and

ultimately form a single vein, which lies in front of the artery, and
ends in the inferior vena cava.

lymphatics.—The lymphatics of tne kidney are numerous, con-

sisting of a superficial set forming a plexus in the fibrous capsule, and

of deep lymphatics which issue from the hilus with the blood-vessels.

According to the researches of Ludwig and Zawaryldn, there appears to

be a network of freely intercommunicating lymphatic spaces between

the tubules, in communication both with the lymphatics of the surface

and those which issue with the blood-vessels at the hilus. These spaces

are similar to those previously found by Ludwig and Tomsa in the

testicle. They are most abundant in the cortical substance.

Herves.—The nerves which have been traced into the kidneys are

small. They come immediately from the renal plexus and the lesser

splanchnic nerve, and contain filaments derived from both the sympa-

thetic and cerebro-spinal systems. They may be traced accompanying

the arteries as far as their finer branches, but it is uncertain how they

end.

Intertubular Stroma.—Between the tubules and vessels of the

kidney, although they are disposed closely together, a small amount of

interstitial substance of the nature of connective tissue is found. It

has a fibrous character in the vicinity of the chief ramifications of the

blood-vessels. Fibres are likewise described by Ludwig and Zawarykin

as passing around the Malpighian corpuscles, and others by Henle,

coiling around the tubes of the medullary substance. The stroma is

more marked in the cortical substance, where it consists mainly of con-

nective tissue corpuscles, than in the greater part of the medullary ;

but according to Henle it is very abundant towards the apices of the

papillce. It is much more abundant in animals than in man, and in

the human kidney is more apparent in the young than in the adult, and

also much richer in corpuscles (fig. 294) ; in this respect resembling

the connective tissue generally.

Among n-r'ding.-: on the kidney, the following may be here refen-ed to :—Bowman,
in Philos. Trans. 1842 ; Henle, Zur Anatomie der Nieren. Gottmgen. 1862, and in

his Handbuch : Ludwig and Zawarykin, in Wiener Acad. Sitzungsbericht. vol.

xlviii. 1864 ; Chrzonszczewsky, in Virchow's Archiv. xxxi. 1864 ; Schweigger-

Seidel, Die Nieren des Menschen und der Saiigethiere, Halle, 1865 ;
Southey,

in St. Bartholomew's Hosp. Eeports, 1865 ; Heidenhain Arch. f. Miki-. Anat. x.

1874. Also, on the stroma, Beer, Die Bindesubstanz d. menschlichen Nieren,

Berlin, 1859.

SUPRARENAL BODIES.

The suprarenal bodies or capsules, or suprarenal glands (capsulm

atraUlarim seu renes succenturiati of old anatomists), are two flattened

bodies, each of which has a somewhat crescentic or bent triangular

shape, and surmounts the corresponding kidney (fig. 299). The iqypcr

border, convex and thin, is often considerably elevated in the middle so
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as to form two sides of a triangle. The lower border is concave, and

rests upon the anterior and inner part of the summit of the kidney, to

which it is connected by loose areolar tissue : it is thick, and almost

always deeply grooved. The posterior surface rests upon the diajihragm.

Its anterior surface is covered on the right side by the liver, and on the

left by the pancreas and spleen : it presents an irregular fissure named

the hilus, from which the suprarenal vein emerges (fig. 300, v). The

right capsule, like the right kidney, is placed lower down than the left.

Fig. 300.

Fig. 299.

—

Fkont view of the Right Kidney and Suprarenal Body of a full-
grown FcETus (Allen Thomson).

This figure shows the lobulated form of the fcetal kidney, r ; v, the renal vein and
artery ; ?(, the ureter ; s, the suprarenal capsule, the letter is placed near the sulcus in

which the large veins {v') are seen emerging from the interior of the organ.

Fig. 300.— Section of the Suprarenal Body.

A vertical section of the suprarenal body of a foetus, twice the natural size, showing

the lower notch by which it rests on the summit of the kidney, and the anterior notch l>y

which the veins issue, together with the distinction between the medullary and cortical

substance.

The suprarenal capsules vary in size in different individuals, and the

left is usually somewhat narrower at its base, but longer from above
downwards, and larger than the right. They measure from an inch and
a quarter to an inch and three-quarters in height, and about an inch

and a quarter in width ; their thickness is from two to three lines.

The tveigM of each in the adult is from one to two drachms.
Structure.—Besides a covering of areolar tissue mixed frequently

with much fat, the suprarenal capsules have a thin fibrous investment.
On the exterior their colour is yellowish or brownish-yellow. When
divided (fig. 300), they are seen to consist of two substances : one,

external or cortical, is of a deep yellow colour, firm and striated, and
forms the principal mass of the organ ; the other, internal or medullary,
is in the adult of a dark brownish-black hue, and so soft and pulpy that
some anatomists have erroneously described a cavity within it.
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Fig. SOL

The fibrous investment (fig. 301, a), is so intimately connected with

the deeper parts that it cannot be removed without lacerating the sub-

jacent structure. Its deeper la^-ers are destitute of elastic fibres, and
are particularly rich in connective tissue corpuscles : they are continuous

with the septa which enter into the formation of the substance of the

organ.

The cortical part of the supra-

renal body, examined in a section with

a low magnifying power (fig. 301, 1),

is seen to consist of a fibrous stroma,

in which are imbedded column-like

groups of cells. The groups measure
on an average -T-Joth of an inch in

diameter, and are arranged vertically

to the surface of the organ. In the

deepest part of the cortex, however,
the colour is darker, and the columnar
arrangement is lost, the stroma being-

more equally distributed (d) ; and
immediatel}' beneath the fibrous coat

there is another narrow zone in

wliich the stroma forms oval spaces,

of which it is difficult to say
whether they communicate with the

extremities of the columns or not (Z*).

These inner and outer layers have
been named "by J. Arnold respec-

tively zona reticularis and zona glo-

merulosa, while he applies the term
zona fasciculata to the main part(c)

;

but the transition from one of these

parts to another is not sudden nor
indicated by any line of demarcation.

The cells which form the groups
and columns of the cortical substance
are polyhedral in form (fig. 302)

:

their protoplasm is finely granular

but not unfrequently contains yel-

lowish oil globules. The cells vary
from aijW^'li to TTrVo^h of an inch
in size : each has a clear round
nucleus.

The small arteries, entering from
the surface, run parallel to these

columns, frequently anastomose to-

gether between them, and surround
each column of cells with a fine capillary network. Small bundles of
nerves pass inwards in the septa between the columns to reach the
medullary part of the organ, and their fibres begin to spread out in
the zona reticularis, but do not appear to be distributed to the cortical

substance.

The medullary part (fig. 301, 2) of the suprarenal capsule is

marked off fi'om the cortical part by a layer of loose connective tissue.

m

J

Fig. 301.

—

Vertical Section of supra-
renal Body : Human. Magnified
(Ebertli).

1, cortical substance ; 2, medullaiy
substance : a, capsule ; b, zona glome-
rulosa ; c, zona fasciculata ; d, zona re-

ticularis ; c, groups of medullary cells
; /,

section of a lar^e vein.



416 THE SUPEAEENAL CAPSULES.

Ill the thinner parts of the adult organ there is no medullary part, and

the layer of connective tissue referred to is found separating the deep sur-

faces of two opposed portions of

Fiu. 302. the cortical part ; but in the

1^^//..- ,, ,v:fp^m yoHBg state the distinction of
ijMi^^*^'' '- -

'
'^^^'^1 cortical and medullaiy probably

i extends throughout the whole.

I
The medullary part is traversed

-| in the centre by venous trunks,

;
"which receive the whole of the

'

; :S blood which has passed through

i: ^ the organ. The stroma is delicate

-: . - J] and arranged in a reticular

iBzM^@.^^'^'^^=^<^/@/S'0/^ manner ; in its meshes are en-

closed groups of cells, which diifer
Fig. 302. -Cells and Cell-Groi^ps from ^^^^ ^^^^^^ ^f ^j^g ^^^^^^ -j^^ ^^;^

THE OUTERMOST LAYER OP THE CORTICAL , , i .-. l i»

Substance of the Suprarenal Body. COarsely granular, destitute of

Highly magnified (Ebertii). oil-globules, and some of them
branched. Moreover they become

stained of an intense yellow or brown by solutions of yellow chromate

of potash, whereas the cortical cells are but slightly tinged by that

re-agent. The bundles of nerves which pass through the cortical sub-

gtance run between it and the medullary substance, and then form a

copious interlacement which extends through the whole of the medul-

lary stroma. Indeed, some observers (Leydig and Luschka) have

regarded the cells of the medullary substance as nerve-cells ; and Ijuschka

states that he has found them connected with nerve-fibres ; but this still

requires confirmation. Moers, whilst denying that the cells generally

of the medullary parenchyma are nervous, nevertheless describes ganglia

on the nerves where their bundles begin to break up. The medullary

substance receives its blood by the continuation inwards of the capillary

network of the cortex, the blood from which is collected by venous

radicles which open into the stems in the centre of the organ and
these emerge at the hilus.

Vessels.—The suprarenal bodies receive arteries from three sources, -^az., from
the aorta, the phrenic, and the renal arteries. The distribution of their capillary

vessels has already been mentioned.

The reins, which pass out from the centre, are usually united into one for each

organ. The right vein enters the vena cava inferior immediately, whilst the left,

fifter a longer course, terminates iu the left renal vein.

The 7//m2)hati€s are imperfectly known. KoUiker has seen a few small trunks

upon the surface ; and Luschka has, in addition, observed others emerging from
the interior in company with the vein.

Nerves.—The nerves are exceedingly numerous. They are derived from tlie

solar plexus of the sympathetic, and from the renal plexuses. According to

Bergmann, some filaments come from the phrenic and pneumogastric nerves.

They are made up mainly of dark-)jordered white fibres, of different sizes, and
they have many small ganglia upon them before entering the organ. The nerves
are especially numerous in the lower half, and inner border.

Accessory suprarenal capsules are occasionally met with, attached by connec-
tive tissue to the main bodies ; and varjdng from a small size un to that of a pea.

According to Duckworth they possess no medullary part.

On the subject of the sui^rarenal capsules may be consulted,—Bergmann,
Dissertation, Gottingen, 18.39; Ecker, Der feinere Bau der Nebennieren, Braim-
echweig, 1846 ; Simon on the Thymus Gland ; Frey, article " Suprarenal Capsules,"
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in Cyclop, of Anat. and Phys. ; G. Hcaiiey, in tlie Lancet, June, 1858 ; Duckworth,
in St. Bartholomew's Hosp. Reports, 1865 ; Moers, in Virchow's Archiv, 1861,

vol. xxis. p. 336 ; J. ^Vmold, Virchow's Ai-chiv, 1866, vol. xxxv. p. 64 ; v. Brunn,
Ai-ch. f. mikr. Anat. viii. ; Eberth., Strieker's Handbook ; Leydig, Kolliker Luschka,
and Henle, in their Handbooks.

Function.—Nothing is kno'mi positively Tvith regard to the function of the
suprarenal capsules. The opinion which has met with most acceptance among
physiologists is that these bodies belong to the class of blood-vascular glands,

and exert some influence upon the elaboration or disintegration of nutritive

material. Bergmann, however, who was the first to point out the richness of

then* nervous supply, suggested that they were parts of the sympathetic nervous
system, and in this opinion he has been followed by Leydig and Luschka ; while
Kolliker states that, ui^on anatomical grounds, he is inclined to consider the
cortical and medullaiy portions as functionally different ; the former belonging
to the group of vascular or ductless glands, the latter appearing to be an appa-
ratus appertaining to the nervous system. Brown-Sequard found that injuries

to the spinal cord in its dorsal region produced congestion and subsequent hyper-
trophy of the suprarenal bodies. Addison has sho-um that a bronzed tint of skin,

together with progressive emaciation and loss of strength, is to be found in con-
junction with various forms of disease more or less involving and altering the
structure of these bodies.

THE URETERS.

The ureters are two tubes which conduct the urine from the kidneys
into the bladder. The dihited commencement of each, situated in

the pelvis of the kidney and into which the calices pour their con-
tents, has already been described. Towards the lower part of the hilus

of the kidney the pelvis becomes gradually contracted, and opposite the
lower end of the pland, assuming the cylindrical form, receives the
name of ureter. These tubes extend downwards to the posterior and
under part or base of the bladder, into which they open, after passing
obliquely through its coats.

The ureters measure from fourteen to si.Kteen inches in length
;

their ordinary width is about that of a goose-quill. They are frequently,

however, dilated at intervals, especially near the lower end. The
narrow^est part of the tube, excepting its orifice, is that contained in the

walls of the bladder.

Each ureter passes, at first, obliquely downwards and inwards, to.

enter the cavity of the true pelvis, and then curves forwards and
inwards, to reach the side and base of the bladder. In its wdiole course,

it lies close behind the peritoneum, and is connected to neighbouring
parts by loose areolar tissue. Superiorly, it rests upon the psoas

muscle, and is crossed, very obliquely from within outwards, below the
middle of the psoas, by the spermatic vessels, which descend in front of
it. The right ureter is close to the inferior vena cava. Lower down,
the ureter passes either over the common or the external iliac vessels,

behind the termination of the ileum on the right side and the sigmoid
flexure of the colon on the left. Descending into the pelvis, it enters,

the fold of peritoneum forming the corresponding posterior false liga-

ment of the bladder, and, reaching the side of the bladder near the base
{u. fig. 304), runs downwards and forwards in contact with it, below
the obliterated hypogastric artery, and is crossed upon its inner side,

in the male, by the vas deferens (/), which passes down between the
ureter and the bladder. In the female, the ureters run along the sides:
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of the cervix uteri and upper part of the vagina before reaching the

Lladder,

Having reached the base of the bladder, about two inches apart from

one another, the ureters enter its coats, and running obliquely through

them for about three-quarters of an inch, open at length upon the inner

surface by two narrow and oblique slit-like openings, which are situated,

in the male, about an inch and a half behind the prostate gland, and about

the same distance from each other. This oblique passage of the ureter

through the vesical walls, while allowing the urine to flow into the

bladder, has the effect of preventing its reflux.

Structure.—The walls of the ureter are pinkish or bluish white in

colour. They consist of an external

fibrous coat, a middle coat of plain

muscnlar tissue, and a mucous lining.

According to Huschke and Obersteiner

the muscular coat possesses two layers

of longitudinal fibres and a middle
circular layer : Henle finds only an
inner longitudinal and an outer cir-

cular layer ; while IvoUiker, who ad-

mits the inner longitudinal and the cir-

cular as the principal layers, describes

longitudinal fibres external to the cir-

cular layer which are absent at the

upper part of the tube.

The mucous mcmhrane, thin and
smooth, presents a few longitudinal

folds when the ureter is laid open.

It is prolonged above to the papilla?

of the kidney, and below becomes
continuous with the lining membrane
of the bladder. The epithelium (fig.

303) is of a peculiar character, like

that of the bladder. It is stratified,

consisting of at least three layers of

cells, in the uppermost of which the

cells are somewhat cubical, with de-

pressions on their under surface, vrhicli

fit upon the rounded ends of a second layer of pear-shaped cells ; then

follow one or more layers of rounded or oval cells, with processes

extending down to the mucous membrane.

Vessels and nerves.—The ureter is supi^lied Avitli blood from small branches

of the renal, the spermatic, the internal iliac, and the inferior vesical arteries.

The veins end in various neighbouring vessels. The nerves come from the inferior

mesenteric, spermatic, and hj'pogastric plexuses. They fomi a plexus in the

outer coat, containing a few ganglion-cells.

Varieties.—Sometimes there is no funnel-shaped expansion of the ureter at

its vipper end into a pelvis, but the calices unite into two or more narrow tubes,

which afterwards coalesce to form the ui'eter. Occasionally, the separation of

these two tubes continues lower down than usual, and even reaches as low as the

bladder, in which case the m-eter is double. In rare cases, a triple ureter has

been met with.
In instances of long-continued obstruction to the passage of the urine, the

jireters occasionally become enormously dilated, and their opening into the

bladder becomes direct, so as to lose its valvular action.

Fig. 303.—El'lTHELIUM FROJI THE
Pelvis op the Human Kidney
(Kolliker). 350 Diameters.

A, different kinds of epithelial

cells separated ; B, the same in situ.
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THE URIKARY BLADDER.

The urinarij bladder (vesica urinaria) is a hollow membranous and

muscuhxr receptacle, which receives the m'ine poured into it through the

ureters, retains it for a longer or shorter period, and finally expels it

through the urethra.

During infancy it is pyriform, and lies chiefly in the abdomen, but

in the adult it is situated in the pelvic cavity behind the pubes, and in

the male, in front of the rectum ; in the female, it is separated from

the rectum by the uterus and vagina.

Fig. 304.

Fig. 304.

—

Lateral View uf the Vi^ceiia of the ]\[ale Pelvis (E. Qiiain). ^

Tlie left OS ilium lias been disarticulated from the sacrum, the spinous process of the

ischium cut through, and the puhes divided to the left of the sjTiiphysis ; a, the bladder

;

b, b', the rectum ; c, membranous part of the urethra ; d, section of the left crus or

corpus cavernosum ; e, bulb of the siiongy body of the urethra
; /, Cowper's gland ; f/,

section of the body of the pubes ; /(, sphincter aui muscle ;
>', part of the left vas

deferens ; m, articular surface of the sacrum ; n, divided spine of the ischium ; o,

coccjTc ; p, prostate gland ; r, r, iieritoneum ; r', recto-vesical pouch ; it, left ureter ; v,

left vesicula seminalis.

The size and shape of the bladder, its position in the abdomino-pelvic
cavity, and its relations to surrounding parts, vary greatly, according
to its state of distension or collapse. When empty, the bladder lies

deeply in the pelvis, and in a vertical antero- posterior section pre-

sents a triangular appearance, being flattened before and behind, having
its base turned downwards and backwards, whilst its apex reaches up
behind the symphysis pubis. The surfaces named anterior and pos-

terior have thus a considerable inclination. When moderately full, it

is still contained within the pelvic cavity, and has a rounded form (fig.

304, a), . but when completely distended, it rises above the brim of the
pelvis, and becomes egg-shaped ; its larger end, which is called the
base or i/iferiorfundus, being directed towards the rectum in the male
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and the vngiria in tlie female ; and its smaller end, or svmmit, resting"

against the lower part of the anterior wall of the abdomen. Imme-
diately in front of the base is the thickened portion named the cervix, or

iicclo, which bonnds the ontlet of the bladder, and connects it below with

the urethra.

The long axis of the distended bladder is inclined obliquely upwards-

and forwards from the base to the summit, in a line directed from the

coccyx to a point between the pubes and the umbilicus. In being'

gradually distended, the bladder curves slightly forwards, so that it

becomes more convex behind than in front, and its upper end is by
degrees turned more and more towards the front of the abdomen.
Lastly, the bladder, when filled, appears slightly compressed from before

backwards, so that its diameter in that direction is less than from side

to side. In its ordinary state, the longest diameter in the male is from

base to summit ; but in the female its breadth is often greater than

its height. The average capacity of the bladder is often stated to be

greater in the female than in the male ; and, no doubt, instances of

very large female bladders are not unfrequent, but these have pro-

bably been the result of unusual distension : in the natural condition,,

according to Luschka and Henle, the female bladder is decidedly

smaller than that of the male.

Connections.—IThile freely movable in all other directions upon
surrounding parts, the bladder is fixed below to the walls of the pelvis

by the neck, and by fibrous bands given off from the recto-vesical

fascia, named the tnie Jiriamenfs of the bladder. It is supported,

moreover, by strong areolar connections with the rectum or vagina,

according to the sex, in a slighter degree by the two ureters, the

obliterated hypogastric arteries and the uraohus, by numerous blood-

vessels, and, lastly, by a partial covering of the peritoneum, which, in

being reflected from this organ in different directions, forms duplica-

tures, named t\i& false ligaments of the bladder.

The anterior surface is entirely destitute of peritoneum, and is in

apposition with the triangular ligament of the urethra, the subpubic-

ligament, the symphysis and body of the pubes, and, if the organ be

full, the lower part of the anterior wall of the abdomen. It is con-

nected to these parts by loose areolar tissue, and to the back of the

pubes by two strong bands of the vesical fascia, named the anterior

true ligaments. This surface of the bladder may be punctured above

the pubes without wounding the peritoneum.

The posierior surface is entirely free, and covered everywhere by
the peritoneum, which in the male is prolonged also for a short

distance upon the base of the bladder. In the male, this surface

is in contact with the rectum, and in the female with the uterus, some

convolutions of the small intestine descending between it and those

parts, unless the bladder be very full. Beneath the peritoneum, in the

male, a part of the vas deferens is found on each side of the lower por-

tion of this surface.

The summit (sometimes named the superior fundus) is connected to

the anterior abdominal wall by a tapering median cord, named the

iirachus, which is composed of fibro-areolar tissue, mixed at its base

with some muscular fibres which are prolonged upon it from the bladder.

This cord, becoming narrower as it ascends, passes upwards from the

apex of the bladder between the linea alba and the peritoneum, to reach



COXXECTIOXS OF THE BLADDEK. 421

the umbilicus, where itbecomeshlendedwiththe dense fibrous tissue fonnd
in tliat situation. The urachus, which forms in the early foetal state a

tubular communication between the urinary bladder and the allantoic

vesicle, preserves, according- to Luschka, vestiges of its original condi-

tion in the form of a long interrupted cavitj-, with irregularities and
dilatations, lined with epithelium similar to that of the bladder, and
sometimes communicating by a fine opening with the vesical cavity.*

The sides of the bladder, when it is distended, are rounded and pro-

minent, and are each of them crossed obliquely by the cord of the

obliterated hypogastric artery, which is connected posteriorly with the

superior vesical artery, and runs forwards and upwards to the um-
bilicus, approaching the urachus above the summit of the bladder.

Behind and above this cord the side of the bladder is covered with the

peritoneum, but below and in front of il the peritoneum does not reach

the bladder, which is here connected to the sides of the pelvic cavity

by loose areolar tissue containing fat, and, near its anterior and lower

part, by the broad expansion from the recto-vesical fascia, formings

the lateral true, liijament. The vas deferens crosses obliquely the lower

part of this lateral surface, from before backvrards and downwards, and
turning over the obliterated hypogastric artery, descends upon the inner

fiide of the ureter, along the posterior surface, to the base of the bladder.

The lase or fundus (fig. 305) (inferior fundus) is the widest part of

the bladder. It is directed backwards as well as downwards, and differs

according to the sex in its relations to other parts. In the male it rests

Fig. 305.—IJASE OF THE jMale

Bladdek with the Vesicul.e

Seminales, Vasa Defeuentia,

AND Prostate exposed (from

Haller). One-ualf the natur-

al SIZE.

a, line of reflection of the peri-

toneimi in the recto-vesical pouch ;

h, the part above this from which
the peritoneum has licen removed,

exposing the longitudinal mus-
cular fibres ; /, left vas deferens

ending in e, the left ejaculatory

duct ; .?, left vesicula seminalis

joining the same duct ; the right

vas deferens, and the right vesi-

cula seminalis, marked s, s, un-

ravelled, are also showii
; p,

under side of the prostate gland
;

III, small part of the membranous
jjortion of the urethra ; u, a, the

ureters, of whicli the right is

turned to the side

.

upon the second portion of
the rectum, and is covered
posteriorly for a short space
by the peritoneum, which,
thence • upon the rectum, so
SO-i, r). In front of the line

Fill

^<s^\Twnm^*,

however, is immediately reflected fi-om

as to form the redo-vesical jjouch (fig.

of reflection of .the serous membrane, the

\'irchow"s Arcliiv, 1S62, and Anat. d. Mensch., vol. ii. p. 229.
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base of the bladder is destitute of peritoneum, and adherent to the rectum

by dense fibro-areolar tissue over the extent of a triangular area bounded
at the sides by the rasa deferentia and vesiculce seminales (fig". 305, s, s),

whilst its apex in front reaches the prostate gland (p). It is in this

space, which in the natural state of the parts is by no means so large as

it appears after they are disturbed in dissection, that the bladder may be
punctured from the rectum without injury to the peritoneum. In the

female, the base of the bladder is of less extent, and does not reach so

far bach in the pelvis as in the male : for it rests against the front

of the neck of the uterus and the anterior wall of the vagina, both of

which organs intervene between it and the rectum. This part of the

bladder adheres to the vagina, and above that adhesion the peritoneum

form^s a pouch between it and the uterus, much shallower than the recto-

vesical pouch of the male.

The cerr/.r or nceJc of the bladder is a term commonly applied to the

j)art of the bladder at which the cavity terminates in the uretln-a, and
is often indefinitely used, so as to include a considerable portion either

of the bladder or uretlira. It may be conveniently retained to denote

the region of the immediate neighbourhood of the urethral orifice. It

is the most strongly muscular part of the bladder, and in the male it is

closely connected Avith the base of the prostate gland, by which it is

supported. It was formerly described as an infundibular projection,

but, as pointed out by Kohlrausch, no such arrangement exists. The
urethral orifice is in both sexes the part of the bladder which in the

erect posture is lowest ; it lies at the angle of meeting of the base and
the anterior surface.

It was formerly believed that the base was tlie loAvest part of the Ijladder in

the adiilt male, and hence the origin of the term. The inferior position of the

urethral orifice was supposed to be peculiar to -women and children. The more
correct views, however, now entertained with respect to the inclination of the

pelvis have led to altered notions of the relative elevation of the pelvic

viscera. A consideration of the following- circumstances will contribute to

an accui-ate conception of the position of the vesical outlet. The sj-mphysis

pubis is placed very obliquely ; the ischial tuberosities are little lower than the

inferior margin of the symphysis pubis, and the triangular ligament is therefore

almost horizontal ; the lower part of the sacrum and the coccyx are nearly

vertical, being only slightly cmved forwards, and the tip of the coccyx is on a
somewhat higher level than the inferior margin of the symphysis pubis ; the curve

and position of the rectum are determined by those of the sacrum and coccyx

until it passes in front of the coccyx, when it turns vertically downwards ; the

prostate gland, situated entirely on the upper or interior side of the triangular

Hgament, rests on the last turn of the rectum, and the base of the bladder is in

contact with the rectum above that place.

Ligaments of the bladder.—The fn/e lifiamenfs of the bladder,

four in number, two anterior and two lateral, all derived from the

vesical portion of the recto-vesical fascia, have been already noticed.

T\\Q false ligamenis or per ifonealfolds are described as five in number.
Two of them, named posferior false ligaments or recto-vesical folds, run

forwards in the male along the sides of the rectum to the posterior and
lateral aspect of the bladder, and bound the sides of the recto-vesical

cul-de-sac. In the female these posterior folds pass forwards from the

sides of the uterus, and are comparatively small. The two lateral false

ligaments extend from the iliac fossae to the sides of the bladder, each

separated from the corresponding posterior ligament by a prominent

i
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angle in which the obliterated hypogastric artery lies. The superior

false ligament (ligamentiim snspeusoriiim) is the portion of peritoneum

between the ascending parts of the epigastric arteries, and reaches

from the summit of the bladder to the umbilicus.

Interior of tlie "bladder.—On opening the bladder, its internal

surface is found to l)e lined by a smooth membrane, which is compara-
tively loosely attached to the other coats, so that in the empty con-

dition of the organ it is nearly everywhere thrown into small wrinkles

or ruga3, which disappear as soon as the bladder is distended. Besides

these, the interior of the bladder is often marked by reticular elevations

or ridges, corresponding with fasciculi of the muscular coat.

At the lower and anterior part of the bladder is seen the orifice

leading into the urethra, around which the mucous membrane is corru-

gated longitudinally. Immediately behind the urethral opening, at

the anterior part of the fundus, is a smooth triangular surface,

having its apex turned forwards, which, owing to the firmer adhesion

of the mucous membrane to the subjacent tissues, never presents any
rugse, even when the bladder is empty. This surface is named the

trigone (trigonum vesica), Lieutaud) ; at its posterior angles are the

orifices of the two ureters, situated about an inch and a half from each
other, and nearly the same distance from the anterior angle, where the

bladder opens into the urethra.

The orifices of the ureters, presenting the appearance of oval slits,

are directed obliquely forwards and inwards : they are united by a

curved elevation, convex forwards, which extends generally outwards and
backwards beyond them, and which corresponds in position with a

muscular band which joins them together and to the neck of the

bladder. Proceeding forwards from opposite the middle of this, is

another slight elevation of the mucous surface, named the vvida rcsicce

(luette vesicale), which projects from below into the urethral orifice.

In the female, the trigone is small, and the uvula indistinct. In the

male the uvula lies a little iii advance of the middle lobe of the

prostate, and is sometimes prolonged on the floor of the prostatic portion

of the urethra. It is produced by a thickening of the submucous tissue.

In its natural state this may contribute to the more perfect closure of

the orifice of the bladder ; when enlarged by disease it frequently pro-

duces serious obstruction at the commencement of the urethra.

STRUCTURE OP THE BLADDER.

The bladder is composed of a serous, a muscular, and a mucous coat,

united together by areolar tissue, and supplied with numerous blood-

vessels and nerves.

The serous or peritoneal coat is a partial covering, investing only
the posterior and upper half of the bladder, and reflected from it upon
the surrounding parts in the manner already described in detail.

The muscular coat consists of unstriped muscular fibres, so ar-

ranged as to Avarrant the usual description of them as forming layers,

the outer of Avhich consists of bundles of fibres more or less longitudinal,

and the next of fibres more circular in disposition ; while beneath this, is

another delicate longitudiual layer more recently recognised.

The external or JonijituiUnal fibres (fig. 306, A, a, B, h, and fig. 307)
are most distinctly marked on the anterior and posterior surfaces

of the bladder. Commencing in fi'ont at the neck of the organ.



424 THE BLADDER.

from the pubes in both sexes (musculi pubo-vesicales), and, in tlie male,

from the adjoining part of the prostate gland, they may be traced

upwards along the anterior surface to the summit of the bladder ; and
they may likewise be followed down over the posterior surface and base

to the under part of the neck of the bladder, where they become at-

tached to the prostate in the male, and to the front of the vagina in the

Yk'. 306.

Fig. 306, A.—YiE'.v of the Muscular Fibres op the Bladder from before (Allen

Thomsou, after Pettigrew). i

On the right side the superficial fibres are shown ; on the left the deep or circular

fibres chiefly are displayed, a, on the right side, the median and most sujierficial

bands of the longitudinal fibres, in which a slight decussation of fibres is seen ; a, tliose

diverging somewliat ;
«", the lowest, which pass much more obliquely ; the attachment

of the longitudinal fibres to the prostate is shown ; on the left side c, the upper,

c', the middle, c", the lowest set of circular or deeper fibres ; at s, the thickest and
most transverse sets of these fibres forming the sphincter

; j5, half the prostate left

on the right side, the left having been removed ; u, the urachus, into which some of

the longitudinal fibres are seen prolonged.

Fig. 306, B.

—

View of the Muscular Fibres of the Bladder from behind
(Allen Thomson, after Pettigrew). g

On the right side the superficial fibres are displayed ; on the left the deeper fibres of

the same kind or intermediate fibres, and some of the circular fibres ; b, h, the median,

most superficial and strongest bands of longitudinal fibres on the right side ; I/, the

more divergmg set of fibres near the middle of the bladder ; h", the most divergent

fibres which surround the entrance of the ureters ; on the left side, c, c', and c", indicate

the deeper circular fibi-es passing round at various levels and crossing with the deeper

<Uverging fibres posteriorly ; s, the most transverse fibres at the neck forming the

sphincter ; u, the urachus ; iir, the ureters ; the left half of the prostate has been re-

moved to show the sphincter ; r, part of the right vas deferens and vesicula seminalis.

female. Upon the sides the superficial fasciculi run more or less

obliquely, and ofcen intersect one another : in the male they reach the

prostate. At the summit a few are continued along the urachus (fig.

oOG, v). The longitudinal fibres taken together, constitute what has
been named the detrusor wince muscle.

The so-called circular fibres (fig. 306, c, c, c") form a thin and some-
what irregular reticulated layer distributed over tlie body of the bhulder,
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having: varions appearances in different bladders. Their course may in

general be looked upon as transverse, but for the most part throughout
the upper two-thirds of the bladder they cross one another in very oblique

bands : towards the lower part of the organ tliey assume a more circular

course, and upon the fundus and trigone form a tolerably regular laj^er.

Close to and around the cervix, in iunnediate connection with the pro-

state in the male, they densely encircle the orifice and constitute w'hat

has been named the sjjldiidcr vcsiccc, which, however, is not distinct from
the other fibres.

The ihird stratum of fibres, still more deeply situated, and which
might be termed internal longitudinal, was first described by Ellis, who

Fir;. 307.

—

View of the Muscular
Fibres op the Bladder from the
LEFT Side (Allen Tliomsou, after Pett^

grew). i •

The anterior and posterior superficial

fibres are seen running from lielow u^j-

wards, crossing each other by their diver-

gence on the sides of the bladder, and are

indicated by the same letters as in the

jireceding figures ; at c, a portion of the

anterior longitudinal fibres has been re-

moved so as to expose the deeper circular

fibres.

distinguished it as " submucous."
It is very delicate, and its fibres,

directed longitudinally, are dis-

posed in a regular manner round
the cavity of the bladder.

The muscular coat of the bladder foi-ms so in-egular a covering, that, when the
organ is much distended, intervals arise in \A-hich the walls are very thin ; and,
should the internal or mucous lining protrude in any spot through the muscular
bundles, a sort of hernia is produced, Avhich may go on increasing, so as to form
what is called a vesical sacculus, or appendix rcsicce, the bladder thus affected
being termed .sacculated. Hypertrophy of the muscular fasciculi, which is liable

to occur in stricture of the m-cthra or other affections impeding the issue of the
urine, gives rise to that condition named the fasciculated blacfder. in which the
interior of the organ is marked by strong reticulated ridges or columns, with
intervening depressions.

On the muscular arrangements of the bladder, see ElKs. in Trans. Med. Chir.
Society, 18r)(j, and Demonstrations of Anatomy

; Pettigrew, in Phil. Trans, for
18(56 ; Sabatier, Rech. Anat. et Phys. sur les Appareils musculaii-es correspondants
a la vessie et a la prostate dans les deux sexes, 1864.

Next to the muscular coat, between it and the mucous membrane, but
much more intimately connected with the latter, is a well-marked layer
of areolar tissue, the vascular or submucous coat. This submucous
areolar layer contains a large quantity of very fine coiled fibres of elastic
tissue.

The mucous membrane of tlie bladder is soft, smooth, and of a pale
]-ose colour. It is continuous above with the lining membrane of the
ureters and kidneys, and below with that of the urethra. It adheres
loosely to the muscular tissue, and is thus liable to be throAvn into
wrinkles, except at the trigone, where it is always more even. It is
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covered with a Btratified epithelium, wliich is composed of tliree layers

of cells. Of these, those forming the middle layer are pyriform (fig.

308, b), the upper end being rounded ; whilst the lower end of each cell

is prolonged down to the corium, between small, rounded or irregular cells

forming the lowermost layer. The cells of the superficial stratum {a)

are large and flattened (more so in some animals than in man), cover-

ing one, two, or more of the pyriform cells, over which their lower

surface is as it were moulded, presenting well-marked depressions (^vith

Fi?. 308

Fig. 308.

—

Epithelial Cki^ls fkom Bladder of Rabbit. About 500 diameters.
(Klein.)

a, large flattened cell from the superficial layer, with two nuclei, and with strongly
marked ridges and intervening depressions on its under surface ; h, pear-shaped cells

from the second layer ; c, showing the manner in which the pyriform cells are adapted
to the dei^ressions of the superficial cells.

intervening ridges), into which the rounded ends of the pyriform cells

fit {c). These large flattened cells have frequently more than one
nucleus. There are no villi upon the vesical mucous membrane, but it

is provided with minute recesses and with small racemose glands lined
with columnar epithelium, which are most abundant in the vicinity of
the neck of the bladder.

Vessels.—The xiqwrior ir/tiral arfrrict proceed from the remaining' pei-vious
poi-tions of the hypogastric arteries ; in the adult they appear as direct branches
of the internal iliac. Tlie i/ifcrio?- vesical arteries are usually derived from the
anterior division of the internal iliac. In the female the uterine arteries also
send branches to the bladder. The neck and base of the organ appear to be the
most vascular portions. The iri/is form large plexuses around the neck, sides,
and base of the bladder ; they eventually pass into the internal iliac veins. The
hjinphatics follow a similar course.
The nerves are derived partly from the hypogastric plexus of the sympathetic,

and partly from the sacral plexus of the cerebro-spinal system. The foi-mer are
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said to be chiefly distributed to the upper part of the bladder, whilst the spinal

nerves may be traced more directly to its neck and base. According to Kisseleer,

the neiTes form a net-^-ork immediately under the epithelium, from which
filaments pass amongst the epithelium cells. Gangliated plexuses of nerves
accompany the blood-vessels, and send branches both to these and to the muscular
coat of the bladder (F. Darwin).

THE UEETHEA.

The ni-Gthra is 'a membranous tube directed in the median line first

Torticallj and then from behind forwards, beneath the arch of the
juibes, in whicli situation it opens in the female into the vulva, while in

the male it is enclosed in the corpus spongiosum, and prolonged beneath
the corpora cavernosa penis. In the female, it serves simply as the

excretory passage for the urine ; in the male, it conducts also the

seminal fluid. The detailed anatomy of the male and female urethra

M-ill be given with that of the organs of generation of the respective

sexes.

EEPRODUCTIYE OEGANS.

I. IX THE MALE SEX.

TJkder this head are included— 1, the testes or reproductive glands,

with their excretory apparatus, and their integumental and other cover-

ings in the scrotum; and, 2, the uro-geuital canal or urethra, together

with certain accessory parts, such as the prostate and Cowper's glands.

The second group of these organs, being most nearly related to

those which have gone before, will be first described. They are all

closely connected with the urethra, which in the male is at once
the outlet for the urine from the bladder and the products of secre-

tion from the sexual glands. This canal, extending from the neck
of the bladder to the extremity of the penis, is surrounded in its

first part In- the prostate gland, and there receives the excretory ducts

of the testicles and vesicular seminales ; its second part passes through
the triangular ligament of the perineum ; the canal is then surrounded

by the bulb and cylindrical part of the spongy body as it passes along the

perineum and penis, and lastly it goes through the glans of that organ.

THE PKOSTATE GLAND.

The jyrostafe filand is a firm, glandular, and muscular body, some-
what resembling a chestnut in shape and size, which adjoins the neck
of the bladder, and encloses the first part of the urethra : it is placed in

the pelvic cavity, on the inner aspect of the subpubic fascia, and rests

posteriorly upon the rectum. Its form may be compared to that of a

short cone flattened anteriorly, with its base in contact with the

bladder, and cut obliquely, so that its posterior or rectal surface is

larger than its anterior or pubic surface. It usually measures about an
inch and a half across at its widest part, an inch and a quarter from its

base to its apex, and nearly an inch in depth or thickness. Its ordi-

nary Aveight is about six drachms.
The anterior or pubic surface of the prostate is flattened and marked
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uith a sliglit longitudinal furrow ; it is about half an inch or

rather more from the pubic symphysis, and there, as well as at the

Fig. 309. Fig. 309.

—

Traxsverse Section of the Pro-
state Gland throcgu the Middle. (A.T.)

M, tlie iiretlira into Avhicli the eminence of the
caput gallinaginis rises from below ; g, the sinus or
utricle cut through ; d c, the ejaculatory ducts

;

m, superiorly, the deep sphincter muscular libves
;

m, lower down, intersecting muscular bands in

the lateral lobes of the prostate
; j5, p, glandular

substance.

sides, the gland is connected to the pubic
arch by the reflexion of the pelvic

fascia, wliich forms the pubo-prostatic ligmnmts or anterior ligaments of

the bladder. The posterior or rectal surface is smooth, and is marked
by a slight depression, or by two grooves, which meet in front, and
correspond with the course of the seminal ducts, as well as mark the

limits of the lateral lobes in this situation : it is in close apposition

Fi- 310.

Fig 310. -Longitudinal Median Section of the lower part of the
AND Prostate Gland (after E. H. Weber).

V, inner surface of the urinary bladder ; u r, opening of the right ureter, from which

a slight elevation runs down to the neck of the bladder
; p, fore part of the prostate ;

p',

the so-called middle lobe
;
p" , the right lateral lobj ; u, the utricle ; d, the right

ejaculatory duct ; v d, vas deferens ; v s, vesicula semiualis.

with the rectum, immediately in front of the bend from the middle to

the lower or anal part of that viscus, where the surface and posterior

border of the gland can be felt by the finger introduced into the intes-

tine. The sides are convex and prominent, and are covered by the

anterior portions of the levatores ani muscles, which pass back on each
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side, from the symphysis pubis and anterior ligament of the bladder,
and embrace the sides of the ]irostate. Tliis part of each levator ani
is occasionally separated from the rest of the muscle by areolar tissue,

and has been named leralor prostatcc. The base of the gland is of
considerable thickness, and is notched in the middle : its apex is turned
towards the triangular ligament. As already stated, the prostate en-
closes the first part of the urethra. The canal runs nearer to the anterior
than to the posterior surface of the gland, so that in general it is about
three lines distant from the former and' four or five from the latter

;

but it frequently varies greatly in this respect. The prostatic portion
of the urethra is about an inch and a quarter long, and is dilated in
the middle ; it contains the colliculus seminalis and the openings of
the seminal and prostatic ducts, as will be afterwards more particu-
larly described. The common or ejaculatory seminal ducts, which ])ass

forwards from the vesicula; semiiiales, also traverse the lower part of
the prostate, enclosed in a special hollow part of the gland, and open
into the urethra; and in the middle, close in front of these, is the
prostatic utricle.

This gland is usually described as consisting of three lobes, two or
•which, placed laterally, and meeting behind in the posterior notch, and
continuous in front of the urethra, are of equal size ; the third, or
middle lobe, is a smaller pyriform or three-sided mass, intimately
connected with the other two, and fitted in between them and the neck
of the bladder and adjacent part of the urethra. "When prominent it

corresponds to the elevation in the urinary bladder called uvula. The
separation between the lobes of the prostate, which is little marked
in the natural state, becomes often much more apparent in disease.

Structure.—The prostate gland is covered externally by a dense
fibrous ccat, which is continuous with the recto-vesical fascia, and with
the posterior layer of the triangular ligament. Adams describes the
fibrous capsule as divisible into two layers, between Avhich the pro-
static plexus of veins is enclosed. The glandular substance is asso-
ciated with a large quantity of plain muscular tissue, which forms
the principal part of the stroma of the organ. This muscular tissue
forms an external layer below the fibrous capsule, and extends every-
where through the glandular substance : there is also a strong layer
of circular fibres continuous posteriorly with the sphincter Vesicre,
and in front with the thin layer surrounding the membranous part
cf the urethra. The part of the prostate in front of the urethra is

almost entirely muscular, and in the hinder part the muscular sub-
stance is in greatest quantity near the bladder. The glandular sub-
stance is spongy and yielding ; its colour is reddish grey, or sometimes
of a brownish hue. It consists of numerous small saccules, or terminal
vesicles, opening into elongated tubes, which unite into a smaller
number of excretory ducts. The epithelium is columnar both in the
vesicular terminations and in the canals. In the upper part of the
gland the acini are small and hemispherical ; in the middle and lower
parts the tubes are longer and convoluted at their ends. The capillary
blood-vessels spread out as in other similar glands on the ducts and
clusters of vesicles, and the different glandular elements are united by
areolar tissue, and supported by processes of the deep layer of the
fibrous capsule and muscular stroma. The ducts open by from twelve
to twenty or more orifices upon the floor of the urethra, chiefly in thq
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hollow on each side of the collicuhis seminalis. (Adams, Cj'clop. of

Auat. vol. iv., p. 147.)

Vessels and Nerves.—The prostate is supplied by branches of the

vesical, hemorrhoidal, and pudic arteries. Its veins form a plexus

embedded in the fibrous covering round the sides and base of the gland,

•which is highly developed in old subjects. These veins communicate
in front with the dorsal vein of the penis, and behind with branches of

the internal iliac vein. According to Adams, the lymphatics, like the

veins, are seen ramifying between the two layers of the fibrous capsule.

The nerves, which are derived from the hypogastric plexus, consist of

both medullated and non-medullated fibres, and are interspersed with

single or small heaps of ganglionic cells. Pacinian bodies have also

been observed on the superficial nerves. (Klein in Strieker's Iland-

buch.)

Prostatic fiuid.—This is mixed with the seminal fluid during emission ; as

obtained from the human prostate soon after death, it has a milky aspect, which
is ascribed by Adams to the admixture of a large number of epithelial cells, and
he thinks it probable that, as discharged during life, it is more transparent.

According to the same observer, the prostatic fluid has an acid reaction, and
presents, under the microscope, numerous molecules, epithelial particles lioth

squamous and columnar, and granular nuclei about -^^ inch in diameter. As
age advances, when this gland is disposed to become enlarged, its ducts often

contain small round concretions of laminated appearance, and varying from a
small size up to that of a millet seed ; they sometimes contain carbonate of lime,

but are principally comiiosed of animal matter, which in some of them appears

to be entirely amylaceous, in others albuminous, and more frequently is of a mixed
character. (Virchow's Cellular Pathology, by Chance, p. 3G9.)

THE PEHIS.

The penis, which supports the greater part of the urethra in the male,
is composed principally of an erectile tissue, arranged in three long
somewhat cylindrical masses, which are enclosed in fibrous sheaths, and
are united togetlier so as to form a three-sided prism which receives a
covering from the general integument. Of these masses, two, named
corpora cavernosa poiis, placed side by side, form the principal part of

the organ, whilst the other, situated beneath the two preceding, sur-

rounds the canal of the urethra, and is named corjjus cavernosum nreiUnz
or corjMS spongiosum.

The penis is attached at its root to the symphysis of the pubes, and
to the pubic arch ; in front it ends in an enlargement named the glans,

which is structurally similar to and continuous with the corpus spongi-

osum. The intermediate portion or lody of the penis, owing to the
manner in which its three component parts are united together, has three

somewhat flattened sides and three rounded borders : the upper and
anterior side is named the dorsum. The glans penis, which is slightly

compressed above and below, presents at its extremity a vertical fissure

forming the external orifice of the urethra; its base, which is wider than
the body of the penis, is hollo wed out to receive the narrowing extremities
of the corpora cavernosa ; its border is rounded and projecting, and is

named the corona glandis, behind which is a constriction of the penis
named the cervix. The median fold of integument attaching the glans
below the urethral orifice to the inferior border of the penis is'named the
frcenum of the prepuce."
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The Integuments.—The integument of the penis, which is con-
tinued from that of the pubes and scrotum, forms a simple investment
as far as the neclc of the glans. At this part it leaves the surface and is

doubled up in a loose cylindrical fold, constituting the p/rj)uce or forc-

sJcin. The inner layer of this fold returns to the penis l^ehind the cervix,

^vhere it is firmly attached ; and from thence the integument, becoming
again adherent, is continued forwards over the corona and glans, as far

as the orifice of the urethra, where it meets with the mucous membrane
of the urethra. Upon the body of the penis the skin is thin, free from
fat, and, in the anterior two-thirds of its length, from hairs also ; in
these respects difltcring remarkably from that on the pubes, which is

thick, covers a large cushion of fat, and, after puberty, is beset with
hairs : the skin of tlie penis is moreover very movable and distensible,

and is of a darker colour than that of the neighbouring parts. At the
free margin of the prepuce the integument changes its character, and
ai;:i roaches to that of a mucous membrane, being red, thin, and moist.
jSumerous sebaceous glands are collected round the cervix of the penis
and corona glandis ; they are named the glands of Tijson, or glandular
odorifer^e, their secretion having a peculiar odour.

Upon the surface of the glans penis the integument again changes its

character ; it ceases to contain glands, but is beset with large papilliB,

which are very vascular and extremely sensitive, and it adheres most
intimately and immovably to the spongy tissue of the glans.

Beneath the skin, on the body of the penis, the ordinary superficial

fascia is very distinct ; it is continuous with that of the groin, and
also with the dartos tissue of the scrotum. Near the root of the
organ there is in front a dense band of fibro-elastic tissue, named the
smpcnsory ligament, lying amongst the fibres of the superficial fascia

;

it is triangular in form ; its anterior border is free, above it is connected
with the fore part of the pubic symphysis, aixl below it runs down upon
the dorsum of the penis.

The integuments of the penis are supplied with blood by branches of
the dorsal artery of the penis and external pudic ; the veins join the
dorsal and external pudic veins. Their nerves are derived from the
dorsal and anterior superficial perineal brandies of the pudic nerves.

•THE COEPOKA CAVEPJSTOSA.

The corpora cavernosa form the principal part of the body of the

penis, and chiefly determine its form and consistence ^n the state of

erection. They are two cylindrical bodies, placed side by side, flattened

on their median aspects, and closely united and in part blended together

along the middle line in the anterior three-fourths of their length
;

whilst at the back part, in contact with the symphysis pubis, they
separate from each other in the form of two bulging and than tapering

processes named crura, which, extending backwards, are attached to the

pubic and ischial rami, and are invested by the erectores penis or

ischio-cavernosi muscles. The enlarged portion at the root, named by
Xobelt the hidb of tlie corpora cavernosa, attains a much greater pro-

portionate development in some quadrupeds tlran in man. In front,

the corpora cavernosa are closely bound together into a blunt conical

extremity, which is covered by the glans penis and firmly connected to
its base by fibrous tissue.
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The under surface of the united cavernous bodies presents a longi-

tudinal groove, in ^vhich is lodged the corpus spongiosum, containing

Fig. 311.

—

Root of the Penis attached
TO THE Rami op the Pukes and
Ischium (from Kobelt). |

a, a, accelerator urinre muscle covering

the bulh of the spongy body of the urethra,

which presents at e, ijosteriorly, a median
notch ; h, b, anterior slips of the muscle,

or bulbo-cavernosi ; c, c, crura of the
penis, presenting an oval dilatation or
bulb of the corpus cavernosum ; d, d,

erectores penis muscles
; /, corpus spon-

giosum urethrtB.

the greatest part of the canai of
the urethra. The upper or an-

terior surface is also marked with
a slight median groove in which
the dorsal vein of the penis is

situated, and near the root is at-

tached to the pubes by the sus-

l^ensory ligament.

Structure.—The median sep-

tum between the two corpora

cavernosa is thick and complete
near the root of the penis ; but
farther forward it becomes thin-

ner, and only imperfectly separates their two cavities, for it presents,

particularly towards the anterior extremity, numerous clefts, extending
from the dorsal to the urethral edse, and admitting; of a free communi-

Fig. 312.

—

Tk.vnsverse Seotion of the Penis in the
DISTENDED STATE (altered from Henle).

The outer line indicates the integument surrounding

the deeper parts ; the erectile tissue of the corpora

cavernosa and the septum pectiniforme are shown in

section ; «, placed on the section of the spongy body,

below the urethra ; v, the single dorsal vein ; a, the

dorsal artery, and n, the nerve, of one side.

cation between the erectile tissue of the two
sides. From the direction of these slits, the

intermediate white portions of the septum
resemble somewhat the teeth of a comb,

and hence have received the name oi septum pectimforme.

The external librous investment of the cavernous structure is white

and dense, from half a line to a line thick, and very strong and elastic.

It is composed for the most part of longitudinal bundles of shining-

white fibres, with numerous well-developed elastic fibres, enclosing the

two corpora cavernosa in a common covering ; and internal to this, each

compartment is surrounded by a layer of circular fibres, which enter

into the formation of the septum.
From the interior of the fibrous envelope, and from the sides of tho

BCDtum, numerous lamellae, bands, and cords, composed of fibrous elastic
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and plain muscnlar tissue, and named tralcculcc, pass inwards, and run
through and across the cavity in all directions, thus subdividing it into

Fig. 313.—Portion op the Fig. 313.

Erectile Tissue oi" the
Corpus Gaveknosum mag-

nil'ied, showing the areo-

LAR Structure and the
Vascular Distribution

(from J. MuUer).

a, a small artery supported

by the larger trabecula;, and
liranching out on all sides ; c,

the tendril-like arterial tufts

or helicine arteries of Muller
;

d, the areolar structure formed
by the finer trabcculee.

a multitudeof interstices

occupied by tortuous

veins, and giving the

entire structure a spongy
character.

The trabeculaj,
whether lamelliform or

cord-like, are larger and
stronger near the cir-

cumference than along the centre of each cavernous body, and they also

become gradually thicker towards the crura. The venous interspaces,

conversely, are larger in the middle than near the surface ; their long

Fig. 314.

-Erectile Tissue from the peripheral part of the Corpus Cavernosum:
Penis, magnified with a low power (from Fx-ey after Langer).

1, a and h, superficial and deeper cortical network of veins ; 2, a, a, jDassage of arterial

ramuscules into the veins of the deeper cortical network.

diameter is, in the latter situation, placed transversely to that of the

penis : and they become larger towards the forepart of the penis. They
are lined by a layer of flattened epithelioid cells similar to that lining

other veins. The trabecula3 contain the ordinary white fibrous tissue

and fine elastic fibres, together with a considerable quantity of pale
VOL. II. F 1'
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muscular fibres, and in many of them small blood-vessels and nerves

occupy the interior.

The intertrabecular spaces thus form a labyrinth of intercommuni-

cating venous areolge divided by the trabecular tissue, and opening

freely from one corpus cavernosum to the other tlirough the septum,

especially in front. The blood is carried away from these spaces by

two sets of veins, the one joining the prostatic plexus and pudendal

veins below ; the others passing into the dorsal vein superiorly. Of
these last some issue from between the corpus cavernosum and the

spongy body of the urethra, encircling the penis nearly at right angles,

while others pass more directly into the dorsal vein from the upper

surface.

The principal arteries of the corpora cavernosa are the cavernous

branches of the pudic arteries (profandge penis), of the right and left

sides ; but the dorsal artery of the penis also sends small twigs

through the fibrous sheath of the corpora cavernosa, along the upper

sm-face, especially in the fore part of the penis. \Yithin the cavernous

tissue, the numerous branches of arteries are supported by the trabecute,

in the middle of which they run, and terminate in two modes ; some of

them subdividing into branches of capillary minuteness which open into

the intertrabecular spaces ; while others form tendril-like twigs which

project into the spaces, and end in peculiar curling dilated extremities

to which attention was first called by J. Midler, who named them heli-

cine arteries, and regarded them as a special structure belonging to the

erectile tissue. The extremity of each curled dilatation would appear

Fig. 315. Fig. 315.—Helicine Arteries with
THEIR SHEATHS, &c. (fi-om Henle).

Magnified with a low power.

A and B, from the corpus cavernosum
jienis ; D, from the corxjus si^ongiosum

urethrte ; C, transverse section of one of

the helicine arteries ; in this and the

other figures the smaller lateral pro-

longations of the arterial vessels into the

sheath are shown ;
'' *, fasciculi of con-

nective tissue passing off from the sum-

mit of two of the sheaths.

to be bound down by a small

fibrous band, which according to

Henle is usually solid, but is

said by Iviilliker to contain a

capillary continuation of the

blood-vessel. The helicine ar-

teries are most abuudant in the

posterior part of the corpora

cavernosa, and are found in the

corresponding part of the corpus

spongiosum also ; but they have

not been seen in the glans penis.

Various views have been taken

by different anatomists of the nature of these tufted vascular processes.

The very full researches of Langer appear to show that they are nothing
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more than arterial loops or convolutions thrown into peculiar forms
by the manner in which they are bound down by the trabeculge in

which they run. They are most distinct in man, but are not con-

stant in animals, so that, whatever may be their use, they do not appear
to be essential to the process of erection.

According to Langer the deep arteries of the corpora cavernosa, pene-
trating by the side of the septum, and dividing within the trabeculse,

terminate in the following several ways : 1st, over the whole surface of

the corpora cavernosa and close to the fibrous sheath and septum, they

form by their division true capillaries which communicate with the

deeper cortical venous network ; 2nd, into this network there also open
directly arterial twigs of about ^ j o^h of an inch in diameter, without any
intermediate capillary division ; and 3rd, arterial vessels of from :;^oth to

3-^-oth of an inch in diameter open, without the intervention of capil-

laries, into the larger venous spaces of the interior. Capillary networks
also surround the arterial branches and the trabeculfe of the deeper

parts of the corpora cavernosa. (C. Langer, in Sitzuugsbericht der
Wien. Acad., vol. xlvi. p. 120.)

CORPUS SPONGIOSUM.

The corpus spongiosum uretJircb commences in front of the triangular

ligament of the perineum, where it is placed between the diverging crura

of the corpora cavernosa, and somcAvhat behind their point of junction.

The enlarged and rounded posterior extremity is named the huJb, and is

situated below the urethra. It extends forwards as a cylindrical, or

slightly tapering body, lodged in the groove on the under side of the

united cavernous bodies, as far as their blunt conical anterior extremity,

over which it expands so as to form the glans penis already described.

In the whole of this extent it encloses the urethra.

The posterior bulbous part, or lull) of the urethra., varies in size in

different subjects. It receives an investment from the triangular liga-

ment on which it rests, and is embraced by the accelerator urinte, or

bulbo-cavernosus muscle. The posterior extremity of the bulb exhibits,

more or less distinctly, a subdivision into two lateral portions or lobes,

separated by a slight furrow on the lower surface, and by a slender fibrous

partition within, which extends for a short distance forwards ; in early

infancy this is more marked. It is above this part that the urethra,

having pierced the triangular ligament, enters the bulb, surrounded
obliquely by a portion of the spongy tissue, named by Kol3elt the coUir-

culus hulhi, from which a layer of venous erectile tissue passes back
upon the membranous and prostatic portions of the urethra to the

neck of the bladder, lying closely beneath the mucous membrane. At
first the urethra is nearer the upper than the lower part of the corpus
spongiosum, but it soon gains and continues to occupy the middle of
that body.

Structure.—This is essentially the same as regards the vascular part
with that of the corpora cavernosa, but with a much less quantity of the

external fibrous and deeper trabecular structure. Like the corpora
cavernosa, it is distended with blood during erection, but never acquires

the same rigidity. The outer fibrous tunic is much thinner, is less white
in colour, and contains more elastic tissue ; the areolfB are smaller, and
directed for the most part with their long diameter in the line of that

F F 2
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of the penis ; the trabecule are finer and more equal in size ; and
the veins form a nearly uniform plexus between them ; in the glans, the

meshes of this plexus are smallest and most uniform. Plain muscular

fibres immediately surround the canal of the urethra, and also form part

of the external coat of the spongy substance. The helicine arteries are

found in the spongy body, especially towards the bulb, but not in the

part which forms the glans penis. A considerable artery derived from

the internal pudic enters the bulb on each side, and supplies the greater

part of the spongy body, sending branches as far as the glans penis,

but this part is chiefly supplied by branches from the arteria dorsalis.

Besides these, Kobelt describes, as constantly present, another but much
smaller branch of the pudic artery, entering the bulb on the upper

surface, about an inch from its posterior extremity, and running forwards

in the corpus spongiosum to the glans. It is only in the spongy

body of the bulb that the arteries open directly into the veins : there

in part, and elsewhere entirely, it is by the intervention of capillaries.

Vems issue from the glans and adjoining part of the spongy body, to end
in the vena dorsalis penis ; those of the rest of the spongy body for the

most part pass backwards through the bulb, and end in the prostatic

and pudic venous plexuses : some emerge from beneath the corpora

cavernosa, anastomose with their veins, and end partly in the cutaneous

veins of the penis and scrotum, and partly in the pudic and obturator

veins.

The lymphatics of the penis form a dense network on the skin of

the glans and prepuce, and also underneath the mucous lining of the

urethra. They pass chiefly into the inguinal glands. Deep-seated

lymphatics are also described as issuing from the cavernous and spongy
bodies, and passing under the pubic arch with the deep veins, to join

the lymphatic plexuses in the pelvis.

The nerves of the penis are derived from the dorsal and superficial

perineal branches of the pudic nerve and from the hypogastric plexus

of the sympathetic. The former are distributed to the skin and mu-
cous membrane, the latter entirely to the cavernous and spongy bodies.

Krause observed end-bulbs on the nerves of the penis, and Schweigger-

Seidel found Pacinian bodies on the nerves of the glans.

UEETHRA OF THE MALE.

The male urethra extends from the neck of the bladder to the extremity

of the penis. Its total length is about eight inches and a half, but
varies much according to the length of the penis, and the condition of

that organ. Its diameter varies at different parts of its extent, as will

be stated more particularly hereafter. The tube consists of a contin-

uous mucous membrane, supported by an outer layer of submucous
tissue connecting it with the several parts through which it passes. In
the submucous tissue there are, throughout the whole extent of the

urethra, two layers of plain muscular fibres, the inner fibres disposed

longitudinally, and the outer in a circular direction. The urethra is

described under the three divisions of the 2^'ostatic, memh-anoiis, and
sjpongij portions.

1. The first, or prostatic portion, is the part which passes through
the prostate gland. It is about 15 lines in length, is the widest part

of the canal, and is wider in the middle than at either end : at the neck
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of tliG bladder its diameter is nearly 4 lines, in the next part it widens
a little, so as to be rather more than 4 lines, and in old persons 5 or 6,

Fig. 316.

Pig. SIC— The lowku part of the Bladder and the Prostatic, Membranous, and
Bulbous parts of the Urethra opened from above. (A. T.

)

A portion of the wall of the bladder and the upper part of the prostate gland have
teen removed, the corpora cavernosa penis have been separated in the middle line and
turned to the side, and the urethra has been slit up ; the bulb is left entire below, and
upon and Ijehind it the glands of Cowper with their ducts have been exposed, t, placed
in the middle of the trigonum vesicce ; u, u, oblique apertures of the ureters ; from these an
elevation of the wall of the bladder is sho\\Ti running do^vTi to « v, the uvula vesicffi ; I, the
longitudinal muscular fibres of the bladder jiassing dov,-n upon the prostate ; s v, the,

circular fibres of the sphincter surrounding the neck
; p, the glandular part of the pro-

state
;

2'', the prostatic portion of the urethra ; from the uvula vesicfe a median ridge is

seen descending to the caput gallinaginis, in which s indicates the opening of the
sinus pocularis, and d, that of one of the ductus ejaculatorii ; m, the commencement of
the membranous portion of the urethra ; &, the bulb of the spongy body ; h', the bulbous
part of the urethra ; c, one of Cowper's glands ; c d, c d, course and orifice of its duct
lying upon the bulb, and passing forward between the spongy body and the urethra, into
which along with its fellow it opens ; c c, one of the corpora cavernosa.
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farther ou it diminishes like a funnel, until, at its anterior limit, it

is smaller than at its commencement. It passes through the upper part

of the prostate, above the middle lobe, so that there is more of the gland

below it than above. Though enclosed in the firm glandular substance,

it is more dilatable than any other part of the urethra ; but imme-
diately at the neck of the bladder, it is, as elsev*'here stated, mucli

more resistant. The transverse section of the uretlira, as it lies in the

prostate, is widened from side to side and curved with the convexity

upwards, the upper and under mucous surfaces being in contact.

The lining membrane of the prostatic portion of tlie urethra is

thrown into longitudinal folds, when not distended by fluid. Towards
the neck of the bladder, a slight elevation on the lower surface passes

back into the uvula vesicse. Somewhat in advance of this, and con-

tinued from it along the floor of the passage, projects a narrow
median ridge, about 8 or 9 lines in length, and 1-^ line in its greatest

height ; this ridge gradually rises into a peak, and sinks down again

at its anterior or lower end, and is formed by an elevation of the

mucous membrane and subjacent tissue. This is the crest of the

urethra (crista urethra3), which also receives the names of collicuhis

seminalis, caput gallinaginis and vcrumontanum. On each side of this

ridge the surface is slightly depressed, so as to form a longitudinal

groove, named the prostatic, sinas, the floor of which is pierced by nu-
merous foramina, the orifices of the prostatic ducts. Through these a

viscid fluid oozes out on pressure ; the ducts of the middle lobe open
behind the urethral crest, and some others o])en before it. The prostatic

urethral mucous membrane is covered by a flat laminated epithelium.

Vesicnla j^rostafica.—At the fore part of the most elevated portion of

the crest, and exactly in the middle line, is a recess, upon or within

the margins of which are placed the slit-like openings of the common
seminal or ejaculatory ducts, one at each side. This median depression

leads into the prostatic vesicle, which has been named also sinns pocii-

laris, or iitrkle. It was first described by Morgagni, and has more
lately attracted renewed attention, as corresponding with the structure

which in the female is developed into the uterine passage.

The vesicle forms a cul-de-sac running upwards or backwards, from
three to five lines deep, and usually about one line wide at its entrance

and for some distance up, but acquiring a width of at least two lines at

its upper end or fundus. The narrow portion runs in the urethral crest,

and its fundus appears to lie behind and beneath the middle lobe, and
between the two lateral lobes of the prostate. Its parietes, which are dis-

tinct, and of some thickness, are composed of fibrous tissue and mucous
membrane, together with a few muscular fibres, and enclose on each side

the ejaculatory duct ; numerous small ramified and convoluted glands

open on its inner surface. The epithelial lining is of the flat laminated

kind. According to Kobelt and others, the caput gallinaginis contains

some well-marked erectile and plain muscular tissue, and it has been
supposed that this eminence, when distended with blood, may offer an
obstacle to the passage of the semen backwards into the bladder. (E.

H. Weber, Zusatze zur Lehre vom Baue und Verrichtungeu der Gesch-
lechts-Organe, 1846; Huschke in Soemmerring's Anatomie, vol.v. ;

Leuckart, " Vesicnla Prostatica," in Cyclop, of Anat. & Phys.)
2. The membranous portion of the urethra comprises the part

between the apex of the prostate and the bulb of the corpus spongio-



MUCOUS MEMBRANE. 439

sum. It measures three quarters of an inch aiong its anterior, but

only about half an inch on its posterior surface, in consequence of the

projection backwards on it of the bulb. This is the narrowest division

of the urethra. In the middle its circumference is 0'6 of an inch : at

the end 0'5. It is placed beneath the pubic arch, the anterior con-

cave surface being- distant nearly an inch from the bone, leaving an
interval, occupied by the dorsal vessels and nerves of the penis, by
areolar tissue, and some muscular fibres. Its lower convex surface

is turned towards the periuEcum, opposite to the point of meeting
of the transverse muscles : it is separated by an interval from the

last part of the rectum. About a line in front of the prostate, it

emerges from between the anterior borders of the levatores ani, and
passes through the deep laj'er of the subpubic fascia ; it is then placed

between that and the anterior layer or triangular ligament through

Avhicli it passes someway farther forwards, and has both of these fibrous

membranes prolonged upon it, the one backwards and the other for-

wards. Between these two layers the urethra is surrounded by erectile

tissue, by some veins, and also by the fibres of the compressor urethrce

muscle beneath it. On each side are Cowper's glands. The proper or

plain muscular fibres of this portion of the urethra are continued over

the outer and inner surfaces of the prostate into the muscular fibres of

the bladder posteriorly, and into those of the spongy portion of the

urethra anteriorly. (Hancock.)

3. The spongy portion of the urethra, by far the longest and most
variable in length and direction, includes the remainder of the canal,

or that part which is surrounded by the erectile tissue of the corpus

spongiosum. Its length is about six inches. The part contained

within the bulb, sometimes distinguished as the hulhous iwrtion, or

sinus, is somewhat dilated. The succeeding portion, as far as the gians,

is of uniform diameter, being intermediate in this respect between the

bulbous and membranous portions. The cross section of its canal

appears like a transverse slit. The canal of the urethra, situated in

the glans has, on the contrary when seen in a cross section, the form

of a vertical slit : in this part, which is from four to six lines in length,

the canal is again considerably dilated, forming what is named the

fossa navicularis.

Lastly, at its orifice, which is a vertical fissure from two and a half

to three lines in extent, and bounded by two small lips, the urethra is

again contracted and reaches its narrowest dimensions. From the

resistant nature of the tissues at its margin, this opening does not

admit so large a sound or catheter as even the membranous i3ortion of

the canal.

The mucous membrane of the urethra possesses a lining of stra-

tified epithelium, of which the superficial cells are columnar, except

for some distance from the orifice, where they are squamous, and where
the subjacent membrane is beset with papillse. Outside the mucous
membrane there is a layer of convoluted vascular structure, and ex-

ternal to that a layer of plain circular muscular fibres separating it

from the proper substance of the spongy body.
The whole lining membrane of the urethra is beset with small race-

mose mucous glands and follicles, commonly named the glands of Littre,

the ducts of which pass obliquely forwards through the membranes.
They vary much in size and in the extent to which their cavities are
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ramified and sacculated. Besides these tJiere are larger recesses or

laciinse, opening by oblique orifices turned forwards or down the canal.

These are most atiundaut along the floor of the urethra, especially in

its bulbous part. One large and conspicuous recess, situated on the

upper surface of the fossa navicularis, is named the lacuna magna. A
median fold of the membrane rising from the inferior surface of this

part of the urethra has been named the valve of tlie fossa navicularis.

Cowper's glands.—In the bulbous portion of the urethra, near its

anterior end, are the two openings of the ducts of Coivpefs glands.

These small glandular bodies are seated farther back than the bulb,

beneath the fore part of the membranous portion of the urethra,

between the two layers of the subpubic fascia, the anterior layer sup-

porting them against the urethra. The arteries of the bulb pass above,

and the transverse fibres of the compressor urethrse beneath these

glands. They are two small firm rounded masses, about the size of

peas, and of a deep yellow colour. They are compound vesicular or

racemose glands, composed of several small lobules held together by a.

firm investment. This latter, as well as the walls of the ducts, con-

tains muscular tissue. The branched ducts which commence in saccular

crypts, unite outside each gland to form a single excretory duct. These
ducts run forward near each other for about an inch or an inch and a

half, first in the spongy substance and then beneath the mucous mem-
brane, and terminate in the floor of the bulbous part of the urethra by
two minute orifices opening obliquely. These glands secrete a viscid

fluid, the use of which is not known ; they appear to diminish in old

age ; sometimes there is only one present, and it is said both may be

absent.

Occasionally there is a third glandular body in front of and between Cowper's
glands ; this has been named the anterior 2->>'ostate or anic-2)rostatic gland.

The muscles in connection with the uretlira and penis have been
already described with the muscles of the periuEeum in the first volum^e.

THE TESTICLES, AND THEIE, ACCESSORY STRUCTURES.

The testicles or testes, the two glandular organs which secrete the

seminal fluid, are situated in the pouch of integument termed the scro-

tum, each being suspended by the spermatic cord. The latter parts

will be first described.

The spermatic cord.—The parts which form this cord are the

excretory duct of the testicle, named the vas deferens, the spermatic

artery and veins, lymphatics, nerves, and connecting areolar tissue.

Besides this last the cord has several coverings in common with the

testis. The structures mentioned come together to form the cord at the

internal or deep abdominal ring, and, extending through the abdominal
wall obliquely dowuAvards and towards the middle line, escape at the

superficial or external abdominal ring, whence the cord descends over

the front of the pubes into the scrotum.

COVEBINGS OF THE TESa?IS AND CORD.

The inguinal cai^al.—By the term inguinal canal is understood the

space occupied by the spermatic cord as it passes through the abdominal
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wall. It extends from the deep to the superficial abdominal ring, and
is about an inch and a half in length. In the upper part of this course,

the cord has placed behind it the fascia transversalis, and is covered in

fi'ont by the lower fibres of the internal oblique and transversalis

muscles ; lower down it lies in front of the conjoined tendon of these

muscles, the fibres of which have arched inwards over it, and its cre-

masteric covering is in contact anteriorly with the aponeurosis of the

external oblique muscle. The inguinal canal is therefore said to be
bounded posteriorly by the fascia transversalis above and the conjoined
tendon below, and anteriorly by fibres of the transversalis and internal

oblique muscles above, and the aponeurosis of the external oblique

muscle below ; Avhile its floor is formed by the curving backwards of

Poupart's ligament, and its roof by the apposition of the layers of
t!ie abdominal wall and the arched fi-bres of the internal oblique

muscle.

As it enters the inguinal canal, the cord receives a covering from
the infundibuliforni fascia, a thin laj^er continuous with the fascia

transversalis, and prolonged down from the margin of the deep abdo-
minal ring ; within the canal it receives a covering from the cremaster

muscle and its layer of fascia; and as it emerges from the canal

there is added, superficially to tliis, the intercolumnar fascia prolonged

from the margin of the superficial abdominal ring.

The SCEOTUM.—The scrotum forms a purse-like investment for the

testes and part of the spermatic cords. Its condition is liable to

some variations according to the state of the health and other cir-

cumstances : thus it is short and corrugated in robust persons and
mider the efi'ects of cold, but becomes loose and pendulous in persons

of weak constitution, and under the relaxing influence of heat. A
superficial division into two lateral halves is marked by a slight median
ridge, named the raphe, extending forwards to the under side of the

penis, and backwards along the perinfeum to the margin of the anus.

The coverings of the cord and testis in the scrotum may be enume-
rated from without inwards as follows, viz., the slcin, siq^crficial fascia

and dartos tissue, the intercolumnar fascia, the cremaster muscle and
fascia, and the infumlihuliform fascia, which is united to the cord by a
layer of loose areolar tissue ; lastly, the special serous membrane of

the testicle, named the tunica vaginalis, which forms a close sac, of

which one part lines the scrotum and the other closely envelopes the

testicle.

1. The sHn of the scrotum is very thin, and is of a darker colour
than elsewhere ; it is generally thrown into rugae or folds, which are

more or less distinct according to the circumstances already mentioned.
It is furnished with sebaceous follicles, the secretion from which has a
peculiar odour, and it is covered over with thinly scattered crisp and
flattened hairs, the bulbs of which may be seen or felt through the skin
when the scrotum is stretched. The superficial blood-vessels are also

readily distinguished through this thin integument.
2. Immediately beneath the skin of the scrotum there is found a

thin layer of a peculiar loose reddish-brown tissue, endowed with con-
tractility, and named the dartos tunic. This subcutaneous layer is

continuous with the superficial fascia of the groin, perinreum, and inner
side of the thighs, but assumes a difierent structure, and is entirely

free from fat. The dartoid tissue is more abundant on the fore part
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of the scrotum than behind, and, moreover, it forms two distinct sacs,

which contain the corresponding testes, and are united together along

the middle line so as to establish a median partition between the two
glands named the septum scroti, which is adherent below to the deep

surface of the raphe, and reaches upwards to the root of the penis.

The dartos is ...very vascular, and, as was first shown by Kolliker,

owes its contractile properties to the presence of a considerable amount
of unstriped muscular tissue. Its contractility is slow in its action

;

it is excited by the application of cold and of mechanical stimuli, but,

apparently, not by electricity. By its general contraction the skin of

the scrotum is drawn together and more or less corrugated.

3. The intercolumnar or spermatic fascia, a very thin and trans-

parent but relatively firm layer, derived from the tendon of the external

oblique muscle of the abdomen, is attached above to the margins of the

external ring, and is prolonged downwards upon the cord and testicle.

It lies at first beneath the superficial fascia, and lower down beneath

the dartos, and it is intimately connected with the layer next men-
tioned.

4. The cremasteric layer is composed of scattered bundles of striped

muscular fibres, connected together into a continuous covering by inter-

mediate areolar membrane. The red muscular portion, which is con-

tinuous with the lower border of the internal oblique muscle of the

abdomen, constitutes the cremaster muscle, and the entire covering is

named the cremasferk fascici. By the action of the cremaster the cord

is shortened and the testicle is raised towards the body.

5. The infundibuliform fascia, continuous above with the fascia

transversalis and the subperitoneal areolar membrane, and situated

immediately beneath the cremasteric fascia, invests the cord com-
pletel}^ and is connected below with the posterior part of the testicle

and the outer surface of its serous tunic. On forcing air beneath the

infundibuliform fascia, a quantity of loose and delicate areolar tissue

is seen to connect its deep surface with the vas deferens and spermatic

blood-vessels, and to form lamella between them. This areolar tissue

is continuous above with the subserous areolar tissue found beneath the

peritoneum on the anterior wall of the abdomen ; below, it is lost upon
the back of the testicle. Together Avith the infundibuliform fascia, it

forms the fascia projma of A. Cooper.

Lying amongst this loose areolar tissue, in front of the upper end of

the cord, there is often seen a fibro-areolar band, which is connected

above with the pouch of peritoneum found opposite the upper end of

the inguinal canal, and which passes downwards for a longer or shorter

distance along the spermatic cord. Occasionally it may be followed as

a fine cord, as far as the upper end of the tunica vaginalis ; sometimes

no trace of it can be detected. It is the vestige of a tubular process of

the peritoneum, which in the foetus connects the tunica vaginalis with

the general peritoneal membrane. The testicle is placed within the

abdomen during the greater part of foetal life ; but at a period con-

siderably prior to its escape from the abdominal cavity, a pouch of

peritoneum already extends down into the scrotum. Into this pouch, or

processus vaginalis inritomd, the testicle projects from behind, sup-

ported by a duphcature of the serous membrane, named the mesor-

cliium. Sooner or later after the gland has descended into the scrotum,

the upper part or neck of this pouch becomes contracted and finally
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obliterated, from the internal abdominal ring down nearly to the

testicle, leaving no trace but the indistinct fibrous cord already de-

scribed, while the lower part remains as a closed serous sac sm-rounding

the testicle, and which is thence named the tunica vaginalis.

In the female foetus an analogous pouch of peritoneum descends for

a short distance along the round ligament of the uterus, and has
received the appellation of the canal of Nuck. Of this traces may
almost always be seen in the adult.

Varieties.—The neck of the processus vaginalis sometimes becomes closed at

intervals only, leaving a series of sacculi along the front of the cord ; or a long
lioucli may continue open at the upper end, leading fi'om the abdominal cavity into

the inguinal canal. In other instances, the peritoneal process remains altogether
pervious, and the ca-\aty of the tunica vaginalis is thus made continuous with
that of the peritoneum. In such a case of congenital defect, a portion of
intestine or omentum may descend from the abdomen into the inguinal canal
and scrotum, and constitute what is named a congenital hernia. Lastly, one
or both testes may remain pennanently within the abdomen, or their descent may
be delayed till after puberty, when it may occasion serious disturbance. Retention
of the testes in the abdomen (cry|>torchismus) is, in many instances, the accom-
paniment of arrested development of the glandular structure ; it is, however, a
peculiarity which may be present without impotence.
In a few mammals, as the elephant, the testes remain permanently within the

abdomen ; in a much larger number, as the rodentia, they only descend at each
period of rut. The com-
plete closure of the tunica

vaginalis is peculiar to man,
and may be considered as

connected with his adapta-

tion to the erect posture.

Fig. 317.

—

The Left Tunica
Vaginalis opened, sho'sv-

ING THE Testis, Epididy-

mis, &C., FROM THE OUTER
SIDE. (A. T.)

J), p, the cut edges of the

jiarietal tunica vaginalis drawn
aside laterally, as well as above
and below ; t, the body of the

testicle ; e, the globus major
of the epididymis ; e', the

globus minor, near which, /, a.

fold of the tunica vaginalis (or

ligament) passes from the

body of the testis to the side
;

in the upper part of the figure

the tunica vaginalis has been
slightly dissected off at the

place of its reflection on the

cord to show v d, the vas

deferens, and [;, the organ of

Girakles ; G-, the three small

nodules of this organ enlarged

about ten times, and showing
the remains of tubular struc-

ture within them ; h, hydatid

of Morgagni.

Fig. 317.

-^

6. The tunica vaginalis.—This tunic forms a shut sac, of which the

opposite free surfaces are in contact with each other. Like the serous
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membranes in c"eneral, of which it presents one of the simplest forms,

it may be described as consisting of a viscer al and a parietal portion.

The visceral portion, iunica vaginalis testis, closely invests the greater

part of the body of the testis, as vt^ell as the epididymis, between which
parts it is depressed in the form of a pouch (digital fossa), and lines

their contiguous surfaces, and it adheres intima tely to the proper fibrous

tunic of the gland. Along the posterior border of the gland,' where the

vessels and ducts enter or pass out, the serous coat, having been re-

flected, is wanting. This portion of the serous covering frequently pre-

sents villous prolongations on the borders of the epididymis and upper

end of the testis ; these processes, sometimes of__co nsiderable length, are

covered in some places with cylindrical, in otfiers with layers of flat

epithelium (Luschka, in Virchow's Archiv, Vol. VI., p. 321, and La
Valette St. George, in Strieker's Handbuch, p. 523).

The parietal or scrotal portion of the tunica vag inalis is more exten-

sive than that which covers the body of the testis ; it reaches upwards,

sometimes for a considerable distance, upon the spermatic cord, extend-

ing somewhat higher on the inner than on the outer side. It also

reaches downwards below the testicle, which, therefore, appears to be
suspended at the back of the serous sac, when this latter is distended

with fluid ; a fold, or so-called ligament, being left projecting at the

lower end of the epididymis.

Vessels and nerves of the scrotum and spermatic cord.

—The arteries are derived from several sources. Thus, the two ex-

ternal pudic arteries, branches of the femoral, reach the front and sides

of the scrotum, supplying the integument and dartos ; the superficial

perineal branch of the internal pudic artery is distrib uted to the back
part of the scrotum ; and, lastly, more deeply seated than either of these

is a branch given from the epigastric artery, named cremasteric, which
is chiefly distributed to the cremaster muscle, but also supplies small

branches to the other coverings of the cord, and by its ultim.ate divisions

anastomoses with the other vessels. The artery of the vas deferens, a

long slender vessel derived from the superior vesical, accompanies the

tube in its whole length. The veins, which, from the thinness of the

integuments, are apparent on the surface of the scrotum, follow the

course of the arteries. The veins of the cord form the spermatic or

pampiniform plexus elsewhere described. The tympliatics pass into the

inguinal lymphatic glands.

The nerves also proceed fi'om various sources. Thus, the ilio-

inguinal, a branch of the lumbar plexus issuing by the external abdo-

minal ring, supplies the integuments of the scrotum ; this nerve is

joined also by a filament from the ilio-hypogastric branch of the same
plexus : sometimes two separate cutaneous nerves come forward through
the external ring. The two superficial perineal branches of the internal

pudic nerve accompany the artery of the s ame name and supply the

inferior and posterior parts of the scrotum. The inferior pudendal, a

branch of the small sciatic nerve, joins vdth the perineal nerves, and
with them is distributed to the sides and fore part of the scrotum.

Lastly, the spermatic branch of the genito -crural nerve reaching the

spermatic cord at the internal abdominal ring, passes with it through
the inguinal canal, and supplies the fibres of the cremaster muscle,

besides sending a few filaments to the other deep coverings of the

cord and testicle.
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THE TESTICLES.

The testes, or principal reproductive glands (StSu^or, opxi^), are suspended
obliquely in the scrotum by means of the cord and membranes already

described ; they are usually placed at unequal heights, tliat of the left

side being lower than the other. They are of an ovoid form, but are

slightly compressed laterally, so that tliey have two somewhat flattened

sides or faces, an upper and a lower end, an anterior and a posterior

border. They are about an inch and a half long, an inch and a quarter
wide from back to front, and nearly an inch thick from side to side.

The weight of each varies from three-quarters of an ounce to an ounce,
the left being often a little the larger of the two.

The front and sides of the testicle, together with the upper and the
lower ends, are free, smooth, and closely invested by the tunica vaginalis.

The posterior border is attached to the spermatic cord, and it is here
that the vessels and nerves enter or pass out. When the testis is sus-

pended in its usual position, its upper end is directed obliquely forwards,

and outwards, as well as upwards, whilst the lower, which is rather

smaller, has the opposite direction. It follows from this that the pos-
terior or attached border is turned upwards and inwards, and the outer
flattened face slightly backwards.

Attached to the posterior border of the gland, and resting also on the
neighbouring portion of its outer face, is placed a long narrow body, the
epididymis, winch forms part of the excretory apparatus of the testicle,

and is principally composed of the convolutions of a long tortuous canal
or efferent duct, to be presently described. Its upper extremity, con-
siderably larger than the lower, projects forwards on the upper end of
the testis, and is named the liead or globus major ; the lower, which is

more pointed, is termed the tail, or globus minor ; whilst the intervening

Fig. 318.

—

Transteese Section thkough the Fig. 3jS.
Right Testicle and the Tunica Vaginalis (from

Kolliker). e J J A. , ^^

a, connective tissue enveloping the parietal layer of m j^Me^sjw.j^'' <^

the tunica vaginalis ; b, tliis layer itself : c, cavity of >(r\^^^S?^ ^^Vv
the tunica vaginalis ; d, reflected or visceral laye (/ /^^jS^ST' ^ag^^ a.

adhering to e, the tunica albuginea
; /, covering of ,j f ^Kkjj^SS^^ '^'^

epididymis [fj) on the right or outer side ; li, medias-
,^

/ 'J^^^^^^^HV V
tinum testis ; /, branches of the spermatic artery ; ,1%

Jj |,^^^^^^^^Bi| ^ '^

spermatic vein ; I, vas deferens ; m, small artery of i| i^^^^^^^HH] ''^ t

the vas deferens ; ??, lobules of the testis ; o, septa or \ l^^^^^^^H/ ^i

processes from the mediastinum to the surface. ^~ V' I^^^^^^^V/ ";^" s

portion is named the body. The convex "^

\^^Hi^/
surface of the epididymis and the thin an- X/j™^\/^
terior border are free, and covered by the ar*'«*=«»*^

tunica vaginalis. The concave surface, or that directed towards the

testis, except at the upper and lower ends, is also free, and invested by the

same tunic, which here forms the digital pouch between the epididymis

and the outer face of the testicle, and nearly surrounds the epididy-

mis, except along its posterior border, which is united to the gland by
a duplicature of the serous membrane, containing numerous blood-

vessels. At its upper and lower extremity, the epididymis is attached

to the testicle by fibrous tissue aud a reflection of the tunica vaginalis,

the gbbus major also by the eflferent ducts of the testicle.
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At the back of the testis and epididymis, beneath the fascia propria,

there is found, opposite the lower two-thirds of the testis, a consider-

able amount of unstriped muscular tissue, the inner muscular tunic of

Kolliker.

Situated on the front of the globus major, somewhat to the outer side,

there is usually found one or more small pedunculated bodies formed by
an extension of the tunica vaginalis and containing connective tissue and
blood-vessels. These are the liydatkls of Morgagni. One of them of a

more regularly pyriform shape and more constant than the rest, lies

closely between the head of the epididymis and the testicle, and is

regarded as the remains of the foetal structure termed Miiller's duct.

The testis is enclosed in a strong capsule, the tunica albuginea.

This is a dense unyielding fibrous membrane, of a white colour, and
of considerable thickness, which immediately invests the soft substance of

the testicle, and preserves the form of the gland. It is composed of

bundles of fibrous tissue, which interlace in every direction. The sur-

face is covered by the tunica vaginalis, except along the posterior

border of the testicle, where the spermatic vessels pass through and
the two extremities of the epididymis are attached.

In the interior, the fibrous tissue of the tunica albuginea is pro-

longed from the posterior border, for a few lines into the substance

of the gland, so as to form within it an incomplete vertical sep-

tum, known as the corpus Highmoriamim, and named by Astley

Cooper med'iasUmmi testis. It extends from the upper nearly to

the lower end of the gland, and it is wider above than below. The firm

tissue of which it is composed is traversed by a network of seminal

ducts, and by the larger blood-vessels of the gland, which are lodged in

channels formed in the fibrous tissue.

From the front and sides of the corpus Highmorianum numerous
slender fibrous cords and imperfect septa of connective tissue are given

oif in radiating directions, and are attached by their outer ends to the

internal surface of the tunica albuginea at diflFerent points, so as to assist

in maintaining the general shape of the testicle, and enclose the several

Fig. 319. —Plan of a Vertical Skction of the Testicle,

SHOWING the ArRANGEJIENT OF THE DuCTS.

The true length and diameter of the ducts have been dis-

regarded, a, a, tubuli seminiferi coiled up in the separate

lobes ; b, vasa recta ; c, rete vasculosum ; d, vasa efi'erentia

ending in the coni vasculosi ; I, e, g, convoluted canal of the

epididymis ; h, vas deferens
; /, section of the back part of

the tunica albuginea ; i, i, fibrous processes running between

the lobes
; / to s, mediastinum

lobes into which the substance of the gland is

divided. According to Kolliker plain muscular
fibres are prolonged upon these septula from
behind. The whole internal surface of the

tunica albuginea is covered by a multitude of

fine blood-vessels, which are branches of the

spermatic artery and veins, and are held together

by a delicate areolar web. Smiilar delicate ra-

mifications of vessels are seen on the various fibrous offsets of the
mediastinum, upon which the blood-vessels are thus supported in the
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interior of the gland. This vascular network, together with its con-

necting areolar tissue, constitutes the tunica vasculosa of Astley Cooper.

Minute structure.—Seminal tubes.—The proper glandular sub-

stance of the testicle is a soft but consistent mass of a reddish-yellow

colour, which is divided into numerous small lobes of conical form, with

the larger ends turned towards the surface of the testicle, and the smaller

towards the mediastinum. The number of these lolics (lobuli testis)

has been estimated at 250 by Berres, and at upwards of 400 by
Krause. They differ m size according to their position, those which

occupy the middle of the gland and reach its anterior border being-

longer and larger than the rest. They consist almost entirely of small

convoluted tubes, named tuhuU seminiferi, in the interior of which
the seminal product is secreted. Each lobe contains one, two, three,

or even more of these convoluted tubules, the coils of which,

being only loosely held together, may be more or less successfully

unravelled by careful dissection under water. Lauth estimates their

mean number to be 840, and the average length of each two feet and a

quarter. Their diameter, which is uniform throughout their whole

course, is from ^~>o^\'i to -x^-Qih. of an inch. They present two kinds of

convolutions, each tube having a fine and regular undulation, which
gives a granular appearance to the whole mass, and this undulatiug tube

being again thrown into complicated folds, which are compressed so

as to be elongated in the direction of the lobule. The lobules are

never quite distinct, for here and there tubules are always to be found

passing from one to another; and it sometimes happens that lobules

which are divided by a distinct plane of contact at one part, are

intimately connected at another ; so that the division of the mass into

lobules varies greatly in its extent, and hence the different estimates of

the number of the lobules by different anatomists. The walls of the

tubuli seminiferi are composed of a basement membrane consisting of

several layers of flattened cells (Mihalkovics). The walls of the tubes

are sufficiently strong to bear the forcible injection of mercury, which

has been commonly employed for their investigation and their display in

preserved specimens.

The mode in which the tubes commence appears to be twofold—viz.,

by free closed extremities, hid within the lobules, but more frequently

by anastomosing arches or loops. After an exceedingly tortuous course,

they at length, in approaching the corpus Highmori, become at first

slightly fiexuous and then nearly straight. The separate tubuli of each

lobe, and then those of adjoining lobes, unite together into larger

tubes, which enter the fibrous tissue of the mediastinum and, being

placed amongst the branches of the blood-vessels, form the straight

tubes or vasa recta.

Spermatic Cells.—The interior of the tubes is occupied by cellular

contents Avhich, in the young subject, assume somewhat the appearance

of an epithelial lining, but in the adult fill the whole tube with a con-

fused mass of cells. In some instances, however, the cells are ranged
in radii from the circumference to the centre, and a passage or lumen
is left in the interior. Throughout the mass the cells are in various stages

of advance towards the formation of the seminal product, some fully

formed spermatic filaments being seen in the centre, and the cells of the

circumference being least developed.

It has been asserted by some observers that the spermatic cells are
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not free, but are embedded in a sort of protoplasmic trabecular net-

work within which they are formed. Tliis was first stated by Sertoli,

in 1864, and more recently a detailed description of such a delicate

trabecular structure has been given by Merkel, whose views are sup-

ported by several other observers. (Merkel, in Da Bois-Reyraond's

Archiv, 1869 and 1871, andLaValette St. George, in Schultze's Archiv,

vol. i.) On the other hand it is asserted as the result of renewed ob-

servations that the alleged framework is the product of artificial pro-

cesses. (Mihalkovics, in Ludwig's Arbeiten, 1874.) It seems most

probable, therefore, that the seminal or spermatic cells are produced as

in other tubular glands by development from the layer of cells lying

originally on the inside of the basement membrane of the tubes. (Kul-

liker's Handbuch, 18G7, p. 526.)

The intervals between the glandular tubes are occupied by blood-

vessels, lymphatics and nerves, embedded iu a peculiar tissue of a

rather undefined character, but presenting a large quantity of the

nuclear and molecular elements, so that Henle compares it to the

cortical substance of the brain, or the contents of ganglionic cells. In

this substance there are large interstitial spaces lined with flat nuclear

epithelium, in whicli Ludwig and Torasa have shown that the lym-

phatics of the testicle commence. ("Wien. Sitzungsbericht, vol. xliv.

p. 221, 1862.)

The vasa recta pursue a comparatively straight course ; they are

upwards oi twenty in number, and are from -g^^th to -Jo^li of an inch iu

diameter. They pass upwards and backwards tlirough the fibrous tissue,

as already stated, and end in a close network of tubes, named by Haller

the rde rasculosum testis, which lies in the substance of the corpus

Highmori, along the back part of the testicle, but in front of the pri-

mary subdivisions of the spermatic blood-vessels before these enter the

gland. The tubes composing the rete have very thin walls. According to

Kcilliker, indeed, they have none proper to them, but are mere channels in

Fig. 320. Fig. 320.—Ducis of the Testicle injected with Mercury
(from Haller).

a, body of tlie testicle ; h, tubiili in tlie interior of the gland
;

c, rete vasculosum ; d, vasa efferentia terminating in the coni

vasculosi ; c, f, g, convoluted canal of the epididymis ; h, vas

deferens ascending from the globus minor of the e^Hdidymis.

the fibrous stroma, lined with squamous epithelium.

According to Henle the epithelium of the tubes

in the rete testis already begins to assume the

columnar character which it possesses in the after

parts of the ducts. They conduct the secretion to

the upper end of the testis, where they open into

the vasa efferentia.

Tlie vasa eS'erentia are from twelve to fifteen,

or sometimes twenty in number ; they perforate the

ftf^*|/ tunica albuginea "beneath the globus major of
'^'

the epididymis, of which they^may be said to form

a part, and in the convoluted canal of which they ultimately terminate.

On emerging from the testis, these vasa eflerentia are straight, but,

becoming more and more conYoluted s-3 thej proceed towards tha
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epididymis, they form a series of small conical masses, the bases of

which are Uivned in the same direction, and which are named C07ii

vascidosi. They are about 5\jth of an inch in diameter. Their walls

contain, besides fibrous tissue, longitudinal and transverse plain

muscular fibres. The largest of the cones is about eight lines long,

and when unrolled, each is found to consist of a single coiled duct,

varying from six to eight inches iu length, and the diameter of which
gradually decreases from the testis to the epididymis (Huschke),

Opposite the globus major these separate efferent vessels open, at

intervals which, in the unravelled tube, are found to be about three

inches in length, into a single canal or duct, the intervening and
subsequent convolutions of which constitute the epididymis itself.

The canal of the epididymis is disposed in very numerous coils, and
extends from the globus major downwards to the globus minor or tail,

where, turning upwards, it is continued on as the vas deferens. "When
its complicated flexuosities are unrolled, it is found to be twenty feet

and upwards in length. The smallest windings are supported and held

together by fine areolar tissue ; but, besides this, numerous fibrous

Fig. 321.—Injected Testicle, Fig. 321.

Epididymis, and Yas Deferens
(from Kolliker after Arnold).

a, body of the testicle ; h, lo-

bules ; c, vasa recta ; d, rete vas-

culosum ; e, vasa efferentia
; /,

coni vasculosi ; g, epididymis ; h,

vas deferens ; /, vas aberrans ; m,
branches of the spermatic arteiy

passing to the testicle and epidi-

dymis ; n, ramification in the

testis ; o, deferential a»-tery ; p,
its union with a twig of the sper-

matic artery.

partitions are interposed

between larger masses of

the coils, which have been
named the lohes of the

epididymis,, the general

direction of which is across

that body. The canal of

the epididymis is, at its

commencement, about y o^h
of an inch in diameter, but

diminishing as it proceeds

towards the globus minor,

it is about -g^^th of an
inch, after which it again increases in size, and becomes less deei^Iy

convoluted as it approaches the vas deferens. Its coats, which are at

first very thin, become thicker in its progress.

The vasa efferentia and the tube of the epididymis diflFer from the

other portions of the ducts of the testis in the possession of thicker walls,

provided with a considerable amount of plain muscular fibres. The
epithelial lining cells are columnar or prismatic in form and are ciliated.

In the epididymis the cells are greatly elongated, in the vasa efferentia

they are shorter ; in the lower part of the epididymis the cilia disappear
VOL. II. G G
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(0. Becker, 1856, corroborated in the human subject by KiiUiker).

The ciliary movement is stated by Becker to be in an outward direction

in the ducts.

VAS DEFERENS.

The vas deferens, or excretory duct of the testis, is a hard nearly

cylindrical tube, which forms the continuation upwards of the convoluted

canal of the epididymis. It commences at the lower end of the epi-

didymis, and, at first rather tortuous but afterwards becoming straight,

it ascends upon the inner side of the epididymis, and along the back of

the testicle, separated from both, however, by the blood-vessels passing

to and from the gland. * Continuing, then, to ascend in the spermatic

cord, the vas deferens accompanies the spermatic artery, veins and

nerves, as far as the internal abdominal ring. Between the testicle and

the external ring its course is nearly vertical : it lies behind the sper-

matic vessels, and is readily distinguished by its hard cord-like feel. It

then passes obliquely upwards and outwards along the inguinal canal,

and reaching the inner border of the internal abdominal ring, it leaves

tire spermatic vessels (which extend to the lumbar region), and turns

suddenly downwards and inwards into the pelvis, crossing over the ex-

ternal iliac vessels, and turning round the outer or iliac side of the epi-

gastric artery. Running beneath the peritoneum, it reaches the side of

the bladder, upon which it descends, curving backwards and downwards

to the under surface of that viscus, and finally passes forwards to the

base of the prostate gland. In its course within the pelvis, it crosses

over the cord of the obliterated hypogastric artery, and lies to the inner

side of the ureter; Beyond this point, where it ceases to be covered by

the peritoneum, it is attached to the coats of the bladder, in contact

with the rectum, and gradually approaching its fellow of the opposite

side. Upon the base of the bladder, the vasa deferentia are situ-

ated between two elongated receptacles, named the semmal vesicles

;

and, close to the base of the prostate, each vas deferens ends by joining

with the duct from the corresponding seminal vesicle on its outer side

to form one of the common seminal or ejaculatory ducts.

The vas deferens measures nearly two feet in length. In the greater

part of its extent it is cylindrical or slightly compressed, and has an

average diameter of about one-tenth of an inch ; but towards its lermma-

tion, beneath the bladder, it becomes enlarged and sacculated, forming

the ampulla of Henle, and resembling in shape and structure a part ot

the seminal vesicle. Previously to its junction with the duct of tiiat

vesicle, it again becomes narrowed into a smaller and straight cylindrical

canal. The walls of the vas deferens are very dense and strong, and feel

hard to the touch, owing to the large proportion their thickness bears to

the inner cavity of the tube, which is scarcely more than one-sixth of

the whole diameter. In the sacculated portion the passage is much

wider, and the walls are thinner in proportion. Small simple and

branched tubular glands, similar to those of the vesicute seminales, beset

the mucous membrane of this portion of the duct (Henle).

Besides an external areolar investment, and an internal lining mem-

brane, the vas deferens is provided with an intermediate thick tunic,

which is dense in structure, somewhat elastic, and of a deep yellowish

colour. This coat consists principally of longitudinal muscular fibres,

mixed with some circular ones. Huschke describes two longitudinal
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layers with intermediate circular fibres. The external and middle
layers are thick and strong ; but the internal longitudinal stratum is

extremely thin, constituting not more than ith of the muscular coat.

The vasa deferentia of the dog, cat, and rabbit- were found by E. "Weber
to exhibit lively peristaltic contraction's when stimulated by means of
electricity.

The surface of the lining membrane is pale ; it is thrown into three
or four fine longitudinal ridges, and, besides this, in the sacculated por-
tion of the duct, is marked by numerous finer rugre which enclose
irregular polyhedral spaces, resembling in this alveolar character the
lining membrane of the vesiculas semiuales. The epithelium is of
the columnar kind, and not ciliated.

Vas aberrans.—This name was applied by Haller to a long narrow
tube, or diverticulum, discovered by him, and almost invariably met
with, which leads off from the lower part .of the canal of the epididymis,
or fi'om the commencement of the vas deferens, and, becoming tortuous
and convoluted, is rolled up into an elongated mass which extends upwards
for an inch or more amongst the vessels of the spermatic cord, where
the tube ends by a closed extremity. Its length, when it is unravelled,

ranges from about two to twelve or fourteen inches ; and its width in-

creases towards its blind extremity. Sometimes this diverticulum is

branched, and occasionally there are two or more such aberrant ducts.

Its structure appears to be similar to that of the vas deferens. Its

origin is probably connected with the Wolffian body of the foetus, but
the exact mode of its formation and its office are unknown. Luschka
states tliat occasionally it does not communicate with the canal of the
.epididymis, but appears to be a simple serous cyst.

Organ of Giraldes.—The small body thus named is situated in the
front 01 the cord immediately above the caput epididymis (see Fig. 317,

g). It consists usually of several small irregular masses containing con-
voluted tubules lined with squamous epithelium, and is scarcely to be
recognised until the surrounding connective tissue has been rendered
transparent by re-agents. It has also received the name ol parepididnmis.
Its tubules appear to be vestiges of the glomerular part of the Wolffian
body. (Giraldes, in Bulletin de la Soc. Anat. de Paris, 1857, and in

Journal de la Physiologic, 1861, also in Proceed. Eov. Soc. vol. ix.,

p. 231.)

THE SEMINAL VESICLES AND EJACULATORT DUCTS.

The vesiculsB seminales are two membranous receptacles, situated,
one on each side, upon the base of the bladder, between it and the rectum.
When distended, they form two long-shaped sacculated bodies, some-
what flattened on the side next the bladder, to which they are firmly
attached, and convex on their inferior surface ; they are widened be-
hind and narrow in front. Their length is usually about two inches,
and their greatest breadth from four to six lines ; but they vary both in
size and shape in different individuals, and also on opposite sides of the
same subject.

Their posterior obtuse extremities are separated widely from each
other, but anteriorly they converge so as to approach the two vasa
deferentia, which run forwards to the prostate between them. AYith
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the vasa deferentia thus interposed, they occupy the two diverging sides

of the triangular portion of the base of the bladder, which lies upon the

rectum, and is bounded behind by the line of reflexion of the recto-

vesical fold of the peritoneum. The seminal vesicles themselves also

rest upon the rectum, but are separated from it by a layer .of the recto-

vesical fascia, which atta'ches them to the base of the bladder.

Fig. 322. Fig. 322.

—

Dissection of the
Base of the Bladder and
Prostate Gland, showing the
Vesiculj. Seminales and Vasa
Deferentia (from Haller).

a', lower surface of the bladder
at the place of reflection of the
peritoneum ; i, the part above
covered by the peritoneiim ; i,

left vas deferens, ending in e,

the ejacnlatory duct ; s, left

vesicula seminalis joining the
same duct ; s, s, the right vas
defei'ens and right vesicula semi-
nalis, which has been unravelled

;

p, under side of the iirostate

gland ; m, j^art of the urethra
;

u, u, the ureters, the right one
turned aside.

The sacculated appear-

ance of the vesiculre semi-

nales is owing to their

peculiar formation. Each
consists of a tube some-
what coiled and repeatedly

doubled on itself, and firmly held in that condition by a dense fibrous

tissue. When unrolled, this tube is found to be from four to six inches

long, and about the width of a quill. Its posterior extremity is closed,

so that it forms a long cul-de-sac ; but there are generally, if not

always, several longer or shorter branches or diverticula connected with

it, wliich also end by closed extremities. The anterior extremity of

the tube of the vesicula, becomes straight and narrowed, and ends

opposite the base of the prostate by uniting on its inner side, at an

acute angle, with the narrow termination of the corresponding vas

deferens to form a single canal, which is the common seminal or ejacnla-

tory duct.

In structure, the vesiculre seminales resemble very closely the adjoin-

ing sacculated portions of the vasa deferentia. Besides an external

fibro-areolar investment, connected with the recto-vesical fascia, they

have a proper coat, which is firm, dense, and somewhat elastic, and con-

sists of rigid white fibres and of others of a deep yellowish-brown hue.

The muscular layer of the walls is thin compared to that of the vas

deferens ; but a considerable amount of plain muscular tissue is found

covering the posterior surface and extending transversely between the

two vesicula?. There are also longitudinal muscular fibres traced from

those of the bladder. (Ellis and Henle.) The mucous membrane is

pale, or has a light yellowish-brown colour, given to it apparently by

tlie tubular glands which beset it in the same manner as in the ampulla
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of the Tas deferens. It is traversed by very many fine rugfe, which
form an alveolar structure resembling that seen in the gall-bladder, but
deeper and enclosing much finer meshes. The epithelium of the

vesiculffi is of the short prismatic kind ; its particles have a granular

character.

The seminal vesicles serve as receptacles or reservoirs for the semen,

as is proved by a microscopic examination of their contents ; but,

besides this, it is probable that they secrete a peculiar fluid which is

incorporated with the semen.

Tlie common seminal or ejaculatory ducts, two in number, are

formed on each side by the junction of the narrowed extremities of the

corresponding vas deferens and vesicula seminalis, close to the base of

the prostate gland. From this point they run forwards and upwards,
at the same time approaching each other, and then pass side by side

through the prostate between its middle and two lateral lobes. After a

course of nearly an inch, during which they become gradually narrower,

they end in the floor of the prostatic portion of the urethra by two
small slit- like orifices placed on the verumontanum, one on each

prominent margin of the opening of the prostatic sinus. For- -a short

distance the ejaculatory ducts run in the substance of the walls of the

vesicle.

The coats of the common seminal duct, as compared with those of the

vas deferens and vesicula, are very thin. -The strong outer tunic almost

entirely disappears after the entrance of the ducts between the lobes of

the prostate, but muscular fibres may be traced into the prostatic por-

tion ; and the mucous membrane becomes gradually smoother as it

passes into that of the urethra. According to Henle, the muscular fibres

of the duct are separated by blood-vessels as it passes through the

prostate and form the trabecul^e of a layer of cavernous tissue.

These ejaculatory ducts convey the fluid: contained in the seminal

vesicles and vasa deferentia into the urethra. Their canal gradually

narrows as they approach their termination, where its diameter is

reduced to the fiftieth of an. inch.

VESSELS AND NERVES OP THE TESTIS.

The testicle and its excretory apparatus receive blood-vessels and
nerves from sources which are different from those giving the vascular

and nervous supply of the coverings of those parts.

The spermatic artery, or proper artery of the testicle, is a slender

and remarkably long branch, which arises from the abdominal aorta,

and passing down the posterior abdominal wall reaches the spermatic
cord, and descends along it to the gland. In early foetal life its course

is much shorter, as the testis is then situated near the part of the aorta

from which the artery arises. As the vessel approaches the testicle, it

gives off small branches to the epididymis, and then divides into others

which perforate the tunica albuginea at the back of the gland, and pass
through the corpus Highmorianum ; some spread out on the internal

surface of the tunica albuginea, whilst others run between the lobes

of the testis, supported by the fibrous processes of the mediastinum.
The smallest branches ramify on the delicate membranous septa
between the lobes, before supplying the seminiferous tubes.

The vas deferens receives from the superior vesical artery a long
slender branch which accompanies the duct, and hence is named the
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deferent artery, or artery of the vas deferens. It ramifies on the coats

of the duct, and reaches as far as the testis, where it anastomoses with

the spermatic artery.

The spermatic veins commence in the testis and epididymis, pnss

out at their posterior border, and unite into larger vessels, which freely

communicate with each other as they ascend along the cord, and form

the pampmiform 2)Iexus. Ultimately two or three veins follow the

course of the spermatic artery into the abdomen, where they unite into

a single trunk, that of the right side opening into the vena cava, and
that of the left into the left renal vein.

The lymphatics accompany the spermatic vessels and terminate in

the lumbar lymphatic glands, which encircle the large blood-vessels in

front of the vertebral column. According to Ludwig and Tomsa, as

previously stated, they begin fi*om intercommunicating lymph spaces

which occupy the intervals between the tubuli seminiferi.

The nerves are derived from the sympathetic system. The sper-

matic plexus is a very delicate set of nervous filaments, which descend

upon the spermatic artery from the aortic plexus. Some additional

filaments, which are very minute, come from the hypogastric plexus,

and accompany the artery of the vas deferens. It is affirmed by Let-

zerich (Virchow's Archiv, vol. xlii., p. 510), that the axial filaments of

the nerves penetrate the external wall and membrana propria of the

seminal tubes, and terminate within in " shining granular protoplasmio

masses." These observations, however, have not been confirmed on
examination by La Valette St. George. (Strieker's Handbuch, p. 543.)

The vesiculas seminales receive branches from the inferior vesical and
middle htemorrhoidal arteries. The veins and lymphatics correspond.

The nerves belong to the sympathetic system, and come from the

hypogastric plexus.

The Semen.—The semoi, is a thick whitish fluid, which consists of a liquor

seminis, the seminal granules, and the spermatic filaments. It is the combined

product of the testes and the accessory generative glands.

Fig. 323. ^^S- 323.

—

Spermatic Filaments from the Human Yas

g_ Deferens (from Kolliker).

1, magnified 350 uiameters ; 2, magnified 800 diameters
;

a, from the side ; b, from above.

The liquor seminis is coloui'less, transparent, and of

an albuminous natui-e. It contains floating in it, besides

squamous and columnar epithelium cells, oil-like globules

and minute granular matter, se?>iinal grannies (Wagner),
and the .yx'rmnfozoa or spermatic filaments.

The seminal granules are rounded colourless cor-

puscles, having a granular aspect. They have an average

diameter of about ^^th of an inch, and may 1)6 allied

to mucus-coiimscles.

The Spermatic filaments or Corpuscles (Spermatozoa,

. 1 spemiatic animalcules.) are peculiar microscopic bodies
*

\ which constitute the essential element for fecunda-

\ tion of the ovum. During life, and for some houi-s after

being removed from the testicle, they perform rapid
vibratoiy or lashing movements. Each consists of a flattened oval jjart or so-

called body, and of a long slender filiform tail. The body is about j^th of
an inch long and jQ^ggth broad, and the entii-e corpuscle is from g^th to ^th of
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an inch in lengtli. The body often contains a minute spot, and at its junction

with the naiTow filament or tail, there is frequently a slight thickening, or

Fig. 324. — Spermatic Cells and
Filaments of the Bull undergo-

ing DEVELOPMENT (from K(511iker).

~i

'

1, spermatic cells with one or two

nuclei, cue of them clear ; 2, 3, free

nuclei with spermatic filaments form-

ing ; 4, the filaments elongated and
the 1x)dy widened ; 5, filaments nearly

fully developed.

projecting fringe or collar, which
is most apparent in corpuscles not

fully developed.

The sijermatic corjiuscies are pro-

duced by a process of transforma-

tion taking place within the cells

which occiipy the seminiferous

tubes of the body of the testicle :

it is completed in the progress of

the cells through the rete testis and
vasa efferentia, in which last most of the spermatic filaments are free, and have
acquired their vibratory motile jjower. The process of transfonnation was first

clearly sho-mi by KoUiker in mammalia, in which he described the spermatic

cells as having formed within them by division a smaller or greater niunber of

Tig. 325.Fig. 825.

—

Escape op the Sjermatic Cor-
puscles FROM THEIR CeLLS, IN THE SAME
Animal.

1, spermatic cell containing the spermatozoon

coiled up within it ; 2, the cells elongated by the

partial uncoiling of the spermatic filament ; 3,

a cell from which the filament has in part become
free ; 4, the same with the body also pai-tially

fi'ee ; 5, spermatozoon from the epididymis with
vestiges of the cell adherent ; 6, spermatozoon

from the vas deferens showing the small enlarge-

ment, b, ou the filament.

nuclei, each one of which gives rise to a

filamentous corpuscle. (Handbuch der Ge-

webelehre, 1867, p. .527, and Zeitsch. f. Wissen,

Zool., vol. vii.) Subsec|uent observers have in

the mam confirmed the views of Kolliker, the

only difference of imporiance between them
being that some, as Merkel and La Valette St.

George, appear to regard the internal progeny
of the spermatic cells as complete cells rather

than nuclei. Adopting the language of the
latter observers, it appears that the so-called

body or head of the corpuscle is produced by a
change of fonn and consistence in the part of

the cell containing the nucleus, which projects more and mxjin to one side : the tail

or filament begins as a fine-pouited projection from the opposite side of the

cell, and extends rapidly as a filament, at first within the cell-wall, bulging

out the wall as it increases in length, and finally breaking through its confine-
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ment. The slight mtemiediate enlarg-ement, which some have called body, and
which is most to be seen before the process of formation is comi^lete, appears

to be due to the remains of the cell adhering to the head and tail, which have
extended beyond its confines. The nucleolus may be seen for a time within

the head. (Schweigger-Seidel, in Schultze"s Archiv. vol. i., La Valette St. George,

in Strieker's Handbuch. p. 539, Merkel, in Du Bois-Eeymond's Ai-chiv, 1871.)

The vibratile or lashing motion of the filament belongs to the fully developed
condition of the corpuscle, and causes the progTessive eel-like advance when
floating in fluid. It is closely allied to ciliary motion, and. indeed, the spermatic

corpuscle may be regarded as in some measiu-e analogous to a uniciliated cell.

The filamentous form and ciliarj'- vibratile movement belong to the fully

developed spennatic coi-puscles of by far the greater numlier of animals, extending

to the lowest as well as the highest in the scale. Exceptional non-filamentous

forms, with absence of vibratile motion occur in the Crustacea and nematoid
wonns, but the origin of the coi-puscles from spennatic cells is nevertheless the

same in these as in other animals.

(Wagner and Leuckart, Ai-ticle " Semen " in Cyclop, of Anat. and Phys.
;

KoLliker in Handbuch.)

REPRODUCTIVE ORGANS IN THE FEMALE.

The reproductive organs in tlie female consist of the ovaries, nterns,

and Fallopian tubes, which are named the internaJ, and the vagina,

clitoris, nympha3, labia, and other parts included in the vulva, named
the external organs of generation.

THE VULVA

The vulva, or imdendum, is a general term, which includes all the

parts perceptible externally, viz., the mons Veneris, the labia, the

hymen or carunculas, the clitoris, and the nymphs. The urethra also

may be described in connection with these parts.

Integuments and Labia.—The integument on the fore part of the

pubic symphysis, elevated by a quantity of areolar and adipose sub-

stance deposited beneath it, and covered with liair, is termed the mons
Veneris. The laljia pudendi (labia externa v. majora) extend downwards
and backwards from the mons, gradually becoming thinner as they

descend. They form two rounded folds of integument so placed as to

leave an elliptic interval (rima) between them, the outer surface of each

being continuous with the skin, and covered with scattered hairs,

whilst the inner is lined by the commencement of the genito-urinary

mucous membrane. Between the skin and mucous membrane there is

found, besides fat, vessels, nerves, and glands, some tissue resembling

that of the dartos in the scrotum of the male, to which the labia in the

main correspond. The labia majora unite beneath the mons and also

in front of the perineum, the two points of union being called the

anterior and posterior commissures. The posterior or inferior com-

missure is about an inch distant from the margin of the anus, and this

interval is named the perineum of the female. Immediately within

the posterior commissure, the labia are connected by a slight transverse

fold (frmnilum ])i(dendi), which has also received the name of fourcltetie,

and is frequently torn in the first parturition. The space between it

and the commissure has been called fossa navicularis.

Clitoris.—Beneath the anterior commissure, and concealed between
the labia, is tlie clitoris, a -small elongated body corres])onding in con-

formation and structure to a diminutive penis, but difl'ering in having
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no corpus spongiosum or urethra connected with it below. It consists

of two corpora cavernosa, which are attached by crura to the rami of

the ischium and pubes, and are united together by their flattened inner

surfaces so as to form an incomplete pectiniform septum. The body of

the clitoris, which is about an inch and a half long, but is hidden

beneath the mucous membrane, is surmounted by a small (ilans, con-

sisting of spongy erectile tissue. The glans is imperforate, highly

sensitive, and surrounded superiorly by a membranous fold, analogous

to the prepuce. There is a small suspensory ligament attached to the

upper border, like that of the penis, and in fi'out of this the clitoris is

dependent. The two ischio-cavernous muscles, named in the female

erectores cliforidis, have the same connections as in the male, being-

inserted into the crura of the corpora cavernosa.

Nymphse.—From the glans and preputial covering of the clitoris

two narrow pendulous folds of mucous membrane pass backwards for

about an inch and a half, one on each side of the entrance to the

vagina. These are the nxjmpliai (labia interna v. minora). Their inner

surface is continuous with that of the vagina ; the external insensibly

passes into that of the labia majora. They contain vessels between the

lamiuffi of tegumentary membrane, but, according to Kobelt, no erectile

plexus ; indeed, they would seem to correspond to the cutaneous cover-

ing of the male urethra (supposed to be split open below), while the

erectile structure corresponding to the bulb and spongy body, in two
separate right and left halves, lies deeper, as will be presently explained.

(Kobelt Die mannlichen und weiblichen "Wohllustorgane, 18-44:.)

Fk. 326.Fig. .326.

—

Lateral View of the Erectile
Structures op the External Organs in

THE Female (from Kobelt). |

The blood-vessels have been injected,

and the skin and mucous membrane have
been removed ; a, bulbus vestibuli ; c,

plexus of veins named pars intermedia ; f,

glans clitoridis
; /, body of the clitoris ; A,

dorsal vein ; I, right cms clitoridis ; m,
vestibule ; n, right gland of Bartholin.

Vestibule.—Between the nym-
phfe is the angular interval called

the vestibule, in which is situated

the circular orifice of the uretlira,

or meatus urinarius, about an inch

below the clitoris and just above
the entrance to the vagina. The
membrane which surrounds this

orifice is rather prominent in most
instances, so as readily to indicate

its situation.

Orifice of the Vagina.—Immediately below the orifice of the
urethra is the entrance to the vagina, which, in the virgin, is usually
more or less narrowed by the hymen. This is a thin duplicature of
the mucous membrane, placed at the entrance to the vagina ; its form
varies very considerably in different persons, but is most frequently
semilunar, the concave margin being directed forwards towards the
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pubes. Sometimes it is circular, and is perforated only by a small

round orifice, placed usually a little above the centre ; and occasionally

it is cribriform, or pierced with several small apertures ; and it may in

rare instances completely close the vagina, constituting " imperforate

hymen." On the other hand, it is often reduced to a mere fringe, or it

may be entirely absent. After its rupture, some small rounded eleva-

tions remain, called cannuuM myrtifonnes.

The mucous membrane may be traced inwards from the borders of

the labia majora, where it is continuous with the skin : it forms a fold

over the vascular tissue of the nympha?, and is then prolonged into the

urethra and vagina. It is smooth, reddish in colour, is covered by a

scaly epithelium, and is provided with a considerable number of mucous
crypts or follicles, and with glands which secrete an unctuous and

odorous substance. The mucous crypts and follicles are especially dis-

tinct on the inner surface of the nymphse, and near the orifice of the

urethra. The sebaceous glands are found beneath the prepuce, and
upon the labia majora and outer surface of the nymphs.
The glands of Bartiiolin (or of Duverney), corresponding to

Cowper's glands in the male, are two reddish yellow round or oval

bodies, measuring about half an inch in the longest diameter, lodged

one on each side of the commencement of the vagina, between it and

the erectores clitoridis muscles, beneath the superficial perineal fascia,

and in front of the transverse muscles. Their ducts, which are long

Fig. 327.

—

Front View of the Erectile Structukes ov the External Organs in

THE Female (from Kobelt). |

o, bulLus vestibuli ; b, sphincter vaginje muscle ; e, e, venous plexus or pars inter-

media
; /, glans clitoridis

; y, connecting veins ; h, dorsal vein of the clitoris ; k, veins

passing beneath the pubes ; I, the obturator vein.

and single, run forward and open on the inner aspect of the nymphaB,
outside the hymen or carunculce myrtiformes.

Erectile tissue.—All the parts of the vulva are supplied abundantly
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with blood-vessels, and in certain situations there are masses composed
of venous plexuses, or erectile tissue, corresponding to those found in

the male. Besides the corpora cavernosa and glans clitoridis, already

referred to, there are two large leech-shaped masses, the hidbi vesfihuU,

about an inch long, consisting of a network of veins, enclosed in a
fibrous membrane, and lying one on each side of the vestibule, a little

behind the nymphfe. They are rather pointed at their upper extremi-

ties, and rounded below : they are suspended, as it were, to the crura

of the clitoris and the rami of the pubes, covered internally by the

mucous membrane, and embraced on the outer side by the fibres of the
constrictor vaginre muscle. They are together equivalent to the bulb
of the urethra in the male, which, it will be remembered, presents traces

of a median division. In front of the bipartite bulb of the vestibule is

a smaller plexus on each side, the vessels of which are directly con-

tinuous with those of the bulbus vestibuli behind, and of the glans

clitoridis in front. This is the 77^r5 intermedia of Kobelt, and is regarded
by him as corresponding with the part of the male corpus spongiosum
urethra3 which is in front of the bulb : it receives large veins coming
direct from the nymphs.

Blood-Vessels.—The outennost parts of the vulva are supplied by the superficial

pudendal arteries ; the deeper parts aud all the erectile tissues receive branches
from the internal pudic ai-teries, as in the male. The veins also in a great

measure con-esijond ; there is a vena dorsalis clitoridis, receiving branches from
the glans and other parts as in the male ; the veins of the bulbus vestibuli pass

backwards into the vaginal i^lexuses, and are connected also "n-ith the obturator

veins : above they communicate with the veins of the pars intermedia, those of

the coi-pora cavernosa and the glans of the clitoi-is, and also with the vena
dorsalis. The lymphatics accompany the blood-vessels.

Nerves.—Besides sympathetic branches, which descend along the arteries,

especially for the erectile tissues, there are other nerves proceeding from the
lumbar and sacral plexuses ; those from the former being branches of the genito-

crural, and those fi'om the latter of the inferior pudendal and internal pudic
nerves, which last sends comparatively large branches to the clitoris. The mode
of termination is not known with certainty ; tactile corpuscles have been seen
ia the human clitoris, and Pacinian bodies in that of some animals.

THE FEMALE URETHBA.

l^hQ female tirefhra is short as compared with that of the male sex.

It is about an inch and a half in length, and is wide and capable

of great distension ; its ordinary diameter is about three or four

lines, but it enlarges towards its vesical orifice. The direction of this

canal is mainly downwards with a slight curvature forwards. It lies

embedded in the anterior wall of the vagina, from which it can only

be separated by dissection.

The external orifice, or meatus urinarius, opens in the vulva, nearly

an inch below and behind the clitoris, between the nymphre, and imme-
diately above the entrance to the vagina. From its orifice, which is its

narrowest part, the canal passes upwards and backwards between the

crura of the clitoris and behind the pubes, gradually enlarging into a

funnel-shaped opening as it approaches and joins the neck of the

bladder. There is also a dilatation in the back of the canal, just within

the meatus.
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The mucous membrane is whitish, except near the orifice ; it is

raised into longitudinal plicre, which are not entirely obliterated by
distension, especially one which is particularly marked on the lower or

posterior surface of the urethra. Near the bladder the membrane is

soft and pulpy, with many tubular mucous glands. Lower down these

increase in size and lie in groups between the longitudinal folds, and
immediately within and around the orifice, the lips of which are ele-

vated, are several larger and wider crypts.

The lining membrane is covered with a scaly epithelium, but near

the bladder the particles become spheroidal. The submucous areolar

tissue contains elastic fibres. Outside this there is a highly vascular

structure, in which are many large veins. Between the anterior and
posterior layers of the triangular ligament, the female urethra is em-
braced by the fibres of the compressor urethras muscle.

The vessels and nerves of the female urethra are very numerous, and
are derived from the same sources as those of the vagina.

THE VAGINA.

The vagina is a membranous and dilatable passage, extending from
the vulva to the uterus, the neck of which is embraced by it. It rests

below and behind on the rectum, supports the bladder and urethra in

front, and is enclosed between the levatores ani muscles at the sides.

It is slightly curved and is directed upwards and backwards : its axis

corresponding below with that of the outlet of the pelvis, and higher

up with that of the pelvic cavity. In consequence of its curvature and
its reaching higher on the back than on the front of the os uteri, its

length is greater along the posterior than along the anterior waU, by
about an inch and a half. Each end of the vagina is somewhat nar-

rower than the middle part : the lower, which is continuous with the

vulva, is the narrowest part, and has its long diameter from before

backwards ; the middle part is widest from side to side, being flattened

from before backwards, so that its anterior and posterior walls are

ordinarily in contact with each other : at its upper end it is rounded,

and expands to receive the vaginal portion of tlie neck of the uterus,

which is embraced by it at some distance above the os uteri. The
vagina reaches higher up on the cervix uteri behind than in front, so

that the uterus appears, as it were, to be inserted into its anterior wall.

On the inner surface of the vagina, anteriorly and posteriorly, a

slightly elevated ridge extends from the lower end upwards in the

middle line, foi-ming the columns of the vagina, or columnar rugarum.

Numerous dentated transverse ridges, called rugcc, are also observed,

particularly in persons who have not borne children, running at right

angles from the columns. These columns and rugfe are most evident

near the entrance of the vagina and on the anterior surface, and

gradually become less marked, and disappear towards its upper end.

Structure and connections.—The walls of the vagina are thickest

in front, in the vicinity of the urethra, which indeed may be said to be

imbedded in the anterior wall of the vaginal passage ; in other situa-

tions they are thinner. The vagina is firmly connected by areolar

tissue to the neck of the bladder, and only loosely to the rectum and
levatores ani muscles ; at the upper end, for about a fourth part of its

length, its posterior surface receives a covering from the peritoneum,
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TvhicV descends in the form of a cul-de-sac thus far between the vagina

and the rectum.

Externally the-vagina presents a coat of dense areolar tissue, and

beneath this its walls are composed of unstriped muscle, which is not

Fi-. 328.

Fig. S28.

—

Sectional View of the Viscera of the Female Pelvis (after Houston and
from nature). (A. T. ) 5

The pelvic viscera having Leen distended and hardened with alcohol previously to mak-
ing the section, appear somewhat larger than natural. p, promontory of the sacrum

;

s, symphysis of the pubes ; v, the upper part of the urinary bladder ; v', the neck
;

v', n, the urethra ; 11, the uterus ; v a, the vagina ; r, the point of union of the middle
and lower parts of the rectum ; r', the fold between the middle and upper parts of the
rectum ; a, the anus ; I, the right labium ; n, the right nympha ; Ji, the hymen ; d, the
divided clitoris with the prepuce.

distinctly separable into strata, but is composed chiefly of fibres

internally circular and externally longitudinal. Round the tube a
layer of loose erectile tissue is found, which is most marked towards
the vulva.

At its lower end, the vagina is embraced by striated muscular fibres,

which constitute the spltinder ragince, already described.

The mucous membrane, besides the columns and rugse, is provided
with conical and filiform papillte, numerous muciparous glands and
follicles, especially in its upper smoother portion and round the cervix

uteri. This membrane, which is continuous with that of the uterus, is

covered with a squamous epithelium.
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Vessels and Nerves.—The vagina is largely supplied with vessels and nerves.

Tlie arteries are derived from branches of the internal iliac, viz., the vaginal,

internal pudic. vesical, and uterine. The veins correspond ; but they first

surround the vagina with numei-ous branches, and form at each side a plexus

named tlifi v/jf/hiid plexus. The nerves are derived from the hypogastric plexus

of the sympathetic, and from the fourth sacral and padic nerves of the spinal

system ; the former are traceable to the erectile tissue.

THE UTERUS.

The uterus (or icomi, matrix, va-repov,) is a hollow, muscular organ,

with very thick walls, situated in the pelvic cavity between the rectum

and the -urinary bladder. In the case of pregnancy it receives the

ovum, retains and supports it during the development of the foetus, and
expels it at the time of parturition. The Fallopian tubes, extending

from each upper angle of the uterus to their ovarian opening, conduct

the ovum from the ovary to the uterine cavity. During utero-gestation,

the uterus undergoes a great enlargement in size and capacity, as well

as important structural changes..

Fig. S29.

—

Anterior View of the Uterus and its Appendages, i

a, fundus ; b, body ; c, cervix ; e, front of the upper jiart of the vagina ; «, n, rovmd

ligaments ; r, ?•, broad ligaments ; s, s, Fallopian tubes ; t, their fimbriated extremities ; n,

ostium abdominale ; the position of the ovaries is indicated through the broad ligaments,

and the cut edge of the peritoneum is shown along the side of the broad ligaments and
across the front of the uterus.

In the fully developed virgin condition, which is that to wMch the

following description mainly applies, it is a somewhat pear-shaped body,

flattened from before backwards, fi'ee above, and connected below with

the vagina, into the upper end of which its lower extremity projects. It

does not reach above the brim of the pelvis. Its upper end is directed

upwards and forwards, the lower downwards and backwards ; so that

its axis corresponds witn that of the inlet of the pelvis, and forms an
angle or sudden curve with the axis of the vagina, which corresponds
more nearly with that of the outlet of the cavity. The uterus projects

upwards into a fold of the peritoneum, by which the body is invested

both before and behind, and the neck also behind, but in front the peri-

toneum does not descend farther than the body. Its free surface is in
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contact with the other pelvic viscera, some convokitions of the small

intestine usually lyinp,- upon and behind it. From its two sides the

peritoneum is reflected in the form of a broad duplicature, named the

lio-amentum latum, whicli, together with the parts contained within it,

will be presently described.

The average dimensions of the uterus are about three inches in

length, two in breadth at its upper and wider part, and nearly an inch

in thickness : its weight is from seven to twelve drachms. It is usually

described as possessing a fundus, body, and neck.

The fundus is the broad bulging upper end of the body, and ]>rojects

upwards from between the points of attachment of the Fallopian tubes.

The bodtj gradually narrows as it extends from the fundus to the neck

;

its sides are nearly straight ; its anterior and posterior surfaces are

both somewhat convex, but the latter more so than the former. At the

points of union of the sides with the rounded superior border are two

projecting angles, with which the Fallopian tubes are connected, the

round ligaments being attached a little before, and the ovarian liga-

ments beliind and beneath them ; these three parts are all included

within the peritoneal duplicature of the broad ligaments. The nccl:, or

cervix uteri, narrower and more rounded than the rest of the organ, is

nearly an inch in length ; it is continuous above with the body,

and, becoming somewhat smaller towards its lower extremity projects

into the upper end of the tube of the vagina, which is united all

round with the substance of the uterus, but extends upwards to a

Fiir. 330.
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Fig. 330.

—

Posterior View of the Uterus and its Appendages.

The cavity of the ixterus has been opened by the removal of the posterior wall, and
the upper part of the vagina has been laid opea ; a, fundus ; b, body ; c, cervix ; d,

anterior lii3 of the os uteri externum ; c, the interior of the vagina
; /, section of the

•walls of the uterus ; i, opening of the Fallopian tube ; o, ovary
; ^j, ligament of the

ovary ; r, broad ligament ; s, Fallopian tube, t, its fimbriated extremity.

greater distance behind than in front. The projecting portion of the

uterus is sometimes named the vaginal part. The lower end of the

uterus presents a transverse aperture, by which its cavity opens into the

vagina ; this is named variously os uteri, os uteri externum, and (from a

supposed likeness to the mouth of the tench fish) os tincce. It is

bounded by two thick lips, the posterior of which is the thinner and
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longer of the two, while the anterior, although projecting less from its

vaginal attachment, is lower in position, and, when the tube is closed,

comes into contact with the posterior wall of the vagina. These
])orders or lips are geneiieilly smooth, but, after parturition, they

frequently become irregular, and are sometimes fissured or cleft.

The walls of the uterus are of great thickness, and the cavity is thus

proportionately much reduced in size. The part Avithin the body is

triangular, and flattened from before backwards, so that its anterior

and posterior walls touch each other. The base of the triangle is

directed upwards, and is curvilinear, the convexity being turned to-

wards the interior of the uterus. The cavity, narrowing gradually, is

prolonged through the wall of the organ towards its two superior

angles, at each of which a minute foramen leads into the narrow canal

cf "the Fallopian tube. At the junction of the body with the neck, the

cavity is slightly constricted, and thus forms what is sometimes named
the hiternal orifice {os uteri internum, isthmus vel ostium uteri) ; this

opening is often smaller than the os externum, and is of a circular form.

That portion of the cavity which is within the neclo is tubular and slightly

flattened before and behind ; it is somewhat dilated in the middle, and
opens inferiorly into the vagina by the os tincce. Its inner surface is

marked by two longitudinal ridges or columns, which run, one on the

anterior, the other on the posterior wall, and from both of which rugas

are directed obliquely upwards on each side, so as to present an appear-

ance which has been named arior vitm uterinus, also 2)almce jjlicatce :

this structure is most strongly marked anteriorly,

Structuke.—The walls of the uterus consist of an external serous

covering, an internal mucous membrane, and a thick intermediate

substance which is chiefly muscular. The serous covering or peritoneal

layer has been already referred to.

Muscular Wail.—The thick middle part of the wall of the uterus

is of a very dense consistence : it is mainly composed of bundles of

muscular fibres of the plain variety, of small size in the unimpregnated

uterus, but greatly enlarged in the gravid state. These fibres inter-

lace closely with each other, but are disposed in bands and layers, and

are intermixed with fibro-areolar tissue, a large number of blood-vessels

and lymphatics, and some nerves. The areolar tissue is more abundant

near the outer surface. The arrangement of the muscular fibres is best

studied in the uterus at the full period of gestation, in which the bands

and layers formed by them become augmented in size, and much more

distinctly developed. They may be referred to three sets or orders,

viz., external, internal, and intermediate. Those of the external set are

arranged partly in a thin superficial sheet, immediately beneath the

peritoneum, and partly in bands and incomplete strata, situated more

deeply. A large share of these fibres, beginning as longitudinal bands

at the cervix, arch transversely and obliquely over the fundus and

adjoining part of the body of the organ, and converge at either side

towards the commencement of the round ligaments, along Avhich they

are in part prolonged to the groin. Others pass oft' in like manner to

the Fallopian tubes, and strong transverse bands from the anterior and

posterior surfaces are extended into the ovarian ligaments. A con-

siderable number of thinly scattered fibres also pass at each side into

the duplicature of the broad ligament, and others are described as run-

ning back from the cervix of the uterus into the recto-uterine folds of
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the peritoneum. Tho fibres of the subperitoneal layer are much mixed
with areolar tissue, especially about the middle of the anterior and
posterior surfaces of the uterus, in which situation many of the super-
ficial fibres appear to have as it were a median attachment from which
they divera:e. The fibi-es of the intermediate layer, which is compara-
tively thin, begin chiefly on the back of the uterus, and stretch over
the fundus and towards the sides, running somewhat irregularly between
the blood-vessels. Tlie iivier tai/er, which is much the thickest of the
three, consists of bands of fibres which are disposed with comparative
regularity in its upper part, being arranged there in numerous con-
centric rings round the openings of tho two Fallopian tubes, the widest
circles of the two series meeting from opposite sides in the middle of
the uterus. In the lower part of the body, and in the cervix the
internal fibres run more transversely, crossing each other at narrow
angles in the most various directions. They form the so-called sphinc-
ters of the OS internum and os externum. At the neck, however, there
are also longitudinal fibres within the strong transverse fibres of the
layer now described. (Helie, Rech. sur la dispos. des fibres musculaires
de I'uterus, Paris, 1869.)

The long spindle-shaped cells of the uterine muscular tissue are very
closely united together by cement substance, forming bundles which
are again connected by areolar tissue. The fibre-cells possess distinct

oval nuclei ; they are about yfoth of an inch in length in the unira-
pregnated uterus, but attain sometimes the length of J^ th of an inch
in the gravid condition.

Mucous Membrane.—The mucous membrane lining the cavity of
the body of tlie uterus differs greatly from that of the interior of"the
cervix, a marked line of distinction separating the two parts at the
isthmus.

Tlie memhrane of the cervix is much firmer than that of the body.
Between the rugae of the so-called arhor vifne there are numerous folii-

cular glands, which are lined with cubical epithelium, contain a clear

alcaline fluid, and open by minute orifices on the surface. In the lower
half of the cervix the mucous membrane is beset with vascular papilte.
The epithelium of the cervix as a whole is cylindrical and ciliated

:

towards tho os externum this passes into transitional and flat epithe-
lium. Besides the follicular glands now mentioned, there are also the
so-called ovula Nolothi, a set of clear or yellowish vesicles of variable
size, but visible to the naked eye, embedded in the folds of the mem-
brane, and extending down to the os externum. These may arise from
closed and distended follicles ; but their exact nature is still doubtful.

During pregnancy the mucous glands of the cervix secrete a consider-
able quantity of tenaceous mucus, which effectually closes the passage,
downwards from the uterine cavity.

The mucous membrane of the triangular cavitif of the t)odij is smooth,
and in the unimpregnated state entirely devoid of ridges, and is of a
peculiar soft or delicate spougy consistence, and of a dull, reddisli.

colour. With a magnifying lens of an inch focus its surface is seen to
be covered with a great many closely set small spots, in which may be
detected the orifices of the utricular glands. This mucous membrane
appears to be without any supporting connective tissue, and its thick-
ness is made up mainly of its proper glands, between which is a some-
what confused mass of small nuclei, cells of various form and size,,

VOT,. II. ]I ;i
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fibres in different stages of development, together with a consider-

able quantity of intervening granular substance, and some plain mus-

cular fibres derived from the inner muscular layer of the uterine wall.

Uterine glands.—In the dog, as first shown by Sharpey (Midler's

Physiol., by Baly, 1842, p. 1574), and in various othei" animals, there are

two forms of the uterine glands ; but in the human species it appears

that there is only one form, viz., that of more or less convoluted and
generally simple tubes. They are also, however, sometimes a little

branched. Their form is generally that of equal cylinders throughout

the length of the tube, with a slight dilatation in many towards the

deep or closed extremities (E. H. Weber, Zustitze zur Lehre vom Bane,

&c., der Geschlechtsorgane, 1846). Being set perpendicularly to the

surface, and slightly convoluted, they are necessarily somewhat longer

than the thickness of the membrane. Towards the fundus, the outer

parts of the glands lie somewhat more obliquely.

Each gland is composed of a delicate basement membrane, with em-

bedded nuclei, and this is lined with prismatic nucleated epithelial

cells, placed with their broader bases and nuclei towards the outer wall,

and their narrow ends towards the lumen of the tube. (G. Lott, in

Kollett's Untersuch, II., Leipzig, 1871, and Chrobak, in Strieker's

Handbuch, &c.; John Williams, M.D., The Struct, of the Mucous
Memb. of the Uterus, 1875. See also Henle's Handb. der system.

Anatomic, vol. ii.)

Fig. 331.

331, A.

—

Section of the Glandular Structure of the Human Uterus at the
COMMENCEMENT OF PREGNANCY (from E. H. Weber), f

a, part of the cavity of tbe uterus showing the orifices of the glands ; d, a number of

the tubular glands, some of which are simple, others slightly convoluted and divided at

the extremities.

Fig. 331, B.

—

Small Portion of the Uterine Mucous Membrane after Recent
Impregnation, seen from the inner surface (from Sharpey). \"

The si)ecimen is represented as viewed upon a dark ground, and shows the orifices of

the uterine glandij, in most of which, as at 1, the epithelium remains, and in some, as at

2, it has been lost.

In a number of animals the glandular epithelium is ciliated, a fact

which was observed by Allen Thomson in the uterine glands of the sow
in 184G, but was first published by Leydig in 1852, after an observa-

tion by JSTylander. (Miiller's Archiv., 1852, p. 375.) Many observers

failed to detect this ciliated structure in the human uterine glands :

but its existence was asserted by C. F. Friedliinder in 187(\ and more
recently it has been fully ascertained by J. Williams, who also observed
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the active ciliary motion. The epithelium of the general surface of the

mucous membrane of the uterus is columnar and ciliated throughout.

Ligamenis of the tderus.—Where the peritoneum is reflected from the

uterus to the bladder in front, and to the rectum behind, it forms, in

each position, two semilunar folds, named respectively, the vcsico-utcrine,

and the recio-uterine folds, or sometimes tlie anterior and the iiosterior

ligamenis of the ucerus.

The hroad ligaments (ligamenta lata) are formed on each side by a

fold or double layer of the peritoneum, which is directed laterally out-

wards from the anterior and posterior surfaces of the uterus, to be con-

nected with the sides of the pelvic cavity. Between the two layers of

the serous membrane are placed, first, superiorly, the Fallopian tube,

which runs along the upper margin of the broad ligament ; secondly,

the round ligament, which is a little farther down in fi-ont
;

thirdly, on the posterior surface, the ovary and its ligament, which
lie in a special extension of the ligamentum latum ; and, lastly,

throughout the greater part of the broad ligament, blood-vessels,

lymphatics, and nerves, with spreading fibres from the superficial

muscular layer of the uterus. The ligament of tiie ovary is merely
a dense fibro-areolar cord, containing some uterine muscular fibres,

and measuring about an inch and a half in length, which extends

from the inner end of the ovary to the upper angle of the uterus, which
it joins immediately behind and below the point of attachment of the

Fallopian tube ; it causes an elevation of the posterior layer of the

serous membrane, and, together with the ovary itself, forms the lower

limit of a triangular portion of the broad ligament, which has been
named the ala vespertilion is or bat's wing.

The round ligaments are two flat, cord-like bundles of fibres, about
four or five inches in length, attached to the upper angles of the uterus,

one on either side (ligamentum teres uteri), immediately in front of

the Fallopian tube. From this point each ligament proceeds upwards,
outwards, and forwards, to gain the internal inguinal ring, and after

having passed, like the spermatic cord in the male, through the

inguinal canal, reaches the fore part of the pubic symphysis, where its

fibres expand and become united with the substance of the mons
Veneris. Besides areolar tissue and vessels, the round ligaments con-

tain plain muscular fibres, which are prolonged into them from the

outer muscular layer of the uterine wall. Each ligament also receives

a covering from the peritoneum, which, in the young subject, projects

under the form of a tubular process for some distance into the inguinal

canal : this, which resembles the processus vaginalis originally existing

in the same situation in the male, is named the canal of Nuck ; it is

generally obliterated in the adult, but is sometimes found even in

advanced life.

Blood-vessels.—The ai-icr'ws of tlic iitcrus are four in number, viz., the
right and left ovarian (which correspond to the spermatic of the male) and
the two vter'nic. Their orig-in, as well as the mode in which they reach the
uterus and ovaries, has been already described. They are remarkable for their

frequent anastomoses, and also for their singularly tortuous com-se ; within the
substance of the uterus they seem to be placed in little channels or canals.

The vci7is con-espond with the arteries ; they are very large, and form the uterine

plexuses, and their thin walls are in immediate contact with the uterine tissue.

The course of the lymphatics has been previously described ; they are very large
and abundant in the gravid uterus.

E H 2
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Nerves.—The distribution of the nerves has been previously described. They

are derived fi-om the inferior hypogastric plexuses, the spermatic plexuses, and

the third and fourth sacral nerves. They consist of both medullated and plain

fibres ; they are in greatest number in the neck, where they run into the papillce

of the mucous membrane.

In animals small ganglia have been observed in the submucous tissue con-

nected with the plain fibres. According- to Frankenhauser. the dark bordered

fibres rmi into the muscles. di\ading into plain fibres before they form bulbs, and

are at last traceable into the nuclei of the muscular cell-filores (Chrobak, in

Strieker's Handbuch, and Frankenhiiuser, Die Kerven der Gebaermutter, &c.,

Jena, 1867). The nerves, especially the dark bordered fibres increase con-

siderably during pregnancy.

Periodic structural chang-es in the Tlterus.—The changes which accom-

pany menstruation and gestation may be shortly indicated here.

Accordi^ig to the observations of J. Williams, already quoted, which confirm

and greatly extend those of previous inquirers, it appears that at each successive

recurrence of iiii'ii.stniation a complete removal of the glandular part of the

mucous membrane takes place by a process of softening and molecular disuitegi-a-

tion which commences, along with the menstrual discharge, close to the cervix,

or at the os internum, and advances progressively towards the fundus dui-ing the

remaining days of the flow of blood. Previous to this periodic change, in addi-

tion to gi-eatly increased general vascularity of the parts, the mucous membrane
becomes very much thicker, attaining a diameter of a fifth or even a quarter of

an inch, and the utricular glands are proportionally enlarged. The process of

disintegration reaches as far as the inner muscular fibres which rtm between the

deepest parts of the glands ; and as the smaller blood-ves?els are similarly

affected, the hemorrhage is the dii'ect result of their destruction and open

condition.

The process of restoration of the uterine membrane and its glands, which i&

effected in the interval, and which begins even before the cessation of the

menstrual flow, proceeds in the same order from the lower end upwards to the

fundus of the cavity, and consists in a very rapid proliferation of the cells and

nuclei which occupy the interstices of the inner muscular fibres, and among
which are probably embedded the deepest parts of the utricidar glands. The

lining membrane of the cer\-ix does not participate in the changes now
referred to.

In (ic^tafion more extensive alterations ensue, which necessarily affect the size,

shape, and position of the uterus, the thickness and amount of substance in its

walls, the dimensions and form of its cp.vity, and the character of its cervis

and of its os externum and os internum. Its weight increases from about one

oimce to a pound and a half or even three pounds. Its colour becomes darker,

its tissue less dense, its muscular bundles more evident, and the fibres more devel=

oped. A very great increase takes place in the muscular tissue, and this increase

is the result not only of the enlargement of already existing elements, the fibre-

cells becoming enlarged to the extent of from seven to eleven times in length,

and from two to five times in breadth (Kolliker), but also of new formation. The

increase in length and thickness is general ; the new formation occra-s mainly in

the innermost layei-s. and continues until the sixth month of pregnancy, when it

ceases. The round ligaments become enlarged, and their muscular structm-e

more marked; the broad ligaments are encroached upon by the intrusion

of the growing utcnis between their layers, The mucous membrane and

the glands of the body of the uterus undergo an enlargement very similar to

that which precedes menstruation, and they subsequently become the seat of

peculiar changes, which lead to the formation of the decidual membrane, to be

more pai-ticularly stated under Development ; whilst the membrane of the cervis

loses its columns and laigre. The blood-vessels and lymphatics are gi-eatly en-

larged, and it is observed that the aiteries become exceedingly tortuous as they

ramify upon the organ. The neiwes, as stated above, undergo also considerable

enlargement.

After parturition, the uterus gi-adually but rapidly diminishes till it regains tlis
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size and structure of the unimpregnated condition. Dui-ing this change the en-
larged muscular fibres undergo fatty degeneration and become subsequently
absorbed, while a new set of minute fibre-cells are developed. After the first

pregnancy, however, the organ never regains its original virgin character. In
those who have had children its weight usually remains from two to three
ounces

;
its cavity is larger ; the os externum is wider and more roimded, and

its margins often puckered or fissm-ed ; the ai-teries continue much more tortuous,
and its muscular fibres and layers remain more defined than in the virgin.

Fis. 332.

Fig. 332.

—

Outlines op Moulds op the Uterine Cavity in diffesent st.vtes (after

F. Giiyon). Natural size.

A, in a virgin of 17 years of age ; B, in a woman of 42 years who had not borne

children ; C, in a woman of 35 years who had borne cliilJren ; h, cavity of the body ; c,

that of the cervix ; i, the isthmus or os internum ; o, os externum ; t, passage of the

upper angle into the Fallopian tube.

Changes from. Age.—In the infant, the neck of the uterus is larger than the

body : the fundus is not distinguished either by breadth or convexity of outline,

and the cavity is remarkably narrow, and tapers out from the middle on both
sides so as to present an approach to the two-horned form prevalent in animals.

These parts afterwards enlarge gradually, untd, at pubei^ty, the pyriform figure of

the womb is fully established. The arbor vita3 is very distinct, and indeed at first

reaches uj^ward to the highest part of the cavity. The shape of the cavity of the

body varies also in after life ; but it remains comparatively narrow ujd to the age
of puberty, and retains the same form to a great degree in all women who have
borne no children. It is chiefly, therefore, in those who have been pregnant that

its form is widely triangular. (Fel. Guyon, Cavite de I'Uterus, &c. Journ. de la

Physiol, vol. ii. p. 186.)

From the gradual effects of more advanced age alone, independent of impreg-
nation, the uterus shrinks, and becomes paler in colour, and harder in texture

;

its triangular form is lost ; the body and neck become less distinguishable from
each other ; the orifices also become less characteristic.

For further details with regard to the structure of the uteras and its changes,
the reader is referred to the article by Farre on " Uterus and its Appendages"
in Cyclop, of Anat. and Phys.
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Malformations.—Theuteras is subject to numerous congenital malformations,
especially in connection with, abnormal conditions of the other genital organs.

These will be referred to under Development. As a malfonnation affecting the

uterus itself may here be mentioned the more or less double or di-vdded state of

the cavity, produced by the prolongation of a septum downwards into it from the

fundus. This is sometimes only pai-tial and confined to the upper part of the

cavity ; while in other instances it involves the whole cavity or also that of the

cervix ; and even extends through a part or the whole of the vagina.

THE FALLOPIAN TUBES.

These tubes may be considered as ducts of the ovaries, or oviducts,

and serve to convey the ovum from thence into the uterus. They are

inclosed, as already stated, in the free mars^m of the broad ligaments,

and are between three and four inches in length. Their inner or

attached extremities, which proceed from the upper angles of the uterus,

are narrow and cord-like ; but they soon begin to enlarge, and pro-

ceeding outwards, one on each side, pursue an undulatory course, and
at length, having attained the width of about a sixth of an inch or

more, they bend backwards and downwards towards the ovary, about an

inch beyond which they terminate in an expanded extremity, the margin
of which is divided deeply into a number of irregular processes named
fimbrioi; one of these, somewhat longer than the rest, is attached to the

Fia;. 333.

Fig. 333.

—

Diagrammatic View of the Uterus and its Appendages, as seen from
BEHIND. (A. T.) I

The uterus and upper pai-t of the vagina have been laid open by removing the posterior

wall ; the Fallopian tube, round ligament, and ovarian ligament have been cut short, and
the broad ligament removed on the left side ; u, the upper part of the uterus ; c, the
cervix opposite the os internum ; the triangular shape of the uterine cavity is shown, and
the dilatation of the cervical cavity with the rugaj termed arbor vitro ; i', upper part of

the vagina ; od, Fallo2iian tube or oviduct ; the narrow communication of its cavity

ftith that of the cornu of the uterus on each side is seen ; /, round ligament ; lo, ligament
of the ovary ; o, ovary ; i, wide outer part of the right Fallopian tube

; / /', its fimbriated

extremity
;
po, parovarium ; h, one of the hydatids frequently found connected with the

broad ligament.

outer end of the con*esponding ovary. The wide and fringed end of the
Fallopian tube, or rather irmniJct, as the term " tuba " literally signi-

fies, is turned downwards and towards the ovary, and is named the

fimhrialed extremitij (morsus diaboli). In the midst of these fimbria?,

which are arranged in a radiated manner, the tube itself opens by a
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roimd constricted orifice, ostium ahdominalc, placed at the bottom of a

sort of fissure leading from that fringe which is attached to the ovary.

It is by this orifice that an ovnm is received at the time of its liberation

from the ovary, and is thence conveyed along the tube, which narrows
very much towards its uterine extremity, and opens into the womb by
a minute orifice, admitting only a fine bristle, and named ostium uieri-

nvm. The canal becomes gradually larger towards its abdominal
orifice, where it is again somewhat contracted : hence the term isthmus,

given by Henle to the uterine half, and ampulta to the outer half of

the Fallopian tube. A second smaller fimbriated opening not unfre-

quently occurs at a short distance from the main one.

Beneath the external or peritoneal coat the walls of the tube contain,

besides areolar tissue, plain muscular fibres like those of the uterus,

arranged in an external longitudinal and an internal circular layer.

The mucous membrane lining the tubes is thrown into longitudinal

plicre, which are broad and numerous in the wider part of the tube, and
in the narrower part are broken up into very numerous arborescent

processes : it is continuous, on the one hand, with the lining membrane
of the uterus, and at the other end of the tube with the peritoneum ;

presenting an example of the direct continuity of a mucous and serous

membrane, and making the peritoneal cavity in the female an exception

to the ordinary rule of serous cavities, i. e., of being perfectly closed.

The epithelium in the interior of the Fallopian tube is, like that of the

uterus, columnar and cihated ; the inner surface of the fimbria is also

provided with cilia, and Henle has even detected ciliated epithelium on
then- outer or serous surface, but it here soon passes into the scaly

epithelium of the peritoneal membrane. The mechanism by which the

minute ovum, when it escapes from the ovary, is carried into the cavity

of the uterus is not yet fully understood. Neither the vascular tur-

gescence nor the muscular contractions, which may no doubt accompany
the passage, appear to be the immediate agents, and it seems more
probably due, in greatest part, if not entirely, to the ciliary movement
which proceeds in a direction downwards in the tube from the fimbri-

ated extremity. It does not appear that there are glands, as was at one
time supposed, in the macous membrane lining the Fallopian tubes.

THE OVARIES.

The ovaries (ovaria, testes muliebres), the productive organs corre-

sponding more immediately to the bodies of the testicles of the male,

are two somewhat flattened oval bodies, which are placed one on each
side, with their long diameter nearly horizontally across the pelvis.

They lie at the back of the broad ligament of the uterus, and are en-
veloped by its posterior membranous layer. The weight of each ovary
is from sixty to a hundred grains, and they usually measure about one
inch and a half in length, three quarters of an inch in width, and nearly
half an inch in thickness ; but their size is variable, both according to
the period of life and their state of greater or less functional activity.

Each ovary is free on its two sides, also along its posterior border, which
has a convex outline ; but it is attached to the broad ligament by its

anterior border, which is straighter than the other, and along the line
of its attachment it exhibits a deep groove or hitiis by which the vessels

and nerves enter. Its inner end is generally narrower than the outer, and
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is attached to the dense cord already described as the lifiament of the
ovary, wliich connects it with the uterus. Its outer extremity is more
obtuse and rounded, and has attached to it the middle or ovarian fimbria
of the Fallopian tube.

Pis- ^'^4. Fig. 334.— Skction op the
PREPARED Ovary op the
Cat (from ScliriJnj. §

1, outer covering and
free border of the ovary

;

1', attached border ; 2, the

o\'arian stroma, iiresent-

iiig a fibrous and vascular

structure ; 3, external fibro-

nuclear substance ; 4, blood-

vessels ; 5, ovigerms in

their earliest stages lying

near the surface ; G, ovi-

germs which have begun to

enlarge and to pass more
deeply into the ovary ; 7,

ovigerms round which the

Graafian follicle and tunica

granulosa are now formed,

and which have iwsssd
somewhat deeper into the ovary and are surrounded by firm fibrous stroma ; 8, more
advanced Graafian follicle with the ovum imbedded in the cells of the proligerous disc

;

9, the most advanced follicle containing the ovum, and approaching the surface : li', a
follicle from which the o^vum has accidentally escaped ; 10, corpus luteum presenting

radiated columns of cellular structure.

STRUCTURE OF THE OVARY.

The ovary consists essentially in man, as in all the higher animals, of

an ovarian stroma, composed of connective tissue with blood-vessels,

nerves, and some muscular fibres, an outer epithelial covering, and the

embedded Graafian follicles with the ova.

The external surface of the ovary is of a whitish colour, and in

early life is comparatively smooth and even ; but in later life it becomes
more or less uneven and is marked by pits and scars. It is covered by
a membrane which, though somewhat different in its minute structure,

is originally continuous wdtli the peritoneum.

The superficial einthelium of the ovary differs from that of the peri-

toneum in the neighbourhood in being decidedly prismatic or columnar

:

and it gives to the surface a dull appearance as compared with tlie

shining smoothness of the serous membranes in general. A distinct

line of demarcation exists at the base of the ovary, where the two lands
of epithelium pass into each other. To this ovarian epithelium, from
its relation in early life to the origin of the ova, the name germ-cpiihc-

liwn has been given by some authors.

Below the outer membrane a firm layer of fibrous tissue, permeated
by the superficial blood-vessels, encloses all the deeper parts. This has
been compared to the dense fibrous covering of the testicle, and thence
named tunica albuginea ovarii, but without sufficient reason, for it is

not nearly eo strong or distinct. It is in fact no more than a condensed
part of the ovarian stroma, and not unfrequently is divisible into

goveral subordinate layers.
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The deeper substance of the ovary or stroma is chiefly composed of a

fine fibro-uuclear tissue, in which the nuclei are remarkably abundant

and distinct. It is als-o mixed with some elastic tissue, and is per-

meated by blood-vessels, which are large towards the hilus where they

enter, and become gradually smaller towards the surface. Along these

blood-vessels in the deeper part of the ovary bands of muscular fibres

run, having apparently entered from the broad ligament ; but they do

not extend into the more superficial parts of the ovarian stroma.

There is a general disi)osition of radiation of the bands of stroma

froin the hilus towards the surface, determined in the deeper part per-

haps by the blood-vessels, but in the superficial part modified by its

relation to the Graafian follicles.

Fi-. 335.
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Fig. 8:J5.

—

Portion of the Section of the prepared Cat's Ovary, REPREiENTED in

THE PKECEDINU FIGURE, MORE HIGHLr MAGNIFIED (frOm SclllOll).

1, outer covering of the ovary ; 2, fibrous stroma; 3, superficial layer of fibro-nuclear

substance ;
3', deeper parts of the same ; 4, blood-vessels ; 5, ovigerms forming a

layer near the surface ; (i, one or two of the ovigerms sinking deeper and beginning

to enlarge ; 7, one of the ovigerms farther developed, now enclosed by a prolongation of

the fibrous stroma, and consisting of a small Graafian follicle, within which is situated

the ovum covered by the cells of the discus proligeriis ; 8, a follicle farther advanced
;

8', another which is irregularly compressed ; 9, the greater part of the largest follicle, in

vihich the following jjarts are seen ; «, cells of the tunica granulosa lining the

follicle ; 6, the reflected iinrtion named discus proligerus ; c, vitellus or yelk jiart of the

ovum, surrounded by the zona pellucida ; d, germinal vesicle ; e, germinal si)ot.

Graafian Follicles.—Immediately under the superficial covering

of the ovary there is a layer of stroma somewhat different from the

deeper parts, and which is so uniformly spread over the organ iis

to have received the name of cortical layer. This is particularly

obvious in the ovaries of young children, in whom this layer is com-
paratively thick, and its appearance is granular from the accumulation

in it of an immense number of closely set small vesicles, constituting

the early condition of the ovarian or Graafian follicles with their con-

tained ova. These more numerous and small vesicles, or follicles, are
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absent from the succeeding stratum of the stroma, but some^Yhat larger

cavities of the same kind, distended with fluid and containing ova, are

observed in smaller numbers embedded in the ovarian stroma for a

certain distance from the surface, but not extending to the deepest part

or that near the hilus. Of this second set of Graafian follicles, the

deepest are usually of the largest size, or most advanced.

Further, in the ovaries of females who are approaching the period of

puberty, and during the whole of the child-bearing period of life, there

may be seen towards the surface, or even more or less projecting upon

it, a few larger follicles of various sizes, from a twentieth to a sixth

of an inch, which are the Graafian follicles with ova approaching or

arrived at a state of maturity. The more advanced of these seem to

have made their way from the deeper part by the absorption or at the

expense of the ovarian substance between them and the surface. They
still remain covered at the most projecting part by a thin layer of the

fibrous stroma and the epithelium. The smaller blood-vessels running

round the follicle from below, and minutely subdivided on its inner

surface, converge towards a point near the middle of the most project-

ing part, called the stigma. This marks the spot where the rupture of

the vesicle ultimately occurs, when at the time of full maturation the

vesicle opens, and its ovum and other contents escaping pass into the

open extremity of the Fallopian tube. This rupture of a Graafian

vesicle, or it .may be of more than one, occurs in healthy females at

every successive menstrual period. After the discharge of its contents,

the Graafian follicle is rapidly filled with a peculiar reddish-yellow mass

of granular elongated cells, which are rapidly developed in its interior,

constituting the first stage of formation of the body termed corjms

hitenm. When pregnancy occurs, this body enlarges, and becoming more

solid, advances to a fuller stage of development, which is maintained

during the greater part of the time of utero-gestation. But in the un-

impregnated female the corpus luteum begins to retrograde within

ten or twelve days after its commencement, and afterwards rapidly

shrinks and ultimately disappears. It thus happens that, without preg-

nancy, the ovaries may naturally present during the whole of the child-

bearing period of life the corpora lutea of menstruation, or their

vestiges, in various stages of advance or decline.

The Graafian follicles in the ovary of middle life are to be found

in very various stages of development. 1st. By far the most

numerous and the smallest lie in the cortical layer already described.

The size of these is remarkably uniform, the largest scarcely passing

•j-Iq of an inch. These exist from an early period of foetal life, and are

in such numbers that it is estimated with gi'cat certainty that the

ovaries of a female child at birth do not contain less than 70,000

follicles, each one of which contains an ovum. 2nd. In the deeper

stratum of the ovary is found a succession of follicles in very much
smaller numbers, and of very various sizes from -jI-q to -^\, or even

ttV of an inch. And ord. There are the larger and fewer follicles ad-

vancing to and projecting on the surface.

The more advanced Graafian follicles appear to have a very consistent

wall formed of the ovarian stroma ; but it is doubtful whether the

two coverings which have been described as belonging to them
deserve to be regarded structurally as distinct envelopes. Two layers

of condensed tissue may indeed be seen surrounding the cavity of the
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more developed follicles. One of these situated next the cavity is com-
posed of condensed fine connective tissue : it contains a network of

Fig. 336.

Fig. 336.

—

Section of the Ovary of an Adult Bitch (Waldeyer). "f

rt, germ-epitlielium ; b, ovarian tubes or strings of ovigerms ; c, c, earlier follicles
;

d, more advanced follicles ; e, discus j)roligerns and ovum
; /, second ovum in the

same follicle
; [/, alleged tunica fibrosa follicnli

; h, tunica propria ; i, follicular

epithelium (tunica granulosa) ; k, collapsed retrograde follicle ; I, blood-vessels ; m, m,
longitudinal and transverse sections of cellular tubes of the parovarium

; y, involuted
portion of the germ-epithelium of the surface ; z, place of the transition from periton
to germinal or ovarian epithelium.

finely divided capillary blood-vessels, and has been named the vascu-
lar, or proper tunic of the follicle. The other, called the fibrous tunic,

is more strongly fibrous, and forms a condensed layer situated close to

the first. But, excepting in their greater degree of condensation, these
layers do not differ essentially from the tissue of the ovarian stroma.
Tunica granulosa.—Within the vascuhar or proper tunic of the

follicle, and adherent to its inner surface, there is a distinct lining of
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peculiar opaque granular and prismatic cells in several layers, forming
the membrana or tunica granulosa of authors. In the earliest stages of
formation, before the follicle has expanded, this layer of cells lies

close to the ovum, but as the follicles enlarge tliere comes to be formed
within the granular layer a space of variable size filled with clear fluid,

which holds a quantity of alb-amen in solution, so as to be coagulable by
heat and chemical re-agents. The ovum is now found to be embedded
in a thickened portion of this cellular layer, the cumulus or discus pro-
lif/crus of Von Baer, so as to be placed near the inner surface on one side
of the follicle. The position of the ovum within the follicle appears to
be subject to some variation. It was formerly described as being always
on the side next the surface of the ovary ; but according to more recent
observations it is as frequently situated on the deeper side of the
follicle. The cells of the tunica granulosa and discus proligerus are
without distinct external walls ; they possess a considerable quantity
of protoplasm of an opaque or granular aspect, and are provided with
oval nuclei. Near the inner surface of the follicle, and on the outer
surface of the ovum, they assume a more elongated prismatic or pedi-
culated form than in other parts of the membrane.
The ovarian ovum.—Each Graafian follicle usually contains only a

single ovum, but occasionally, though seldom, two ova, and very rarely

three, have been observed in the same follicle. TJie ovum, first dis-

covered by Von Baer in 1827, is a spherical body of about -^^^ of an
inch in diameter, aud of an opaque yellowish white colour. When
fully formed it consists essentially of the following parts, viz.: 1st., a
firm transparent external vesicular membrane termed zona j)eUuckIa, or
vitelline membrane; 2nd., a mass of granular protoplasm filling the
vesicle and constituting the yelh, yolk or riteUus, in which a number of
oil globules of variable size are suspended ; ord, embedded in the yolk
protoplasm, and situated on one side near the surface, a small clear

vesicle of about y^o of an inch in diameter, filled with a finely granular
fluid, the f/enninal vesicle ; and 4th, within this vesicle a dark granular
spot, of about 3-0^ of an inch in diameter, the macula gcrminativa.

Fig. 337. Fig. 337.

—

Ovum of the Sow kemoyed feoii the Graafian
Follicle, viitn iis cellular covekixq (from M. Larry).

1, germinal spot ; 2, germinal vesicle ; 3, yolk ; 4, zone

pellucida or external covering of the ovum ; 5, part of

the tunica granulosa or proligerous disc ; G, some adherent

cells.

The wnole ovum was compared by Schwann to

an organic cell, and this view is still in general

maintained ; the zona representing the cell wall,

the yolk the protoplasmic cell contents, or then*

product, the germinal vesicle the nucleus, and the macula the nucleolus.

The part of the ovum which is first formed is the germinal vesicle,

or nucleus, which, at so early a period as the tenth or eleventh week of

foetal life, has been observed to take its origin from one of the cells

of the epithelial covering or germinal epiihelium of the incipient ovary,

by its undergoing enlargement and becoming embedded in the ovarian

substance. The inclosing ovarian stroma thus constitutes the first

form of a Graafian follicle, and follicle and germ may be considered
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as arisino^ simnltaneotisly, although doubtless the germs may be lielcl

to have had previous existence as parts of the germinal epithelium

covering the primordial structure of the ovary. By the middle of

foetal life, or at the end of the fifth month, the follicle, which is at

first only a space for the germ in the ovarian stroma, has received

a simple lining of scattered cells, which afterwards in their more
developed form constitute the tunica granulosa, and the germinal

vesicle is by the same time surrounded by a small quantity of clear

protoplasm, or com.mencing yolk, which separates the vesicle from the

granular cells. Still later the zona pellucida appears as a clear mem-
branous covering of the yolk protoplasm. By the sixth or seventh

month of fcetal life an immense number of such small ova closely em-
braced by the enclosing Graafian follicles have appeared, so that the

ovary appears to be almost entirely occupied by them ; and as they

may be counted in prepared specimens of sections, it is easy to estimate

their number in tJie entire ovary. The result of such estimates gives

Fisr. 338

338.

—

Ova in different stages of puogeess Highly iiagnified.

A, pvimordial ovum from human fcetus of eiglit months ; B, early follicle of raLbit
witli ovum enclosed; C, the same of the pigeon ; D, another of the same more advanced
the secondary yolk commencing ; E, ovum of the rabbit from a follicle of i of an inch
in diameter ; a, epithelium of the discus proligenis ; h, zona pellucida, showing radiateil

linearj structure, perhaps too strongly marked ; c, germinal vesicle ; d, germinal macula r

c, yolk substance with tine granules and small oil globules.

an amount of not less than .30,000 or 40,000 for each ovary of the
human foetus before birth. The formation of new ova and Graafian
follicles probably still continues for some time, but at a much slower

rate than during foetal life.
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The zona peUucula of the mature ovarian ovum, when viewed "with a
low magnifying power, appears clear or homogeneous, but according to

some observers, when sufficiently magnified, it presents an appearance
of minute radial striation, which has been considered to indicate in it

the existence of a porous structure, somewhat of the same nature as

that which is very obvious in the viteUine membrane of fishes and some
other animals.

Through this membrane, as has been proved by observations in

several mammiferous animals, the spermatic filaments pass in order

to effect fecundation ; but it is difficult to comprehend how they are

transmitted, as no micropyle, or other aperture of sufficient size, has
3'et been detected in the zona of man or Mammals.

Fiff. 539. —Thin Transverse Section op the Ovary op a Newly Born Child
Highly magnified (Waldeyer).

a, Ovarian or germinal epithelium ; h, formation of an ovarian tube ; c, c, ovigerms

lying in the germ-epithelium ; d, d, longer tube forming follicles (according to Pfluger's

and Waldeyer's views) ; e, c, germ -spherules forming ova and follicles
; /, earliest dis-

tinctly formed follicle with ovum and granular cells ; (/, g, blood-vessels.

The germinal vesicle with its nucleus or macula belongs to the

ovum only, while it is still within tlie Graafian follicle. At the time of

complete maturation of the ovum, and even for a short time previous to

the bursting of the wall of the follicle by which the ovum escapes,

the germinal vesicle already begins to become flaccid and eollapfee,

and when the ovum has escaped from the follicle, the vesicle is no
longer to be perceived in the mass of granular protoplasm which con-

stitutes its germinal part.

rormation of the Ovum and Graafian follicle. —The mode of origin of
tlie ova and Graafian follicles will be described under Development. As con-
nected, however, with the structure of the ovary in relation to the ova and
their origin, it Is proper to refer at this place to the view first suggested by
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Valentin (Miiller's Ai-chiv.. 1838, p. 526), and since maintained as the result of

careful observation by Pfliiger (1863). that the ova are at first formed in groups

\\'ithin tubes, which thus constitute an original and characteristic feature in the

stmctm-e of the ovary.

By the elaborate researches of Waldeyer (Eier.stock und Ei, Leipzig, 1870. and
in Strieker's Handbuch, p. .568.) it was ascertained that the ovigerms or primordial

ova derive their origui from the superficial layer of cells or germ epithelium,

covering the mass of blastema which lies to the mside of the "Wolifian body, and
which constitutes the common germinal matrix of the ovary and testicle.

According to AValdeyer's observations, while the o\agerms themselves come from
the superficial epithelium, and thus exist from an early period of foetal life,

the Graafian follicles owe their origin to an outgro'^'th of the subjacent vascular

connective tissue which constitutes the ovarian stroma. Brush-like lU'ocesses of

this tissue growing out from the surface, involve in their meshes the enlarged

epithelial cells which form the commencing ova. and at the same time enclose

groups of other less developed epithelial cells, which come to be an-anged round

the larger ovigerms, and thus constitute the commencement of the cells of the

membrana granulosa. According to Waldeyer's view, therefore, both the pri-

mordial ova and the cells of the membrana granulosa sirring from the germ-

epithelium of the reproductive blastema, while the wall of the Graafian follicle

is a production of the vascular connective tissue of the stroma.

A somewhat different view has been presented by KoUiker. as the result of

observations made on the foetus of several animals (Sitz. der Phys. Med. Gesellsch.

in Wurtzburg, May. 1874) : for while he agrees with Waldeyer in referring the

first origin of the ova to the germ epithelium, he is inclined to consider the

membrana gi-anulosa as proceeding from other cellular elements, existing in con-

nection with the ovarian stroma. These cellular elements, he conceives, are

contained in a set of medullaiy cords or canals extending upwards into the ovary

from its attached border, and they fmiiish the cellular coverings to the primor-

dial ova by spreading outwards upon them, and enclosing them, first in groups,

and later each one singly. He regards these cords as the same which have l^een

described as the epoophoron or remains of the "Wolflaan body in the ovarj'.

These diff'erent views appear to be in some measure reconciled, and new light

thrown upon the subject, by the independent observations of James Foulis. made
in the human foetus, and in calves and kittens, and which, from observation of

the specimens, the writer can in most points confinn (•' Development of Ova and

Structure of the Ovary,"' &c.. by Dr. James Foulis. in Proceed, of Boy. Soc. of Edin.,

April, 1875). By these researches the origin of the ovigerms or i^rimordial ova

from the superficial germ epithelium is fully confiiined, and the stroma of the

ovary is shown to be prodr.ced by a direct growth from the sulijacent tissue

situated on the median side of the Wolffian body. The nucleus of each epithelial

corpuscle becomes the gemiinal vesicle of the primordial ovum : a nucleolus soon

appears within (the macula), and a clear homogeneous protoplasm collecting-

round the vesicle, fomis the commencement of the yolk. Tlie enclosure of the

primordial ova in a Graafian follicle takes place hj the outgrowth of processes

of the connective tissue of the stroma, so that the former, being surrounded

by these processes, become more and more embedded in the substance of the

ovary. At the same time, however, the germ-epithelium corpuscles increase in

number by prohforation, and extending themselves inwards are in their turn

enclosed singly or in clusters by the processes of the stroma. But what is most

important and novel in these observations is this, that Dr. Foulis has traced the

fonnation of the cells of the membrana granulosa to the nuclei of the fibro-

nuclear tissue constituting the stroma, Which gradually insinuate themselves

round each primordial ovum, along with the processes of the vascular tissue of

the stroma which afterwards forms the wall of the follicle. The connective-

tissue nuclei which first surround each ovigerm are comparatively few in number

;

but they soon increase by cell multiplication, and form the complete membrana
gi-anulosa by which the follicle is lined.

On the subject of the ovum, in addition to the works previously quoted, the

following may be mentioned :—Martin Ban-y"s Kesearches on Embiyology. in
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Phil. Trans.. 1838 and 1839; Allen Thomson, Article "Ovum." in Cyclop, of

Aniit. and Phjs. ; Farre, " Utems and Appendages," in the same ; KoUiker's

E:itwiGkelungs-geschichte ; Pfliiger, Die Eierstocke, Leipzig, 1863 : Schron, in

Zeitsch. f. Wissensch. Zoologie, vol. xii. p. 409 ; Grohe, in Vii-chow"s Archiv.

vol. xsvi. p. 271, and vol. xxix. p. 4.50 ; Bischoff "s Works ;
Henle, in his Hand-

buch, vol. ii. ; W. His, Die erste Entwick. des Hiilmchens, &c., 1868 ; Ed. Van
Beneden, in Mem. Cour.. &c., de TAcad. Roy. de Belgique, 1870 ;

Foster and

Balfour, Elements of Embryology, 1874.

The ovum of mammals appears to have been seen by IMessrs. Prevost and

Dumas as early as 1824. but imperfectly recogiiiseil. Von Baer was undoubtedly

the first clearly to point out its nature and seat within the Graafian follicle. (De

ovi Mammp.l. et hom. genesi, Lipsia3, 1827.) The discovery of the germinal vesicle

in the ovarian ovum of birds was made by J. E. Purkinje in 182.5. That of the

mammiferous ovum was announced by Coste in 1833. and T. W. Jones had inde-

pendently observed it. The macula was by discovered Rud. Wagner in 1834.

Vessels and nerves of the ovaries and Fallopian tubes.—The ovaries are

most directly supplied by the ovarian arfct-irs, analogous to the spermatic in the

male, which anastomose freely by an internal branch with the termination

of the uterine arteries. Sometimes this anastomotic branch is so large that the

ovary seems to be supplied almost entirely by the uterine artery. The ovarian

artery always sends numerous branches to the Fallopian tube. The smaller

arteries penetrate the ovary along its attached border, pierce the proper coat,

and run in flexuous parallel lines through its sul)stance. The rt'in.f correspond,

forming a plexus near the ovary named the iiami^iniform i^lexus. The iicri-es

are derived from the spermatic or ovarian plexus : and also from one of the

uterine nerves, which invariably send an offset to the Fallcpian tube.

Parovarium.—The organ so named by Kobelt, or the Organ of Rosen-

miiller, its first describer, is a structure which can usually be brought

plainly into view by holding against the light the fold of peritoneum

between the ovary and Fallopian tube (see lig. 333). It consists of a

group of scattered tubules lying transversely between the Fallopian

tube and ovary, lined with epithelium, but having no external open-

ings. The tubules converge, but remain separate at their ovarian end,

and at the other are more or less distinctly united by a longitudinal

tube. The duct which unites them is sometimes of considerable size,

and is prolonged for some distance downwards, in the broad ligament.

Its more developed form in some animals, as the cow and pig, consti-

tutes the duct of Gaertner, afterwards referred to as arising from a

persistent condition of the AYolffian duct.

The origin of this vestige of a I'oetal structure will be more fully

referred to under Development. Here it is sufficient to state that it

corresponds essentially to the epididymis of the male, and is in the

female, therefore, due to the persistence of the upper or sexual division

of the Wolffian body, which has been distinguished by Banks, Dursy,

and others from the lower or primordial-kidney part of that organ. The
remains of the latter part of the Wolffian body, in the male sex, consti-

tuting the organ of Giraldes, have been already referred to in the de-

scription of the testicle. From the observations of His in birds, and of

Yv'aldeyer in Mammals, it appears that vestiges of this structure are

also sometimes to be detected in the adult female, in the shape of

obscure or imperfect tubular remains, situated in the broad ligament

nearer to the uterus than the parovarium, and more obvious remains
of these are very apparent in the early stages of foetal life in man and
most animals.
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With a view to the distinction of these several vestiges in the two sexes,

the following tabular enumeration of them is given, with the names proposed

by Waldeyer printed in italics, viz. :

—

The upper or non-glomerular part of the AYolflian body forms

—

1. In the male, the Epididymis.

2. In the female, the Parovarium, Organ of RosenmiiUer, or Eijoophoron.

The lower or primordial-kidney part of the "WoMan body forms

—

1. In the male, the organ of Giraldes. Parepididj-mis or Paradidymis.

2. In the female, the Parooi)horon (Eierstock und Ei. p 142).

THE PERITONEUM.

The abdominal viscera having now been described, as well as the
disposition of the peritoneum in relation to each of tliem, it remains
to give an account of that membrane in its whole extent, and to trace

its continuity over the various parts which it lines or covers.

After lining the anterior wall of the abdomen, the peritoneum passes

round on either side to the lumbar region, where it meets with the right

and left portions of the great intestine. On the right side it com-
pletely invests the lower rounded end of the ca3cum with the vermiform
appendix ; but the rest of the cajcum it covers only before and on the

sides, a part of the bowel behind, of variable extent, being immediately
adjacent to the iliac fascia, except in rare instances where the mem-
brane goes entirely round and forms a niesocajcum. It is disposed in a
similar manner on the ascending colon which is in immediate apposition

with the right kidney and other parts behind ; although here, too,

the investment may be complete with a resulting right mesocolon.

Leaving the right colon, the peritoneum gives a scanty covering to

the anterior face of the right kidney and adjoining third portion of the
duodenum where that intestine comes down from behind the transverse

mesocolon ; lower down it continues over muscles and vessels to the

root of the mesentery, advances forwards to form the right layer of that

process, turns round the jejunum and ileum, affording them their perito-

neal coat, and returns back to the vertebrae, thus completing the mesen-
tery on the left side. The membrane now reaches the left colon, first

passing in front of the left kidney, which being less covered by colon
than the right one, gets more of the peritoneum. After investing the

left colon much in the same manner as the right, the peritoneum, thus
traceable horizontally round the abdomen, is continued over the lateral

wall on the left side. Where the colon forms its sigmoid flexure it is

completely invested by peritoneum, which attaches it by a compara-
tively free and moveable sigmoid mesocolon to the fascia of the left

iliac fossa.

From this part, and from the lower end of the mesentery the peri-

toneum is continued into the pelvis. It there invests the upper part of
the rectum completely, forming a meso-rectum behind. Lower down
the membrane gradually quits the intestine, first behind, then at the
sides, and finally in front, whence it is reflected on the inferior fundus
and posterior part of the bladder in the male, and forms here the redo-
vesical pouch, the mouth of which is bounded by a crescentic fold on each
side, but larger on the left, tiie two being named pliccc semilunares, i'rom
the superior fundus the peritoneum passes to the recti muscles. Here
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it covers the remains of the urachns in the median line, and the closed

umbilical artery on cither side, which as it passes from the os pubis to

the abdominal wall raises the peritoneum into a well-marlcBd fold, sepa-

rating two shallow pits named internal and exicrnal inguinal pouches

(more fully described with the special anatomy of the groin). In the

female the peritoneum passes from the rectum to the upper part of the

vagina, and over the posterior and anterior surfoces of the uterus, whence
it goes to the bladder. The recto-vaginal pouch, like the recto-vesical, is

Ibounded above by its semilunar folds, and the uterine peritoneum forms

at the sides the broad ligaments of the uterus, along the u'pper border

of which the Fallopian tubes receive from it a serous covering ; but at

their fimbriated openings the peritoneum is continuous with the mucous
membrane lining the tubes.

The peritoneum, on being traced to the upper part of the abdomen, is

found to line the vault of the diaphragm, adhering moderately to the

muscular and firmly to the tendinous part, and continuing down
behind as far as the hinder border of the liver and the oesophageal

opening. It then passes forward on the liver, forming the falciform,

coronary, and lateral ligaments of that organ, already specially

described.

Turning round the anterior border it passes back on the under

surface, but after covering the lobulus quadratus, and arriving at the

transverse fissure, it meets with a peritoneal layer from behind, and in

association with it, stretches from the liver to the stomach, to form the

lesser omentum, as will be presently explained. To the right of this

part it invests the gall-bladder, more or less completely, and the under
surface of the right lobe, gives a complete covering to the adjacent

part of the duodenum, and passes to the upper end of the right

kidney, forming here a slight fold, named hepato-renal ligament. It

then covers the hepatic flexure of the colon, and reaches the right

colon, on which it has been already traced. To the left of the trans-

verse and the longitudinal fissure the peritoneum invests the whole o*F

the left lobe, and stretches out as the long left lateral ligament above

and beyond the oesophageal opening. It then passes down over that

opening and covers the front and left side of the gullet, spreads

over the left end of the stomach, where it passes off to invest the

spleen, forming a duplicature named the gastro-splenic ligament, or

gastro-splenic omentum, for it is connected below with the great

omentum, and often reckoned as a part of it. When the membrane
passes from the diaphragm to the oesophagus it forms a small duplica-

ture in the angle between them, named the gastro-phrenic ligament

;

it extends also as a stout and well-marked fold (the costo- or phreno-

eolic ligament) from the diaphragm opposite the tenth and eleventh

ribs to the splenic flexure of the colon, then passes over the splenic

flexure, and reaches the left kidney and descending colon, where it has

been already described.

Omenta.—The arrangement of the remaining part of the peritoneum

—that between the stomach, liver, and transverse colon—is somewhat
complex, in consequence of the membrane forming in this situation a

second and smaller sac, which communicates towards the right with the

c^eneral cavity by a narrow throat, named the foramen of Winsloiv.

This passage, which readily admits a finger, is situate behind the bundle

of hepatic vessels which stretches between the liver and commencing duo-



THE PERITONEUM. 483

denum ; behind the orifice is the vena cava ; it is bounded above by the

Fig. 340, A.—Diagrammatic Outline op a

SUPPOSED SECTION OF THE BODY, SHOWING

THE INFLECTIONS OF THE PeRITONEUJI IN

THE Female (Allen Thomson). J

The upper part of the section is a little to

the right of the mesial jjlane of the body,

tlirough the quadrate and Spigelian lobes of

tlie liver ; below, it is supposed to be mesial:

I c, placed above the diaphragm opposite to

the coronary ligament of the liver ; I, the

liver ; I', lobe of Spiegel ; s, stomacli ; c,

transverse colon ; i, the small intestine
;

p a, pancreas ; a, the aorta ; d, the duode-

num ; V, urinary bladder ; v., uterus ; r,

rectiim ; r, its middle part opened ; v a,

vagina
; p, p, the parietal peritoneum lining

the front and back of the abdominal cavity
;

the line representing the inflections of the

greater sac of the peritoneum will be traced

from the neighbourhood of I c, where it

passes on the upper surface of the liver over

the ujiiier and lower surfaces of that organ,

in the front oi gh, the gastro-hepatic omen-
tum, over the front of the stomach, down
to o', the outer layer of the great omentum,
whence it passes back to the vicinity of

tlie pancreas, and re-descends as the upper

layer of the transverse meso-colon ; after

enclosing the colon it returns on the lower

surface of the transverse meso-colon, in c, to

the root of the mesentery, m ; it now forms

the mesentery and encloses the small in-

testine, returning to the jDosterior wall of

the abdomen, whence it passes over the

rectum, r, descends into the recto-vaginal

pouch, It', covers the back and front of

the uterus and the bladder partially, and
regains the anterior abdominal wall above

the in^bes. As connected with the lesser

sac of the peritoneum, w marks the posi-

tion of the foramen of Winslow as if seen

beyond the section ; the lesser sac, with

the cavity of the omentum, is shaded

with horizontal lines, and is marked o o :

round this space the line of the peri-

toneum may be traced from the diaphragm

over the lobe of Spiegel, to the back of the

gastro-hepatic omentum, thence behind the

stomach and down into the great omen-

tum ; it then ascends to the pancreas,

which it covers, and thence reaches again

the diaphragm.

B is a sketch of part of a section similar

to that of A, but showing the view more
commonly taken, according to which the

two layers of the meso-colou are continuous

with the posterior pair of the layers of the

great omentum.

Spigehan lobe where joined by

the lobuhis caudatus , its lower

boundary is formed by the duo-

Fig. 310.
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denum and a curve of the hepatic artery. From this opening the

lesser sac spreads out to the left behind the general or main sac

of the peritoneum. It covers a part of the posterior abdominal

wall, but in front and below it is applied to the back of the main
sac, to which it adheres except where the stomach is interposed.

Moreover, it indents, as it were, the back of the main sac, and

between the stomach and colon protrudes into it in form of a great

])0uch—the bag of the omentum,—which thus has a double coat,

formed by the apposition of the membranes of both sacs. To trace this

arrangement more particularly : suppose a finger pushed into the

foramen of AVinslow, and tlie thumb brought to meet it from before, to

the left of the hepatic vessels; the membrane held between is double ;

its anterior layer (from the greater sac), turns round the hepatic

vessels into the foramen, and then belongs to the lesser sac. The
double membrane, so constituted, is the lesser or hepato-gastric omentum.
From the point indicated it may be followed to the transverse fissure of

the liver, where its laminte separate, the anterior, which has already

been traced from above, spreading on the adjacent part of the liver,

the posterior covering the lobulus Spigelii, where it will be again met
with. The attachment of the combined layers continues backwards

from the left end of the transverse fissure along the fossa ductus venosi

to the diaphragm, on which it runs a short way to reach the oesophagus,,

where the anterior lamina covers the end of that tube in front and on

the left, and the posterior lamina invests it on the right and behind.

From this point, as far as the pylorus, the lesser omentum is attached

to the lesser curvature of the stomach, where its laminae separate—one

covering the anterior and the other the posterior surface of the organ

—

but meeting again at the great curvature, they pass down in conjunction

to a variable distance before the small intestine to form the anterior

part of the great omental sac, and then turn up to form its posterior

wall. Meeting next with the transverse colon, the two laminfe separate,

and enclose that intestine, but meet again behind it to form the trans-

verse mesocolon. This extends back to the lower border of the pancreas,

from which its inferior layer is continued down over the posterior wall

of the abdomen, and forms the mesentery, where it has been already

recognised. The superior layer, on the other hand, which, as will

be understood, belongs to the lesser sac, covers the front of the

pancreas, the cceliac artery and its main divisions with the adjacent

part of the diaphragm, and may extend to the left end of the pancreas

and lower end of the spleen, partially investing the latter organ and

forming part of the gastro-splenic ligament. It then goes forward

on the lobukis Spigelii to the transverse fissure, and the line of attach-

ment of the lesser omentum of which it then becomes the under

layer. More to the right the layer in question passes over the vena

cava, and continues into the general peritoneum beyond the foramen

of Winslow. The gastric and hepatic arteries, especially the former

(Huschke), may raise the membrane into folds which project into the

cavity.

From the description given it will be understood that, as the

sides or walls of the great omental bag consist of two peritoneal

layers, its whole thickness (in its usually empty and collapsed

state) will comprehend four layers. But although the bag may be

inflated in its whole extent in the infantile body, its sides afterwards
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cohere, and it becomes impervious in its lower part. Fat, moreover,

accumulates between its laminre ; long slender branches also pass down
into it from the gastro-epiploic vessels.

The part of the membrane just described, which is attached to the

great curvature of the stomach and transverse colon, which is con-

nected also with the gastro-splenic ligament (or omentum), is usually

named the great or gasfro-colic omentum. This may reach the hepatic

flexure, and pass a certain way down on the right colon, and this part

has been distinguished by Haller and others as the omentum colicum.

The great omentum (proper) usually reaches lower down at its left

border, and it is said that omental inguinal hernife are more common
on the left side.

The description now given of the relation of the omentum to the

meso-colon agrees with the appearances most frequently seen in the

adult subject, and with the account usually given in English works of

Anatomy; the exterior (here also posterior) layer of the great omentum
being described as separating from the layer Avithin, belonging to the

omental sac, when it reaches the transverse colon so as to pass behind
or below that viscus, and as proceeding from thence backwards to the

abdominal wall as the posterior or lower layer of the transverse meso-
colon. It was, however, long ago pointed out by Haller, and the view has

been confirmed by the observations of J. F. ileckel, J. Milller, Hansen,
and Huschke, that in the foetus, and occasionally in the child, or even
in the adult, the two ascending layers of the omentum, though adherent

to the transverse colon, may be separated from it and from the trans-

verse meso-colon, so as to demonstrate that the transverse meso-colon

is really a distinct duplicature of peritoneum. This view has been

adopted by Holden and Luschka in their more recent works, and has

been verified by Allen Thomson. Figures oiO a, and b, show diagram-
matically the difference of the two views.

It appears, therefore, that a portion of peritoneum, -which in the foetus passes

above the transverse colon to the back of the abdomen, and is thence reflected

forwards as the upper layer of the meso-colon. disappears in the adult ; the peri-

toneal layers between which it was interposed having cohered to form the trans-

verse meso-colon. It is conceivable that the foetal duplicatiu'e may be obliterated

by absolution of its substance as the adhesion goes on between the layers,

between which it is jslaced ; or, more probably perhaps, it may be drawn or

pushed forward from its place in the progress of visceral development, and thus

effaced.
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MAMMARY GLANDS.

The mammary glands (mammas), -which yield the milk in the female,

are accessory parts to the reproductive system. They give a name to a

large class of animals (Mammalia), which are distinguished by the pos-

session of these organs. When fully developed in the human female,

they form, together with the integuments and a considerable quantity

of fat, two rounded eminences (the breasts) placed one at each side on
the front of tlie thorax. These extend from the third to the sixth or

seventh rib, and from the side of the sternum to the axilln. A little

below the centre of each breast, on a level with the fourth rib, or a

ittle lower, projects a small conical body named the nipple (mammilla),

which points somewhat outwards and upwards. The surface of the

nipple is dark, and around it there is a coloured circle or areola, within

which the skin is also of a darker tinge than elsewhere. In the virgin,

these parts are of a rosy pink colour, differing somewhat according to

the complexion of the individual, and they are always darker in women
who have borne children. Even in the second month of the first preg-

nancy, the areola begins to enlarge and acquire a dai'ker tinge ; these

changes go on increasing as gestation advances, and are regarded as-

signs to be relied on in judging of suspected pregnancy. After lactation

is over, the darlc colour subsides, but never entirely disappears. The
skin of the nipple is marked with many Avrinkles, and is covered with
papilla3 ; besides tliis, it is perforated at the tip by numerous foramina,

which are the openings of the lactiferous ducts : and near its base, as

well as upon, the surface of the areola, there are scattered rounded ele-

vations, which are caused by the presence of little glands with branched
ducts, four or five of which open on each elevation. The tissue of the

nipple contains a large number of vessels, together with much plain

muscular tissue, and its papilla are highly sensitive ; it becomes firmer

and more projecting from mechanical excitement,—a change mainly
caused by contraction of the muscular filires, which form concentric

circles round the base, and some radiating bands running from base to

apex of the nipple.

The base of the mammary gland is somewhat oval, flattened, or

Slightly ccmcave, and has its longest diameter directed upwards and
outwards towards the axilla. The gland lies in connective tissue con-

tinuous with the superficial fascia, its base resting on the pectoral

muscle, and separated from it by a layer of firm areolar tissue con-

tinuous with the deep fascia. The thickest part of the gland is near the

centre, opposite the nipple.

On the surface, and penetrating also between the lobes, there is a

large quantity of fat, which mainly gives the full and smoothly rounded
form to the gland. This fat is of a firm consistence and bright yellow

colour, and is subdivided into lobules by partitions of connective tissue.

It is entirely absent from the nipple and areola.

STRUCTURE OF THE MAMMA.

The glandular substance of the mamma consists of numerous distinct

lobes held together by firm intervening fibrous or areolar tissue, and
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having adipose tissue penetrating bet-n-een them. Each of these lobes

is provided with an excretory duct, and is subdivided into smaller lobes,

and these again into smaller and smaller lobules, which are flattened

or depressed, and are united bj areolar tissue, blood-vessels, and ducts.

The substance of the lobules is of a pale reddish cream-colour^

especially as contrasted with the adjacent fat, and is rather firm. It

is composed principally of the vesicular commencements of the lacti-

ferous ducts, which appear like clusters of small rounded vesicles,

having a diameter from ten to thirty times as great as that of the

capillary vessels by which they are surrounded. These vesicles open

into the smallest branched ducts, which, uniting together to form others

of larger size, finally end in a single excretory canal corresponding

Fi?. 341.

Fig. 341.

—

Dissection of tkk lo-^ver half of the Female Mamma durinq the
PERIOD OF Lactation (from Luschka). g

a, a, a, undissected part of the mamma ; 1, the mammilla ; 2, areola ; 3, sub-

cutaneous masses of fat ; 4, reticular loculi of the connective tissue which support the

glandular substance and contain the fatty masses ; 5, three lactiferous ducts passing

towards the mammilla where they open ; 6, one of the sinus lactei or reservoirs
;

7, some of the glandular lobules which have been unravelled ; 7', others massed together.

to one of the chief subdivisions of the gland. The canals formed

thus are named the gaJactophorous duds, and are from fifteen to

twenty in number ; they converge towards the areola, beneath which

they become considerably dilated, especially during lactation, so as to

form amjniUce- or sinuses two or even three lines wide, which serve as small

temporary reservoirs for the milk. At the base of the nipple all these

ducts, again reduced in size, are assembled together, those in the centre

being the largest, and then proceed, side by side, surrounded by areolar

tissue and vessels, and without communicating with each other, to the

summit of the mammilla, where they open by separate orifices
i
these

orifices are seated in little depressions, and are smaller than the ducts



THE MAMMARY GLANDS.

to which they respectively belong. The walls of the ducts are composed

of areolar tissue, with longitudinal and circular elastic fibres. Both

the terminal vesicles and the ducts are lined with short columnar epi-

thelium, which passes into the flat kind near the external openings on
the nipple.

Fig. 342.

Pi"-. 342.

—

Magnified Views of the Glandular Substance of the Mamma duuino
THE PERIOD OF LACTATION (from Henle).

A, section of a small lobule of the gland, magnified CO diameters ; 1, sti'oma of con-

nective tissue supporting the glandular tissue ; 2, terminal ramuscule of one of the gland-

tubes ; 3, glandular vesicles.

B, four glandular vesicles magnified 200 diameters, showing the lining epithelial cells

And some milk-globules.

Difference according to sex.—The mamma begins to be formed

as early as the fourth month of foetal life, but its subsequent growth

is comparatively tardy. At the third or fourth year of infancy, there is

little or no difference in male and female children. The fuller develop-

ment of the gland in the female occurs only towards puberty.

In the adult male the mammary gland and all its parts exist, but

quite in a rudimentary state, the gland itself measuring only from six

to nine lines across, and two lines thick, instead of four inches and a

half wide and one and a half thick, as in the female. Occasionally the

male mamma, especially in young subjects, enlarges and gives out a

thin watery fluid ; and, in some rare cases, it has secreted milk. (W.

Oruber, On the Male Mamma, in Mem. of the Petersburg Acad., 1866.)

Blood-vessels and Nerves.—The arteries which supply the mam-
mary glands are the long thoracic and some other branches of the

axillary artery, the internal mammary, and the subjacent intercostals.

The veins have the same denomination. Haller described a sort of

anastomotic venous circle surrounding the base of the nipple as the

circulus venosus. The nerves proceed from the anterior and middle

intercostal cutaneous branches.

Varieties.—Two or even three nipples have been found on one gland. An
additional mamma is sometimes met with, and even four or five have been

observed to co-exist ; the supernumerary glands being most frequently near the

ordinary pair, but sometimes in a distant part of the body, as the axilla, thigh,

or back.



THE CEREBEO-SPINAL AXIS. 489

THE CEREBEO-SPINAL AXIS.

Under this head it is intended to describe the Central Organs of the

K'ervous System, both as regards their general conformation and their

minute structure. The central ganglia of the sympathetic system have
been described along with the sympathetic nerves.

The cerebrospinal axis is contained partly within the cavity of the

cranium, and partly within the vertebral canal ; it is divided by anato-

mists into the brain or encejilialon, and the enlarged upper mass placed

within the cranium, and the spinal cord contained within the vertebral

canal. It is symmetrical in its foiTa and structure throughout, con-

sisting of a right and a left half, separated to a certain extent by
longitudinal fissures, and presenting, in their plane of union, various

portions of Avhite and grey nervous substance which cross from one
side to the other, and form the commissures of the brain and spinal cord.

Enclosed within the skull and the vertebral canal, the cerebro-spinal

axis is protected by the bony walls of those two cavities ; it is also

surrounded by three membranes, which afford it additional protection

and support, and are subservient to its nutrition. These envelopes,

which will be described hereafter, are, 1st, a dense fibrous membrane
named the dura mater, which is placed most superficially ; 2nd, a serous

membrane called the arachnoid ; and, 3rd, a highly vascular mem-
brane named the pia mater, which is next to, and closely invests the

surface of the brain and cord.

A.—SPINAL CORD.

EXTERNAL FORM.

The spinal cord, or spinal marroiv (medulla spinalis), is that part of

the cerebro-spinal axis which is situated within the vertebral canal. It

extends from the margin of the foramen magnum of the occipital bone
to about the lower part of the body of the first lumbar vertebra. Above,

it is continued into the medulla oblongata ; below, it ends in a slender

filament, the filum terminale or central ligament of the spinal cord

(fig. 344 B').

Invested closely by a proper membrane (the pia mater), the cord is

enclosed within a sheath (theca) considerably longer and larger than

itself, formed by the dura mater, and separated from the walls of the

canal by numerous venous plexuses, and much loose areolar tissue

(fig. 345). Between the dura-matral sheath and the pia mater is

another membrane (the arachnoid), and between the latter and the pia

mater is a fluid called the cerebro-spinal fluid. Within this space the

cord is kept in position by proper ligaments, which fix it at different

points to its sheath, and by the roots of the spinal nerves,—an anterior

and a posterior root belonging to each,—which pass across the space

from the surface of the cord towards the intervertebral foramina. From



490 THE SPINAL CORD.

Fk. 343. its lower part, where they are

closely crowded together, the roots

of the lumbar and sacral nerves

descend nearly vertically to reach

the lumbar intervertebral and the

sacral foramina, and form a large

bundle of nervous cords named the

cmidn cgy.ina, which occupies the

vertebral canal below the termina-

tion of the cord (17, fig. 345).

Fig. 343. — View of the Cerebro-
spinal Axis op the Nervous System:
(after Bourgery). i

The right half of the cranium and
trunk of the body has been removed by
a vertical section ; the membranes only of

the brain and spinal marrow have been
removed, and the roots and first part of
the fifth and ninth cranial, and of all

the spinal nerves of the right side, have
been dissected out and laid separately on
the wall of the skull and on the several

vertebras opposite to the place of their

natui-al exit from the cranio-spinal cavity.

F, T, 0, lateral surface of the

cerebrum ; C. cerebellum ; P, pons
Varolii ; m o, medulla oblongata ; m s,

upper and lower extremities of the spinal

marrow ; c e, on the last lumbar ver-

tebral spine, marks the cauda equina ; v,

the three principal branches of the nervous
trigeminus or fifth pair ; G i, the sub-

occipital or first cervical nerve ; above
this is the ninth jjair ; G viii, the eighth

or lowest cervical nerve ; D i, the first

dorsal nerve ; D xii, the last or twelfth
;

L I, the first lumbar nerve ; L v, the last

or fifth ; S i, the first sacral nerve ; S v,

the fifth ; Co i, the coccygeal nerve ; s,

the left sacral plexus.

Although the cord usually ends
near the lower border of the body of
the first lumbar vertebra, it sometimes
terminates a little above or below
that point, as opposite to the last

dorsal or to the second lumbar verte-

bra. The position of the lower end of

the cord also varies according- to the

state of curvature of the vertebral

column, in the flexion forn'ards of
which, the end of the cord is slightly

raised. In the foetus, at an early

period, the cord occuj^ies the w^hole

length of the vertebral canal ; but,

after the third month, the canal and
the roots of the lumbar and sacral

nerves begin to grow more rapidly

than the cord itself, so that at birth

the lower end reaches only to the

third lumbar vertebra.
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Fig. 344.

—

Antekior and Posteuioii Views op

THE JIedulla Oblongata and Spinal Cord
WITH Sections (Allen Thomson), i

The cord has been divested of its membranes

and the roots of the nerves. A presents au

anterior, B a jMsterior view, showing the upper

ceiwical), and the lower (lumbar) enlargements.

In these figures the filiform prolongation, repre-

sented separately in B', has been removed ; C
shows a transverse section through the middle of

the medulla oblongata ; D, a section through tlie

middle of the cervical enlargement of the spinal

cord ; E, through the upper region of the dorsal

part ; F, through its lower ; (j, through the middle

of the lumbar enlargement ; and H, near the lower

end of its tapering extremity.

1, anterior pyramids ; 1', their decussation
;

2, olivary bodies ; 3, restiform bodies ; 4, pos-

terior surface of the medulla oblongata ;
4', cala-

mus scriptorius ; 5, posterior pyramids ; 6, pos-

terior lateral columns passing up into the restiform

bodies ; 7, 7, anterior median fissure extending

througli the whole length of the spinal cord ; 8, 8,

anterior lateral groove ; 9, 9, posterior median
fissure ; 10, 10, posterior lateral groove ; x

,

lower end of the tapering extremity of the cord
;

X , X , in B', the filiform prolongation of the

cord and its pia-matral covering.

Size and extent.—The length of the

Sjiiual cord is from fifteen to eighteen

inches. • In general form it is cylindrical,

somewhat flattened before and behind.

It presents two enlargements—an upper
or cervical, .and a lower or lumbar (fig,

344, D and G). The cervical enlarge-

ment is of greater size and extent than
the lower. It reaches from the third

cervical to the first dorsal vertebra ; its

greatest diameter is from side to side.

The lower or lumbar enlargement is

situated nearly opposite the last dorsal

vertebra ; its antero-posterior diameter

is nearly equal to the transverse. Below
this enlargement, the cord tapers in the

form of a cone {conns 7nedidhris), from
the apex of which the small filiform

prolongation is continued downwards
for some distance wdthin the sheath.

Fig. 344. ^

The cervical and lumbar enlargements have
an evident relation to the large size of the
nerves which supply the upper and lower
limbs, and which are connected with those
regions of the cord. At the commencement
of its development in the embiyo. the spinal

cord is destitute of these enlargements, which,
in their first appearance and subsequent pro-

gress, correspond with the growth of the
limbs.

?-!
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The terminal filament (filum terminale, central ligament) (fig,

oiG,b,h.) descends in the middle line amongst the nerves composing the

Cauda ecpiina, and, becoming blended -with the lower end of the sheath

opposite to the first or second sacral vertebra, passes on to be fixed

to the lower end of the sacral canal, or to the base of the coccyx.

Fig. oio.

Fig. 3io.

—

Posterior View op the IMedulla Oblongata and of the Spinal Cokd
WITH ITS CovERiNOs AND THE RooTS OF THE Nerves ^from Sappey). 4

The theca or dura-matral slieatli lias been opened by a median incision along the whole

length, and is stretched out to each side. On the left side, in the upper and middle parts

{A and B), the posterior roots of the nerves have been removed so as to expose the liga-

mentuni denticulatuni ; and along the right side the roots are shown passing out through

the dura mater. The roman numbers indicate the different nerves in the cervical, dorsal,

lumbar, and sacral regions ; 9, several of the pointed processes of the ligamentum deu-

ticulatum ; 10, oi-igin of several posterior roots ; 11, posterior median fissure ; 12,

ganglia of the spinal nerves ; 1.3, part of the anterior roots seen on the left side ; 14,

the united nerve ; 15, tapering lower end of the spinal cord ; It.!, filum terminale ; 17,

Cauda equina.

Internally, it is a prolongation for about half its length of some of

the nervous elements of the cord : externally, it consists of a tube
of the pia mater or innermost membrane, which, being attached at its

lower end to the dura mater and vertebral canal, keeps pace with the

latter in its growth, whilst the cord relatively shortens. It is distin-

guished by its silvery hue from the nerves amid which it lies. Small
blood-vessels may sometimes be seen upon it.

Fissures.—When removed from the vertebral canal, and divested
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of its membranes, the spinal cord is seen to be marked by longi-

tudinal fissures. Of these, two, which are the most obvious, run along

Fig. oiG.—Lower Part of the Spinal Cord with Fig. 34G.

THE Cauda Equina and Sheath, seen from be-

hind (Allen Thomson), h

The sheath has been opened from behind and

stretched towards the sides ; on the left side all the

roots of the nerves are entire ; on the right side both

roots of the first and second lumbar nerves are entire,

while the rest have been divided close to the place of

their passage through the sheath. The bones of the

coccyx are sketched in their natural relative position

to show the place of the filum terminale and the lowest

nerves.

a, i^laced on the posterior median fissure at the

middle of the lumbar enlargement of the cord ; h, b,

the terminal filament, drawn slightly aside by a hook

at its middle, and descendmg within the dura-niatral

sheath ; b', b', its prolongation beyond the sheath

and upon the back of the coccygeal Ijones ; c, the

dura-matral sheath ; d, double foramina for the

separate passage of the anterior and posterior roots of

each of the nerves ; e, pointed ends of several ijro-

cesses of the ligamentum denticulatum ; Dx, and
Dxil, the tenth and twelfth dorsal nerves ; Ll, and
Lv, the first and fifth lumbar nerves ; Si, and Sv,

tlie first and fifth sacral nerves ; Ci, the coccygeal

nerve.

*v ^LV

SI

i

%

the middle line, one in front and the other

behind, and are named the anterior and pos-
terior median fissures. j_,<v

The (inferior median fissure (fig. 847, 1) f^m
is more distinct than the po.sterior, and pene-
trates about one-third of the thickness of

the cord, its depth increasing towards the
lower end. It contains a fold of the pia

mater, and also many blood-vessels, which
are thus conducted to the centre of the cord. ,^, ™
At the bottom of this fissure is seen the ^ '^'^ '''

transverse connecting portion of white sub-

stance named the anterior ivhite commissure.

The posterior median fissure (fig. 347, 2) is

less marked in the greater part of its extent

than the anterior, but l)ecomes more evident
towards the upper part of the cord. Its posi-

tion is marked, especially in the lumbar en- sxj

largement and in the cervical region, by a "^^

superficial furrow. It is not an actual fissure,

for, although the lateral halves of the i)osterior

part of the cord are quite separate, there is

no distinct inflection of the pia mater be-
tween them, but merely a septum of connec-
tive tissue and blood-vessels which passes in nearly to the centre of
the cord, as far as the posterior grey commissure.

Besides these two median fissures, two lateral furrows or fissures have
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been described on each side of the cord, corresponding with the lines of

attachment of the anterior and posterior roots of the spinal nerves.

The posfcrior lateral fismre (fig. 3-47, 4) is a superficial depression

along the line of attachment of the posterior roots.

The anterior lateral fissure, which is often described in the line of

the origin of the anterior roots of the nerves, has no real existence as a

groove. The fibres of these roots in fact, unlike the ]30sterior, do not

dip into the spinal cord in one narrow line, but spread over a space of

some breadth. Thus, each lateral half of the cord is divided superficially

by the posterior lateral fissure into a posterior and an antero-lateral

column. The attachment of the anterior roots, however, divides the

latter into anterior and lateral portions.

On the posterior surface of the cord, and most evidently in the upper

Fig. 347. Fig. 3i7. — Different
Views of a Portion of
THE Spinal Cord from
THE Cervical Region
•WITH THE Roots of
THE Nerves. Sligttly

enlarged (Allen Thom-
son).

In A, tlie anterior sur-

face of the si3ecimen is

showTi, the anterior nerve-

root of tlie right side

being divided ; in B, a
view of the right side is

given ; in C, the iipper

surface is shown ; in D,

the nerve-roots and gan-

glion are shown from
below. 1, the anterior

median fissure : 2, pos-

terior median fissure ; 3,

anterior lateral depres-

sion, over which the ante-

rior nerve-roots are seen

to spread ; 4, posterior

lateral groove into which

the posterior roots are

seen to sink ; 5, anterior

roots passing the ganglion ;

5', in A, the anterior root divided ; 6, the posterior roots, the fibres of which pass

into the ganglion, 6'
; 7, the united or compound nerve ;

7', the posterior primary

branch, seen in A and D to be derived in part from the anterior and in part from the

posterior root.

part, there are two slightly marked longitudinal furrows situated one

on each side, close to the posterior median fissure, and marking off, at

least in the cervical region, a slender tract, named the posterior median

column. Between the anterior and posterior roots of the spinal_ nerves,

on each side, the cord is convex, and sometimes presents a longitudinal

mark corresponding with the line of attachment of the ligamentum

denticulatum.

INTERNAL STRUCTUKE OF THE SPINAL CORD.

The spinal cord consists of white and grey nervous substance. The

white matter, forming by far the larger portion of the cord, is
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situated externally, whilst the grey matter is disposed in the

interior.

The white substance of the anterior and posterior columns is pene-

trated by the median fissures, and by trabeculte of connective tissue

Fi- 348.

Fig. 348.

—

Trajjsverse Sections of Spinal Cord at different heights. M.\gnifieb
Two Diameters.

The letters and numbers indicate the position of each section : C 1, C 2, &c., at level

of first cervical nerve, second cervical nerve ; D 1, &c. , first dorsal, &c. ; L 1, &c., first

lumbar, &c. ; sac. 2, second sacral ; ca. 2, second coccygeal nerve. The grey substance
is shaded dark, and the nerve-cells within it are indicated by dots.

extending inwards from the surface. Most of these are irregular and
indistinct, but in the cervical region a septum extends forwards and
inwards from the fissure just described which bounds the posterior

median column. This column is thus marked off from the rest of the

posterior column as a wedge-shaped area on each side of tlie posterior

median fissure.
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The grey substance, as seen in a transyerse section of any part of

the cord, presents two crescent-shaped masses, placed one in each lateral

half, with their conA'exities towards one another, and joined across the

middle by a transverse portion, the g^-eij or posferior commissure of the

cord. Each of these grey crescents has an anterior and ^^wsterior cornu or

horn. The posterior, generally longer and narrower, approaches tlie

posterior lateral fissure : the anterior, shorter and thicker, extends

towards the place of attachment of the anterior roots of the nerves,

thus dividing the antero- lateral column into the anterior and lateral

portions of white substance. On the outer surface of each crescent, be-

tween the two cornua, processes from the grey substance form a network

which encloses portions of the white column. This is seen especially in

the cervical region, A layer of white substance separates the grey

commissure from the bottom of the anterior median fissure, and is

named the anterior or white commissure.

The back part of the posterior horn, which is somewhat enlarged, is

called the caput cornu postcrioris (fig. 350, a a) ; the narrower poi'tion

which connects it with the rest of the grey substance being called

the cervix cornu (fig. 350, l). At the tip of the caput cornu the grey

matter has a peculiar semitransparent aspect, whence it was named
by Eolando substantia cincrea gelatinosa.

The grey crescents vary in form in different parts of the cord (see

fig. 348). In the dorsal region both anterior and posterior cornua are

narrow. In the'cervical and lumbar regions the anterior cornua are large

and broad, constituting cylindrical or prismatic columns of grey sub-

stance. The posterior cornua are narrow in the cervical, but very broad

in the lumbar region. The grey matter is seen in a series of sections

to be, relatively to the white, most abundant in the lumbar region of

the cord, less so in the cervical region, and least so in the dorsal.

The actual amount of white matter is greatest in the neck, of grey

matter in the lumbar region. Towards the lower end of the cord the

double crescentic form gradually disappears, and the grey matter is

collected into a central mass, which is indented before and behind and

at the sides. At its extreme point, according to Eemak and Valentin,

the cord consists of grey matter only.

Fig. 349. Fig. 349.

—

Section of Lower Extremity op Spinal Cord. Magnified
ABOUT Six Times.

__^ In A, the peculiar form of the lower extremity of the central canal is

seen, and in B, its opening on the posterior surface.

The commissure connecting the two halves of the cord

measures -:?^i\i or ^-^^th of an inch in average thickness, and

consists, as already mentioned, of two portions—anterior

white, and posterior grey commissures. The anterior is

proportional in size to the size of the nerve roots. The pos-

terior is largest in the upper part of the conns medullaris.

In it is contained the centi-al canal.

Central canal.—Extending through the whole length of the spinal

cord, in the substance of the grey commissure, there is a minute

central canal which, in prepared transverse sections of the cord, is

barely visible, as a speck, with the naked eye. Superiorly, it is con-

tinued into and opens out at the calamus scriptorius of the fourth
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ventricle ; and inferiorly, at the extremity of the conns medullaris, it

becomes enlarged, shaped like the letter "J", and extends backwards
to the surface of the cord, being covered in only by pia mater and
connective tissue. This canal, [though minute, is an ol^ject of con-

siderable interest as a typical part of the structure of the cord, it being
the permanent remains of the cavity of the cylinder formed by the spinal

cord at the earliest period of its development. It is more distinctly

seen in fishes, reptiles, and birds than in mammals.

MINUTE STRUCTUEE.

The substance of the spinal cord consists of a large proportion of

nervous substance, supported in a delicate framework of connective

tissue, and containing numerous minute blood-vessels. The white
matter presents nerve-fibres, but is almost destitute of nerve-cells : the

grey matter contains both elements.

Connective tissue takes part in the structure of the cord to a very
considerable extent. It forms a complete covering surrounding the

white substance beneath the pia mater, and from this covering trabeculge

of connective tissue extend into the white substance (fig. 351, e, e). A
nari'ow layer of gelatinous connective tissue lies upon the surface, fills up
its inequalities, and sends prolongations with the fibrous septa. These,

with the exception of those above described (p. 493), are irregular, and
extend a variable depth into the cord, some reaching the grey substance.

They divide and ramify, and their ultimate subdivisions are continuous

with a peculiar delicate matrix in w'hich the nerve fibres are embedded,
and which is termed by Yirchow the now-oglia. It contains many
minute granule-like nuclei, and is supposed to be derived, in part

at any rate, from peculiar changes in connective tissue cells (see

p. 136). In the posterior median column the connective tissue is

remarkably abundant. In the grey matter there is also much connec-
tive tissue, especially in the immediate neighbourhood of the central

canal. , Whether the smallest cells of the grey substance are really

nervous or belong to the connective tissue is still undecided, but it is

certain that many of the nuclei belong to the connective tissue.

WMte substance.—The fibres are in greatest part longitudinal ; the

principal exceptions being those contained in the commissure, and in

the roots of the nerves. The longitudinal fibres are finer in the poste-

rior columns, and posterior parts of the lateral columns, than in other

parts, and the deepest fibres are smaller than those placed more super-

ficially. (Kolliker.) The larger fibres are about y^Vo ^^ch in dia-

meter, the smaller are about -^i\\ of that size. A few branching nerve-

cells exist in the neighbourhood of the grey matter.

Grey substance.—The fibres of the grey substance are for the
most part not more than one-half the diameter of their continuations

in the white substance and in the nerve-roots, but among them there

are a few of larger size. They are very various in their direction,

and are arranged in a complete network, except those which are con-
nected with the roots of the nerves, which pass in definite directions,

arranged in compact groups. The fine network appears to be, in part,

at any rate, composed of the fine branching processes of the nerve cells.

The nerve-cells of the grey matter are of two kinds. Firstly, there

are very large branched cells, from -^^ to -^^ of an inch in size, con-
VOL. II. K K
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taining nuclei and pigment ; secondly, there are smaller cells, ranging
from 7oVo to ^^o of an inch, the majority being from -^^^-^^ to gi^ of
an inch in size.

The smaller cells occur scattered throughout the whole of the grey
matter, and are aggregated also in the si/hsfnnfia gelatmosa at the ex-
tremity of the caput cornu posterioris, where they are scattered in a
finely granular basis, and among them pass many fine nerve-fibres
derived from the posterior roots.

The larger cells are collected into groups. In the anterior horn they
are placed chiefly in its anterior and in its outer portions, although
scattered cells occur throughout the cornu. The two groups (with

Fis. 350. Fig. 350.

—

Transverse
Section of half the
Spinal Marrow in
THE Lumbar En-
largement. (Allen
Thomson.)

f

This is a semidia-
gi-ammatic repi-esenta-

tion taken from a pre-

pared specimen, and
founded in 25art on the
statements of Lockhart
Clarke and of Kolliker.

1, anterior median
fissure ; 2, posterior

median fissure ; 3, cen-

tral canal lined with
epithelium

;

commissure
commissure
column ; 7,

lumn : 8,

4, posterior

; 5, anterior

; 6, posterior

lateral co-

anterior co-

lumn
;

(at each of these

places and throughout

the "white substance the

trabecular prolongations

of the pia mater are

shown
;
) 9, fasciculus of

posterior nerve root en-

tering in one bundle
;

10, fasciculi of anterior

roots entering in four

spreading bundles of

fibres ; a, a, caput cornu

posterioris with large and small cells, and above them the gelatinous substance ; h, in the

•cervix cornu, decussating fibres from the nerve roots and fiosterior commissure ; c, posterior

nresicular columns (of Clarke) ; d, fibres running transversely from the posterior commissure
into the lateral columns ; near d, the lateral group of cells, intermedio -lateral tract ; e, c,

ifibres of the anterior roots, entering the anterior cornu, and passing through among the

Tadiating cells, but not joining their processes ; c', fibres from the anterior roots which
decussate in the anterior commissure ; c", external fibres from the roots running round
the outside of the anterior grey cornu towards the lateral columns

; /, fibres from the

posterior commissure and from the posterior cornu running towards the anterior. Tkree
groups of cells are seen in the anterior cornu ; of these the anterior are external and
internal, the posterior are chiefly external or lateral.

which the anterior nerve-roots are connected) are well defined, espe-

cially in the cervical and lumbar enlargements. The outer group is

usually cylindrical, the anterior prismatic in form, and the latter is

>often broken up into two or three smaller groups.



MINUTE STEUCTURE. 499

In the posterior cornu the large cells are collected chiefly into a
compact group, the posterior vesicular column (of Clarke) (fig. 350, c),

Vv'hich occupies the inner half of the cervix. The cells lie among fine

interlacing fibres, some horizontal, derived chiefly from the jjosterior

roots of the nerves, and many longitudinal. Some cells are small and
others large, with processes running in different directions, but especially

upwards and downwards, parallel to the vertical fibres. This group
is skirted by fibres (also chiefly from the posterior roots) which curve
around it, and among which lie other fusiform nerve-cells. This group
of cells is largest near the upper part of the lumbar enlargement
(fig. 348, L 1), where it has a diameter of -^^t\\ of an inch, and causes a
projection on the inner surface of the cervix cornu. It can be traced

upwards through the dorsal region, becoming less distinct, and ceasing

before the middle of the cervical enlargement is reached. Below the

middle of the lumbar enlargement it is indistinct. In the upper part

of the conns meduUaris a group of cells behind the central canal, on
each side, occupies nearly the position of this column, but has different

histological connections. (Clarke.)

In the outer portion of the grey matter, midway between the anterior

and posterior cornua, is a small group of cells, the tractus intermedio-

lateralis (of Clarke) (fig. 350, cT), which occupies a projection on the sur-

face of the grey matter. It extends from the upper part of the lumbar
to the lower part of the cervical enlargement, being larger in the

Fiff. 351.

o
.1 00

®J

fe'l0.Qo®nO

loiJ

-^^

Fig. 351.—A Small Portion of a Transverse Section of the human Spinal Cord
NEAR THE SuRFACK AT THE ENTRANCE OF A BuNDLE OF THE ANTERIOR RoOTS. (Allen
Thomson.) -°"

This figure, which is somewhat diagrammatic, is intended to show the relation to the
nervous substance of the pia-matral sheath of the cord aud the processes of connective
tissue prolonged from it between the longitudinal and other nerve fibres, a, a, a bundle
of the anterior roots ; b, h, transverse sections of part of the anterior columns of the
cord in which the dark points are the axis-cylinders, and the circles represent the outline
of the medullary substance : in these parts the connective tissue is not represented, and
many of the smallest nerve-fibres have also, for the sake of clearness, been omitted

;

c, the pia-matral covering of the cord ; d, one of the compartments of the anterior
column enclosed by septa of connective tissue prolonged from the pia mater, and exhibit-
ing the fine frame-work of connective tissue, c, e, extending through among the nerve-
fibres, which last have been omitted.

K K 2
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upper part than in the middle of the dorsal region. In the upper

part of the cervical region a group of cells reappears in the same situa-

tion, and is traversed by the roots of the spinal accessory nerve. The

cells of the intermedio-lateral tract are of large and medium size, and

many of theiii are fusiform, lying transversely. They are probably con-

nected with fibres which run transversely from the commissure across

the central portion of the grey substance.

Commissures.—The anterior commissure consists of medullated

nerve fibres which pass on each side, some into the anterior white

column, others into the anterior horn. Their course is not strictly

transverse, many fibres which enter the anterior part of the commissure

at one side leave it at the posterior portion on the other side. There is

thus a double decussation at the middle line (fig. 350). Sometimes part

of the fibres have an ascending or descending direction, or are displaced

by the vessels which pass into the cord from the anterior fissure.

The i)OsteriQr commissure is composed of fine grey nerve fibres,

running transversely and most abundant behind the central canal. On
each side of the canal is an area occupied chiefly by gelatinous substance,

in which are a few longitudinal fibres and granules. Close to the

canal many small round or angular cells are scattered, some branching,

others containing many nuclei (probably connective tissue cells).

The central canal is lined with a layer of cylindrical ciliated epithe-

lium. In the adult its lumen is not unfrequently occupied by cells and

granular material, and, the epithelium layer being indistinct, the cells

within it appear continuous with those in its vipinity.

The filnm terminale is said to contain in its upper portion a con-

tinuation of the central canal, surrounded by gelatinous substance and

nerve fibres. In its lower portion it consists of connective tissue only.

Fig. 352. Fig. 352.—A Small Por-
tion OF A TRANSVERSE
Section op the Spinal
Cord at the place
where two bundles op
THE Fibres op the An-
terior Roots pass into

the grey substance.

\ \ \IA\v\\>'^^^V\X:-u-v:\ SA~M_l//n5^K<--V" rpijig gg^^j-e may be looked

upon as reiDresenting the

inner ends of the anterior

roots of the nerves, of

which the outer part is

shown in fig. 346. a, a,

the two bundles of fibres of

the anterior root passing

between the compartments

of longitudinal fibres of the

cord ; b, b, the same fibres

running backwards througli

the grey substance towards

the posterior cornua ; c, c',

those spreading in the anterior cornua, on the one side towards the anterior commissure,

and on the other round the outer side of the anterior cornu ; d, d, portions of three com-

partments of the anterior columns in which the longitudinal fibres of the cord are sliown

in transverse section ; e, e, large radiated and nucleated cells in the grey substance of the

anterior cornu- -some with three, others with a greater number of processes emanating

from them : no direct communication is shown between these processes and the nerve

fibres of the roots.



MINUTE STRUCTURE. 501

Origin of the spinal nerves.—The anterior and posterior roots of

the spinal nerves are attached along the sides of the cord, and oppo-

site to the corresponding cornua of the grey matter ; the posterior

roots in a straight line at the posterior lateral gi'oove, and the anterior

roots scattered somewhat irregularly upon the surface (fig. 3i7, b).

The fibres of the anterior roots may be traced into and through

the anterior cornua (fig. 350, e, e). In it they diverge in different

directions, passing among tlie large multipolar cells with which some
are probably connected. Many fibres pass backwards in the substance

of the anterior cornu, where some of them would appear to form
connections with fibres proceeding from other parts of the cord, and
others to spread obliquely upwards and downwards ; an external group
reach the lateral column, and an internal group cross in the anterior

white commissure to the anterior cornu of the opposite side.

The fibres of the posterior roots, on reaching the posterior cornu,

diverge from each other and enter the grey substance, some immediately
through the substantia gelatinosa, others after curving through the

outer portions of the posterior columns and round the inner side of the

caput cornu (fig. 350, 9). Of those which pass through the gelatinous

substance, a large number immediately turn upwards and downwards,
and blend with the fine plexus of nerve-fibres which constitutes the

central portion of the grey matter, reaching, probably, some the anterior

cornu, and others by the posterior commissure the opposite side of the

cord. Of the fibres of the posterior roots which enter the grey

substance in front of the substantia gelatinosa, some pass forwards at

once through the grey substance, while others enter and blend with
the posterior vesicular columns of nerve-cells. Another set of fibres

slant principally upwards, but some downwards, in the white substance

of the posterior columns, and, interlacing with each other, most pro-

bably enter the grey matter at different heights. Some are lost to view
in the posterior white columns, and it is uncertain whether or not
they immediately ascend through these columns to the brain.

A narrow grey line extends from the apex of the posterior horn to the

posterior lateral furrow, and consists of connective tissue and fine nerve

fibres. It was formerly thought to be part of the posterior nerve root.

Much discussion has taken place as to the coiu-se of the fibres in the cord, and
their ultimate destination. It is easily understood that, by the examination of
sections difficult to prepare, limited in extent, liable to undergo changes in the
preparation, and giving views confined each to little more than a thin lamina,
it is scarcely to be expected that the full history of many tortuous fibres can be
accm-ately ascertained. Thus it remains still undecided whether any of the
fibres of the nei-ve-roots pass up all the way to the brain. Volkmann concluded
that none of them reached the brain, arguing from measurements of the size of
the cord in different regions, that the cord could not contain in its upper regions
all those nerve-fibres which were traceable to it in the lower. Kolliker pointed
out the fallacy of this conclusion, in so far as Volkmann had not made proper
allowance for the diminished size of the fibres as they ascend in the cord ; but
although Volkmann's argument was thereby invalidated, it appears impossible
to prove by microscopic observations that fibres of nerve-roots traced into the
grey matter, and observed to emerge into the white matter, do not again re-enter
the grey and terminate there.

There seems little doubt that the radiating prolongations of the cells are in
actual continuity with the axial filaments of nerve-fibres, whether proceeding-
from nerve-roots or from different parts of the cord itself.
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B—THE EITCEPHALOH.

The encephalon admits of being conveniently divided into the

medulla oblongata, the cerebellum with the pons Varolii, and the

cerebrum.

The medulla ohlongala is the part continuous with the spinal cord :

it rests on the basilar process of the occipital bone, and on its superior

or dorsal surface presents a groove continuous with the central canal of

the spinal cord.

The cerelellum occupies the posterior fossa of the cranium. By the

mesial part of its anterior and inferior surface, it forms the roof of a

space, the floor of which is the grooved posterior surface of the medulla
oblongata, and which is named the fourth ventricle of the brain. On
each side of this, the cerebellum is connected with the medulla ob-

longata and cerebrum, and also receives the fibres of the ^wns Varolii,

which is a commissure, uniting the two hemispheres of the cerebellum,

and passing beneath and between the fibres which extend upwards
from the medulla oblongata.

The cerebrum includes all the remaining and much the largest part

of the encephalon. It is united with the parts below by a compara-
tively narrow and constricted portion or isthmus, part of which, forming

Fis. 353.

Fig. 353.

—

Plan in outline of the Encephalon, as seen fkom the eight side. ^

The parts are represented as separated from one another somewhat more than natural
so as CO show their connections. A, cerebrum ; c, fissure of Sylvius ; B, cerebellum

;

C, pons Varolii ; D, medulla oblongata ; a, peduncles of the cerebrum ; b, c, d, superior,

middle, and inferior peduncles of the cerebuUum ; the parts marked a, b, c, C, form the
isthmus encephali.
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the crura cerebri, descends into the pons Varolii, and through it is

continued into the medulla oblongata, whilst another part joins the

cerebellum. Situated on the fibres which extend up from the con-

stricted part, are a series of eminences, named, from behind forwards,

the corpora quadrigemiua, optic thalami, and corpora striata ; and
springing from the front and outer side of the corpora striata are the

large convoluted cerebral hemispheres, which expand from this place in

all "directions, concealing the eminences named, and occupying the vault

of the cranium, the anterior and middle cranial fossae, and the superior

fossa? of the occipital bone. The cerebral hemispheres are united to-

gether by a principal and smaller commissures ; by means of which
there is enclosed a cavity, which is subdivided into various ventricles,

viz., the two lateral, the third, and the fifth.

THE MEDULLA OBLONGATA.

The medulla oblongata is bounded above by the lower border of the

pons Varolii, whilst it is continuous below with the spinal cord, on a

level with the upper border of the atlas, at a point which corresponds

with the lower extremity of the anterior pyramids, to be presently

described. It inclines obliquely downwards and backwards ; its ante-

rior surface rests in the basilar groove, whilst its posterior surface is

received into the fossa named the vallecula, between the hemispheres of

the cerebellum, and there forms the floor of the fourth ventricle. To
its sides several large nerves are attached.

Fig. 354.

—

View of the Anterior Surface Fig. 354.

OF THE Pons Varolii and Medulla Ob-
longata.

a, a, anterior pyramids ; &, their decussation
;

c, c, oliTary bodies ; d, d, restiform bodies ; c,

arciform fibres
; /, fibres described by Solly as

passing from the anterior column of the cord to

the cerebellum
; ff,

anterior column of the

spinal cord ; h, lateral column ; p, pons Varolii
;

i, its upper filjres ; 5, 5, roots of the fifth pair

of nerves.

The term medulla ol^longata, as employed

by AVillis and Vieussens. and by those who
dii-ectly followed them, included the crura

cerebri and pons Varolii, as well as that

part to which by Haller first, and by most
subsequent writers, this term has been re-

stricted.

It is of a pyramidal form, having its

broad extremity upwards : it is expanded
laterally at its upper part : its length

from the pons to the lower extremity of the pyramids is about an inch

and a quarter ; its greatest breadth is nearly an inch ; and its thickness,

from before backwards, is about three-quarters of an inch,

Pissures.—The anterior and posterior median fissures which partially

divide the spinal cord are continued up into the medulla oblongata.

The anterior fissure terminates immediately below the pons in a recess,
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the foramen ccecum of Yicq d'Azyr ; the posterior fissure is continued

upwards into the floor of the fourth ventricle, vfheve it opens and ex-

pands in a superficial fuiTow, and is gradually lost.

In other respects an entirely different arranfi:ement of the parts

prevails from that in the cord. The surface of each half of the medulla
presents four eminences or columns, Avhich are met with in the following

order, from before backwards, viz. : the anterior pyramids, the olivary

bodies, the restiform bodies, and the posterior pyramids.

The anterior pyramids (fig. 354, a, a) are two bundles of white

substance, placed one on either side of the anterior fissure, and marked
off from the olivary body externally by a slight depression. They
become broader and more prominent as they ascend towards the pons

Varolii. At their upper end they are constricted, and thus enter

the substance of the pons, through which their fibres may be traced

into the peduncles of the brain.

In the lower part, a portion of each pyramid, arranged in several

bundles, which interlace with the corresponding, bundles of the other

pyramid, passes downwards across the fissure to the opposite side.

This decussation of the pyramids (fig. 35-4, b ; fig. 357, B) is not com-
plete, but involves the greater part of the innermost fibres. When
traced from below, it is found that the whole or a great part of the

decussating fibres come forward from the deep portion of the lateral

columns of the cord, and advance to the surface between the diverging

anterior columns, which are thus thrown aside. Other decussating fibres

come from the posterior grey substance, and as these, together with the

fibres fi'om the lateral column, cross the anterior horn, they receive

from the latter additional fibres. The decussation is more super-

ficial, and therefore of greater apparent extent, in some brains than in

others.

The outer smaller portion of each pyramid does not decussate ; it

consists of fibres, derived from the anterior column of the cord : these

ascend, and are joined by the decussating portion from the opposite

side. Together they form a prismatic bundle or column of white fibres,

which extends deeply into the substance of the medulla, and is triangular

in a cross section.

The anterior pyramid contains no grey matter, but a grey layer

which lies behind it, betweeen it and the olivary body, has been de-

scribed as its nucleus. This consists of medium-sized stellate nerve-

cells, lying between transverse and longitudinal fibres, and embedded
in a gelatinous substance.

The olivary bodies (fig. 354, c) are two masses placed to the outer

side of the pyramids, and sunk to a considerable depth in the substance

of the medulla oblongata, appearing on its surface as two f :nooth oval

eminences. They do not reach the pons Varolii above, being separated

from it by a deep depression ; nor do they extend so far down as the

pyramids.

They consist externally of white substance, of which the fibres chiefly

run longitudinally; and internally of a grey nucleus, named corjms

dentatum or ciliare, or olivary nucleus.

The olivary nucleus (fig. 357, D, o) appears, on making a section,

whether horizontal or vertical, through the middle, to present the form
of a zig-zag line of a light yellowish colour, circumscribing a whitish
substance within, and interi'upted towards the centre of the medulla.
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It is arranged in the form of a capsule, which is open at its upper and

inner part, and has its sides corrugated or plicated, so as to give

the indented ajDpearance to a section. This capsule is, moreover, sur-

rounded with white matter externally, and through its open part white

fibres pass into or issue from its interior, and connect it with other

parts of the brain. It contains small, round and stellate cells, lying in

a gelatinous substance and among the fibres which pass through it.

A separate grey lamina above it, of similar structure, has been termed

the accessory olivary nucleus.

The external fibres of the anterior columns of the cord, which at

the decussation of the pyramids are thrown outwards, are continued

upwards, on the surface of the medulla oblongata, and then pass, partly

on the outside of, and partly beneath the olivary bodies—being joined

in their further progress by the fibres issuing from the olivary nucleus.

To these fibres the term olivary fasciculus (fig. 356, o) has been

applied.

The restiform bodies (figs. 354 and 355, d), placed behind and to the

outer side of the olivary bodies, are two lateral rounded eminences or

columns directly continuous with the posterior, and with part of the

antero-lateral colimms of the cord ; they diverge slightly as they ascend,

and thus occasion the greater width of the medulla at its upper part.

Each ofthem passes into the corresponding hemisphere of the cerebellum,

and constitutes its inferior peduncle. At first they are in contact with

the small tracts of the medulla, named the posterior pyramids ; but

higher up they become free and prominent, and assist in forming the

lateral boundaries of the fourth ventricle. There is a considerable

quantity of grey matter in their interior.

By far the larger portion of the white substance of the restiform

body consists of longitudinal fibres, which include all those belonging

Fig. 355.

—

View of the Posterior Surface of Fig. 355.

THE Poxs Varolii, Corfora Quadrigemina,
AND Medulla Oblongata.

a, a, the upper pair of corpora quadrigemina
;

'), b, tlie inferior
; /, /, superior peduncles of tlie

cerebellum ; c, eminence connected with the nucleus

of the hypoglossal nerve ; outside e is the external

auditoiynucleus ; beneath e and i, that of the vagus

nerve ; d, d, restiform bodies
; 2^, I>, posterior

pyramids ; r, v, groove in the middle of the fourth

ventricle, ending below in the calamus scripto-

rius ; 7, 7, roots of the auditory nerves. (See also

Fig. 358.)

to the posterior column of the cord except

the posterior median column, some de-

rived from the lateral column, and also

a small band from the anterior column.

This last-named band runs obliquely

below the olivary body, and, as was shown
by Solly, connects the anterior column
with the cerebellum.

The posterior pyramids (fasciculi graciles) (fig. 355, 2^ p) of the

medulla oblongata, the smallest of the four pairs of columns into which
it is divided, are situated one on each side of the posterior median
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fissure. They consist of white fibres, continuous with tliose of the

posterior median columns of the cord, and contain much grey matter.

They increase in size as they ascend until they reach the point where

the medulla opens out to form the floor of the fourth ventricle ; and
there, diverging from one another, they appear to taper and become

closely applied to the restiform bodies. Their fibres quit these bodies,

however, and pass up to the cerebrum.

The iioor of the fourth ventricle (figs. 355 and 358), or space

between the medulla and cerebellum, is formed by that portion of the

back of the medulla oblongata w^iich is situated above the divergence of

the posterior pyramids. Upon it, the central grey matter of the medulla

oblongata, is, as it were, opened out to view. It is marked by a median
furrow, ending inferiorly in the calamus scripforius (fig. 355, v), and at

its lower end is a tubular recess, passing down the centre of the medulla

for a few lines. This, which has been sometimes named the ventride of

Aran fins, is the upper expanded portion of the central canal of the

spinal cord.

In the upper part of the floor of the fourth ventricle are two longi-

tudinal eminences, one on each side of the middle furrow, greyish

below, but appearing white higher up. These are formed by two

bundles of white fibres, mixed with much grey matter, the fasciculi

teretes (fig. 358, 1).

Surmounting the free inner margin of the restiform body and posterior

pyramid is a thin lamina, the lit/ula, occupying the angle between the

cerebellum and the restiform body, and stretching towards its fellow of

the opposite side. It derives a certain interest fi'om indicating how the

cylinder, which is closed in the spinal cord, might be completed in this

region of the medulla oblongata by the union of the opposite margins.

Transverse fibres.— Crossing the grey matter in the floor of the

fourth ventricle several transverse white lines, or strice meclullares, are

usually observed, passing outwards from the median fissure, and round

the sides of the restiform bodies (figs. 355 and 358, 2). Some of these

white stride form part of the roots of the auditory nerves, a few run

slantingly upwards and outwards on the floor of the ventricle, whilst

others again embrace the corresponding half of the medulla oblongata.

These transverse lines arp sometimes wanting, in which case the white

fibres on which they depend probably exist at some depth below the

surface.

A set of superficial white fibres on the fore part and sides of the

medulla oblongata, crossing over it below the olivary bodies, was
described by Santorini and liolando as Mrcd vel processus arciformes.

They beloug to a system of white fibres which pass transversely or

horizontally outwards, and are probably continuous with the septal

fibres about to be noticed. Sometimes the greater part of the pyramidal

and olivary bodies is covered by a thin stratum of these transverse

fibres, which appear to issue from the anterior median fissure ; but,

most commonly, these superficial fibres are found only at the lower ex-

tremity of the olive, as the arciform fibres already mentioned.

Besides the superficial transverse fibres now referred to, the medulla
oblongata presents other horizontal fibres in its interior, some of them
disposed in a mesial raphe or septum (fig. 357, E), and numerous
others pi'oceeding from that septum transversely outwards. Of these

last, the majority, entering the olivary bodies, form the whole of their
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white substance ; and then passing radiately through the grey capsule,

turn backwards to the restiform body and lateral column, those of them,

which pierce the anterior wall of the capsule arching round it to reach

their destination. Other fibres pass behind the olivary into the resti-

form bodies, and seem to terminate in the grey substance of the floor of

the fourth ventricle.

Origin of Nerves.—From the surface of the medulla certain of the

cranial nerves arise, namely, the sixth fi-om the anterior pyramids close

to the pons, the facial and auditory from the restiform body close to the

pons, the giosso-pharyngeal, pneumo-gastric, and spinal accessory from
the lateral portion of tlie medulla, the hypoglossal from the groove between
the anterior pyramid and oKvary body. Their fibres may be traced to

grey matter in or near the floor of the fourth ventricle (see p. 510 and
568).

J

Fig. 356.—DiAGKAMMATic Repkesknta- Kg. S56.

TION OF THE PASSAGE OP THE CoLUilNS

OF THE Medulla Oblongata upwards
AND DOWNWARDS.

A, the specimen, wliicli is seen from

before, inclixdes the medulla oblongata and
the pons Varolii, with a small portion of

the spinal marro^y. The left lateral column

(that to the reader's right) has been lifted

out of its place to the side, and the ante-

rior and posterior columns of that side

remain undisturbed : the right anterior and
posterior columns have been removed, and

the lateral column remains in its place.

The upper part of the right pyramid is

removed. The transverse fibres of the pons

Varolii have been divided in circumscribed

portions to diiferent depths corresponding

with the several places of passage of the

columns of the medulla.

P, pons Varolii, part of the anterior sur-

face, where it has been left entire
; p, the

right and left pyramids, the upper part of

the right has been cut away
;

p', the fibres

of the left pyramid, as they ascend through

the pons, exposed by the removal of the

superficial transverse fibres
;

2^", placed on

the deeper transverse fibres of the pons on the right side, below the divided fibres of the

pyramid (these transverse fibres a little lower down constitute the part known as the "tra-

pezium ") ; a, left anterior column of the cord, passing upwards into the undecussated part

of the anterior pyramid, and into a', the olivary column ; 0, olivaiy body ; o', the continua-

tion of the olivary column ascending deeply through the pons and exposed by the removal

of a small portion of the deeper transverse fibres ; o", the same fibres divided by a deeper

incision on the right side ; /, the right lateral column, passing upwards into the following

parts, viz., x , the deeper pait passing by decussation into the left pyramid ; r, the part

passing into the restiform body
; ft, the part ascending in the back of the fourth ventricle

as the fasciculus teres ; to the outer side of this are seen the ascending fibres of the posterior

pyramid ; I', the left latei-al column drawn aside from its place in the spinal cord ; the

fasciculus teres, ft, and the part to the restiform body, r, cut short ; x , the deeper part

passing by decussation into the right pyramid ; r', the part of the restiform body derived

from the anterior column of the spinal cord
;
pc, the posterior column of the left side

exposed by the removal of the lateral column, and shown ascending to the restiform body
as the fasciculus cuneatus, fc : on the right side the posterior column being removed, fc,

points to this fasciculus cuneatus cut short below.

B, explanatory outline of the section of the spinal cord, a, anterior columns
; j?,

posterior ; l^ lateraL
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Fig. 357.

Cla '"^~J_Ji

/J AA«

Pig. 357.

—

Magnified Diagrammatic Views of Transverse Sections op the Medulla
Oblongata (B & D from Lockhart Clarke, A, C, E after Lockliart Clarke and
Eeichert. F, from Stilling).

In all, tlie grey substance is indicated by darker shading.

The sections represented are, A at the lower part of the decussation of the pyramids

;

B, through the middle of the decussation ; C, through the lowest part of the olivary

bodies ; D, just below, and E, just above, the point of the calamus scriptorius ; F, a
little higher, through the lower part of the fourth ventricle.
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c, central canal and grey substance surrounding it
; /, anterior median fissure

; fp^
posterior median fissure; r, and rn, restiform body and nucleus; p pi, and p p 11,

posterior pyramid and its nucleus ; t r, tubercle of Rolando ; I, lateral column ; the

anterior column of the cord is indicated by p in A, its remains by a c in B
; jj in the

other figures indicates the anterior pyramid ; in B, its decussation ; a in B points to the

remains of the anterior cornu ; in E to the superficial arciform fibres : I, latei'al column

;

o, olivary body; 0', the commissural fibres proceeding from its interior ; R, raphe; C, 1, a,

and Gl p, anterior and posterior roots of first cervical nerves ; viii' (E and F), inner audi-

tory nucleus ; X, pneumogastric nerve ; x' ( x in F), its nucleus ; xi, 'spinal accessory nerve
;

xi', its nucleus ; xii, hji^oglossal nerve ; xii', its nucleus (which should extend nearer

to the middle line than is represented in E).

Course of fibres from the spinal cord upwards through the
medulla oblongata.—Assuming, for convenience of description, the

existence of three white cokimns of the cord, these are disposed as follows.

1. T\\Q posterior colinnn, with the exception of the posterior median

column (from which it is here distinguished as the processus cuneatus),

enters into the formation of the restiform body, which ascends to the

cerebellum. The posterior median column (posterior pyramid or fasci-

culus gracilis) ascends to the cerebrum.

2. The lateral columii ascends towards the base of the olivary body,

and is disposed of in three ways ; (1,) some of its fibres from the sur-

face and deep part join the restiform body and proceed with it to the

cerebellmu; (2,) a large number pass obliquely inwards, then come
forwards between the anterior columns, and, crossing the median plane,

appear as the fibres of decussation, and form the chief part of the

opposite anterior i^yramid; (3,) the remaining fibres pass up to the

cerebrum, as the fasciculus teres, appearing on the back of the pons

Varolii, in the upper part of the floor of the fourth ventricle.

3. The anterior cohinms (fig. 356, a, a') having reached the apex of

the anterior pyramids, are thrust aside fi'om their median position by
the decussating fibres derived from the lateral columns, and are then

distributed in three divisions. (1,) A very small division, ascends ob-

liquely backwards beneath the olivary body, and joins the restiform body

(Solly) (fig. 356, r). (2,) Another division passes directly upwards, and

its fibres embrace the olivary nucleus, above which they are again

collected together, and are joined by other fibres arising from the

nucleus, so as to form the oJivarij fasciculus (fig. 356, 0'); this ascends

through the pons and at the side of the cerebral peduncle under the

name of the ^//ef (fig. 363, /), and reaches the corpora quadrigemina

and the cerebral hemispheres. (3,) The remaining division of the

anterior column ascends into the anterior pp-amid, forming its outer

part. The anterior i\yramids therefore are composed of fibres from the

lateral column and grey substance of the opposite side, and from the

anterior column of the same side, and are continued up through the

pons into the peduncles of the cerebrum.

It is to be remembered, however, that the separation between these

different tracts of white fibres cannot be clearly followed out through

the whole structure of the medulla oblongata, but that they are more
or less blended with one another.

Grey matter of medulla oblongata followed upwards from the
cord.—At the level of the first cervical nerve (fig. 357, A, 348, C, 1), the

central grey substance is increased in size, the posterior horn on each side

is thrown outwards, its neck is slender and its extremity (caput cornu) is
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enlarged. Between the central canal (f) and the bottom of the anterior

median fissure are the decussating fibres. A little higher (fig. 357, B) the

caput cornu has increased in size and is connected with the neck only by
a network. The central grey substance is encroached upon by the fibres

fi'om the lateral columns which course forwards and inwards to the

decussation {p) and separate the anterior cornua fi'om the rest of the

grey substance. The substance of the posterior pyramid l:)ecome6 filled

with cells and fibres which are connected with the posterior cornu near

its origin. This constitutes the post-pyramidal nucleus or gang-

lion (jjpn). A little further out, on each side, a projection backwards
from the cervex cornu into the restiform body constitutes the rudiment

of the restiform nucleus {r n). Still higher up the medulla (fig. 357, C)

these masses of grey matter have increased in size, so that on a level with

the lower part of the olivary bodies, that which was the caput cornu

posterioris approaches the surface, behind the restiform l3ody, and
becomes known as the grey tubercle of Rolando (/ r C, D and E). Still

higher up, the post-pyramidal and restiform ganglia coalesce, and both

they and the grey tubercle become connected with the nuclei of origin

of certain nerves.

The olivary nuclei which appear on the outer side of the anterior

pyramids are unconnected with the system of grey matter prolonged

from the spinal cord.

The anterior pyramids are free fi'om grey matter in their interior, and
are separated from the rest of the medulla by strong septa of connective

tissue, and from one another by a raphe, which extends back to the

grey matter surrounding the central canal, and which contains mesial

horizontal fibres, named septal.

Nerve nuclei.—A continuous series of collections of grey matter,

which extends from beneath the corpora quadrigemina, downwards along

the floor of the fourth ventricle and the centre of the medulla oblongata

as far as the decussation of the pyramids, constitutes the nuclei of origin

of the cranial nerves from the third to the hypoglossal. Those nuclei con-

tained in the medulla oblongata proper give origin to the hypoglossal,

the spinal accessory, the vagus, and the glosso-pharyngeal nerves. Just

above the decussation the nan-owed central grey matter which sur-

rounds the canal contains numerous very large multipolar cells, arranged

in definite groups in front and behind the canal, and symmetrical on
the two sides. Those in front of the canal (fig. 257, D xii') give

origin to the fibres of the hypoglossal nerve, which may be seen extend-

ing from them through the olivary body to emerge at its inner side.

From the cells behind the canal (xi'), the upper roots of the spinal

accessory nerve arise and pass out through the lateral column (xi). At
the point of the calamus scriptorius this nucleus becomes divided into

two parts as the central canal of the cord opens into the fourth ven-

tricle, and it increases in size at the expense of the adjacent part of the

posterior pyramid. Its cells then give origin to the fibres of the

pneumogastric or vagus nerve and constitute the vagal nucleus. Higher
up (E and F) the hypoglossal nucleus comes to the surface, and dividing,

pushes apart the two halves of the vagal nucleus, which have increased
in size, partly at the expense of the adjacent post-pyramidal nucleus.

Their cells frequently contain brown pigment and lie in a dense net-

work of fine nerve-fibres. Still higher the hypoglossal nuclei become
smaller, the vagal nuclei also lessen in size, and a group of cells appears
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to the outside and in front of the vagal nucleus, which gives origin to

the fibres of the glosso-pharyngeal nerve. The post-pyramidal and
restiform ganglia have by this time become blended, and constitute

the lower part of the inner nucleus of the auditory nerve (fig, 357,
F viii').

At the point of the calamus scriptorius the prominence on each side

of the median furrow indicates the position of the lower part of the

vagal nucleus. A little higher up these vagal eminences diverge, and
between them the hypoglossal nuclei come to the surface. A depression

on each side of the vagal eminence separates it from that of the inner au-
ditory nucleus. Beneath this groove, just below the stri« meduUares, lies

the nucleus of the glosso-pharyngeal nerve. The hypoglossal nuclei cease

near the stria3 medullares, but the eminence beneath which they lie

blends with that of the vagal nucleus and is continued upwards as the
" eminentia teres." Beneath it, above the stride medullares, lies the

common nucleus of the sixth and facial nerves. (See p. 513.
_)

THE PONS VAROLII.

The pons Varolii or tuher annulare (mesocephalon of Chaussier),

forms an eminence of transverse fibres above and in front of the medulla
oblongata, below and behind the crura cerebri, and between the lateral

hemispheres of the cerebellum. (Fig. 361.) Its margins are arched
;

the superior much more so than the inferior, and at the sides its trans-

verse fibres are much more gathered together, forming, at the place

where it passes into the cerebellum, a narrower bundle, which is named
the middle cms of the ccrehelhmi. In the middle line the pons presents a
shallow groove in which the basilar artery lies, and it is perforated by
small branches of the artery.

The superficial fibres are transverse in their general direction, but
while the middle fibres pass directly across, the lower set ascend slightly,

and the superior fibres, which are the most curved, descend obliquely

to reach the crus cerebelli on each side ; and some of the latter cross

obliquely the middle and lower fibres, so as to conceal them at the

sides.

Internal Structure.—The pons consists of the longitudinal or

peduncular fibres prolonged upwards from the medulla oblongata, of

its own transverse or commissural fibres, through which the lougitu

dinal fibres pass, and of a large intermixture of grey matter. When
the superficial transverse fibres are removed, the prolonged fibres of the

anterior pyramids come into view ; these, as they ascend through the

pons, are separated into smaller bundles, intersected by other trans-

verse white fibres, which, with those upon the surface, are all continued
into the middle peduncle of the cerebellum (see fig. 358).

Opposite the lower part of the pons, behind the fibres from the ante-

rior pyramids, is another set of transverse fibres, which have a very
uniform course (fig. 359, t ). They constitute the trapezium, so called

because in most of the lower animals, in which the lower fibres of the
pons are not developed and the anterior pyramids are small, these

transverse fibres partially appear on the surface in an area of a some-
what four-sided shape. Externally they curve round, and many are con-
nected with, a collection of grey matter above them, called the superior

olivary body, and then course outwards, across the fibres of the facial
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nerve and in front of the grey tnbercle, to reach the middle crus of the

cerebelkim.

The median sejjfiim or raphe, which exists in the medulla oblongata,

is prolonged throughout the whole height of the pons in its back part,

but becomes indistinct in approaching the front or basilar surface,

except towards its upper and lower edge, where the superficial fibres of

the pons are manifestly continuous in the median line with these septal

fibres. Bundles of white fibres, belonging to the same system, encircle

the crura cerebri at their emergence from the npper border of the

pons.

The greij matter consists of small round and fusiform cells and forms

a network among the bundles of fibres.

The fourth ventricle.—The space left between the medulla ob-

longata in front, and the cerebellum behind (figs. 358, and 362, n ;

384, V 4), is named the fourth ventricle, or ventricle of the cerehellum/

The cavity of the ventricle is of a flat rhomboidal shape, being con-

tracted above and below, and widest across its middle part. It is

bounded laterally by the superior peduncles (fig. 358, 5), and by the

line of union of the medulla oblongata and the cerebellum. Behind, it is

covered in above by the valve of Vieussens, Avhich extends across between

the superior peduncles of the cerebellum, and below by part of the

inferior vermiform process of the cerebellum which projects into it.

The upper end of the ventricle is continuous with the Sylvian aqueduct

or passage (iter) leading up to the third ventricle.

Fig. 358. Fig. 358.

—

View of the
Flook of thk Fourth Ven-
tricle WITH THE Posterior
Surface of the Medulla
Oblongata and neigh-
bouring PARTS (from Sappey
after Hii'schfeld and Le-

veille).

On the left side tte tliree

cerebellar peduncles have been
cut short ; on the right side

the white substance of the

cerebellum has been preserved

in connection with the supe-

rior and inferior peduncles,

while the middle one has been
cut short.

1, median groove of the

fourth ventricle with the fas-

ciculi teretes, one on each

side ; 2, the same groove at

the place where the white

strite of the auditory nerve

emerge from it to cross the

floor of the ventricle ; 3, inferior peduncle or restlform body ; 4, posterior pyramid

;

above this the calamus scriptorius ; 5, superior peduncle or processus a cerebello ad
cerebrum ; on the right side the dissection shows the superior and inferior peduncles
crossing each other as they pass into the white centre of the cerebellum ; 6, fillet to the
side of the crura cerebri ; 7, lateral grooves of the crura cereljri ; 8, corpora quadri-

gemina.

The anterior surface or floor of the fourth ventricle is fonned by the

back of the medulla oblongata and pons Varolii. It is shaped like a
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lozenge, truncated at its upper part. Below, it is bounded by the
diverging posterior pyramids and restiform bodies, surmounted by the
ligula.

The portion below the auditory strife has been already described.

Just above the stria3 the eminentia teres forms a convex prominence
on each side of the median furrow. To its outer side is a depression,

fovea anterior, and above this, near the upper part of the ventricle, is a
collection of pigment beneath the surface of a shallow depression,

which thus has a greyish tint, and is known as the locus cKrideus.

The lining membrane of the ventricle is continuous with that of the
ventricles in the interior of the cerebrum, through the aqueduct of
Sylvius, in which situation it is marked by delicate rugte, oblique or
longitudinal in direction. At the sides it is reflected from the medulla
to the cerebellum, and extends for a considerable distance outwards,
in the form of a pouch, between the flocculus and the seventh and
eighth nerves. At the lower end of the ventricle, there is, as was
ascertained by Magendie, a narrow orifice in the membrane by which
the cavity communicates with the subarachnoid space.

Projecting into the fourth ventricle at each side, and passing from the
point of the inferior vermiform process outwards and upwards to the

outer border of the restiform bodies, are two small vascular processes,

which have been named the chloroidplexuses of the fourth ventricle.

The grey matter in the floor of the fourth ventricle has been
in part described in connection with the medulla oblongata.

Opposite the middle of the fourth ventricle, beneath the eminentia
teres on each side, lies the common nucleus of the sixth and seventh

{facial) nerves (fig. 359, vii'). These nerves to reach it pass upwards as

Fig. 359.

Fig. 359.

—

Section through the Pons Varolii, opposite middle op Eminentia
Teres.

VI, sixth nerve ; vii, facial neiTe ; vii', common nucleus of seventh and sixth nerves j

vii", descending portion of seventh; y s, sensory nucleus of fifth nerve; \ m, motor
nucleus of fifth nerve (Lockhart Clarke); au, auditory nucleus; s o, superior olivary

body; t, transverse fibres of "trapezium; ' below these are seen the cut bundles of

fibres from the anterior pyramids. C P. m, middle peduncle of cerebellum cut across.

M, superficial transverse fibres.

VOL. 11. L L
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well as backwards through the pons, the sixth having a tolerably straight

course, and the seventh curving inwards, to reach tiie nucleus which is

much nearer to the middle line than is the place of emergence of the

nerve from the side of the medulla. The nucleus consists of a column
of large multipolar nerve cells, and in ifc nearly all the fibres of the

sixth nerve, and a considerable number of those of the facial end.

Other fibres of the facial, however, pass above the upper extremity of

the nucleus and then, turning down, descend on its inner side as a

compact bundle (fig. 359, vii"), and opposite the lower part of the

nucleus radiate outwards and do^Tiwards, some to the superior olivary

body (so) and others to an adjacent group of nerve cells from which
also (higher up) the fibres of the motor root of the fifth nerve arise (vm).

The prominence outside the vagal nucleus in the lower }jart of the

ventricle marks the position of the inner nucleus of the auditor// nerve

(fig. 355). It is triangular on section, and consists of oval and stellate

nerve cells, smaller than those of the facial nucleus, and imbedded in a

granular matrix. It is closely connected below with the nucleus of the

glossopharyngeal nerve, and above, with that of the fifth nerve. The
outer nucleus, a little higher up, is placed to the outer side of the inner

nucleus, and consists of the grey network of cells and fibres into which
the restiform and post-pyramidal nuclei have become transformed.

(Lockhart Clarke.) The auditory nerve divides into two nearly equal

parts ; the posterior division curves round the restiform body, and
arises chiefly from the inner nucleus : the anterior division passes

through the substance of the inferior peduncle of the cerebellum, and
arises from both nuclei ; some fibres of the anterior division pass with

the restiform body directly to the cerebellum, where they have been

traced to the superior vermiform process. Both portions of the auditory

nerve contain many nerve cells ; in the inferior or outer portion they

constitute a pyriform swelling at the anterior edge of the restiform

body.

The sensory 2^ortion of tJis fifth nerve arises from a collection of

grey substance beneath the outer part of the floor of the fourth ven-

tricle in its middle third. It is derived chiefly from the continuation

upwards of the grey tubercle of Rolando, which constitutes a grey

net-work outside the facial nerve (fig. 359, vs). The cells are small

and arranged in clusters separated by the fasciculi of origin of the

nerve. In front of the nucleus a bimdle of descending fibres passes

down, mingled with much grey matter, to the lower part of the

medulla oblongata. As the fibres of the fifth pass to the nucleus, they

are intimately connected with the fibres of the anterior division of the

auditory ne]-ve. The fibres of the motor root of the fifth, have been

traced by Lockhart Clarke to a collection of cells close to the outer

angle of "the fourth ventricle, on the inner side of the trunk of the fifth

nerve. The prolongation downwards of this nucleus (fig. 359, Vm),
is situated near the superior olivary body, and with it some fibres of the

facial are also connected.

The superior olivary body (fig. 359, s o) is a collection of small nerve

cells, which lies above the outer part of the trapezium. In man it is

very much smaller than the inferior olivary body, to which it does not

present much resemblance. In some animals, however, it is larger, and
presents a distinctly sinuous outline. From it some of the fibres of the

trapezium arise.
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From these nuclei, groups of nerve-cells may be traced for a con-

siderable distance down the medulla. The relation of the auditory

nuclei, and of the sensory nucleus of the fifth, to the grey matter of the

medulla, has been already spoken of. In the position of the motor

nucleus of the fifth, cells can be traced as far as the point of the

calamus scriptorius. From the facial nucleus, a group of cells extends

do\vn to the inner side of the hypoglossal nucleus, to the lowest part of

which it may be traced. This relation is of considerable interest in

connection with the conjoined movements of the lips and tongue.

(For fuller details on the anatomy of the medulla oblongata and pons

Varolii the reader is referred to Lockhart Clarke's paper in the Philo-

sophical Transactions for 18G8, to Meynert's article on the Brain in

Strieker's Histology, to Henle's Handbuch der Anatomic, Bd. iii.,

Abth. 2, and to Kulliker's Handbuch der Gewebelehre, 5th ed.)

THE CEREBELLUM.

The Ceredellum hinder Irain, consists of a lody and of three pairs of

cnira or peduncles, by which it is connected with the rest of the cerebro-

spinal axis.

The cerebellum is covered with grey cortical substance, rather darker

than that of the cerebrum. Its greatest diameter is transverse, and
extends to about three and a half or four inches : its width from before

backwards is about two or two and a half inches ; and its greatest

depth is about two inches, but it is much thinner round its outer

border.

Fig. 3G0.—Outline of the Upper Fig. 360,

Surface OF THE Cerebelluji. (Allen

Thomson.
) \

At the upper part of the figiu-e, the

crura cerebri and ijarts behind them
have been cut through and left in con-

nection with the cerebellum.

in. the third pair of nerves lying

upon the crura cerebri ; c r, white

matter or crust of the crura cerebri
;

I n, locus niger ; t, tegmentum contain-

ing grey matter in the upper part of

the crura ; a s, aqueduct of Sylvius
;

q, corpora quadrigemina, the upper

elevations di\dded ; s v, superior ver-

miform process, some of the foremost

folia, immediately behind q, form the

central lobe (of Reil) ; I q, lobulus

quadratus
; p s, posterior superior lobe ;

fh, horizontal iissure
; p I, posterior inferior lobe ; n, the notch between the hemi-

spheres.

It consists of two lateral hemispheres joined together by a median
portion called the vermiform ^jrocess,. which in man is distinguishable

only as a small though well marked part below, named the inferior

vermiform process, and a mere elevation above, called the superior

vermiform process (fig, 360), In birds, and in animals lower in

the scale, this middle part of the cerebellum alone exists ; and in

most jnammals it forms a central lobe very distinct from the lateral

portions.

The hemispheres are separated behind by a deep noicU (fig, 360, n).

L L 2
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Superiorly, the median portion or npper vermiform process, though

slightly elevated, is not marked off from the hemispheres, so that the

general surface of the organ, which is here inclined and flattened on

each side, is uninterrupted. Below, the hemispheres are convex, and

are separated by a deep fossa, named the vallecula, which is continuous

with the notch behind, and in which the inferior vermiform process

(fig. 361, 2, 2 ; fig. 362, ciju) lies concealed in a great measure by the

surrou4iding parts. Into this hollow the medulla oblongata is received

in front, and the falx cerebelli behind.

The peduncles are named superior, middle, and inferior, and connect

the hemispheres of the cerebellum with the brain, spinal cord, and with

each other.

The superior peduncles (fig. 358, 5), crura ad cerebrum or processus

ad testes, together with the valve of Vieussens, a lamina stretched

between them, connect the cerebellum with the cerebrum.

The inferior pedunrles (fig. 358, 3), crura ad medullam, are the upper

extremities of the restiform bodies.

The middle peduncles (fig. 361, 8), or crura ad pontem, much
the largest, are the lateral extremities of the transverse fibres of the

pons Varolii. They connect together the two halves of the cerebellum

inferiorly.

All these peduncles pass into the interior of the cerebellum at its

fore part.

Folia.—Tlie cerebellum, at the surface, and for some depth, consists

of numerous nearly parallel lamin[e or folia, which are composed of grey

Ficc. 361.

Fig. 361.

—

Infeiuor Surface of the Cerebellum -with the Pons Varolii and

Medulla Oblongata (from Sappey after Hirsclifeld and Leveill^). |

1, placed in the notch between the cerebellar hemispheres, is below the inferior

vermiform process ; 2, 2, median depression or vallecula ; 3, 3, 3, the biventral, slender,

and posterior inferior lobules of the hemisphere ; 4, the amygdala ; 5, flocculus or sub-

peduncular lobule ; 6, pons Varolii ; 7, its median groove ; 8, middle peduncle of the

oerebellum
; 9, medulla oblongata ; 10, 11, anterior part of the great horizontal fissure ;

12, 13, smaller and greater roots of the fifth pair of nerves ; 14, sixth pair ; 15, facial

nerve ; 16, jwrs intermedia ; 17, auditory nerve ; 18, glosso-pharyngeal ; 19, pneumo-

gastric ; 20, spinal .acccssoiy ; 21, hypoglossal uerve.
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and white matter, and might be compared with the gyri of the cere-

brum, but are smaller and without convolution. These laminse are

separated by slightly-curved grooves or sulci of different depths.

Fissures.—One principal fissure, or sulcus, named the great horizontal

fissure (fig. oGO,fh), divides the cerebellum into an upper and a lower
portion. It begins in front at the entrance of the middle peduncles,

and passes horizontally backwards round the outer border of the
hemispheres. From this primary fissure, numerous others proceed on
both the upper and under surfaces, forming nearly parallel curves,

having their concavities turned forwards, and separating the folia from
each other. All these furrows do not go entirely round the hemis-
phere, for many of them coalesce one with another ; and some of the
smaller furrows have even an oblique course between the others. More-
over, on opening the larger fissures, many of the folia are seen to lie

concealed within them, and do not reach the surface of the cerebellum.

Lobes.—Certain fissures, which are deeper than the rest, and constant
in their position, have been described as separating the cerebellum into

lobes, which are named as follows.

The central lobe, situated on the upper surface (fig. 360, 9), consists of
about eight folia, immediately adjoining the anterior concave border.

The snj)erior and anterior lobe, sometimes called quadrate (1. q), and the
superior and jwsterior lobe (p. s.), are placed between the central lobe and
the great horizontal fissure. On the under surface (fig. 3G2) are seen

362.

Fig. 362.

—

Inferior Surface of the Cekebellum with the Posterior Medullary
Velum (Allen Thomsou after Eeil and ReicLert, and from nature). |

The meduUa oblongata has been in great part removed by a cut passing through it

near the pons Varolii ; the two amygdaloid lobules have also been removed, and the
medulla and pons Varolii pulled downwards in order to bring into view the posterior
medullary velum.

p s, posterior superior lobe of the cerebellum
; f It, horizontal fissure

; p i, posterior
inferior lobe

; g, lobulus gracilis ; b i, biventral lobe ; c, placed on the folia which pass
across between the hemispheres of opposite sides

; p, pyramid ; u, uvula ; n, placed in
the fourth ventricle immediately below the nodule

; 2^ i', on each side, placed on the cut
surface where the amygdalas have been removed, points by a line to the posterior medullary
velum ; v, v, cavity of the fourth ventricle within the borders of the velum and behind
the inferior cerebellar peduncles ; the cavity extends on each side into the pedicle of the
flocculus, /; ni, section of the medulla oblongata, in which the posterior opening of the
olivarj' capsules of grey matter is sho-\^Ti ; VI, sixth neiwes ; V, roots of the fifth nerves,
and alaove them, the facial and auditory roots.
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successively the inferior posterior lobe, the slender lobe, the liventral lobe,

the amygdala (fig. 361, 4), and the subpeduncular lohe or flocculus. This

last-named lobule projects behind and below tlie middle peduncle of

the cerebellum. It is connected by a slender pedicle of white fibres to

tlie rest of the hemisphere ; but its exposed surface is grey, and is sub-

divided into five or six small laminre.

Vallecula.—Within the vallecula (fig. 3G2), or on its borders, the

following parts are seen.

Commencing from behind, a conical and laminated projection named
the pyramid (p), is first met with. In front of that is another smaller

projection, called the icrukt (u), Avhich is placed between the two rounded
lobes at the sides of the vallecula, named the amygdala (removed at

p, v) ; these terms having been suggested by a comparison with tho

parts so named in the throat. Between the uvula and amygdalte on
each side, but concealed from view, is extended a ridge of grey matter
indented on the surface, and named the furrowed Mnd. Still further

forward is the anterior pointed termination of the inferior vermiform
process, named the nodule (above n), which projects into the fourth

ventricle, and has been named the laminated tubercle (Malacarne). On
each side of the nodule is a thin white lamella of a semilunar form,

which is attached by its posterior convex border, and is free and con-

cave in front {}) v). The outer ends of these lamella? are attached to

the flocculi, and the inner ends to the nodule, and to each other in

front of that projection. The two lamelltB together constitute the ])os-

terior medullary velum, which has been compared with the valve of

Vieussens,—the one being attached to the superior extremity and the

other to the inferior extremit}^ of the middle or vermifonn portion of

the cerebellum. This posterior velum is covered in and concealed

by the amygdalae, and cannot be properly seen until those lobules have

been turned aside or removed, as in the figure (see also fig. 384).

Internal Structure.—The central part is composed of white

matter, which sends out spreading and gradually thinning layers into

the interior of all the lamina?, larger and smaller, of the grey substance

which form a continuous covering on the surface. In consequence of

this arrangement of the white and grey substances, sections of the

cerebellum crossing the laminae, and dividing the grey and white sub-

stance together, present a beautifully foliated or arborescent appear-

Fig. 363. Fig. 363.—Outline Sketch of a Ver-
tical Section of the Cerebellum
TO show the Corpus Dentatum in its

Medullary Stem. (AllenThomson.) §

The section has been carried through

the left lateral part of the pons so as to

divide the superior ijeduncle and i^ass

nearly through the middle of the left

cerebellar hemisi>here. Tlie olivarj' body
has also been divided longitudinally so as

to expose in section its corpus dentatum.

cr, crus cerebri
; /, fillet

; q, corpora

quadrigemina ; sp, superior i^eduncle of

the cerebellum divided ; in "p, middle

peduncle or lateral part of the pons Varolii, with fibres passing from it into the white

stem ; « v, continuation of the white stem radiating towards the arbor vitoe of the folia J

C d, corpus dentatum ; o, olivary body with its corpus dentatum
; p, anterior pyramid.
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ance, named arhor vita {a v, fig. 363, SSl'i. This appearance is seen in

any vertical section, but it is most perfect in that which passes through
the median plane, where the relative quantity of the central white

matter is small. The foliations are arranged somewhat pinnately,

the section of each primary lamina having those of secondary laminse

clustered round it like leaflets on a stalk.

In the lateral hemispheres, where the peduncles enter, the white

matter is more abundant ; and, if a section be made through either

hemisphere half way between its centre and the middle of the vermi-

form process, it will display a nucleus of grey matter, which is named
the corpus dentatum of the cerebellum {c d). This structure, very

similar to that already described in the olivary body of the medulla

oblongata, presents the appearance of a waved line of compact yellowish

brown matter, surrounded by white substance and containing Avhitish

matter within. This line is interrupted at its upper and inner part.

In whatever direction the section is carried through the corpus den-

tatum, this waved line is seen, so that the dentate body may be

described as consisting of a plicated pouch or capsule of grey sub-

stance open at one part and inclosing white -matter in its interior, like

the corpus dentatum of the oHvary body. White fibres may be traced

from it to the superior peduncles of the cerebellum and to the valve of

Vieussens.

Fig. 364.

—

View of a Dissection

OF THE Fibres op the Medull.i
Oblongata and Pons Varolii

(from Arnold). |

i, the anterior pyramid ; I', its

fibres traced iipwards through tlie

pons Varolii ; c, olivary column ; d,

olivary body ; m, superficial trans-

verse fibres of the pons on its left

side ; m', the deeper transverse

fibres of the right side ; m', the

prolongation of these fibres as middle
peduncle of the cerebellum

; p, q,

their continuation into the laminre

and folia of the cerebellum ; n, in-

ferior peduncle ; x, the decussating

part of the left lateral column cross-

ing to the right anterior pyramid.

Fig. 36-1.

The fibres in the primary lamella can be traced continuously from the peduncles

of the cerebelliun. Upon these central jilates are laid other coUatrrnl JamcJlcp,

which are not connected with the fibres proceeding from the middle of the

cerebellum, but merely pass from one folium to another.

The grey matter is not uniform throughout its whole thickness, but is com-
posed of two or more layers differing in colour and other characters ;—resem-

bling, in this respect, the cortical substance of the posterior convolutions of the

cerebrum.

The fibres composing the peduncles of the cerebellum are an-anged in its

interior in the following manner. The middle peduncles, which are the most

superficial, enter the lateral parts of the cerebellum ; they may be traced into the

folia of these parts, and form a large part of each hemisphere (fig". 3G4, m"^. The

inferior peduncles (fig. oG.o, n rf) pass upwards into the middle part of the cere-

bellum, in the folia of which they are distributed, especially in those of the upper

surface. The superior peduncles (r; see also fig. 3.58), which are placed nearest

to the middle line, are piincipally connected with the folia of the inferior vermi-
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form process ; but a considerable number of their fibres pass into or issue from
the grey capsule of the corpus dentatum.

Fig. 365.

^r^v(<^<Qrv(^

o, septal fibres of tli

into the laminaj of the cerebellum

thalamus ; v corpus albicans,

Fig. 365.

—

The Columns of the
Medulla Oblongata traced
upwards into the cerebellum
AND Cerebrum (from Arnold), g

a, i^art of the anterior column
which ascends in the olivary column

;

b, decussating portion of the lateral

column forming the iij'ramid and
turn down ; c, olivary fasciculus

ascending deeply through the pons
;

d, olivary body ; e, restiform body
;

/, [/, corpora qiiadrigemina ; c, It, i,

the fillet ; h, the part which ascends

to the cerebral peduncle ; i, ' the

part passing uj) to the corpora

quadrigemina ; m, m, the trans-

verse fibres of the pons divided ; »?,

inferior peduncle of the cerebellum

;

medulla oblongata
; q, fibres of the inferior peduncle continued

sujDerior peduncle ; t, fasciculus teres ; u,

A very different account from that which has generally been received of the

coui-se and relations of the tracts of neiTOus substance of the cerebellum has
recently been put forward by Luys, but has not yet received corroboration.

According to the statement of this author, all the fibres of the cerebellar i^eduncles

arise from the interior of the corpora dentata ; the cells of those centres receive

externally fibres from the laminated periphery of the cerebellum, and internally

give origin to the peduncular fibres ; the fibres of the inferior peduncles of

opposite sides cross the middle line and teiTainate in the interior of the olivary

nuclei ; and the fibres of the superior peduncles, likewise decussating in the

mesial plane before quitting the cerebellum, terminate in a grey centre of the

interior of the tegmentum of the cms cerebri, and thus the fibres of the

cerebellum form a separate system indirectly connected with the fibres of the

rest of the cerebro-spinal axis. (Luys, in Journ. de I'Anat. et de Physiol., 1864,

p. 225.)

Minute Structure.—The cortical grey substance is composed of an

external clear grey layer, an inner greyish-red " granule " layer, and
between the two a single layer of large cells with long processes,

termed the corpuscles of Purkinje. Outside all is the layer of fibres

and vessels of the pia mater.

The external layer (fig. 366, h) consists of a delicate matrix, probably

of the nature of connective tissue, containing cells and fibres. Most of

the fibres have a direction at right angles to the surface ; the greater

part of them are the processes of the large nerve cells which lie between

the two layers. Others are fine connective tissue fibres, analagous

to the sustentacular fibres of the retina, and connected by a broad base

with the pia-matral covering. The corpuscles are granule-like bodies,

some very small, and connected probably with the connective tissue

matrix, others larger and surrounded by protoplasm from which pro-

cesses extend. Some of the corpuscles are connected with the processes

of the larger cells.* (See fig. 367.) The inner part of this layer, con-

* A connection described by Lockhart Clarke (Proc. Roy. Soc, 1863), and sub-

sequently by Obersteiner, and recently confirmed (independently) by Mr. H. R. 0. Sankey,

student of University College.



MIXUTE STRUCTUEE. 521

tiguous with the corpuscles of Purkinje, contains some nerve fibres

parallel to the surface.

Fig. 366.—Structure op Cortex Fig. 366.

OP Cerebellum (from a clra\nng

by Mr. H. E. 0. Sankej).

a, pia mater ; h, external laj-er
;

c, layer of corpuscles of Purkinje;

d, inner or granule layer; c, me-
dullary centre.

The inner layei', " granule

layer," (fig. 366 d), next the

medullary centre, consists of

granule-like corpuscles which
lie in dense groups, in a gela-

tinous matrix, containing a

plexus of fine nerve fibres.

The corpuscles vary in size

from 4:oVoth to the ^iiy^th of

an inch, the larger being less

densely scattered around the

corpuscles of Purkinje. Some
are round, others angular,

and possess a protoplasmic

envelope with processes, sup-

posed to be connected with

ilie plexus of fine nerve fibres,

among which they lie.

The cells of PurJcinje (c) lie

in a single layer, between the

outer and inner layers of the

cortex. Their distance apart

is greater on the sides than

at the apex of the convolu-

tion. Some are irregular in

shape, but many are flask-

shaped, their long axis being

at right angles to the sur-

face ; the diameter of the

larger cells is the -o^oth to

-j-ij\joth of an inch ; each contains a spherical nucleolated nucleus. Pro-
cesses extend from them into both the outer and inner layers : the outer

process is much the larger, and is granular or finely striated in texture,

it divides usually near the cell, and its branches, either at once or after a
short horizontal course, pass towards the surface, dividing repeatedly.

Some are apparently connected with the angular corpuscles of this

layer, but most can be traced almost to the outer surface, and are there

lost. They have been said to turn back and end in the granule layer.

The inner process is fine, undivided, and passes into the granule layer.

It is supposed to be continuous with the axis cylinder of a nerve fibre.

The medullary centre, consists of nerve fibres arranged in parallel

or interlacing bundles, which pass off on each side and form the central
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stem of the laminae, whence they radiate into the cortex. They disappear

in the granule layer, and are commonly believed to be continuous ^^ith

the outer processes of the
Fig- 367. corpuscles of Purkinje, but

some consider that they
arise, in part at least, by
the union of the fine fibres

of the plexus in which the

granules of the outer layer

are embedded.

Fig. 367.

—

From the Outer Later
OF THE Cerebellum (from a
drawing by Mr. H. R. 0. Sankey).

Processes op the Corpuscles
OF Purkinje, connected, by
THEIR FINER BRANCHES, WITH
THE Corpuscles of the Outer
Layer. (Highly magnified.

)

The structure of the cor-

pus dentatum resembles tliat

of the olivary body. Stel-

late cells, x-sVo^l^ to Woo^'l
inch in size, lie in several

layers, among a plexus of

finer nerve fibres, passing in

variousdirections, but chiefly

from without inwards.

THE CEKEBRUM.

The cerebrum, oi- brain proper, constitutes the highest and much the

largest portion of the encephalon. It consists of the following parts,

viz., the peduncular masses of the crura cerebri and processus a

cerebello ad cerebrum ; the series of eminences or cerebral centres or

ganglia concealed from view, named corpora quadrigemina, optic

thalami and corpora striata ; the cerebral hemispheres, which are by far

the most bulky part of the cerebrum ; various commissural structures

including the corpus callosum and fornix; and lastly some smaller

structures, viz., the j)ineal and the pituitary bodies, and the olfactory

bulbs.

EXTERIOK OF a?HE CEEEBRUM.

The cerehral hemispheres together form an ovoid mass, flattened on
its under side, and placed in the cranium with its smaller end forwards,

its greatest width being opposite to the parietal eminences. They
are separated in the greater part of their extent by the great longitu-

dinal fissure.

Each cerebral hemisphere has an outer, convex surface, in contact
with the vault of the cranium ; an inner or median, flat surface, which
forms one side of the longitudinal fissm-e ; and an irregular under
surface, in which is a deep cleft, the fissure of Sylvius. In front of this
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cleft the under surface rests in the anterior fossa of the base of the skull,

and behind it in the middle fossa, and further back still, on the ten-

torium cerebelli.

The fireat longitudinal fissrire (fig. 372, 1 1), seen upon the upper sur-

face of the brain, extends from before backwards throughout its whole
length in the median plane, and thus separates the cerebrum, as already

stated, into a right and left hemisphere. On opening this fissure, it is

seen, both before and behind, to pass quite through to the base of tlie

cerelu'um ; but in the middle it is interrupted by a large transverse mass
of white substance, named the corpus caJIosum, which connects the two
hemispheres together. While the brain is in its natural situation, this

fissure is occupied by a vertical process of the dura mater—the falx

cerebri—which dips down between the two hemispheres, not quite

reaching to the corpus callosum.

The Surface of the He]\iispheres is composed of grey matter, and
is moulded into numerous smooth and tortuous eminences, named con-

volutions or gyri, which are marked off ffom each other by deep ftuTows,

called sulci, or anfrcictuositics.

Lobes of the cerebrum.—These are five in number, termed
respectively, frontal, imrietal, occipital, temporo-sjjhenoidal and central.

The three "former are in contact with the bones after which they are

named, though their limits do not correspond to those of the bones ;

the fourth occupies the middle or temporo-sphenoidal fossa in the base

of the skull, while the central lobe or island of Eeil lies within the

fissure of Sylvius. The divisions between these lobes are marked by
certain conspicuous fissures and by artificial hues connecting those

fissures. Their real limits will be better understood when the convolu-

tions and fissures have been described.

Formerly it was customary to divide each hemisphere into three lol^es, an
anterior, in front of the fissure of Sylvius, a middle, behiad that fissui-e and rest-

ing ia the temporo-sphenoidal fossa, and a posterior lobe behind it. resting on
the tentorium cerebelli. The division into five lobes, now generally adopted,

was first made by Gratiolet.

The Convolutions are covered closely throughout by the vascular

investing membrane, the pia mater, which sends processes down to

the bottom of the sulci between them, while the serous covering, the

arachnoid membrane, passing from one convolution to another, over

their summits and without dipping between them. In general, the

depth of a convolution exceeds its thickness ; and its thickness, near the

summit, is somewhat greater than through its base.

Since the external grey or cortical substance is continuous over the

whole surface of the cerebral hemispheres, being found alike within the

sulci and upon the gyri, a far greater extent of grey matter is thus ex-

posed to the vascular surfiice of the pia mater with a given size of the

brain, than could have been the case had the hemispheres been plain

and destitute of convolutions.

The Fissures between the convolutions are generally from half an
inch to an inch in depth, but vaiy in this respect both in different

brains and in different parts of the same brain. In all brains

certain primary fissures can be recognised, on which the division into

lobes has been founded, and these it will be convenient to describe

first.
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THE PRIMARY OR INTERLOBAR FISSURES are three in number, the
fissure of Sylvius, the fissure of Rolando (or central sulcus), and the
parieto-occipital fissure.

The fissure of Sylvius (see figs. 375, s, and 370) commences on

Fig. 368.

Fig. 368. —Outline of the Cekebkuji as seen fkoji the left side. |

F, frontal lobe ; P, parietal lobe ; T, temporal lobe ; 0, occipital lobe ; R, R, fissure

of Rolando ; s, s, fissure of Sylvius, posterior division
; s, its anterior division ; C, at

the junction of the two, marks the place of the central lobe or convolutions of the island

of Reil
; p, the place of the vertical or occipital fissure ; a, a', a", superior, middle, and

inferior frontal convolutions ; a*, orbital convolutions ; x, x, transverse frontal fissure
;

A, ascending frontal convolution ; B, ascending parietal convolution ; b, superior parietal

lobule ; b'', supra marginal convolution ; b'", angular convolution ; c, c', c", upper,
middle and lower temporo-sphenoidal convolutions; d, d', d", upper, middle and lower
occipital convolutions.

Fig. 369.

Tt.L.

Oc.Ii.

Fig. 369.

—

Figure of Bkain of Chimpanzee (from Gratiolet).

Fr. L., frontal lobe ; Par. I., parietal lobe ; Oc. L., occipital lobe ; Temp. Sph. L.,

temporo-sphenoidal lobe ; Sylv. f. , fissure of Sylvius
; /. Sy. a.

, /. Sy. p. , its anterior and
posterior limbs

; /. Rol., fissure of Rolando ; tr. fr. /. , transverse frontal fissure ; int-
par. /., intra-parietal fissure

;
par.-oc. /., parieto-occipital fissure.
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the under surface of the brain, close to the anterior perforated spot,

and passes transversely outwards to the lateral surface of the hemi-

sphere, where it divides into a short anterior ascending limb, and a

longer posterior horizontal limb. The iissure in the base is a deep

cleft, of which the posterior lip projects over the anterior. This part

differs from other fissures in being due to a fold of the whole brain

in its development, the others being due merely to duplications of the

cortical layer. AVitliin the fissure of Sylvius is the isolated group of

convolutions of the island of Keil or " central lobe."

The anterior or ascending limb (/. S>/. a), about an inch in length,

runs upwards and forwards into the frontal lobe, the lowest convolu-

tion of which curves round it.

The posterior or horizontal limb (/. Si/. jO passes backwards, ascend-

Fig. S70.

ituictalJ.

Tronlal.X.

Temporo — Spheuuidal . L

.

Fig. 370.

—

Convolutions of Outer Surface of Right Hemisphere. From a simply-

convoluted European Brain. About A

The convolutions are, for the most part, indicated by Roman, the fissures by italic

letters. The dotted lines indicate the divisions into lobes, the names of which are given

in full at the margin of the hemisphere. /. Ho., fissiu-e of Rolando
;
par.-oc.f., parieto-

occipital fissure;/. St/, a., anterior limb, and/. Sy. p., posterior limb, of the fissure of

Sylvius ; s.fr. c, m. fr. c, i. fr. c, superior, middle, and inferior frontal convolutions
;

asc. fr. c. , ascending ditto ; asc. par. c. , ascending parietal convolution ; Sup. par. 1.

,

superior parietal lobules ; s. m. c. , supra-marginal convolution ; ang. c. , angular convolu-

tion; int. 'par.f., intra-parietal fissure ; s. oc. c, m. oc. c, i. oc. c, superior, middle,
and inferior occipital convolutions; s. t.-s. c, m. t.-s. c, i. t.-s. c, superior, middle
and inferior temporo-sphenoidal convolutions; fll. /., parallel fissure; o^ a", o?, a*,

first, second, third and fourth annectant convolutions ; c. L., -vrithin the fissui-e of Sylvius,

central lobe, or Island of Reil.

ing sHghtly, through the middle third of the hemisphere. Its extremity
is usually l3ent vertically upwards. It separates the parietal lobe
above, from the temporo-sphenoidal lobe below it.

The group of convolutions, which occupy the angle between the
two divisions of the fissure of Sylvius, has been collectively termed
the "operculum.^'

The fissure of Rolando {fig. 370, fEo.) or Central Sulcus, extends
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across the lateral convex surface of the hemisphere. It commences
above, behind the vertex, near the great longitudinal fissure, and
passes downwards and forwards to end close behind, but above, the

bifurcation of the fissure of Sylvius, into the posterior limb of which

it has been seen, though very rarely, to open. Its position and direction

are such that the fissures of the two sides, seen from above, form a

V-shaped line, open in front. It is rarely interrupted in its course, and
is very uniform in man and most of the primates. It appears early in

development, about the fifth month.

This fissure separates the frontiil from the parietal lobe, and its

position on the surface of the hemisphere varies with the degree of

development of the frontal lobe. The parallel convolutions which it

separates are named respectively the ascending or transverse frontal

and ascending parietal convolutions.

The Parieto-occipital fissure, or perpendicular fissure (fig. 370, par.

oc.f.), is best marked on the median surface of the hemisphere, where it

appears as a deep cleft extending downwards and a little forwards from

the margin of this surface to near the posterior extremity of the corpus

callosum. On the convex surface it is continued transversely outwards

for a variable distance, generally about an inch, as the external ^^arieto-

occipital fissure. This fissure is taken as the division between the

parietal and occipital lobe. The size of its external portion depends

(inversely) on the size of the convolution which curves round its outer

extremity and connects the parietal with the occipital lobe. In conse-

quence of the development in man of this and similar connecting

convolutions, this fissure is much less marked in the human brain than

in that of the higher apes. It appears about the fourth or fifth month.

Outer Surface of the Hemispheres.—Lobes.—These are deter-

mined chiefly by fissures on the outer, which are for the most part

absent on the median surface. It is convenient therefore to consider

them in relation to the outer surface only, and subsequently to describe

the median surface as a whole.

The Frontal Lobe (fig. 370) is the anterior portion of the brain

in front of the fissure of Sylvius at the base, and of the fissure of

Rolando on the outer side. On the median surface there is no corre-

snonding demarcation. The inferior surface of the frontal lobe, which
is in contact with the orbital plate, is called the orbital surface ; the

upper arched aspect is the frontal surface.

FitoxTAL SURFACE.—Tlic convoluHous are four in number, three antero-

posterior, one above the other, and one transverse behind them.

The ascencling or transverse frontal convolution, (asc. fr. c.) is placed in

front of the fissure of Eolando, which it thus bounds. Below, it com-
mences just above and behind the bifurcation of the fissure of Sylvius,

and thence courses upwards and backwards to the margin of the great

longitudinal fissure. Commonly above, and almost invariably below,

it is connected with the convolution (ascending parietal) behind the

fissure of Rolando, and thus that fissure is isolated.

The portion of the frontal surface anterior to this convolution is

occupied by complex convolutions running more or less in an antero-

posterior direction, and usually to be distinguished into three, an upper,

middle, and lower. These may or may not arise superficially from the

ascending frontal convolution ; they are usually in their course con-

nected one with another by secondary convolutions.
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The superior, ov first frontal convolution (s. fr. c), at the margin of the

great longitudinal fissnre, commonly commences superficially at the upper
end of the ascending frontal convolution, and extends to the anterior

extremity of the hemisphere, where, tapering, it passes over to the

oi'bital surface. The inner aspect of this convolution appears on the

median surface of the hemisphere.

The miihlle or second frontal convolution (m. fr. c.) arises deeply or super-

ficially fi'om the ascending frontal below the last, and runs thence to the

anterior extremity of the hemisphere. It is usually broad, and often

much subdivided.

The inferior or third fronted convolution (i. fr. c.) forms the lower and
outer portion of the frontal lobe. It arises superficially, or sometimes
deeply, fi'om the lower extremity of the ascending convolution, just

above the bifurcation of the fissure of Sylvius, arches round the ascend-

ing limb of that fissure, and extends to the anterior extremity of the

hemisphere.

Fissures of the frontal surface.—The transverse frontal fissure, " pra3-

central sulcus," lies in front of the ascending fi'ontal convolution, and
parallel to the fissure of Rolando. Its extent depends on the mode of

origin of the superior, middle, and inferior frontal convolutions from
the ascending frontal. When these arise superficially the fissure is

interrupted, and may be inconspicuous ; when the inferior frontal con-

volution arises deeply, this fissure is continuous with the fissure of
Sylvius, of which it has, in consequence, been regarded as the ascending
limb.

Two antero-posterior fissures, the superior and inferior fronted sepa-

rate the corresponding convolutions from the middle frontal: they are

often very irregular, being bridged over by secondary convolutions.

OnBiTAL S^'KFACE {fig. olb) 'pvQ?,e\\i% iv;o fissures ; the olfactonj sulcus,

straight, parallel with the great longitudinal fissure, and lodging the

olfactory bulbs.

The orbital sulcus, irregular, often triradiate, lying in the centre of

the lobule.

Convolutions.—Between the olfactory sulcus and the longitudinal

fissure is the sfraif/ht convolution, continuous, at its anterior extremity,

with the superior frontal.

Three convolutions are sometimes described as lying around the

orbital sulcus, and named according to their position, the inner, the

anterior, and the outer or posterior orbital convolutions.

The Parietal Lobe (fig. 370) lies behind the frontal and in front

of the occipital lobe. Below it is the temporo-sphenoidal lobe. It is

bounded in front by the fissure of Rolando, behind by the parieto-

occipital fissure, and by an arbitrary continuation of the line of that

fissure to the outer boundary. Internally it is bounded by the great

longitudinal fissure, and externally by the posterior limb of the fissure

of Sylvius as far as this preserves its horizontal direction, and then

by a line continuing that direction to the posterior boundary.
Fissure. The intra-parietal fissure (fig. 370, int. par. f.) arches through

the parietal lobe, commencing in its anterior inferior angle, where it is

sometimes, though rarely, continuous with the fissure of Sylvius. It

ascends at first parallel to the fissure of Rolando, and then turns back-

wards horizontally to the back of the lobe, extending nearly to the termi-

nation of the external portion of the parieto-occipital fissure, past which
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it is often contimied into the occipital lobe. Its horizontal portion

divides the parietal lobe into two portions, superior and inferior parietal

lobules, and it may be bridged across by a secondary convolution con-
necting those lobules.

Fig. 371.

Fig. 371.

—

Lateral View op the Right Cerebral Hemisphere (from Sappey
after Foville). ^

1, fissure of Rolando ; 2, ascending frontal convolution ; 3, superior, 3', middle, and

7, inferior frontal convolutions ; 4, a bridging convolution between tlie superior and
middle frontal convolutions ; 5, ascending parietal convolution ; 6, 8, supra-marginal con-

volution (8 in front points to part of the inferior frontal convolution) ; 9, 9, superior

temporo-sphenoidal convolution ; 10, 11, 12, convolutions of the island of Eeil or central

lobe; 13, orbital convolutions; 14, lower extremity of middle temporo-sphenoidal con-

volution ; 15, occipital lobe.

Co7ivolutions. The ascending pm-iefal is the convolution which lies

behind the fissure of Rolando, and parallel to the ascending frontal

convolution, with which it is usually continuous, both above and below,

the connection below being much larger than that above. In its lower

half the ascending parietal convolution lies in front of the commence-
ment of the intra-parietal fissure. Above, it is continuous with the

superior parietal lobule.

The siqjcrior pariofal Iodide (fig. 370) is that part of the parietal lobe

which lies above the intra-parietal fissure, and behind the last de-

scribed convolution. Its posterior limit is the boundary of the parietal

lobe, the external parieto-occipital fissure, outside the extremity of

which a narrow convolution usually connects this lobule with the occi-

pital lobe, and is termed the first connecting or annectant convolution.

The inferior parietal lobule (fig. 370) lies behind the ascending and
below the horizontal part of the intra-parietal fissure. It is divided
somewhat artificially into two convolutions, a supramarginal gjTus,

above and in front of the extremity of the Sylvius fissure, and an angular
gyrus behind it.

The .wpra-marginal convohdion (s. ra. c.) lies behind the lower end of
the intra-parietal sulcus, beneath which it is usually continuous with
the ascending parietal convolution. It is bounded above by the same
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fissure, and passes into the ano-ular gyi-us above the extremity of the

fissure of Sylvius, except in the rare instances in which the Sylvian

fissure is prolonged into the intra-parietal sulcus.

Fig. 372.—IJprER ScK- Fig. 372.

FACE OF THE BrAIN
SHOWING THE CONVO-

LUTIONS (from E.

AVagner). h

Tliis view was taken

from the bi'ain of a

famous mathematician,

Professor C. F. Gauss,

who died in 1854, aged

78. It is selected as

an example of a weil-

formed brain of the

average size with fully

developed convolutions.

a, superior or fir.st

frontal convolution ; a',

second or middle frontal

;

ft", third or inferior

frontal ; A, A, ascend-

ing frontal convolution
;

B, B, ascending parietal

convolution ; b, supe-

rior parietal lobule ;
6",

inferior parietal lobule

;

c, first oi- upi^er temporo-

sphenoidal convolution
;

d, first or uj^per occipi-

tal convolution ; d',

second or middle ; d",

third or lower ; I, I, the

superior longitudinal fis-

sure ; r, the fissure of

Rolando
; j), the external parieto-occipital fissure (which appears, in consequence of the

j)osition of the brain, nearer than it really is to the posterior extremity).

The cmgnIargjY\is,{ang.c.) is bounded in front by the terminal ascending

portion of the fissure of Sylvius, above by the intra-parietal sulcus, below
it is continuous with the superior (and sometimes with the middle)

temporo-sphenoidal convolution, and behind with the occipital lobe by
means of one or two (second and third) annectant convolutions.

The Occipital Lobe (fig. 370) lies behind the parietal, and forms
the posterior extremity of the hemisphere. Below, it is continuous with
the temporo-sphenoidal lobe. It occupies the superior fossa of the

occipital bone, and rests on the tentorium. Its limits are to a consider-

able extent artificial. In front it is bounded by the external parieto-

occipital fissure, and by a line continuing the direction of the fissure

across the annectant convolutions to meet the inferior boundary of the
parietal lobe, and thence continued to the lower edge of this surface

at the anterior edge of the tentorium.
Its convolutions, complex and ill-defined, are commonly described as

three in number, su^perior, middle, and inferior. They are continuous
Avith the,convolutions of the parietal and temporo-sphenoidal lobes by the
four annectant or connecting convolutions, of which ihQfirst, passing round
the extremity, or in rare cases deeply across the bottom, of the external

VOL. II, jl II
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parieto occipital fissure, connects the superior occipital convolution with

the superior parietal lobule, the second unites the middle occipital and
angular convolution, the third often connects the same convolutions, and
also with them the middle temporo-sphenoidal, and i\\Q fourth connects

the inferior occipital with the middle or inferior temporo-sphenoidal

convolution.

Fissures.—The three occipital convolutions are separated by two
fissures, the superior and inferior occiiyital, of which the superior is often

continuous with the intra-parietal. Its lower part may have a more
or less vertical direction, and has then been termed the transverse

occipital.

The Temporo-sphenoidal lobe (fig. 370, &c.) is bounded in front

and above by the commencement and posterior limb of the fissure of

Sylvius. Behind, it is continuous with the occipital lobe. Three
nearly parallel convolutions can usually be distinguished; a suimior
bounding below the posterior limb of the Sylvian fissure, and con-

tinuous behind with the angular convolution, a middle continuous with

the angular gyrus, or middle occipital convolution, by the fourth annec-

tant gyrus and an inferior continuous with the inferior occipital. These
convolutions are separated by two Jissures, of which the superior, from
its relation to the Sylvian fissure has been termed the jmraUcl fissure.

The inferior is commonly interrupted by a secondary gyrus connecting

the middle and inferior convolutions.

The Central lobe, or Island of Reil (figs. 371, 10, 12 ; fig. 376,

c), lies deeply within the fissure of Sylvius, being rarely visible except

when the lips of that fissure are separated. It is a triangular eminence
forming a sort of Delta between the two divisions of that fissure, and
consists of about six short, straight convolutions (gyri operti) which
radiate outwards from a point just external to the anterior perforated

Fig. 373.

cate

Fig. 373.—CONVOLTTTIONS CF THE MeDIAN AND TeOTOEIAL SURFACES OP RiGHT HEMI-
SPHERE. From a simply Convoluted European Brain. About J

Marg. c, marginal convolution; g. forn., gyrus fornicatus or convolution of the
corpus callosum

; unc. c, uncinate convolution; i. oc. -tern}?, c, inferior occipito-temporal
convolution ; d. c, dentate convolution

; /. Ro. , depression corresponding to the upper
extremity of the fissure of Rolando; par.-oc. f., parieto-occipital fissure; calc.f., cal-

carine fissure; coll, /,, collateral fissure ; d /., dentate fissure ; t. h. taenia hippocampi.



MEDIAX SURFACE. 531

spot. Its anterior convolution is continuous at ths bottom of the

limiting sulcus with the adjacent posterior orbital ; its posterior con-

volution joins the teraporo-sphenoidal lobe. Externally it is separated

by a deep sulcus fi'om the contiguous convolutions of the operculum,

i. e., the extremity of the ascending parietal, ascending frontal, and
inferior frontal convolution. The island of Eeil covers the extra-

ventricular nucleus of the corpus striatum. It appears earlier than

any other division of the cerebrum, both in the foetus and in the animal

series.

The Internal oh Mediae and Tentorial Surface (fig. 373), as

already said, does not present the same division into lobes as does

the external surface.

Fissures.—The internal part of the parkto-occipital fissure is con-

tinuous, at the margin of the longitudinal fissure, with the external por-

tion. Thence it extends downwards and forv/ards, presenting a slight

curve with the convexity forwards, and blends with the calcarine fissure.

The calcarine fissure commences at the posterior extremity of the

hemisphere, usually in a bifurcated manner, and extends forwards to

terminate beneath the posterior extremity of the corpus callosum. It

is joined by the parieto-occipital fissure.

The calloso-marpnal fissure {c mf) commences beneath the anterior

Fig. 374.

Fig. i.

—

Right half op the Brain divided by a Vertical Antero-Posteriob
Section (from various sources and from nature). (Allen Thomson.) ^

po, parieto-occipital fissure ; cc, posterior extremity of calcarine fissure ; 1 , 1, marginal
convolution ; 2, 2, gyrus fornicatus ; 3, 3, 3, secondary convolutions passing between
this and the preceding ; 3a, quadrate lobule ; 36, cuneate lobule ; 4, the fifth ventricle,

and above it the divided corpus callosum ; 5, the third ventricle (see fig. 384) ; 5',

pituitary body ; 6, corpora quadrigemina and peneal gland ; + , the fourth ventricle

;

7, pons Varolii ; 8, medulla oblongata ; 9, cerebellum i, the olfactory bulb ; li, the
right optic nerve, the commissure cut through ; iii, right third nerve.

M At 2



532 THE CEREBEUM.

extremity of the corpus eallosuni, and courses first forwards, then up-

wards, and then backwards, parallel with the edge of the longitudinal

fissure, and finally turns upwards to end at this edge just behind the

position of the upper extremity of the fissure of Rolando. It separates

the marginal convolution from the convolution of the corpus callosum,

hence its name.
Convolutions.—The mnrgincd convolution commences in front of the

anterior perforated spot, and extends along the edge of the longitudinal

fissure as far as the termination of the calloso-marginal fissure at the

upper margin of this surface. Over this margin it is continuous with

the superior frontal convolution, and its continuation (straight convo-

lution) on the orbital surface. It is commonly broken up by secondary

fissures, one of which often runs parallel to part of the calloso-marginal

fissure. x\ secondary convolution not uncommonly connects it with the

next gyrus.

The convolution of the corpus callosum, f/ijrus fornicatus (g. forn., fig.

373), commences near the anterior perlbrated spot, and, turning round
the anterior extremity of the corpus callosum runs backwards along its

upper surface, and then, bending down behind its posterior extremity,

takes the name of the uncinate convolution. On its outer side is the

calloso-marginal fissure as far as the latter extends.

The quadrafc lohule (prascuneus), is a four-sided area lying between
the internal part of the parieto-occipital fissure behind, and the tenni-

nation of the calloso-marginal fissure in front. It is variously sub-

divided into small gyri, of which the highest is continuous with the

superior parietal lobule, and the lowest forms part of the gyrus forni-

catus.

The cuneate lohule (occipital lobule) is a wedge-shaped area lying

between the internal parieto-occipital and the calcarine fissures.

Occipito-teniporal region.—The convolutions of the lower part of

the occipital lobe and the inner temporo-sphenoiclal convolutions are

continuous, and may be considered together as three in number.
The su]}enor occipito-temporal convolution {uncinate or hijipocampal

convolution) extends from near the posterior extremity of the hemisphere

to the anterior portion of the temporo-sphenoidal lobe, lying at first

beneath the calcarine fissure, and then beneath the dentate fissure. Its

anterior extremity is rounded into a hook called by Vicq-d'Azyr the

"crotchet;" hence its name. Beneath the posterior extremity of the

corpus callosum this convolution is joined by the gyrus fornicatus, in

front of the calcarine fissure.

The inferior occipito-temporal convolulion has a similar extent and
parallel course, reaching through the occipital and temporo-sphenoidal

lobes of which it forms the lower margin.

A miilille occi])ito-temporat convolution may be sometimes distinguished

between the two just described.

The dentate or Mppocampcd fissure commences within the posterior

extremity of the gyrus fornicatus, which separates it from the calcarine

fissure. "Thence it extends downwards and forwards, ending below in

the notch of the uncinate convolution. Its floor is formed by grey

matter, called the fascia dentata (see p. 548). This fissure corresponds

to the elevation of the hippocampus major within the lateral ventricle.

The coUcdcrcdfismre lies below the uncinate gyrus and parallel to the

calcarine and dentate fissures. It extends beneath the floor of the
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descencTinoj cornea of the lateral ventricle, where it corresponds to the

lower part of the eniineutia collateralis.

Base of the Cerebruji (fig. 375).—From the front of the pons
Varolii, two white masses extend, marked on the surface with longi-

tudinal strife, and having somewhat the appearance of large bundles of

fibres. They pass forwards and outwards to enter the inner and under
part of the right and left cerebral hemispheres, of which they are the

peduncles or crura. Immediately before entering the corresponding
hemisphere, each is crossed by a flattened white cord, named the optic

tract (fig. 376), which, adhering by its upper border to the peduncle,

is directed forwards and inwards, and meets in front with its fellow of

Fig. 375.

Fig. 375.—Base of the Bkain with the Oiugixs of the Cekebkal Nerves.
(Alleu Thomson. ) i

This figure is taken from an adult male brain which had been hardened in alcohol.

1, superior longitudinal fissure ; 2, within it the straight olfactory tract and sulcus for
the convolution; 2', orbital convolutions; 2", inferior frontal convolution; .3, 3, 3,
fissure of Sylvius ; 4, 4, 4, temporo-sphenoidal lobe ; 5, 5', occipital lobe ; 6, on the
right anterior pyi-amid of the medulla oblongata above the decussation ; 7, amygdaloid
lobe of the cerebellum; 8, biventral lobe; '9, lobulus gracilis; 10, posterior inferior
lobe

; + ,
the inferior vermiform process ; I, olfactory bulb ; I', the tract divided on

the left side
; II, in the anterior perforated spot, marks the right optic nerve ; the left

has been cut short ; III, on the right crus cerebri, denotes the third pair ; IV, the fourth
pair

; V, the trigeminus ; VI, on the pons Varolii, the sixth ; VII, also on the pons
Varolii, the facial with the auditory nerve on its outer side ; VIII, on the right lobe of
the cerebellum below the horizontal fissure and the flocculus, indicates the group of
nerves below the auditory, i. c, the glosso-pharyngeal, pneumogastric, and spinal
accessory

;
IX, on the upper part of the left amygdaloid lobe, denotes the hypo-

glossal nerve ; X, on the same, the suboccipital nerve.
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the opposite side to form tlie optic commissure, from the fore part of

which the optic nerves proceed.

Limited behind by these diverging peduncles, and in front by the

converging optic tracts, is a lozenge-shaped interval, called the interpe-

duncular sjMce, in which are found, in series from behind forwards, the

Fig. 376. Fig. 376.—View from
BEFORK OF THE ME-
DULLA Oblongata,
Pons Varolii, Crura
Cerebri, and other,

Central Portions op
THE EnCEPHALON.
(Allen Thomson.)

On the riglit side the
conviilutions of the cen-

tral lobe or island of Reil
have been left, together

with a small part of the
anterior cerebral convolu-

tions : on the left side

these have been removed
by an incision carried

between the thalamus
02:itieiis and the cerebral

hemisphere.

1', the olfactory tract

cut short and lying in its

groove between two con-

volutions ; II, the left

optic nerve in front of

the commissure ; 11', the

right optic tract ; Th, the

cut surface of the left

thalamus opticus ; C, the

central lobe or island of

Keil ; Sy, fissure of

Sylvius ; X x , locus

perforatus anterior ; e,

the external, and i, the

internal corpus genicu-

latum ; It, the hypophysis

cerebri or pituitary body
;

tc, tuber cinereum with

the infundibulum ; a, one

of the corpora albicantia
;

P, the cerebral peduncle

or crus
; /, the fillet

;

III, close to the left

oculo-motor nerve ; x
,

the locus perforatus jios-

ticas ; PV, pons Varolii
;

V, the greater root of the fifth nerve ; + , the lesser or motor root ; on the right side

this + is placed on the Gasserian ganglion, and points to the lesser root, where it proceeds

to join the inferior maxillary nerve ; ophthalmic division of the fifth nerve ; 2, superior

maxillary division ; 3, inferior maxillary division ; VI, the sixth neiwe ; VII a, the

facial ; VII h, the auditory nerve ; VIII, the pneumo-gastric nerve ; VIII a, the glosso-

pharyngeal ; VIII b, the spinal accessory nerve ; IX, the hypoglossal nerve
; / /, the floc-

culus
; fh, the horizontal fissure of the cerebellum {Ct) ; a m, the amygdala ; 2^ ct, the

anterior pyramid ; o, the olivary body ; r, the restiform body ; d, the anterior median

fissure of the spinal cord, above which the decussation of the pyramids is represented ;

c a, the anterior column ; c I, the lateral column of the spinal cord ; C I, the suboccipital

or first cervical nerve.

i ca
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posterior perforated space, the corpora albicantia, and the tuber cinerenm,

from which is prolonged the infundibulum attached to the pituitary

body.

The posterior perforated space (locus perforatus posticus) (fig.

376, X ) is a deep fossa situated between the peduncles, the bottom of

which is composed of greyish matter, connecting the diverging crura

together. It is perforated by numerous small openings for the passage

of blood-vessels ; and some horizontal white striffi usually pass out of the

grey matter and turn round the peduncles immediately above the pons.

The corpora albicantia or mammillaria are two round white emi-

nences in front of this fossa, each about the size of a small pea, sur-

rounded by grey matter, and connected together across the middle line.

The cori^ora albicantia are formed, as will hereafter be explained, by the

anterior extremities of the fornix ; hence they have also been named iulhs of

ilic forr.ix. In the foetus they are at first blended together, and they become
separatfd about the beginning of the seventh month. In most vertebrate animals

there is but one white eminence or corpus albicans in their place.

The tuber cinereuin (fig. 376, if c) is a lamina of grey matter extending

forwards from the corpora albicantia to the optic commissure, -to which
it is attached, and forming, as afterwards described, part of the floor of

the third ventricle. In the middle it is prolonged into a hollow conical

process, the infundibulum, to the extremity of which is fixed the

pituitary body.

The pituitary body or hypophysis cerelri (fig, 376, h), formerly called

pituitary gland, from its being erroneously supposed to discharge pitmia

into the nostrils, is a small reddish grey mass, of a somewhat flattened

oval shape, widest in the transverse direction, and occupying the sella

turcica of the sphenoid l^one. It consists of two lobes, of which the

anteiior is larger, and concave behind, where it embraces the smaller

posterior lobe. Its weight is from five to ten grains. In the adult it is

solid, and of a firm consistence.

The anterior lobe consists of two kinds of matter, one hard and
grey, the other, situated within, softer and of a yellowish-white colour.

The posterior lobe is darker and redder than the anterior. Both are

veiy vasctilar.

The pituitary body appears to approach in structure to the vascular

or ductless glands, such as the thyroid and suprarenal bodies, &c. Ac-
cording to Sharpey's observations, with which those of subsequent

writers agree, it differs greatly in structure, at least in its anterior and
larger lobe, from any other part of the encephalon. The substance of

the anterior lobe appears to be constituted by a membranous tissue

forming little round cavities or loculi, which are packed full of nu-
cleated cells. The loculi are formed of transparent, simple membrane,
with a few fibres and corpuscles resembling elongated cell-nuclei dis-

posed round their walls. The cells contained in the cavities are of

various sizes and shapes, and not unlike nerve-cells or ganglion-globules
;

they are collected into round clusters, filling the cavities, and are mixed
with a semi-fluid granular substance. This thin granular matter, to-

gether with the cells and little specks of a clear glairy substance like

mucusj can be squeezed from the cut surface, in the form of a thick,

white, cream-like fluid.

In the foetus, the pituitary body is proportionally large, and contains a cavity
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which communicates, through that of the infundibukim, with the third ventricle.

This body is constantly present, and has the same connection with the brain in

all vertebrate animals.

The optic commissure, or cldasma (fig. 375j, is constituted by the

union of the two optic tracts in front of the tnber cinerenm, and from it

the two optic nerves proceed. In it the nerve fibres of each side undergo

a partial decussation. The Larger proportion of the fibres of each optic

tract cross over to the opposite side, a smaller proportion proceed to

the eye on the same side, and other fibres are said to pass from one

optic tract to the other along the posterior portion of the comriissure,

while others pass from one nerve to the other along the anterior part of

the commissure. Thus each angle is rounded by fibres which pass

between its adjacent limbs. The optic tracts are said to receive an
accession of fibres from the lamina cinerea, and also from the " basal

optic ganglion," a collection of grey matter which Jies on the outsr side

of the tuber cinereum, and is the source of fibres which pass immediately

without decussation, to the optic nerve of the same side.

In the middle line of the base of the brain, in front of the optic

commissure, is the anterior portion of the great longitudinal fissure,

which passes down between the hemispheres. At a short distance in

front of the commissure, this fissure is crossed transversely by a white

mass, which is the anterior recurved extremity of the corpus callosum.

On gently turning back the optic commissure, the lamina cimrca is

seen, a thin connecting layer of grey substance, occupying the space

between the corpus callosum and the commissure, and continuous above

the commissure with the tuber cinereum. It is connected at the sides

with the grey substance of the anterior perforated space, and forms

part of the anterior boundary of the third ventricle : it is somewhat
liable to be torn in removing the brain fi'om the skull ; and, in that

case, an aperture would be made into the fore part of the third

ventricle.

At a short distance outwards from the lamina cinerea is the

anterior perforated space (locus pcrforatus anticus), a depression

near the entrance of the Sylvian fissure, floored with grey matter, and
pierced with a multitude of small holes for the passage of blood-vessels,

most of which are destined for the corpus striatum,—the adjacent por-

tion of the brain beneath which it lies.

The grey surface of each perforated space is crossed by a broad white

band, which may be traced from the middle of the under surface of the

corpus callosum in front, backwards and outwards along the side of

the lamina cinerea towards the entrance of the Sylvian fissure. These
bands of the two sides are named the jjedancks of tlie corpus callosum.

Olfactory tract and bulb (figs. 375, 1, and 376, 1').—From the

front of the anterior perforated spot a nerve-like process extends—the

olfactory tract. It is lodged in a hollow (olfactory sulcus) in the under
(orbital) surface of the frontal lobe, close to the longitudinal fissure.

it ends anteriorly in an oval swelling—the olfactory bulb, which con-
sists chiefly of grey substance, and gives origin to the small nerves
which proceed, through the foramina of the ethmoid bone, to the nose.

Traced backwards, the olfactory tract is connected Avith the cerebrum
by three roots. The outer root passes, as a white streak, outwards and
backwards along the anterior margin of the perforated space, towards
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the Sylvian fissure, where it disappears. It has been traced by different

observers to the island of Reil, the optic thalamus (Valentin), and to a

nucleus ia tlie substance of the temporo-sphenoidal lobe, in front of

the anterior extremity of the hippocampus. (Eolaudo, Foville, Luys.)

The middk, or grey root (tuber olfactorium), is of pyramidal shape,

and consists of grey substance on the snrface, prolonged from the adja-

cent part of the anterior lobe and anterior perforated space. Within
it are some white fibres, which have been said by some to join the inner

root, by others to be connected with the corpus striatum. The i/nier

root consists of white fibres, which pass to the inner and posterior part

of the anterior lobe, and are believed to be connected with the extremity

of the gyrus fornicatus, or to pass over to the opposite hemisphere.

When the entire encephalon is viewed from below, the back part of

the under surface of the cerebrum is concealed by the cerebellum and
the pons Varolii. If, however, these parts be removed, it will be seen

that the two Iiemispheres of the cerebrum are separated behind as they

are in ft-ont, by the descent of the great longitudinal fissure between

them, behind the posterior extremity of the corpus callosum.

INTERNAL PAPoa?S OF THE CEREBRUM.

The anatomy of the interior of tlie cerebrum is most conveniently

studied by removing successive portions of the hemispheres by hori-

zontal sections, beginning from above.

The first horizontal section to be made about half an inch above the

corpus callosum, displays the internal white matter of each hemisjjhere,

speckled with red spots where its blood-vessels have been divided, and
surrounded on all sides by the grey matter which is seen to follow

closely the convoluted surface, and to be of nearly equal thickness at

all points. This white central mass in each hemisphere was named by
Vicq-d'Azyr centrum ovale minus. On separating the remaining por-

tions of the two hemispheres from each other, two sulci are seen to exist

between the corpus callosunr and the gyri immediately in contact with

it, viz., the gyrus fornicatus of each side.

Another section being made at the level of the corpus callosum, the

white substance of that part is seen to be continuous with the internal

medullary matter of both hemispheres : and the large white medullary

mass thus displayed, surrounded by the border of cortical substance, con-

stitutes what is generally described as the centrum ovale of Vieussens.

The coi'piis callosiim or great commissure (tiabs cerebri)

(fig. 377) connects the centres of the two hemispheres. It is a white

structure, with a length not quite half that of the brain, and ap-

proaches nearer to the front than the back of the hemispheres. It is

about an inch in width behind, and somewhat narrower in fi-ont. Its

thickness is greater at the ends than in the middle, and is greatest

behind, where it is nearly half an inch. It is arclied from before

backwards. Its upper surfixce is distinctly marked by transverse fur-

rows, which indicate the direction of the greater number of its fibres.

It is also marked in the middle by a longitudinal line, the raphe,

which is bounded laterally by two white tracts, placed close to each
other, named strice longituclinales, or nerves of Lancisi (fig. 377, 3). On
each side, near the margin, are seen other longitudinal lines (strife

longitudinales laterales) occasioned by a few scanty white fibres.
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In front, the corpus callosnm is reflected downwards and backwards,

between the anterior lobes, forming; a bend named the genu (fig. 377, 5).

The inferior or reflected portion, which is named tlie rostrum, becomes

gradually narrow as it descends, and is connected by means of the

lamina cinerea with the optic commissure. It also gives off the two

bands of white substance, already noticed as t]\ejJcih(ucJe.<! of the corpus

callosnm, which, diverging from one another, run backwards across

the anterior perforated space on each side to the entrance of the Syl-

vian fissure.

Behind, the corpus callosum terminates in a free thickened border,

the under surface of which is also free for a short distance.

The under surface of the corpus callosum is connected behind with

the fornix, a structure to be presently described, and in the rest of its

Fig. 077.

Fig. 377.

—

View of tue Corpus Callosum fiioji acove (from Sappey after Foville). ^

The upper surface of the corpus callosum has been fully exposed hy separating the

cerebral hemispheres and thro^ving them to the side ; the gyrus fornicatus has been

detached, and the transverse fibres of tJio corpus callosum traced for some distance into

the cerebral medullary substance.

1, the upper surface of the corpus callosum ; 2, median furrow or raphe ; 3, longi-

tudinal striaj bounding the furrow ; 4, swelling formed by the transverse bands as they

pass into the cerebi-um ; 5, anterior extremity or knee of the coriras callosum ; 6, pos-

terior extremity ; 7, anterior, and S, posterior part of the mass of fibres proceeding from
the corpus callosum ; 9, margin of the swelling ; 10, anterior part of the convolution of

the corpus callosum ; 11, fissure between the corpus callosum and its convolution opened
out ; outside 12, is the termination of the calloso-marginal fissure, and behind 14 is the

parieto-occipital fissure, and between the two the quadrate lobule ; 13, upper surface of

the cerebellum.
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length u'ith the septum kicidum, a yertical partition between the two
lateral ventricles.

Although it presents a few longitudinal white fibres on its surface, the coi-pus
callosum consists almost entirely of fibres having a transverse coui'se towards
each side, and spreading in a radiating manner into the substance of the two
hemispheres. As the transverse fibres from the anterior and posterior portions of
the cerebiTim are necessarily aggregated in large numbers near the corresponding
ends of the coii^us callosum, its gi-eater thickness at those points, in comparison
with the rest of its extent, is accounted for ; and, since the posterior lobe
reaches fui-ther l)eyond the coipus callosum than the anterior, the greater thick-
ness behind is also explained.

Lateral ventricles, or venfriculi iricornes.—By making a longi-
tudinal cut through the corpus callosum at a short distance on each
side of the middle line, and about midway between the two ends of
the hemispheres, an opening is made into the right and left lateral

veniricles of the brain (fig. 378). These ventricles form part of the
general ventricular space within the cerebrum ; they are serous cavi-

Fiff. 378.

I?ig. 378.

—

Horizontal Sectioit of the Buain showing the Lateral Ventricles and
THE Fifth Ventricle opened (from Sapjjey after Vicq-d'Azyr), ^

1, the fifth ventricle ; 2, the two laininaj of the septum lucidnm meeting in front of
it

; 3, lesser hippocampus of the posterior coruu ; 4, horizontal section of the posterior
swelling of the corpus callosum

; 5, middle part of the fornix, where it has been separated
from the corpus callosum

; 6, posterior pilhir of the fornix ; 7, hippocampus major
descending in the middle cornu ; S, eminentia collateralis ;

[i, Literal parts of the fomLx
;

10, choroid plexus ; 11, taenia semicircularis ; 12, corpus striatum.
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ties, and are lined by a delicate epitheliated strnctnro, the ependyma

vcntrkidorum, Avhich, at certain parts in the adult, and probably

throughout its whole extent in the foetus, is provided with cilia. In

the natural state the walls of the ventricles are moistened internally

witli a serous fluid, which sometimes exists in considerable quantity,

even in a healthy brain.

It was formerly a subject of dispute whether the lining of the ventricles

consisted of epithelium onlj^ or also of a membrane. It is now recognised

that a peculiar form of connective tissue is found throughout the substance

of the brain, similar to that whicli has been described in the spinal cord, and

like it called neuroglia. A layer of this substance, unmixed with nerve-

tissues, but in direct continuitj' with the interstitial web, and not a distinct mem-
brane, supports the epithelium.

The form of the epithelial cells appears to vary in different parts ; these cells

being, according to KoUiker. of the flat pavement kind in the third ventricle,

and more spherical in_ the lateral ventricles : and, according to Gerlach, cylin-

drical in the aqueductus Sylvii.

From the central part or body of each lateral ventricle the cavity

is extended forwards, backwards, and downwards, thus forming an

anterior, ajwsferior, and a 7nid(Ue or descendimj comu (fig. 371).

white matter ; s, s, t

^'S- 379. pif,_ 379.—The Lateral
Yenteicles opened by
A Horizontal Section,

ANi> THE Middle Cornu
EXPOSED ON THE RIGHT
SIDE. -^-

o, h, anterior and pos-

terior parts of the gi-eat

longitudinal fissure ; c,

section of the anterior jiart

of the corpus callosum ; d,

posterior part of the same
;

c, tlie left choroid plexus
;

/, the fornix
; g, the an-

terior ; Ii, the posterior,

and 0, the descending
cornu of the lateral ven-

tricle ; 7c, k, corpora

striata ; I, I. optic tha-

lami ; n, n, right and left

hippocampus minor ; o,

posterior pillar of the for-

nix ; v, the corpus fimbri-

atum into which it passes
;

([, cornu ammonis or pes

hippocamiii ; h, the medid-
lai-y substance of the cere-

bral hemisphere ; r, yaxt

of the cortical substance

showing alternate grey and

;enia semicircularis
; y, emiueutia collatcraiis.

The lodij of each lateral ventricle is roofed by the corpus callosum,

and is separated from its fellow by a vertical partition, the sejifimi

Ivcidum (tig. 378, 2), which descends from the corpus callosum to

the fornix. In the floor of the ventricle there is seen behind one half



INTEKXAL PAllTS. 541

of the fornix, -which is a thin Layer of wliito braiii-substanee, broad
behind and narrow in front {fig. 378, 9) : external and anterior to this
is the clwroid j)hxus of the lateral ventricle (fig. 378, 10), a red vascular
fringe, forming the border of the velum intcrpositum, a fold of pia mater
extending inwards, on whicli the fornix rests : external and anterior to
the choroid plexus is the anterior and outward part of iheoj^tic thalamus,
appearing from beneath it (fig. 379, /) ; outside and in front of the
thalamus is the corjms striatum ; and between these two bodies is a
narrow flat band, the ttmia semicircularis.

The anterior cornu (fig. 379, g) is the blind anterior extremity of
the ventricle, projecting a little way into the Avhite substance of the
frontal lobe. It is covered by the corpus callosum, and turns forwards
and outwards round the anterior free extremity of the corpus striatum,
descending as it proceeds, and bounded behind by that body, and
in ffont by the reflected part of the corpus callosum.

The middle or descemlimj cornu turns round the back part of the optic
thalamus, which appears in its cavity and forms its anterior boundary,
while its remaining boundaries are formed by the hemisphere. At its

commencement it is directed backwards and outwards ; then, passing
downwards with a sweep, it curves forwards, and at its extremity has a
marked inclination inwards. The principal object seen upon the floor

of the cornu is the hij>pocam])us major (pes hippocampi or cornu
ammonis), a large white eminence extending the whole length of the
cornu (figs. 379, 381, G, C). The hippocampus major becomes enlarged

Fig. 380.—A Deep View of
THE Lateual Ventricles
and theiu cornua ^yith the
Velum Interpositum. 4

The fornix lias been divided
near its anterior jjillars and
turned back, c, tlie anterior

imrt of tlie corpus callosum
divided ; e, the lyra on the
lower surface of the corpus
callosum and forni.-v

; /, ante-
rior pillars of the fornix divided
(these are represented of toi

large a size); ;/, anterior, and
h, posterior cornu of the lateral

ventricle ; k, k, corpora striata
; q,

hippocampus major in the lower
part of the middle cornu ; r, r,

thalami optici ; s, s, taenia se-

micircularis
; t, t, choroid

plexus ; V, velum intcrpositum
;

X, X, posterior pillars of the
fornix

; y, eminentia collate-

ralis.

towards its anterior and
lower extremity, and is

indented or notched on
its edge, so as to present
some resemblance to the paw of an animal, whence it has been called
the pes hippocampi. The white fibres of its surface form only a thin
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layer, and beneath them is cineritious matter continuous with that of

the surface of the hemisphere. Along the inner edge of this eminence is

seen a narrow white band, named corpus fimbriafum or tccnia hippocamjyi

(fig, 381, 6), which is prolonged from the fornix ; to the inner side of

the tR3nia is a part of the choroid plexus, and next to that the back of

Fig. 381. Fig. 381, A.

—

Lower a>'d Back Part of thk
Cerebrum op the Left Side, showing the
Posterior and Descending Cornua of the
Lateral Ventricle opened (altered from
Hirschfeld and Leveille). J

1, Apex of temporo-splienoidal lobe ;
1', un-

cinate convolutioQ ; 2, cut surface of the cere-

bral hemisphere ; 3, point of the posterior

cornu of the lateral venti-icle ;
3', eminentia

collateralis ; 4, cut surface of the lower and
back part of the corpus callosum divided near
the middle ; 4', placed on the extension of the

corpus callosum into the cerebral hemisphere,

points by a line to the hippocampus minor in

the posterior cornu ; 5, cut edge of the posterior

pillar of the fornix passing down at 5', into

the hippocampus major and corpus fimbriatum
;

6, placed on the hippocampus major points to

the continuation of the corpus fimbriatum or

tiX'uia hippocampi ; 6', lower part of hippo-

campus major ; 7, fascia dentata on the inside

of the white substance of the taenia.

Fig. 381, B.

—

Section of the Right Hippo-
campus Major to show the arrangement
OF the Grest and White Substance (from

Mayo).

a, white layer on the surface of the hippo-

campus ; h, grey substance which is involuted

from the surface of the neighbouring convolution

;

c, fascia dentata ; d, uncinate convolution ; be-

tween c and d dentate fissure ; c, (placed on

the eminentia collateralis) cavity of the lateral

ventricle.

the optic thalamus. This cornu differs

from the others in respect that it is

not a mere cul-de-sac, but, by the

separation of the membranes, can be made to communicate in its whole

length with the surface of the brain by the fissure through which the

choroid plexus enters.

The posterior cornu projects backwards into the substance of the

posterior lobe. At its extremity it is pointed, and directed inwards.

On its inner side is a curved and pointed longitudinal eminence,

named hippocampus minor, ergot, or calcar avis ; and at the junction of

the posterior with the descending cornu, between the hippocampus

major and minor, is a smooth eminence, named eminentia collateralis,

or 2yes accessorius, which may extend some way down the descending

cornu behind the great hippocampus.
The hippocampus minor is only the convex side of the fold of

cortical substance which forms the calcarine sulcus, and in like manner
the eminentia collateralis corresponds with the posterior branch of the

fissure of Sylvius.
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The hippocampus minor is not peculiar to the human brain, but has been
found in the brains of quadi-umana. In the human subject the posterior cornu
varies greatly in size, and the hippocampus minor is still more variable in its

development, being sometimes scarcely to be recognised, and at others jiropor-

tionally large. It is usually most developed where the posterior cornu is longest

;

but the length of the posterior cornu, and prominence of the hippocami^us minor,
are by no means in proportion to the dimensions of the hemisphere, but rather

seem to be associated with thinness of both the medullary and the cortical

substance.

The septiim Iticidum (fig. 378) is a thin translucent partition, placed
between the two lateral ventricles. It extends vertically between the

corpus callosum above, and the anterior part of the fornix below ; and,

as the latter sinks down in front away from the corpus callosum, the

septum is deep before and narrow behind, in form somewhat resem-
bling an obovate leaf. Anteriorly it lies in the hollow of the bend of

the corpus callosum, in fi-ont of the fornix.

The septum lucidum is double, being composed of two distinct

lamintB, having an interval betw'een them, which contains fluid and is

lined by an epitheliated membrane. This is thejifth ventricle, ventricle

of the septum, or Sylvian ventricle.

Each of the laminre of the septum which form the sides of the fifth

ventricle, consists of a layer of white substance on the middle, and a
layer of grey matter upon each surface.

In the human embryo, and also in some animals, the cavity of this ventricle

communicates with that of the thhd ventricle in front and below ; but in the
adult human brain it forms a separate and insulated cavity. Tarin described a
small fissure in it between the pillars of the fornix ; but this is unusual. In
disease it is sometimes distended with fluid.

The fornix (fig. 379,/) is an arched band of white longitudinal

fibres, which appears partly in the floor of both lateral ventricles. It

consists of two lateral halves, which are separated from each other in

front and behind, but between those points are joined together in the
mesial plane. The two parts in front form the anterior pillars of the
fornix ; the middle conjoined part is named the l)0(li/ ; and the hind
parts, which, are again seuarated from each other, form the posterior

pillars.

The lodij of the fornix is triangular in shape, being broad and
flattened behind, where it is connected with the under surface of the

corpus callosum, and narrower in front as it dips down to leave that

body,—the space between them being filled up by the septum lucidum.
Its lateral edges are in contact with the choroid plexuses, and its under
surface rests upon the velum interpositum. The space beneath the
velum interpositum, and between the two optic thalami, forms the third

ventricle, to be afterwards described.

The anterior crura or ^jillars of the fornix (fig. 383, e), cylindrical in
form, descend, slightly apart from each other, through a quantity of grey
matter on the sides of the third ventricle, between the corpora striata.

Curving backwards as they descend, they reach the corpora albicantia.

There each cms turns upon itself, making a twisted loop which forms
the wliite portion of the corpus albicans of its own side, and ascends
to enter the substance of the optic thalamus. These crura ai'e con-
nected with the peduncles of the pineal gland, and with the taenia

semicircularis, as will be afterwards described.
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Inimediately behind the anterior pillars is an interval on each side

between the anterior part of the fornix and the groove where the optic

thalamus and corpus striatum meet. This interval leads from the

lateral ventricle to the third ventricle. The openings of opjiosite sides,

passing downwards and backwards, meet in the middle line below, and
thus is produced a passage, single below, but dividing into two branches

above, somewhat like the letter Y, and forming a communication
between the third ventricle and both lateral ventricles. This passage

is named the forameji of llonro, ovforamen commune anterius.

H\\Qposterior crura or pillars of the fornix (fig. 378, 6) are the diverging

continuations backwards of the two flat lateral bands of which the body
is composed. At first they adhere to the under surface of the corpus

callosum, then, curving outwards, each crus enters the descending cornn

of the corresponding lateral ventricle, where part of its fibres are

bestowed on the surface of the great hippocampus and the remainder are

prolonged as a narrow band of white matter, named fcmia hippocamjn

or corpus fimhriatinn, which skirts the concave margin of the hippo-

campus major, and extends to its extremity.

On examining the under surface of the fornix and corpus callosum,

there are seen posteriorly the thickened border or pad, and in front of

it the diverging halves of the fornix, between which a triangular portion

of the corpus callosum appears, marked with transverse, longitudinal,

and oblique lines. To this part the term lyra has been applied

(fig. 382, 12).

The transverse fissure of the cerebrum is the passage by which
the pia mater passes from the surfoce into the ventricles of the brain to

form the choroid plexus. It may be laid open in its whole extent, after

the lateral ventricles have been opened, by completely dividing the

fornix and corpus callosum in the middle line, and raising the divided

parts from the undisturbed velum interpositum below. It will then be

found that, in like manner, the posterior and middle portions of the brain,

including the hippocampus major and corpus fimbriatum, may be raised

from the subjacent parts as far as the extremity of the descending

cornu of the lateral ventricle. The transverse fissure is, therefore, a

fissure extending from the extremity of the descending cornu on one

side, over the constricted part of the cerebrum, to the extremity of the

descending cornu of the other side. It is bounded above by the

corpus callosum and fornix in the middle, and more externally on each

side by a free margin of the hemisphere : inferiorly it is bounded near

the middle line by the corpora quadrigemina, and on each side by the

posterior part of the optic thalamus.

In the free margin of the hemisphere, brought into view by opening

out the part of the transverse fissure which leads into the descending

cornu of the lateral ventricle, there are seen (fig. 381) (1st) the ribbon-

like ledge formed by the corpus fimbriatum, along the hippocampus
major : (2nd) beneath this, a smaU. grey indented ridge, the fascia

clentata ; and (3rd) beneath the fascia dentata, the gyrus hippocampi.

On making a transverse section (fig. 381, B), it is seen that the corpus

fimbriatum forms the free margin of the white substance of the hemi-
sphere, and that the fascia dentata is the free margin of the cortical

substance, and is continuous with the grey matter of the hippocampus
major, and that thus the hippocampus major is the swelling in reverse

of the sulcus between the fascia dentata and gyrus hippocampi (uncinate
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convolution). The fascia dentata can be traced up to the pad or bour-

relet : its upper part is free of dentations, and is sometimes named
fasciola cinerea. The dentations correspond with blood-vessels passing-

to and from the choroid plexus.

Fig. 382.

Fig. 382.

—

View of the Upper Surface op the Velum Interpositum, Choroid Plexus,

AND Corpora Striata (from Sappey after Vicq-d'Azji-). g

1, fore part of the tela choroidea or velum interpositum ; 2, choroid plexus ; 3, left

Teio of Galen partly covered by the right ; 4, small veins from the front of the corpus

callosum and the septum lucidum ; 5, veins from the corpus striatum ; 6, convoluted

marginal vein of the choroid plexus ; 7, vein rising from the thalamus opticus and corpus

striatum ; 8, vein proceeding from the inferior cornu and hippocampus major ; 9, one
from the posterior cornu ; 10, anterior pillars of the fornix divided in front of the fora-

men of Monro ; 11, fornix divided near its fore part and turned backwards ; 12, lyra ; 13,

posterior pillar of fornix united with, 14, the corpus callosum behind, and covered by
the choroid plexus as it descends into the inferior cornu.

The velum interpositum or tela choroidea (fig. 382), the mem-
brane which connects the choroid plexuses of the two sides together, is

a prolongation of the pia mater through the transverse fissure. It

corresponds in extent with the fornix, which rests upon its upper sur-

face ; and its more highly vascular free borders, projecting into the

lateral ventricles, form the choroid plexuses.

The choroid plexuses (fig. 382, 2) appear like two knotted fringes

reaching from the foramen of Monro, where they meet together beneath
VOL. ir. N N
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the fornix, to the point of each desceBcling cornu. They consist of a

highly vascuhar villous membrane. The villi with which they are

covered are again divided npon their surfaces and at their borders into

small processes, along which fine vessels are seen to run. Numerous

small vessels pass between the plexuses and the surface of the corpora

striata, as well as other neighbouring parts, and the epithelium of the

ventricles is continued over their surface. Thus it is only at the

foramen of Monro that the epithelial lining of the lateral ventricles is

continuous with that of the third ventricle.

The epithelium changes its character where it covers the plexus. It is there

composed of large spheroidal corpuscles, in each of which is seen, besides a

distinct nucleus, several yellowish granules, and one or more dark round oU-

di'ops. According to Henle each of these cells is provided with short, slender,

acuminate, transparent, and colourless pioccsses.

On raising the velum interpositum, two slight vascular fringes are

seen running along its under surface, and diverging from each other

behind. They form the choroid plexuses of the third ventricle.

The choroid artery enters the velum interpositum at the point of the

descending cornu ; and other arteries enter from behind, l3eneath the

corpus callosum. The greater number of the veins terminate in two

principal vessels named the veins of Galen, which run backwards on

the velum interpositum, and passing out beneath the corpus callosum

pour their blood into the straight sinus, having generally .first united

into a single trunk.

The velum having been removed, the optic thalami are brought fully

into view, together with, the cavity of the third ventricle situated

between them, while, behind the third ventricle, between it and the

upper surface of the cerebellum, are seen the pineal body, the corpora

quadrigemina, the valve of Vieusseus, and the superior peduncles of the

cerebellum.

The third ventricle is a narrow longitudinal cleft placed between

the optic thalami, which bound it on its two sides. It is covered above

by the velum interpositum and the fornix. Beneath, its floor is formed

by the following parts, which have been already described as seen on

the base of the cerebrum ; viz., commencing from behind, the posterior

perforated space, the corpora albicantia, the tuber cinereum and infandi-

bulum, and the lamina cinerea, the last of which also serves to close it

in front, as high as the anterior commissure. Behind, is the anterior

opening of the aqueduct of Sylvius. The cavity is crossed by three

commissures, named from their position, anterior, middle, and posterior.

The middle or soft commissure is composed almost entirely of grey

matter, and connects the two thalami. It is variable in size, and some-

times wanting ; it is liable to be torn across in examining the brain.

The (interior commissure is a round bundle of white fibres, placed

immediately in front of the anterior pillars of tlie fornix, and crossing

between the corpora striata. It marks the anterior boundary of the

ventricle ; its fibres extend laterally through the corpora striata a long

way into the substance of the cerebral hemispheres, connecting the

xwo temporo-sphenoidal lobes.

The posterior commissure, also white but of smaller size, is placed

across the back part of the ventricle, between the posterior parts of the

thalami, immediately before and below the pineal body, with which and
with the corpora quadrigemina it is intimately connected. It consists
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of transverse white fibres, a continuation of a series of transverse fibres

which underlie the corpora quaclrigemina. Its fibres, passing through

the thalanii, diverge in the white substance of the hemisphere.

The corpora striata {anierior cerphraJ (janfjlia), situated in front

and to the outer side of the optic thahimi, are two large ovoid masses

of grey matter, the greater part of each of which is embedded in the

Fig. 383.

Fig. 333.

—

Dissection of the Brain from above, exposing the Lateral,— Third, and
Fourth Ventricles, with the surrounding parts (from Hirsclifekl and Leveill^). 4

a, the anterior part or knee of the corpus callosum divided ; its fibres are seen spreading

on each side into the cerebral hemispheres ; h, anterior part of the surface of the right

corpus strLatum in the anterior cornu of the lateral ventricle ; h', the same on the left

side, in which the grey substance has been dissected so as to show the peduncular medul-

Jary fibres spreading through the corpus striatum into the cerebral hemisphere ;
c, points

by a line to the taenia semicircularis ; d, surface of the thalamus opticus ; c, the anterior

pillars of the fornix divided ; below, they are seen descending in front of the third

ventricle, and between them is seen a part of the anterior commissure ; above the letter

is seen the fifth ventricle represented as a slit between the two lamince of the sej^tum

lucidum
; /, placed on the soft or middle commissure

; g, in the posterior part of the third

ventricle ; on either side of this letter is the white stria or peduncle of the pineal gland
;

immediately below the letter is the small posterior commissure and the pineal gland ; h,

the upper, and (', the lower of the corpora quadrigemina ; l\ superior x^eduncle of cere-

bellum ; and close to this the valve cf Yieussens, which is partly divided by a median
incision along with the middle lobe of the cerebellum, so as to o\xt\ up the fourth ven-
tricle ; I, the hippocampus major and corpus fimbriatum separated from the posterior

jnllar of the fornix and descending into the middle cornu of the lateral ventricle ; m,
posterior cornu of the lateral ventricle and hipiiocampus minor ; n, eminentia collateralis

;

o, tlie cavity of the fourth ventricle
; p, posterior surface of the medulla oblongata ; }•,

section of the middle lobe showing the arbor vitaj ; s, upper surface of the cerebellum
brought into view on the left side by the removal of the posterior extremity cf the left

hemisphere.

K X 2
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middle of the white substance of the hemisphere of the brain, whilst a

part comes to the surface in the body and anterior coruu of the lateral

ventricle. This intraventricular portion of the corpus striatum (nuchiis

caiidatus) is of a pyriform shape, its larger end being turned forwards,

and its narrow end being directed outwards and backwards, so that the

optic thalami of the two sides are received between the diverging corpora

striata. On cutting into it, there may be seen at some depth from the

surface white tibres, which are prolonged from the corresponding cere-

bral peduncle, and give it the streaked appearance from which it has

received its name.

The extraventricular portion of the corpora striata, nuclear hniiculans,

is separated from the intraventricular part by a layer of white substance.

Fig. 38-1.

Fig. 384.

—

Right Half of the Encephalic Peduncle and Cerebellum as seen fkom

THE INSIDE OF A MEDIAN SECTION (Allen Tlioiuson after Reicliert).

n, right optic nerve ; II' optic commissure divided ; III, right tliird nerve ; VI,

sixth nerve ; V 3, third ventricle ; Th, back part of the thalamus opticus ; H, section of

the pituitary body ; A, corpus albicans ; P, pineal gland ; c a, points by a lower line to

the anterior commissure divided, and by an upper line to the divided anterior pillar of

the fornix ; I c, lamina cinerea ; i, infundibulum (cavity) ; t c, tuber cinereum
; /, mark

of the anterior pillar of the fornix descending in the wall of the third ventricle ; c m,

commissure mollis; s p, sti'ia pinealis or peduncle of pineal gland ; c_p, posterior com-
missure, above it the peduncle of the pineal gland, and below it the upper end of the

pa-.sage to the fourth ventricle
; Q, corpora quadrigemina (section) ; a s, aciueduct of

Sylvius near the fourth ventricle ; P V, pons Varolii divided in the middle ;
M, medulla

oblongata
; p a, right anterior pyi-amid ; p d, decussating bands cut across

; p p, posterior-

pyramids ; c, central canal, divided, with grey substance surrounding it. In the cerebel-

lum, a V, stem of white substance in the centre of the middle lobe of the cerebellum,

ramifying towards the arbor vit;e ; s 2', superior vermiform process or vertical portion of

the middle lobe ; s c, single folium, which passes across between the posterior superior

lobes, c, the folia, which unite the posterior inferior lobes
; p, pyramid ;

u, uvula
;

n, nodule ; 1, part of the lamimB of the square lobe ; 2, posterior sui)erior lobe ; 3, pos-

terior inferior lobe ; 4, lobulus gracilis ; f>, biventral lobe ; G, amygdaloid lobe.
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and is seen only on section of the hemiepbere. Its horizontal section re-

sembles that of a biconvex lens, being wider in the centre than at either

end, hence its name. Its antero-posterior diameter corresponds closely

with that of the Island of Reil, and its greatest width is opposite the

anterior edge of the optic thalamus. On a transverse vertical section

through the middle it appears triangular, the apex of the triangle

being directed inwards, and two clear lines, parallel to the outer side,

divide it into three zones, of which the outer is striated and the inner

slightly reddish in tint. On its outer side is the grey lamina, termed
the daustrwn (p. 504).

Along the inner border of each corpus striatum, and in a depression

between it and the optic thalamus, is seen a narrow whitish semitrans-

parent band, named Umia semicircularis, or stria terminalis (fig. 383, c),

which is continued backwards into the white substance of the roof of

the descending cornu of the ventricle. In front it reaches the corre-

sponding anterior pillar of the fornix, and descends in connection with
that cord of white substance.

The thalami optici {jiosterior cerebral ganglia) {d, fig. 383) are of an
oval shape, and rest on the corresponding cerebral crura, which they in a

manner embrace. On the outer side each thalamus is bounded by the

corpus striatum and taenia semicircularis. The upper surface, which is

Avhite, is free and prominent, and is partly seen in the lateral ventricle,

and partly covered by the fornix. Tlie part which is seen in the lateral

ventricle is more elevated than the rest, and is named the anterior

tubercle. The posterior and inner part of the upper surface, beneath the

fornix, is likewise prominent and is termed the posterior tubercle {pul-

mnar) (th, in fig. 384). The posterior surface, which is also white and
free, projects into the descending cornu of the lateral ventricle. The
inner sides of the two thalami are in partial contact one with the

other. They present grey substance uncovered with white, and are

generally connected together by a transverse portion, which forms the

middle or soft commissure of the third ventricle. According to Mey-
nert, the grey matter on the inner surface is distinct from that of the

interior of the thalamus.

The pineal body or gland (conarium) (fig. 383) is a smau reddish

body, which is placed beneath the back part of the corpus callosum, and
rests upon the anterior elevation of the corpora quadrigemina. It is ad-

herent to the under surface of the velum interpositum, so that it is liable

to be torn away from the brain in removing that membrane. It is about
the size of a small cherry-stone. Its base of attachment, which is its

broader part, is directed forwards, and is connected with the rest of the

cerebrum by white substance. This white substance is principally

collected into two small rounded bundles, named peduncles of the pineal

gland (fig. 384, sp), which pass forwards upon the optic thalami along

their upper and inner borders, and may be traced as far as the anterior

pillars of the fornix, in conjunction .with which they descend. These
peduncles are connected with each other behind, and the band of union
between them is adherent to the back of the posterior commissure.
The pineal gland is very vascular. It is hollowed out into two or

more cells, which, sometimes at least, open anteriorly into the ventricle,

and almost always contain, beside a viscid fluid, many round and
angular corpuscles densely massed together, and a quantity of gritty

matter, named acervulus cerebri. This consists of microscopic round
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particles, aggregated into small compound masses, which are again
collected into larger groups. It is composed of the so-called aniyla-

ceous or amyloid bodies, and of earthy salts combined with animal

Fig. 385.

Fig. 385.

—

View op the Medulla Oblongata, Tons Takolii, Cr'jra Cerebri, and
Central Parts of the Encephalow froji the Right Side. (Allen Thomson.)

Tlie corpus striatum and thalamus opticus have been preserved in connection with the
central lolje and crura cerebri, while the remainder of the cerebrum has been removed.

St, upper surface of the coi-pus striatum ; Th, back part of the thalamus opticus ; C,

placed on the middle of the five or six convolutions constituting the central lobe or island
of Reil, the cerebral substance being removed from its circumference ; Si/, fissure of

Sylvius, from wliich these convolutions radiate, and in which are seen the white strice of

the olfactory tract ; I, tlie olfactory tract divided and hanging down from the groove in

the convolution which lodges it ; II, optic nerves a little way in front of the commissure
;

a, right coi-pus albicans with the tuber cinereum and iufundibulum in front of it ; h,

hypophysis or pituitary body ; e, external, and i, internal corpus geniculatum at the back
part of the optic tract ; P, peduncle or crus of the cerebrum

; /, fillet ; III, right oculo-
motor nerve

; ^, pineal gland ; q, corpora quadrigemina ; IV, trochlear nerve rising from
v, the valve of Vieussens ; V, placed on the pons Varolii above the right nervals trige-

minus
; s, the superior, m, the middle, and in, the inferior peduncles of the eras cerebelli

cut short ; VI, the sixth nerve ; VII a, facial nerve ; VII I, auditory nerve ; on the
medulla oblongata the parts are indicated as follows : VIII, placed opposite to the cut end
of the pneumo-gastric nerve ; a, the glosso-pharyngeal ; and b, the uppermost fibres of
the spinal accessory nerve ; IX, the hyj^oglossal nerve

; p a, anterior pyramid ; o, olivary
body

; a r, arciform fibres
; p p, posterior pyramid ; r, restiform body ; t7; eminence

correspondiuL; to the tubercle of Rolando ; at tlie commencement of the spinal cord, c a,
indicates the anterior, c p, the posterior, and c I, the lateral columns ; C I, anterior and
posterior roots of the suboccipital or first cervical nerve.
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matter, viz., phosphate and carbonate of lime, with a little phosphate
of magnesia and ammonia (Stromeyer). It is found at all ages, fi'e-

quently in young children, and sometimes even in the foetus. It

cannot, therefore, be regarded as the product of disease.

Beneath the peduncle of the pineal gland, is a collection of grey

matter distinct from the rest of the thalamus and called the ganglion of

the peduncle of the pineal gland (ganglion of the habenula). Fibres

arise from it and pnss down to the crus.

This sabulous matter is frequently found on the outside of the pineal body, or

even deposited upon its peduncles. It is found also in the choroid plexuses ; and
scattered coi"pora amylacea occiu- in other parts of the membranes of the brain.

Huschke has pointed out that the pineal body is larger in the child and the

female than in the adult male. In the brains of other mammals it is propor-

tionally larger than in the human subject, and less loaded with the matter of

acervulus cerebri.

^^Tiether the pineal gland consists of nerve-tis5ue is still uncertain, lileynert

regards it as one of the centres for the fibres of the crus, but Henle and others

consider that it resembles most the supra-renal capsules.

The corpora or tiiTberciila quadrigeniina are four roundea emi-
nences, separated by a crucial depression, and placed two on each side

of the middle line, one pair before the other. They are connected with
the back of the optic thalami, and with the cerebral peduncles at either

side ; and they are placed above the passage leading from the third to

the fourth ventricle.

The upper or anterior tubercles {nates) are somewliat larger and
darker in colour than the posterior (testes). In the adult, both pairs

are solid, and are composed of white substance on the surface, and
of grey matter within. (See p. 5G3.)

They receive bands of white fibres from below, the majority of which
are derived from the fillet (see p. 55 G). A white cord also passes up on
each side from the cerebellum to the corpora quadrigemina, and is

continued onwards to the thalami : these two white cords are the pro-

cessus a cerehello ad cerebrum, or superior peduncles of the cerebellum.

At each side of the corpora quadrigemina there proceed outw^ards two
white bands, prominent on the surface and sometimes named anterior

and posterior hrachia. The fibres of the anterior pass to the thalamus
opticus, the inner corpus geniculatum, and the optic tract ; those of the

posterior to the inner corpus geniculatum and the crus cerebri. Ac-
cording to Meynert, many of their fibres pass directly to the cortical

substance of the hemisphere.

In the human brain the quadi-igeminal bodies are small in comparison with
those of animals. In ruminant, soliped, and rodent animals, the anterior tuber-

cles are much larger than the posterior, as may be seen in the sheep, horse, and
rabbit ; and hence the name nutcs, formerly apphed to the anterior, and testes to

che posterior tubercles. In the brains of carnivora, the posterior tubercles are
rather the larger. In the foetus of man and mammals these eminences are at fii'st

single on each side, and have an internal cavity communicating with the ventri-

cles. They are constant in the brains of all vertebrate animals ; but in fishes,

reptiles, and bu-ds, in which animals they receive the name of optic lobes, they
are only two in number, and hollow : in marsupialia and monotremata, they are
also two in number, but are solid.

Optic tracts and corpora geniculata.—The optic tracts, which
have already been referred to in connection with the base of the cere-
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brum, are attached to and embrace the under side of the corresponding

peduncles, and may be traced back to the thalami. Each tract is some-

what cylindrical towards the optic commissure, where it is connected

with a deposit of grey matter adjacent to the tube: cinereum. It be-

comes flattened and broader as it approaches the thalamus, and makes

a bend as it turns round the peduncle to reach the back part of that

body. Near this bend, which is named the knee (genu), and to the

outer side of the corpora quadrigemina, are placed two small oblong and

flattened eminences connected with the posterior extremity of the optic

tract. They are small masses of grey matter about the size and shape

of coffee-beans, placed one on the outer and one on the inner side of the

genu of the optic tract, and hence they are named respectively corpus

geniculatum externum and internum. They send fibres into the optic tract

and also into the thalamus of the same -side. Other fibres go directly

from the optic tract to the thalamus, passing between the outer corpus

geniculatum and the crus cerebri, and others to the anterior corpora

quadrigemina.

The fibres of the optic tract are therefore derived from three

sources, viz. , the thalamus, the corpora quadrigemina, and the corpora

geniculata.

Beneath the tract as it passes over the crus is a band of fibres pass-

ing in the same direction, called the " collar of the crus'' They are

connected behind with the optic thalamus, and in front with the tuber

cinereum and inner part of the corpus striatum.

The processus a cerebello ad cerebrum, superior jjedunclcs

of the cereMlum, are two large white co«.-ds extending downwards

and somewhat outwards from the corpora quadrigemina to the fore part

of the cerebellum, and connecting the latter with the cerebrum. They
rest upon the crura cerebri, to which they are united, and between

them is the valve of Vieussens. Some of their fibres decussate beneath

the corpora quadrigemina.

The valve of Vieussens (velum mcdullare anterius), (fig. 383)

stretched between the processus a cerebello ad cerebrum, is a thin layer

of nervous matter, which lies over the passage from the third to the

fourth ventricle, and, lower down, covers in a part of the fourth

ventricle itself. It is narrow in front, where it is connected with the

quadrigeminal bodies, and broader behind, where it is continuous with

the median portion of the cerebellum.

Tlie valve is composed of white substance, superficial m its upper

portion, but concealed in its lower half by a few transverse ridges

of grey matter, which appear as if prolonged from the grey lamellas

of the cerebellum with which the valve is there continuous. Within

it is some grey substance, which constitutes the nucleus of the roof

of the fourth ventricle of Stilling, and is supposed to connect the two

dentate nuclei.

From between the posterior quadrigemmal tubercles a slight median

ridge, named fnenulum, descends a little way upon the valve ; and on

the sides of this the commencing fibres of the fourth pair of nerves

pass transversely outwards. The back part of the valve is overlapped

and concealed by the superior vermiform process of the cerebellum.

Aqueduct of Sylvius.—Beneath the corpora quadrigemina a nar-

row canal connects the third ventricle in front with the fourth ventricle

behind. It varies in shape in different parts, being T-shaped behind,
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elongated vertically in front. A thick layer of grey substance occupies
its floor, beneath ^yhich, on each side, is the common nucleus of the
third and fourth nerves.

INTERNAL STRUCTURE OP THE CEREBRUM.

The cerebrum, like the rest of the encephalon, is composed of white
and grey substance, the white pervading nearly the whole of its extent,

though more exclusively composing its deeper parts ; the grey forming
a covering of some thickness over the whole surface of the convolutions,

and in certain of the deeper parts either collected into distinct masses
or scattered among the bundles of nerve fibres, snch as the corpora
striata, thalami optici, corpora quadrigemina, and crura cerebri. To
the grey substance, the names of cineritious and cortical have been
applied ; to the white that of medullary.

The White Matter of the encephalon consists of tubular fibres,

varying in size in different parts, but in general still smaller than those

of tlie cord, their average diameter being the Toooo^h of an inch.

Non-medullated fibres are seen only in the neiglibourhood of the
grey matter in the basal ganglia and cortex. The fibres of the white
substance present no divisions. They are arranged in bundles sepa-

Ficr. SS6.

Fig. 38(5.

—

Sketch op a Dissection shovting the connection of the Columns of the
Medulla Oblongata with the Cerebrum and CEREBELLUii (from Mayo). ^

In the lower part of the figure the medulla oblongata is entire where it is prolonged
downwards into the spinal cord ; a, the anterior pyramid ; a', its continuation upwards
into the pons Varolii (•;») ; c, olivary body ; c', olivary fasciculus ; behind c', the fasciculi
teretes arc represented ; d, the white laminre in part of the cerebellum

; /, superior
peduncle of tlie cerebellum

; g, anterior part or crust of the cerebral peduncle ; h, part
of the fibres radiating from the peduncle into tlie right cerebral hemisphere, of which a
considerable extent is shown containing parts of the frontal, parietal, and occipital lobes

;

^'i y, y, part of the corona radiata ; K (in front), central fibres of the convolutions ; i,

fillet
; I, back of the thalamus opticus ; m, pons Varolii ; n, inferior peduncle of the

cms cerebelli ; o, section of the pes hippocampi ; r, tegmentum
; y, y, show the white

fibres issuing from the corpus striatam.
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rated by a network of delicate connective tissue, consisting of cells

possessing distinct nuclei and delicate processes, which unite to form

incomplete laminae.

The general direction which the fibres follow is best seen in a brain that has

been hardened by immersion in alcohol, although it is true that in an ordinary-

dissection of such hardened masses with the scalpel, we do not then trace the

single fibres, but only the smaller bundles and lamellre which they form by their

aggregation. It must also be admitted that where thoy intimately decussate, the

tearing of fibres across is liable to be mistaken for the separation of sets of fibres

one from the other ; it is necessary to correct such errors by the examination of

sections under the microscope. The microscopic examination of the cerebrum,

however, is as yet still less complete than that of the spinal maiTOw and medulla

oblongata. By the dissection of artificially prepared brains, aided in part by
microscopic observ^ation, the following general facts have been ascertained.

The fibres of the cerebrum, though exceedingly complicated in their

arrangement, and forming many different groups, may be referred to

three principal systems, according to the general course which they take,

viz. :— 1. Ascending or pedimcniar fibres, which pass from the medulla

oblongata to the hemispheres, and constitute the peduncles of the cere-

brum. These fibres increase in number as they ascend through the

pons, and still further in passing through the optic thalami and
striated bodies, beyond which they spread in all diiections into the

hemispheres. 2. 2'ransverse or commissural fibres, which connect the

two hemispheres together. 3. Longitudinal or coJMeral fibres, which,

keeping on the same side of the middle line, connect more or less

distant parts of the same hemisphere.

1. The Peduncular fibres, in each hemisphere, consist of a main
body and of certain accessory bundles of fibres.

Fig. 387.

—

Posterior View

Fio-. 387, ^^ '^^^ Peduncles of the
°'

' Cerebrum and Cerebel-
lum (after Arnold). 7^

The loT/er and fore part of

the cerebral hemispheres is

preserved, tbe cerebellum is

completely detached from its

peduncles, and on the right

side the corpora quadrigemina

and thalamus opticus have

been dissected, a, fasciculus

teres of the left side ; h, fibres

of the tegmentum ascending

through the right thalamus ;

r, left corpora quadrigemina ;

d, lateral column of the cord ;

c, restiform body
; /, superior

peduncles of the cerebellum ;

g, fibres of the crust ; i, i,

the fillets ; k, k, corpora

striata ; I, the left thalamu-; ;

m, m, sections of the middle

peduncles of the cerebellum ;

n, section of the left inferior

peduncle
; p, left posterior

pyramid
; q, section of the

corpus callosum ; s, under

surface of the same, and below it the cavity of 'he fifth ventricle ; e, left anterior pillar

of the fornix
; y, decussation of the radiating fibres with the crossing fibres of the coi-pus

callosum.
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The main lodif is derived from the anterior pyramid, fit)ra the fasci-

culi teretes, aud from the posterior pyramid. After it has passed
through the pons, and become increased in amount, it is separated

into two parts in tlie crus cerebri by a layer of dark cineritious matter,

named locus nigcr. The lower or superficial part, which is derived
from the anterior pyramid, consists almost entirely of white fibres,

collected into coarse fasciculi, and is named the crusfa or lasis, or the
fasciculated jmrtion of the peduncle (Foville) (fig. 388, g). It contains
also fibres from the nerve nuclei of the medulla, and from the middle
peduncle of the cerebellum. The upper part, composed principally of

the fasciculus teres and posterior pyramid, is named the tegmenfum (b).

It is softer and finer in texture, and is mixed with much grey matter.
Still increasing in number within the peduncle, these two sets of

fibres ascend to the thalamus and corpus striatum. A much larger

number of fibres diverging from these bodies appear to pass to the
medullary substance of the hemispheres than are contained in the
crura. The actual continuity of the individual fibres spreading cut
in the hemisphere with those peduncular fibres which enter the sub-
stance of the thalamus and corpus striatum is doubted by many authors,

and among them, by Kolliker, who believe that the connection between
the fibres is effected by the branching cells of the ganglia. Some fibres

certahily pass by or through the ganglia, directly to the convolutions. The

Fig. 3SS.

—

View op a Dissection of the Fig. 388,
Fibres i.v the Left Cerebral Hemi-
sphere FROM below (after Mayo). 5

The lower part of the temporo-sphenoidal

lolDe has been removed, a, the anterior and
a', the posterior part of the fillet of the

corpus callosum ; b, g, section of the eras

cerebri ; b, tegmentum
; ff, crust separated

from the last by the locus niger ; c', fibres

stretching from the back part of the corpus

callosum into the posterior lobe ; e, fasciculus

nncinatus connecting the anterior and middle
lobes across the Sylvian fissure

; /, /, trans-

verse fibres from the coi-pus callosum passing

into the cerebral hemisi^heres ; I, back part

of the thalamus ; in, corpus albicans
; q,

median section of the corpus callosum ; r,

radiating fibres of the hemispheres ; t, ante-

rior pillar of the fornix descending into the

corpus albicans (m) ; v, collateral fibres of

the convolutions ; X , anterior commissure.

posterior fibres of the tegmentum
pass directly to the surface, as do also

those of the crus, which separate

the lenticular and caudate nuclei

of the corpus striatum.

The assemblage of radiating fibres

in each hemisphere might be com-
pared to a fan, bent into the form
of an incomplete hollow cone, having its concave surface turned down-
wards and outwards ; hence the name corona racliata applied to them
by Keil, and fibrous cone by Mayo (fig. 388).

The accessory fibres of the peduncular system are as follows :

—



556 THE CEREBRUM.

a. The superior peduncles of the cerebellum (processus ad cerebrum),

which are continued up beneath the corpora quadrigemina, and form part

of the tegmentum. Some of these fibres are believed by Mejnert to

be connected with the cells of the corpus striatum.

&. The bundle of fibres on each side, named the filht (lemniscus)

(/, fig. 387). This, which is originally derived from the anterior column
of the cord, proceeds from the olivary fasciculus of the medulla oblon-

gata, as previously described. Reinforced by fibres from the corpus

dentatum of the olivary bod}^, it ascends through the back part of the

pons, still increasing in size. Appearing at tlie side of the cerebral

peduncle, above the upper border of the pons, it divides into two portions,

•of which one crosses over the superior peduncle of the cerebellum to the

corpora quadrigemina, meeting its fellow of the opposite side, while

the other is continued upwards with the fibres of the tegmentum.
c. Fibres from the middle peduncles of the cerebellum are believed to

turn upwards in the pons and join those of the crusta. (Meynert,
Broadbent.)

d. The crusta also contains fibres which pass upwards from the

grey nuclei in the floor of the fourth ventricle.

e. Other fibres accessory to the peduncles take their rise in the grey
matter of the corpora quadrigemina (constituting their hrachia), and
proceed on, the anterior to the thalami optici and surface of the inner

corpora geniculata ; the posterior to the inner corpora geniculata and
thence to the crura cerebri.

/. Lastly, fibres of another set, also joining the peduncles, are de-

rived from the corpora geniculata.

2. The transverse commissural or connecting fibres of the cere-

brum, include the following sets.

a. The cross fibres of the corpus callosum pass laterally into the
substance of. the hemispheres, some being directed upwards, whilst

others spread outwards on the roof of the lateral ventricles, forming
there what is named the iapchmi. Intersecting the peduncular ra-

diating fibres, they spread out into the hemispheres, reaching every-

where the grey matter of the convolutions. In the middle of the white
centre of the hemisphere the ascending fibres preponderate, but
gradually disappear towards the corpus callosum, while, on the other

hand, towards the convolutions all the fibres assume an ascending
'direction, and the decussation disappears. It is doubtful whether any
of the ascending fibres of the corona radiata enter the corpus callosum.

T). The Jibres of the anterior commissure, exceedingly fine, pass laterall}'

into the corpora striata, and bending backwards, extend a long way
into the middle of the hemisphere, and are distributed to the temporo-
sphenoidal lobes (fig. 388 x ).

c. The fibres of the posterior commissure run through the optic

thalami, and are soon lost in the substance of the hemispheres outside

these bodies.

3. The longitudinal or collateral system of fibres includes those
of the fornix, ta}nia seniicircularis, and strife longitudinales of the corpus
callosum, already sufficiently described ; and likewise the following.

a. Fibrr,^ of the gyrus fGrnicatus ; fillet of the corpus callosum (Mayo).
-These fibres constitute the white substance of the gyrus fornicatus,

and take a longitudinal course immediately above the transverse fibres

of the corpus callosum (fig. 389, a a'). In front they bend downwards
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within the gyrus to which they belong, and are connected with the ante-

rior perforated space, being joined by certain longitudinal fibres which
run along the under surface of the corpus callosum near the middle line,,

passing near and upon the upper edge of the septum lucidum. Behind,,

they turn round the back of the corpus callosum and thence descend ta
the point of the middle lobe, where, according to Foville, they again
reach the perforated space. Offsets from these fibres pass upwards and
backwards into the secondary convolutions derived from the gyrus
fornicatus in the longitudinal fissure.

1). Fasciculus vncinalus.—Under this name is described a white
bundle, seen on the lower aspect of the hemisphere, passing across the
bottom of the Sylvian fissure, and connecting the frontal with the
temporo-sphenoidal lobe (fig. 388, e). The fibres of this bundle expand
at each extremity, and the more superficial of them are curved or
hooked sharply between the contiguous parts of the anterior and middle
lobes,—whence it has derived its name.

c. The convolutions of the cerebrum are connected with each other
by white fibres, which lie immediately beneath the cortical substance.

Some of them pass across the bottom of the sulcus between adjacent
convolutions ; whilst others, which are longer and run deeper, connect
convolutions situated at a greater distance from one another.

Fig. 389.

Fig. 389.

—

View op a Dissection of the Fibres of the Gyrus Fornicatus and Fornix,
IN the PiIght Hemisphere (slightly altered from Foville). h

A, the anterior lobe ; B, the posterior lobe ; a, a', a", fibres of the gjTus fomicatus ;

c, c', oblique bands of fibres of some of its accessory gyri ; b, tegmentum, and g, crust of
the crus cerebri, separated by the locus niger ; I, thalamus ; m, fissure of Sylvius ; n, corpus
albicans

; q, median section of the corpus callosum ; s, septum lucidum ; t, the foi-nix,

its anterior pillar descending into the corpus albicans, and then emerging from that at its

termination (*) in the thalamus ; 1, the olfactory bulb ; 2, the optic commissure.

!Foville's Views.—Tlie researches of Foville have led him to differ con-
siderably from other anatomists as to the course of the fibres of the cerebrum,
as will be seen from the following statement of his views.

1. The crufit ov fusriculatcd j'orttoti of each cerebral peduncle, derived from
the anterior pj-ramid, forms by itself the peduncular fibrous cone, and is thence
continued on into the radiating fibres of the ceiel'rum, which are destined only
for the convolutions on the convex sui-face of the hemisphere, including the outer
half of the marginal convolution of the longitudinal fissm-e, and the inner half
of the convolution around the Sylvian fissui'e.
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2. The fibres of the ierjmentiun, having entered the thalamus, pass on in two
ways—no part of tliem, however, joining- the radiating- peduncular fibres.

a. One set pass upwards through the thalamus and corpus striatum, above
which they then turn inwards, and, joining with those of the opposite side,

form the transverse fibres of the corpus callosimi. The corpus callosum is there-

fore regarded as a commissure of the cerebral peduncles only—none of its cross

fibres spreading into the convolutions, as is generally believed.

h. The second set of fibres of the teg-mentum, corresponding with the fasciculi

teretes and part the posterior pjTamids, run forwards near the middle line, along
the under side of the third ventricle and corpus striatum, through the grey

matter in front of the pons, to the anterior perforated space. The remaining
pai-t of the posterior pyi-amid forms the taenia semicircularis, which, passing

down in front of the anterior pillar of the fornix, also reaches the perforated

space. From this space more fibres are reflected upwards on the sides of the

corpus striatum to join the corpus callosiim.

3. As dependencies of the posterior peduncular fibres, and connected with them
at the borders of the anterior perforated space, are :

—

a. Several sets of longitudinal arched fibres, which embrace, in a series of rings,

the radiating peduncular system. These are—the deep fibres of the ttenia semi-

circularis—a somewhat similar band beneath the outer part of the corpus striatiim

—the half of the fornix with the coii^us fimbriatum—the longitudinal fibres

placed on the upper and under surface of the corpus callosum, and those of the

septum lucidum ; and, lastly, two remarkable systems of longitudinal fibres—one
constituting the entire white substance of the gyi-us fornicatus (fi-om end to end),

also of its accessory convolutiop,.s, and of the inner half of the marginal convo-

lution of the longitudinal fissure ; and the other, forming the white substance of

the convolutions of the island of Reil, and the adjoining half of the convolution

of the Syl-vian fissure. None of the parts just named receive fibres from the
radiating peduncular set.

h. In connection with this system is a thin stratum of white fibres, lomid
upon the internal surface of the ventricles, and prolonged through the transverse

fissure into the reticulated white substance covering the lower end of the g.yrus

fornicatus ; whence it extends, as an exceedingly thin layer of medullary
matter, all over the coi-tical substance of the hemisphere.

c. The anterior commissiu-e does not reach the convolutions, but radiates upon
the outer sides of the corpora striata and thalami.

The Grey Matter of the cerebrum may be considered in three

categories, according as it is placed («) on the convoluted surface, {h) at

the base, and {c) in tlie interior of the cerebrum.

(A.) ON THE CONVOLUTED SURFACE the grey matter forms a continuous

layer divided into two and in some regions into three strata, by interposed

thin layers of paler substance. In examining a section from without in-

wards, we meet with— 1. A thin coating of white matter situated on the

surface, which on a section appears as a faint white line, bounding the

grey surface externally (fig. 390, a). This superficial white layer is not

equally thick over all parts of the cortical substance, but becomes thicker

as it approaches the borders of the convoluted surface ; it is accordingly

less conspicuous on the lateral convex aspect of the hemispheres, and
more so on the convolutions situated in the longitudinal fissure which
approach the white surface of the corpus callosum, and on those of the

under surface of the brain. It is especially well marked on the temporo-

sphenoidal lobe, near the descending cornuof the lateral ventricle, where
the convoluted surface is bounded by the posterior pillar of the fornix, and
it has been there described under the name of the refkulated wliitc sub-

siance. 2. Immediately beneath the white layer just described, is found
a comparatively thick layer of grey or reddish grey matter, the colour

of which, as indeed of the grey substance generally, is deeper or lighter
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according as its very numerous vessels contain much or little blood.

Then folloTv, 3. Another thin whitish layer ; and 4. A thin grey

Fig. 390.—Section op Fig. 390.

THE Cortical Sub-

stance OF A Cerebral
Convolution (from

Remak).

In A, the parts are

nearly of the natural

size. To the right of the

figure, a and e are two
white, and h and/ two
grey strata ; to the left

of the figure, an addi-

tional white layer, e, di-

vides the first grey into

two, h and d. In B, a

small jjart of the cortical

substance ofaconvolution

is represented, magnified

to show more clearly the

relative position of the strata ; a, superficial white layer ; i, reddish grey layer ; c , inter-

mediate white layer ; d, inner part of the outer grey layer ; e, thin white layer
; /, inner

grey layer
; g, radiating white fibres from the medullary substance of the convolution

passing into the layers of the cortical substance.

stratum. This last lies next to the central white matter of the hemispnere,

In some convolutions, especially in the occipital region, a paler layer

(fig. 390, B) divides the outer grey layer into two {h and d).

This cortical grey substance of the convolations contains cells and
fibres embedded in a matrix. In this matrix most observers (Ehrenberg,

Henle, Boll) have found only a granular structure, while others (as Max
Schultze) believe that it consists of a network of fibres. It contains

nuclei, and is probably of the nature of connective tissue (neuroglia),

similar to that which supports the elements in other parts of the nerve

centres (p. 136), and later researches have traced in it a similar cor-

puscular structure.

The cells are of various forms and sizes,—spherical, angular, fusiform,

pyramidal, stellate,—many of them with numerous processes. Some of

these branching cells are irregular in form and position, others are

more regularly pyramidal in shape, and have the apex of the pyramid

turned towards the surface of the convolution. The average size of the

larger pyramidal cells is y-j-^y^th of an inch in diameter at the base, and
each contains a rounded nucleus having an average diameter of v-^rrcfth

of an inch. They commonly contain & little yellowish pigment. The
process from the apex may be traced for some distance towards the sur-

face of the convolution, and is then lost. The mode of its termination

is unknown. Several fine branching processes pass from the angles afc

the base of these cells and run outwards or towards the medullary centre.

Some of these divide and ramify, the branches forming a network of

fine anastomosing fibres, while others have been traced inwards undi-

vided, and are supposed to be continuous with the axis-cylinder of a

nerve fibre. The undivided axis-cylinder process, according to some
observers, arises from the centre of the base of the cell, as in some
other parts of the nervous system. The processes of these cells, as

\Yell as the body of the cell itself, are said to possess a distinct longi-
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tudinal striation. The smaller angular corpuscles are also nucleated

and provided with processes which run in various directions, and pro-

bably unite into a fine network. Bounded cells, tolerably uniform in

size, (about --s^yoth of an inch in diameter) also occur. They have no

visible processes. Both these and the angular cells often appear to lie

within clear spaces in the matrix.

The fibres radiate from the white centre of each convolution in all

directions into the grey cortex, having a course for the most part per-

pendicular to the free surface. In passing through the grey substance

they are arranged in bundles about xs^oo^h of an inch in diameter, and

thus separate some of the nerve cells, giving them a columnar arrange-

ment. The direction of the fibres varies, according to the part of the

convolution in which they occur, whether near the summit or the base,

and the radiating fibres are wanting in the sulcus between two convo-

lutions, where the fibres have an arciform course, corresponding to the

surface of the sulcus, and seem to connect the adjacent convolutions.

Other fibres pass in all directions tlirough the grey substance, connecting

its several layers. Gerlach has called attention to the presence of

bundles of medullated fibres at right angles to the radiating bundles,

and forming with them a large-meshed network, in the interstices of

which is a still finer network, composed of the finest non-medullated

nerve fibres, and formed, he believes, by the interlacement and anasto-

mosis of the ramifying processes from the nerve cells. The coarser

fibres are said to arise from the cell-processes, either directly, or indi-

rectly through this fine network.

Layers of the cortex.—The form and arrangement of the cells

differ at various depths from the surface of the convolution, and as

these variations possess considei-able uniformity, several layers are con-

stituted, having more or less definite histological characters. Their

correspondence to the stratification distinguisliable by the naked eye is,

however, somewhat doubtful. Differences exist between tl)e arrangement

of the structural elements in different parts of the brain. The most

common type is that which is best seen in the convolutions of the parietal

lobe. In this most observers agree in recognising five layers * (fig. 391).

1. The most external layer is narrow, about yV^h of the whole thickness

of the grey cortex. It is pale, and contains few cells, and those are small,

oval, pyramidal, stellate, with fine processes, and are embedded in a

granular material. A few nerve fibres occur in it, and have been said to

be connected with the nerves of the pia mater. Some observers have

described a network of fine fibres throughout the layer connected with

the processes of its cells. On account of the small number of nervous

elements the connective tissue elements of the cortex can be seen in this

layer with more distinctness than elsewhere.

2. The next layer, of nearly the same width, is composed of small

thickly-set nerve cells, oval, angular, or pyramidal, with branching

processes.

3. The third layer is of paler tint and much greater width. It con-

tains pyramidal branching cells, large and small, arranged as above

described, with the pointed extremities towards the surface of the con-

volution, and separated into groups by bundles of radiating fibres.

The inner portion of the layer, in which the cells are larger and the

* The division into five layers, described by Jlevnert, is substantially that of Dr.

Lockart Clarke (Proc. Royal Soc, 1863).
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separation into groups more
distinct, has been described as

a separate layer by Lockhart

Claike.

Fig. 391.

—

Section op Cerebral
CoNVOLCTiox (MejTiert).

1, Superficial layer of scattered

corpiiscles ; 2, dense layer of .small

angular corpuscles ; 3, broader layer

of ijyramidal corpuscles, separated

into columns by the radiating nerve-

fibres ; 4, narrow layer of small ir-

regular corpuscles ; 5, layer of fusi-

form and irregular cells in medullary
centre.

4. The fourth layer is nar-

rower, and contains many
small, irregnlarly-shaped, often
" grannie-like," corpuscles,

round or angular, with fine

processes, placed irregularly

and less distinctly separated

into groups.

5. The fifth layer, of greater

width than the last, is com-
posed of fusiform and ir-

regular cells. The fusiform

corpuscles have a definite ar-

rangement, being placed for

the most part vertically at the

summit of a gyrus, but parallel

to the surface of a sulcus,

where they correspond in di-

rection to the arcifonn fibres

passing from one convolution

to another, with which they

are said to be connected.

Beneath the last layer is

the medullary centre, with

which it gradually blends.

The fibres of the white sub-

stance, as they radiate into

the grey matter, become finer,

in consequence, it is thought,

of dividing or branching.

The chief deviations from
this type are due to varia-

tions in the large pyramidal
cells, which in places lose their

characteristic size and distri-

bution. The most conspicuous

variation occurs in some parts

of the occipital region, especi-

ally near the sulcus hippo-

Fig. 301.

rf'rTT
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campi. There the large pyramidal cells are few in number, and the

broad layer in which they occur consequently changes its characters,

being split up by layers containing few corpuscles.

In the Sylvian fissure the fusiform cells are more abundant than

elsewhere, and from their number in the claustrum (p. 564) this layer

has been termed by Mcynert the " claustral formation." The cornu

ammonis is formed almost exclusively of the large pyramidal corpuscles,

and the layer in which these corpuscles occur has, in like manner,

been termed the " formation of the cornu ammonis."

Fig. 392.

Fig. 392.

—

Minute Strccture of the Cerebral Substance (from Kollilcer), magnified
220 Diameters.

A, cells and structui'al elements from the inner part of tlie cortical substance of the

cerebral convolutions ; a, larger cells, chietly from the middle grey layer, showing a

variable number of radiating processes ; b, smaller cells from the more sui^erficial grey

layer, in j)art belonging to connective tissue ; c, a nerve-fibre with its axis-filament

partly exposed.

B, finest nerve-fibres from the superficial white layer of the cortical substance of a

convolution, some showing the varicose condition.

(B.) GREY MATTER AT THE EASES.—The grey matter of the lamina
ciiierea, tuber cinereum, and posterior perforated sjiot, appears

both in the base of the brain and in the floor of the third ventricle.

These collections present many large stellate nerve-cells containing

yellowish pigment. From the tuber cinereum a few fibres pass to the

optic nerves. The lamina ciuerea is connected externally with the grey

matter of the anterior perforated spot, and from that point a continuity

of grey matter can be traced to the swelling of the olfactory bulb.

Olfactory tract and bulb.—The tuher olfadoriwn (or grey root)

contains pyramidal nerve-cells, similar to those of the convolutions,

but more densely arranged. The oJfadorti irad, or " nerve," consists,

in its upper half, of grey matter, containing large granules, nuclei,

and small cells, and traversed by a few fibres, continuous with those of
the middle root. The other fibres occupy the lower half of the nerve.

Olfactory hiilh.—The upper portion is occupied by meduUated fibres,

prolonged from the nerve and separated into superficial and deep
lamime, by granular substance, the granules being large and arranged
in several layers. On the under surface of the bulb is a layer of non-
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meclullated nerve-fibres, arranged in interlacing bundles, which give

origin to the filaments that pass from the bulb to the nose. The grey
substance which lies between this layer and the lower medullated layer

contains numerous large granules and small angular and branching
nerve-cells. The granules are most abundant in the upper portion,

where they are arranged in flat groups ; the nerve-cells exist chiefly

in the lower part, contiguous to the gelatinous nerve-fibres, which pro-

bably arise from them.

The grey matter of the anterior perforated spot is continuous
above with that of the corpus striatum and lenticular nucleus. Thus
also continuity is established between the grey matter of the surface

and that of the interior of the brain.

(C.) GREY MATTER OF THE INTERIOR.—This may be examined in

the series of its deposits from behind forwards.

In the crura cerebri, the grey matter is collected into a dark mass,
the locus niger, which lies between the crust and the tegmentum, and is

also diffused among the fasciculi of the tegmentum ; it extends through
the whole width of the crus, and from the anterior edge of the pons to

the corpora albicantia, and is continuous behind with the grey matter
of the pons and medulla oblongata. It consists of nerve-cells, of various

form, about x-\7oth of an inch average diameter, somewhat smaller than
those of the locus coeruleus, and containing much dark pigment. In
the upper part of each tegmentum is a round reddish grey centre, th&

nucleus of the tegmejitum, the red centre of Stilling, the superior olive

of Luys, lying near the side of the third ventricle. It is due to a

deposit of finely granular substance, containing branching pigmented
nerve-cells.

Corpora quadrigemina.—In the centre of each grey matter is also

found, which is more abundant, although the cells are smaller, in the

posterior than in the anterior. In the former, the cells do not exceed

o-c^uoth of an inch diameter, but in the latter they are fewer, larger,

and more distinctly branched. The grey matter of the corpora quadri-

gemina is continuous in front with that of the optic thalamus, and behind
with that of the pons, and, by means of the nucleus of the roof of the

fourth ventricle, with the dentate nuclei of the cerebellum.

Corpora geniculata.—Grey matter occurs in both. The inner con-
tains numerous small nerve-cells similar to those of the corpora quadri-

gcmina, mingled with fibres which pass through it from the same
source. Among them are also nuclei lying in clear spherical spaces.

The outer is densely filled with large yellow branching and fusiform
cells, and among them pass the fibres of the outer portion of the optic

tract, gathered in four or six lamiuiB, which alternate with thicker

layers of the cellular substance.

The optic thalamus consists of grey matter which is mingled very
uniformly with the interlacing fibres of which it is in great measure
composed. The cells, most abundant in the anterior tubercle, are

large, stellate, and pigmented, about x^'ooth of an inch in diameter.

A large proportion of them are fusiform, with two processes, and there
are fewer small cells in the thalamus than in the other ganglia.

The mkldle or gren commissure, connecting the two thalami, consists
of small cells, densely massed together, and containing yellow pigment.
The corpus striatum contains much grey matter, arranged in two

chief masses. One of them, the intraventricular, is seen in the lateral
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ventricle ; the other, or extraventriciihir, situated more externally and

inferiorl)^, is hidden in the white mass of the hemisphere. It is sepa-

rated from the first by the white substance of the corona radiata, which

appears on a horizontal section as a broad white band extending from

behind forward between the two grey masses, and traversed by streaks

of grey matter passing from one to the other. The intraventricular part,

also named the nucleus caudatus (corpus striatum proper of Henle and

others) is connected below with the lamina cinerea, and with that part

of the grey matter of the optic thalamus v.diich is seen in the third

ventricle. The extraventricular part, named nucleus lenticularis, is

continuous below with the caudate nucleus, and with the grey matter

of the anterior perforated space. Stria? of grey matter pass from one

centre to the other. Between the lenticular nucleus and the island of

Eeil, which lies opposite to it, there intervenes a thin lamelliform

deposit of grey matter, the claustrum (Burdach), nucleus tmiiceformis

(Arnold), which, in transverse section, is seen as a thin line.

The caudate nucleus presents nerve-cells, large and small, in great abun-

dance, scattered among the fibres which pass through it, and embedded
in a granular substance containing nuclei. Three forms of cells have

been described,—large multipolar cells, about T2V0 ^^^ch in diameter,

having branching processes, and containing rounded nuclei and pig-

ment ; similar but smaller cells, about half that size, and small

elements like nuclei, but differing from the nuclei of the connective

tissue. No axis-cylinder process has been distinguished in any of the

cells of the corpus striatum. Peculiar clear spherical areas, containing

a large granule, a nucleus, or a nucleus surrounded by granules, also

occur in it (Henle).

Of the lenticular nucleus the two inner zoneig (see p. 549) contain

numerous large branching nerve-cells, yellowish in tint, many of them
surrounded by clear spherical areas. The striation of tiie outer zone

is due to radiating bundles of nerve-fibres alternating with grey matter

in which are clear spaces containing gi'.anules and nuclei, such as are

found in the corpus striatum.

The claustrvm contains sc?attered nerve-cells, most of which contain

yellow pigment, and which resemble in their fusiform shape and bipolar

processes the cells of the posterior vesicular columns of the spinal cord.

Meynert's TerminologT-—According to Professor Meynert, of Vienna, tlie

structural arrangement of the brain differs in many respects from tlie descrip-

tion commonly given of it. His terminology also differs fi-om that in ordinary

use. The details of the conclusions to which he arrives will be found in his article

on the brain, in Strieker's '• Handbook of Histology."

He groups the gi'ey substance of the central ner-\-ous system into foiu*

categories.

1. The superficial grey substance of the cerebral hemispheres.

2. The grey substance of the cerebral ganglia (corpus striatum proper, lenti-

cular nucleus, optic thalamus, corpora quadrigemina, locus niger, &c.).

3. The grey substance Avhich surrounds the central cavities of the brain and
spinal cord. Commencing above at the infundibulum. it lilies the fifth ventricle

and the aqueduct of Sylvius, extends through the foui-th ventricle, and surrounds
the canal of the spinal cord.

4. The cerebellum and its appendages, including the gre}- substance traversed
by its commissural fibres in the anterior medullary velum and the pons.

If the whole tract of nervous conduction, from the g'rey matter of the cerebral

convolutions, on the one hand, to the peripheral temrinations of the nerves of
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sense and motion on the other, be regarded as a whole, it is seen to traverse the
second and third groups of grey substance, that of the cerebral ganglia, and that
of the central grey substance. These divide it into three segments,—an upper,
middle, and lower. These three segments are termed j»-oJrcti/»i .^//.sfeiiis, since

the function of the whole nervous tract may be considered as being to project
the external world on the cerebral convolutions, and conversely the changes in

the cerebral convolutions upon the motor organs.

Fir^t 2>^'ojectio)i systcni (P. S. I.) between the convolutions above and the
cerebral ganglia (corpus striatum, &c.) below, corresponds for the most part to

the corona radiata (Stabkranz).

Second 2)rojcction sijstcm (P. S. II.), between the cerebral ganglia above and the
central grey matter below. As the latter extends from the fifth ventricle to

the lower end of the spinal cord, the fibres of this system are of very various
length'.

Third projection sijsteni (P. S. III.) from the grey matter of the central cavities

to the muscles and tei-minations of the sensory nerves, corresponding nearly to

the peripheral nerves.

The other systems of fibres are (as commonly enumerated) the commissural,
consisting of the corpus callosum and anterior commissure, which unite identical

regions of diflferent hemispheres, and the association system of fibres which unite
non-identical regions of the same hemisphere.

In the passage from P. S. I. to P. S. II., which is effected in the cerebral
ganglia, the fibres undergo considerable reduction in number, the fibres of the
crus being much fewer than those of the corona radiata. On the other hand, in

the transition from P. S. II. to P. S. III., in the grey substance of the central

cavities, the fibres undergo a great increase in number : the peripheral nerve-
fibres being much more numerous than those of the crus or cord.

The division of the fibres of the crus into two portions, an anterior or lower
criisfa (Fuss), and an upper or posterior tegmentum (Haube), maj- be extended
to the cerebral ganglia in which the fibres of each portion respectively terminate
abjve.

The ganglia connected with the crusta are the lenticular nucleus, the coi-pus

striatmn proper, and locus niger. They are connected (by P. S. I.) chiefly ^vith

the anterior part of the brain, and subserve chiefly voluntary motion.

The ganglia of the tegmentum are the optic thalami, corpora quadrigemina,
corpora geniculata interna, coi-pora albicantia, and subserve chiefly reflex

movements.
Certain fibres, thought to be sensory, pass up from the posterior columns of

the cord, and form the posterior and outer fasciculi of the crusta of the crus

cerebri. They pass tlirough no ganglion, but ascend behind the optic thalamus
to the cortex of the temporal lobes.

The cerebellar grey substance is connected with that of the cerebrum by two
groups of fibres.

1. The connecting arm (Bindeann), processus a cerebello ad cerebriun, arises

from the corona radiata, and passes under the thalamus and corpora quadri-

gemina, to mix with the fibres of the tegmentum, and reach the cerebellmu

after a total decussation.

2. The size of the crusta above the pons, is much greater than that of the
motor tract below ; and this is due to the fact that some of its fibres turn aside

in the pons and reach the cerebellum through the middle peduncle.

The union of the cerebellum with the spinal cord is also double, through the

fasciculus cuneatus and fasciculus gi-acihs, from the posterior column, and the
restiform body, fi'om the lateral column.
The large size of the pons is due to the interlacement of the arms of the cere-

bellum with the projection system.

ORIGIN OF THE CEANIAIi NERVES.

The smface attachments of the cranial nerves remain to be described,

and it will be couveaieut to recapitulate at the same time their deep
connections.
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The first or olfactory nerve, or tract, is attached to the under

surface of the frontal lobe, in front of the anterior perforated space,

by three roots, named external, middle, and internal.

The external or long root passes outwards as a band of white fibres,

along the anterior margin of the perforated space, towards the posterior

border of the fissure of Sylvius, where it disappears. Its fibres have

been traced by different observers to the island of Eeil, the optic

thalamus (Valentin), and to a nucleus in the substance of the temporo-

sphenoidal lobe, in front of the anterior extremity of the hippocampus

(Rolando, Luys, Foville).

The middle or grey root is of pyramidal shape, and consists of grey

matter on the surface continuous with the adjacent grey substance of

the anterior perforated space. Within it are white fibres, which have

been said to go to the corpus striatum, or to join the fibres of the inner

root.

Fig. 393.

I ca

Fig. 393. — View prom
BELOW OP THE CONNEC-
TIONS OP THE Principal
Nerves with the
Brain (Allen Thomson).

The full descriirtion of

this figure will be found at

page 534. The following

references a2)2)ly to the
roots of the nerves.

I', the right olfactory

ti'act cut short and lying

in its groove ; II, the left

optic nerve in front of

the commissure, which is

concealed by the pituitaiy

body ih) ; II'. The left

tract is seen passing back
into e, the external, and /,

the internal corpus geni-

culatum ; III, the left

oculo-motor nerve ; IV,

the fourth or trochlear

nerve ; V, the greater root

of the fifth nerve
; + , the

lesser or motor root ; on
the right side this + is

jilaced on the Gasserian

ganglion ; VI, the sixth

nerve ; VII a, the facial

(the origin of which is

shown as extending down-
wards too far) ; VII b, the

auditory nerve ; VIII, the

pneiimo-gastric nerve
;

VIII a, the glosso-pharyn-

geal ; VIII b, the spinal

accessoiy nerve ; IX, the

hypoglossal nerve ; C I,

the first cervical nerve.

With this fig. 385 may
be compared.

The inner root, not always distinct, is composed of white fibres from
the inner and posterior part of the frontal lobe. They are said to be
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connected with the gyrus fornicatus, or to cross over to the opposite

side.

Second or optic nerves. Each optic tract may be traced backwards
from the commissure, across the crus, to the under surface of the optic

thalamus, at the posterior extremity of which it ends by blending with
the corpora geniculata. Its fibres may be traced into the corpora geni-

culata, the optic thalamus, and the anterior of the corpora quadri-

gemina. Those which enter the thalamus pass, some through the

corpora geniculata, some beneath the inner corpus geniculatum, between
it and the crus (as the middle root of some authors) to reach the cells

of the lower stratum of the thalamus. A few fibres arise in the base of

the brain, from the lamina cinerea, and from a collection of grey matter
on the outer side of the tuber cincreum.

Third or oculo-motor nerve. Each nerve arises from the inner

surface of the crus cerebri, immediately in front of the pons, by a

number of fasciculi which are attached to the surface in an oblique line.

The fibres, diverging, pass backward through the substance of the teg-

mentum of the crus, some through the locus niger, some through the

tegmental nucleus, to reach the grey nucleus in which the majority of

them end. This is a column of multipolar nerve-cells, beneath the

grey floor of the aquedrict of Sylvius, below the corpora quadrigemina,
and extending beneath the upper part of the fourth ventricle.

The fourth or trochlear nerve, which appears in the base at the

outer side of the crus cei'ebri, arises from the surface of the valve of

Vieussens, immediately behind the corpora quadrigemina, and close to

the middle line.

In the substance of the valve, the fibres of each root divide into Ihree

groups. Of these, one, nsccndinij, passes obliquely forwards and up-

wards in the wall of the aqueduct of Sylvius, to end in the posterior

part of the nucleus beneath the corpora quadrigemina, the anterior

part of which gives origin to the fibres of the third nerve. A second

group of desrmding fibres pass on the outer side of the locus coeruleus

to the neighbourhood of the nucleus of the fifth nerve. A third group
of decussafitifi fibres cross to the other side, to join the ascending or

descending fibres of the other nerve.

The fifth nerve {trifacial or trigeminal) arises from the side of the

pons Varolii, nearer to the upper than to the lower border. It consists

of two parts of unequal size, the smaller, motor, root being separated

fi'om the other by a few transverse fibres of the pons.

Both roots curve backwards and downwards in the substance of the

pons, towards the outer angle of the floor of the fourth ventricle, near
the fovea centralis. The fibres of the sensory root turn outwards, most
of them to end in a collection of nerve-cells on their outer side, con-

tinuous below with the grey tubercle of Rolando. Some fibres pass
inwards beneath the floor of the fourth ventricle to the middle line.

Others descend in front of the nucleus, to the lower part of the medulla.
The fibres of the small root go to a group of large multipolar nerve-

cells, to the inner side of the fibres of the nerve, and near the outer

angle of the floor of the fourth ventricle. The prolongation down-
wards of this nucleus (seen at Vm, in fig. 359) extends to the lower
part of the medulla.

The sixth or abducent nerve arises from the front of the ante-

rior pyramid, close to the lower edge of the pons, to which it is some-
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times adlierent. Its fibres pass backwards and a little outwards, to

reach the nucleus conunon to this and the facial nerve, a column of

large multipolar nerve-cells, beneath the eminentia teres in the middle

of the floor of the fourth ventricle. In the inner part of this nucleus

most of the fibres end.

The facial nerve {portio dura of the seventh pair) appears at the

lower border of the pons Varolii in a line with the attachment of the

fifth nerves. It emerges from the medulla oblongata, in the outer part

of the depression between the olivary body and the diverging restiforni

body (inferior peduncle of cerebellum), and. is often firmly adherent, as

a flattened band, to the lower edge and even for a short distance to the

upper surface of the pons. On its outer side is the auditory nerve.

A separate fasciculus of the facial nerve (intermediate part) is sometimes

attached to both auditory and facial nerves.

The fibres pass backwards and inwards through the medulla towards

the floor of the fourth ventricle, where many end in the outer part of

the common nucleus, just described as lying beneath the eminentia teres

in the middle of the fourth ventricle. A considerable number of fibres

pass above the nucleus and turn round it, just beneath the surface of

the ventricular floor, to descend as a compact bundle on the inner side

of the common nucleus ; lower down these fibres diverge outwards and
forwards to the superior olivary body and adjacent lower part of the

nucleus of the motor root of the fifth nerve (fig. 359).

The auditory nerve {portio mollis of the sevcntJi pair) appears at

the lower edge of the pons on the outer side of and close to the facial

nerve. It is also united to the lower edge of the pons opposite the

inner side or middle of the restiform body from which it emerges. A
large and conspicuous portion of the nerve curves outv.'ards round the

restiform body.

The fibres of the nerve divide into two corresponding bundles, one the

posterior, winds round the restiform body, with which it is connected by
some fibres of origin, to reach the inner auditory nucleus, a large col-

lection of nerve cells, in the outer side of the lower part of the floor of

the fourth ventricle. The other, or anterior division, passes, a little

higher up, through the substance of the restiform body to end chiefly in

the outer auditory nucleus, a network of cells and fibres, to the outer

side of the inner nucleus and of this part of the nerve. Some of its

fibres go to the inner nucleus, others pass with the restiform body to the

cerebellum. Both portions contain much grey matter, which on the

posterior part forms a pyriform swelling. The trunk is also joined by

some fibres from the strife mcdullares.

The glosso-pharyngeal nerve arises from the side of tlie medulla

by a series of five or six roots attached in a vertitsal line to the surface

of the restiform body, the highest being close to the auditory nerve.

The fibres pass backwards and inwards, through the medulla, to reach a

column of nerve-cells placed deeply beneath the lower and outer part of

the floor of the fourth ventricle, between the highest part of the vagal

nucleus and the lower part of the internal auditory nucleus.

The pneuiuogastric or vagus nerve arises from the side of the

medulla by a series of twelve or more roots, which are attached to the

restiform body in a vertical line below those of the glosso-pharyngeal
nerve. The fibres pass backwards to a large group of nerve cells be-

neath the lowest part of the floor of the fourth ventricle, where they
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canse a prominence on the surface. At the point of the calamus scrip-

torius the nuclei are in contact at the middle line, but a little higher
up are separated by the hypoolossal nuclei.

The spinal accessory nerve arises by a long series of roots, the

upper of which are attached lo the side of the medulla, below those of
the pneumogastric, while the remainder arise from the cervical portion of
the spinal cord, as low down as the sixth or seventh pair of nerves. The
upper roots pass inwards to a nucleus which lies on each side at the back
of, and close to, the central canal, and is continuous, above, with the
nucleus of the pneumogastric nerve. The lower roots pass through the
lateral columns of the cord to the grey substance and curve forwards
into the anterior cornu.

The hypoglossal nerve arises by a series of fine roots attached to

the furrow between the anterior pyramid and the olivary body. They
pass backwards, through the inner part of the olivary body, to reach
their nucleus, a long column of nerve cells, the lower part of which lies

in front of the central canal on each side, and, higher up, comes forward
to form a prominence on the floor of the fourth ventricle, close to the
middle line.

THE MEMBRANES OF THE BRAIlSr AND SPINAL COBD.

The cerebro-spinal axis is protected by three mrmhranes, named also

meninges. They are :—1. An external fibrous membrane, named the

dura mater, which closely lines the interior of the skull, and forms a

loose sheath in the spinal canal ; 2. An internal areolo-vaseular tunic,

the pia mater, which accurately covers the brain and spinal cord ; and
o. An intermediate membrane, the arachnoid, which lies over the pia

mater, the two being in some places in close connection, in others

separated by a considerable space.

THE DURA IvIATEE,.

The dura mater is a very strong dense inelastic fibrous tunic of con-

sidrrable thickness. Its inner surface, turned towards the brain and
spinal cord, is smooth and lined with epithelium, which has been
generally regarded as constituting a parietal reflection of the arachnoid

membrane. The space between the dura mater and arachnoid, formerly

in like manner regarded as the sac of the arachnoid, has been conve-

niently termed the subdural space. The outer surface of the dura mater is

connected with the surrounding parts, in a somewhat different manner
in the cranium and in the spinal canal.

In the crauium it adheres to the inner surflice of the bones, and
forms their internal periosteum. The connection between the two
depends, in a great measure, on blood-vessels and small fibrous pro-

cesses, which pass from one to the other ; and the dura mater, when
detached and allowed to float in water, presents a flocculent appearance
on its outer surface, in consequence of the torn parts projecting from
it. The adhesion between the membrane and the bone is more intimate
opposite the sutures, and also at the base of the skull, which is uneven,
aud perforated by numerous foramina, through which the dura mater
is prolonged to the outer surface, being there continuous with the peri-

cranium. The fibrous tissue of the dura mater becomes blended with the

areolar sheath of the nerves at the foramina which give exit to them.
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lu leaving the sknll, the dnra, mater is intimately attached to the

margin of the foramen magnum ; but within the vertebral caual it

forms a loose sheath around the cord {ihcca), and is not adherent to

the bones, which have an independent periosteum. Towards the lower

end of the canal, a few fibrous slips proceed from the outer surface of

the dura mater to be fixed to the vertebra?. The space intervening

between the wall of the canal and the dura mater is occupied by loose

fat, by watery areolar tissue, and by a plexus of spinal veins.

Fig. 394.

—

The Cranium opened to snow the Falx of the Cerebkuji, and Tentorium
OF THE Cerebellum. (Allen Thomson.) 5

a, right side of the falx cerebri ; a, its anterior narrow jmrt attached to the crista

galli ; h, tentorium cerebelli of tlie right side, united to the base of the falx cerebri

from 2 to 3, in the line of the sti'aight sinus, and attache<l to the superior border

of the petrous bone between 3 and 3'
; V, aperture between the right and left divisions

of the tentorium for the isthmus cei-ebri ; 1, 1, the superior longitudinal sinus ; 2, 2, the

inferior ; 3, 3, the lateral sinus ; 3, 3', the superior jietrosal sinus ;
3', is close to the

anterior clinoid process.

Opposite each intervertebral foramen the dura-matral theca presents

two openings, placed side by side, which give passage to the two roots

of the corresponding spinal nerve. It is continued as a tubular pro-

longation on the nerve, and is lost in its sheath. Besides this, it is

connected with the circumference of the foramen by areolar tissue.

The fibrous tissue of the dura mater, especially within the skull, is

divisible into two distinct layers, and at various places these layers

separate from eacli other and leave intervening channels, called sinuses.

These sinuses, which have been elsewhere described, are canals for

venous l)lood, and are lined with a continuation of the internal mem-
brane of the veins.

The dura mater also sends inwards into the cavity of the skull "three

strong membranous processes, or jMvtitions, formed ])y dujilication of its

inner layer. Of these, one descends vertically in the median plane, and
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is received into the longitudinal fissure between the two hemispheres of
the cerebrum. This is the falx cerelri. The second is an arched or

vaulted partition, stretched across the baclv part of the skull, between
the cerebrum and the cerebellum ; it is named the tentorium corehelK.

Below this, another vertical partition, named falx cnelelti, of small
extent, passes down between the hemispheres of the cerebelhim.

The fatx. cerelni is narrow in front, where it is fixed to the crista

galli, and broader behind, where it is attached to the middle of the
upper surface of the tentorium, along which line of attachment the
straight sinus is situated. Along its upper convex border, which is

attached above to the middle line of the inner surface of the cranium,
runs the superior longitudinal sinus. Its under edge is free, and reaches
to within a short distance of the corpus callosum, approaching nearer
to it behind. This border contains the inferior longitudinal sinus.

The tentorium, or tent, is elevated in the middle, and declines down-
wards in all directions towards its circumference, thus corresponding in

form with the upper surface of the cerebellum. Its inner border is

free and concave, and leaves in front of it an oval opening, through
which the isthmus encephali descends. It is attached behind and at

the sides by its convex border to the horizontal part of the crucial

ridges of the occipital bone, and there encloses the lateral sinuses.

Farther forward it is connected v.'ith the upper edge of the petrous
portion of the temporal bone—the superior petrosal sinus running
along this line of attachment. At the point of the pars petrosa, the
external and internal borders meet, and may be said to intersect each
other—the former being then continued inwards to the posterior, and
the latter forwards to the anterior clinoid process.

The falx cexeltelli (falx minor) descends from the middle of the
posterior border of the tentorium, with which it is connected, along
the vertical ridge named the internal occipital crest, towards the fora-

men magnum, bifurcating there into two smaller folds. Its attach-
ment to the bony ridge marks the course of the posterior occipital sinus,

or sinuses.

Structure.—The dura mater consists of white fibrous and elastic

tissue, arranged in bands and laminre, crossing each other. In the
spinal dura mater the bundles have a more nearly parallel arrangement.
A layer of pavement epithelium exists upon its inner surface, which
was formerly regarded as belonging to the serous membrane lining it.

A similar layer of epithelium also covers ])oth sides of the spinal dura
mater. The cranial membrane is traversed by numerous blood-vessels

which are chiefly destined for the bones. An extensive system of lymph
canals has been described, formed cliiefly by the spaces between the
fibrous trabeculaj, and bounded by cellular membranes. Minute nervous
filaments, derived fi-om the fourth, fifth, and eighth cranial nerves, and
from the sympathetic, are described, as entering the dura mater of the
brain. Nervous filaments have likewise been traced in the dura mater
of the spinal column. (Luschka and Rildinger, quoted by Hyrtl.)

THE PIA MATER.

The -fia mater is a delicate, fibrous, and highly vascular membrane,
which immediately invests the brain and spinal cord.

Upon the hemispheres of the brain it is applied to the entire cortical
surface of the convolutions, and dips into all the sulci, which thus
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contain a double layer. From its internal Kiu-face numerous small

vessels enter the substance of the brain, and hence this inner surface

is very flocculent, and is named tomentum cerebri. On the cerebellum

a similar arrangement exists, but the membrane is finer, and the

double fold only distinct in the larger sulci. The pia mater is also

prolonged through the transverse fissure into the lateral ventricles, and
there forms the velum interpositum and choroid plexus. It is also

prolonged into the fourth ventricle, where it forms the choroid plexus

of the fourth ventricle.

On the sp'mal cord the pia mater has a very different character from

that which it presents on the encephalon, so that it has even been

described by some as a different membrane under the name neurilemma

of the cord. It is thicker, firmer, less vascular, and more adherent to

the subjacent nervous matter : its greater strength is owing to its

containing fibrous tissue, which is arranged in longitudinal shining

bundles. A fold of this membrane dips down into the anterior fissure

of the cord, and serves to conduct blood-vessels into that part. A
thinner process passes into the greater part of the posterior fissure.

At the roots of the nerves, both in the spine and in the cranimn, the

pia mater becomes continuous with the neurilemma.

The pia mater of the cord presents a conspicuous fibrous band, run-

ning down in front over the anterior median fissure. This was named
by Haller, linea splendcns.

Structtire.—The pia mater consists of interlaced bundles of connec-

tive tissue, having a more regular arrangement in the outer and inner

layers, while in the middle is a network of fine elastic fibres. On the

cord the outer fibres are for the most part parallel and longitudinal,

and the inner network consists of peculiar stiff fibres bending sud-

denly and enclosing angular interspaces. Beneath them is a fine mem-
brane continuous with the neuroglia of the cord. On the cord

pigmented cells are sometimes scattered among the elastic fibres. The
pia mater contains great numbers of blood-vessels, which subdivide in

it before they enter the nervous substance. Each vessel lies in a

canal, the walls of which are composed of a more dense arrangement

of the fibres of the membrane (perivascular canal). The diameter of

the canal may be two or three times that of the contained vessel. A
similar sheath, derived from the pia mater, accompanies the vessel into

the substance of the brain. At its commencement it is loose and funnel-

shaped and can be injected from the subarachnoid cavity. On the

cerebrum the inner layer of the pia mater is adherent to the cortical

substance of the convolutions, but on the cerebellum a space exists

between the two, traversed by fibres which pass from the cerebellum to

the pia mater. This space is continuous with the intervals between the

perivascular sheaths and the brain substance.

According to Fohmann and Arnold, the pia mater contains numerous
lymphatic vessels. Purkinje describes a retiform arrangement of

nervous fibrils, derived, according to KoUiker and others, from the sym-

pathetic, the third, sixth, facial, pneumogastric, and accessory nerves.

The spinal pia mater is supplied by nerves from the sympathetic.

THE AKACHNOID MEMBKANE.

The arachnoid is a delicate membrane which invests the brain and
spinal cord, outside the pia mater, and much less closely than that mem-
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brane. It passes over the various eminences and depressions on the
cerebrum and cerebellum, without dipping down into the sulci and
smaller fissures. Beneath it, between it and the pia mater, is a space
(subarachnoid space) in which is a considerable quantity of fluid (sub-
arachnoid fluid).

The outer surface of the arachnoid is in contact with the smooth inner
surface of the dura mater, the epithelium upon which has been regarded
as a parietal layer of the arachnoid, closely united with the dura mater.
At certain recesses, and near the longitudinal sinus, a small amount of
loose connective tissue beneath the epithelium may be distinguished
from the dense fibres of the dura mater. AVith this epithelium the
arachnoid membrane (or visceral layer, as it was termed) has been
thought to be continuous at the various foramina, the two thus con-
stituting a closed sac similar to that of the pleura. But since the inner
surface of the dura mater in the greater part of its extent does not
present any distinct tissue which can be regarded as an attached mem-
brane, Kolliker, Henle, and others consider that there is no justification

for the assumption of a parietal layer of the arachnoid. Moreover
recent investigations into the relation between the arachnoid and dura
mater on the nerve roots as they leave the cranio-vertebral cavity have
shown that there is no such reflection of the arachnoid on to the dura
mater as had been supposed. (Axel Key and Retzius).

The subarachnoid space is wider and more evident in some posi-

tions than in others. Thus, in the longitudinal fissure, the arachnoid
does not descend to the bottom, but passes across, immediately below the
edge of the falx, at a little distance above the corpus callosum. In the
interval thus left, the arteries of the corpus callosum run backwards
along that body. At the ha,^e of the brain and in the spinal canal there
is a wide interval between the arachnoid and the pia mater. In the
base of the brain, this subarachnoid space extends in front over the
pons and the interpeduncular recess as far forwards as the optic nerves,

and behind it forms a considerable interval between the cerebellum and
the back of the medulla oblongata. In the spinal canal it surrounds
the cord, being there of considerable extent. It is occupied, in both
brain and cord, by trabeculte and thin membranous extensions of
delicate connective tissue, connected on the one hand with the arachnoid,
and on the other with the pia mater. This tissue is most abundant
where the space between the two membranes is least. It is dense in
the neighbourhood of the vessels, and is continuous with the tissue of
their walls.

The subarachnoid space communicates with the ventricles of the
brain by means of the foramen of Magendie, the opening into the
lower part of the fourth ventricle, through the membrane which closes

it (p. 513). Two other openings through this membrane exist, one
on each side, behind the upper roots of the glosso-phai-yngeal nerve
into the pouch-like extension of the membrane beneath *the flocculus

(Mierzejewsky).

A certain quantity of fluid is contained between the arachnoid mem-
brane and tlie dura mater ; but it has been shown by Magendie that the
chief part of the cerebro-spinal fluid is lodged in the subarachnoid
space in the meshes of the trabecular tissue.

The ligamentura denticulatum divides the spinal subaraclmoid space
into anterior and posterior portions. Magendie also pointed out the
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existence of a sort of septum {sejihim posticum), dividing the subarach-

noid s]mce at the back of the cord, the relations of ^vhich have been
carefully studied by Axel Key and Eetzius. It is a thin membranous
partition, -which passes in the median plane from the pia mater covering

Fig. 395.

—

Transverse Sectiox of the Spixal
OoRD AND ITS ENVELOPES (froiu Sappej after

Hirschfeld and Leveille).

1, dura mater or tlicca ; 2, supposed parietal

layer of tlie arachnoid membrane ; 3, internal or

loose arachnoid ; 4 and 7, subarachnoid cavity or

space ; 5, hinder part of the antero- lateral
column ; 6, subdural space between the arach-

noid and the dura mater ; 8, supposed reflection

of the one fold of the arachnoid into the other
;

i>, sheath furnished to the spinal nerve by the

dura mater ; 10, posterior ganglionic root ; 11, smaller anterior root ; 12, section of the

ligamentum denticulatum. Tliis tigure does not show tlie septum which posteriorly

divides the subarachnoid space into right and left parts : this ^\•ould be placed between

the arachnoid at 3, and the pia mater covering tlie posterior surface of the cord.

the posterior median fissure of the cord to the opposite part of the loose

portion of the arachnoid membrane. It is most perfect in the cervical

region, being incomi)lete below, and consists of numerous fine lamellse,

enclosing between them small spaces, within which run the larger

blood-vessels. Trabecular connect the nerve-roots with the inner surface

of the arachnoid, and in the dorsal region fine membranes extend be-

tween the posterior nerve-roots and the posterior septum.

The nerves as they pass from the brain and spinal cord receive two

sheaths, an outer from the dura mater, and an inner from the arachnoid.

Upon the optic nerve these sheaths remain distinct and separate, so that

the space which each encloses may be injected, the outer from the sub-

dural, the inner from the subarachnoid space. On the other nerves the

arachnoidal sheath soon ceases, and the single sheath maybe injected from

either the subdural or subarachnoid cavity. Separate sheaths surround

each bundle of the larger nerves, and the injection passes readily along

the nerves even as far as the limbs.

There thus exists a continuity between the ventricles of the brain,

the subarachnoid space, the perivascular canals of the cerebral sub-

stance, and the perineural spaces within the nerve sheaths.

Structure.—When examined under the microscope, the arachnoid

is found to consist of distinct riband-like bundles of fine fibrous tissue

interlaced with one another. The intervals between these bundles are

filled up by delicate membranes, composed of expanded cells, the nuclei

of which persist and are scattered over the structure. Several layers of

this tissue, arranged in a complex way, constitute the arachnoid mem-
brane. The subarachnoid trabeculte consist of bundles of similar fine

fibrillar tissue, each of which is surrounded by a delicate nucleated

sheath, also composed of cells, and continuous with the intertrabecular

cell-membranes of the arachnoid itself. Some of the finer trabeculEe

are said to be surrounded by a spiral fibre. The subarachnoid mem-
branous expansions have a similar structure. \'olkmann has described

a rich plexus of nerves in the arachnoid membrane of certain ruminants.

Kolliker has failed to detect their presence; but they have been again

described by Bochdalek, who traces them to the portio minor of the
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fifth, the facial, and accessorius nerves ; and the}- have likewise been

followed by Luschka.

Cerebro-spinal fluid.—This is a very limpid serous fluid, which

occupies the subarachnoid space. When collected immediately after

death, its quantity was found by Magendie in the human subject to

vary from two drachms to two ounces. It is slightly alkaline, and con-

sists, according to an analysis by Lassaigne, of 08-5 parts of Avater,

the remaining I'o per cent, being solid matter, animal and saline. In

experiments made on the dog, it was found by Magendie to be repro-

duced in thirty-six hours, after it had been drawn off by puncturing

the membranes at the lower part of the cord. When pressure is made
upon the brain, the quantity of fluid in the spinal subarachnoid space

is increased, and conversely, it may be forced from the spinal cavity

upwards into the cranium,

Ligamentum denticulatum.—This is a narrow fibrous band which

runs along each side of the spinal cord in the subarachnoid space,

between the anterior and posterior roots of the nerves, commencing

above at the foramen magnum, and reaching down to the lower

pointed end of the cord (fig! 395, 12, and fig. 345). By its inner edge

this band is connected with the pia mater of the cord, while its outer

margin is widely denticulated ; its denticulations are attached by

their points to the inner surface of the dura mater, and thus serve to

support the cord along the sides, and to maintain it in the middle of

the cavity. The first or highest denticulation is fixed opposite the

margin of the foramen magnum, between the vertebral artery and the

hypoglossal nerve ; the others follow in order, alternating with the

successive pairs of spinal nerves. In all, there are about twenty-two

of these points of insertion. The denticulations in the lower cervical

region are very long, and ascend shghtly to their attachments. At the

lower end, the ligamentum denticulatum may be regarded as continued

into the terminal filament of the spinal cord, which thus connects it to

the dura mater at the lower end of the sheath. The free edge, in the

intervals between the denticulations, is slightly thickened, and, in the

body, is closely applied to the inner surface of the arachnoid, with which

it is often directly connected by fine trabecule. The denticulations do

not perforate the arachnoid but receive from it funnel-shaped sheaths,

wdiich accompany them to the imier surface of the dura mater. (Axel

Key and Retzius, Max Schultze's Archiv. 1873).

Sirudure.—It consists of white fibrous tissue, mixed with many ex-

ceedingly fine elastic fibres which are seen on applying acetic acid.

Several layers of fine connective tissue trabecule may be traced : they

are surrounded by sheaths, which are composed of delicate nucleated

cells, and here and there expand into membranes. It is continuous

on the one hand with the fibrous tissue of the pia mater, and on tlie

other with that of the dura mater.

Glandulae Facchioni.—Upon the external surface of the dura matei',

in the vicinity of the longitudinal sinus, are seen numerous small pulpy

looking elevations, generally collected into clusters, named glands of

Pacchioni, The inner surface of the calvarium is marked by little pits,

which receive these prominences. Similar excrescences are seen on the

internal surface of the dura mater, and upon the pia mater on each side

of the longitudinal sinus, and also projecting into the interior of that

sinus. Occasionally they are found also in other situations.
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On a careful examination of the connections of these bodies it will he

found that the elevations found on the outer surface of the dura mater

and within the longitudinal sinus, in no instance take origin in those

positions, but that they are grape-like bodies which are attached more
deeply, and in their growth have perforated the dura mater. Their pre-

cise origin and nature were long the subject of conflicting opinions, but

it has been satisfactorily shown by Luschka that they are only an en-

larged condition of normal villi of the arachnoid, and that no other

structure is involved in their formation. On each side of the sinus, and
communicating with it, are large venous spaces in the dura mater ; into

these the villi project even in new-born animals, and those which per-

forate the dura mater and appear on the surface have their inner parts

in such spaces. Each villus is covered by an epitheliated membrane,
continuous with the arachnoid. Outside this is another fine membranous
sheath, proceeding from the dura mater, and the interval between the

two is continuous with the subdural space. Within the villus is a

spongy trabecular tissue, continuous with the subarachnoid tissue, and
of similar structure. (Luschka, in Midler's Archiv. 1852; and "Die
Adergeflechte des Menschlichen Gehirns," 1855. See also Cleland " On
Tumours of the Dura Mater, &c." in the Glasgow Medical Journal,

1863. Axel Key and Eetzius, Nordiskt Med. Arkiv. 1870—1874, and
Yirchow's Jahresbericht.)

BLOOD-VESSELS OF THE BRAIN ANT> SPINAL COED.

The origin and course of these vessels have already been described

in the Section Angeiology. In passing to their distribution the several

arteries, having passed across the arachnoid cavity, enter the sub-

arachnoid space and then divide and subdivide into branches, which, in

their farther ramification in the nervous centres, are supported by the

pia mater, and, it may be remarked, ore more deeply placed in the

various fissures and sulci than the small veins, which do not accompany

the arteries, but pursue a different course and are seen upon the surface

ot the pia mater.

Moreover, it is to be observed that, whilst the main branches of the

arteries are situated at the base of the brain, the principal veins tend

towards the upper surface of the h emispheres, where they enter the

superior and inferior longitudinal sinuses : the veins of Galen, how-

ever, coming from the lateral ventricles and choroid plexuses, run back-

wards to the straight sinus.

BLOOD SUPPLY OF THE BEAIN.

It may be convenient here to recapitulate the sources of the blood-supply to

the several parts of the encephalon.

The medulla oblong-ata and Pons Varolii are supplied by branches from

the anterior spinals, the vertebrals, the basilar and the posterior cerebrals. The
branches enter the pons and medulla in two sets, lateral or radicular, and median,

—the latter passing in the septum to the grey matter on the ujjper surface.

Cerebellum..—The under surface is supplied by the posterior inferior cere-

bellar arteries from the vertebrals. and the anterior inferior from the basilar.

The iqjpcr surface is supplied chiefly by the superior cerebellar arteries from the

basilar : its posterior portion from the posterior inferior cerebellar.

Cerebrum.— Conxolnt'wns, outer surfare, frontal lobe.—The superior frontal

and anterior two-thirds of the middle frontal convolution, with the upper ex-

tremity of the ascending frontal, are supplied by the anterior cerebral. The
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inferior frontal convolution, the posterior extremity of the middle frontal, and
the gTeater part of the ascending frontal convolutions are supplied by the

middle cerebral. The orbital surface is supplied, outside the orbital sulcus, by
the middle cerebral : within that sulcus (including the olfactory bulb) by the

anterior cerebral.

Parietal lohc.—AU the convolutions of the parietal lobe are supplied by the
middle cerebral artery.

The occijjital lolw is supplied by the posterior cerebral artery.

Temporo-gphenoldal lolw.—The superior, and upper part of the middle temporo-
sphenoidal convolutions are supplied by the middle cerebral arteiy. The lovrer

portion of the lobe by the posterior cerebral.

Inner surfaee.—The whole anterior and upper portion, as far back as the
parieto-occipital fissure, is supplied by the anterior cerebral artery ; the cuneate
lobule and the occipito-temporal region by the posterior cerebral.

The grey svlidanee at the base of the cerebrum is supplied by small twigs
from the adjacent vessels of the circle of AVillis, or the commencing cerebral

vessels.

Central jJarts—eoiptis .strlatmn.—Both nucleiis caudatus and nucleus lenticu-

laris are supplied almost exclusively by the middle cerebral artery. The anterior

part of the caudate nucleus only being supplied by the anterior cerebral.

The 02)tic thalamus is supplied by the posterior cerebral artery, except its inner
and outer portion, which is supplied by the middle cerebral.

The corpora quadrigemina and corpora geniculata are both supplied by the
posterior cerebral artery.

For further details on the subject the reader is refen-ed to Vol. I., p. 378, and
to a series of articles by M. Duret in the Archives de Physiologic for 1873 and
1874.

SIZE AND WEIGHT OP THE ETTCEPHALOIf.

In the following table, illustrating the average weight of the adult male and
female brain, the results obtained by Sims. Clendinning, Tiedemann, and J. Reid
have been brought together in such a form as to exhibit in groups the most
commonly prevailing weight ; the numbers being also simplified by the omission
of fractions. (Sims, ** Medico-Chirurg. Trans."' vol. xix., pp. 3.53—7 ; Clendinning,
" Medico-ChiiTu-g. Ti-ans.," vol. xxi., pp. 59—68; Tiedemann, *' Das Hirn des
Negers," Heidelberg, 1837, pp. 6. 7 ; Reid, '• London and Edinburgh I^Ionthly

Journal of Medical Science," April, 1843, p. 298, &c.)

According to Table A, the maximum weight of the adult male brain, in a
series of 278 cases, was (J.j oz., and the minimum weight 34 oz. In a series of
191 cases, the maximum weight of the adult female brain was .56 oz., and the
minimum 31 o.z. ; the difference between the extreme weights in the male subject

being no less than 31 oz., and in the female 2.5 oz. By grouping the cases toge-

ther in the manner indicated by brackets, it is shown that in a very large pro-

portion the weight of the male brain ranges between 40 oz. and 53 oz., and that
of the female brain between 41 oz. and 47 oz. The j;7Y'rrt///«^ weights of the
adult male and female brain may therefore be said to range between those terms

;

and, by taking the mean, an average weight is deduced of 49^ oz. for the male,
and of 44 oz. for the female brain.—results which correspond closely with the
statements generally received.

Although many female brains exceed in weight particular male brains, the
general fact is sufiiciently shown, that the adult male encephalon is heavier than
that of the female,—the average difference being from 5 to G oz. This general
superiority in absolute weight of the male over the female brain has been ascer-

tained to exist at every period of life. In new-born infants the brain was found
by Tiedemann to weigh on an average from \\\ oz. to 1 5| oz. in the male, and from
10 oz. to 134- oz. in the female :—a fact of considerable interest in practical
midwifery, for it has been shown that difficult labours occiu- in by far the
largest number in the birth of male children. (Simpson,^ London and Edinbm-gh
Monthly Journal of Medical Science, 1845,)

j
VOL. u. p p
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A. TaUc of the Arrrage Weight of the Male and Female Brain.
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nution in weight, amounting to about 1 oz.. duiing each subsequent decennial
period ; thus confinning the opinion that the brain diminishes in advanced life.

According to Peacock, the maximum weight of the brain is attained between
the ages of twenty and thii-ty years. The table of Boyd inserted below would
appear to show a somewhat earlier period as that at which the maximum is

reached in both sexes, and that the period of decline scarcely begins before sixty

years. AVith this result the observations of Huschke. made upon the brains of
359 men and 245 women, in general agree. (" Schadel, Hirn, und Seele des
Menschen und der Tliiere, &c.," 1854.)

B. Tahlc of the Wc'irjJd of the Brain of Males and Females at different Aije:<.

Pekiods of Lirr;.

1 Children prematurely still-

born
2 Children still-born at full

period
3 New-born infants j .

.

4 Under 3 months
5 From 3 to 6 months
6 From 6 to 12 mouths
7 From 1 to 2 years
S From 2 to 4 years
9 From 4 to 7 years
10 From 7 to 14 years

11 From 1 1 to 20 years
12 From 20 to :!0 years
13 From 30 to 40 years
14 From 40 to 50 years
15 From 50 to 60 years
1(5 From 00 to 70 years

17 From 70 to 80 years
18 Upwards of 80 years

i

ia I Persons above 14 j'eare

2.S ^
> \ Perseus from 14 to 70 years

'9

59
no
137
iig

127

104
24

699

Femalhs.

1.31 ' 5.6

15.37

32.75

30.75
36.13

41.25
50.5

49.5

57.25

58.5

(io!75

CO.

59.

59.5

55.25
53.75

9.37

6.

10.5

10.75

17.75
23.25

30.5

24.5

39.25

36.5
39.2.5

33.75
33.75
30.5

36.25

13.87 \\

11.65
i'

17.42 ;

21.29
27.42

,

33.25 !

.38.71 I

40.23

45.96
i

48. .54
;;

47.9 i

48.2 i

47.75 j:

47.44 i|

46.4 :

c5
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and Eeid, furnish this intei'esting general result. In a series of SI males, the
average proportion between the %veight of the brain and that of the body at

the ages of twenty years and upwards, was found to he as 1 to SG'o ; and
in a series of 82 females, to be as 1 to 3G'46. In these cases the deaths were
the result of more or less prolonged disease ; but in six previously healthy

males, who died suddenly from disease or accident, the average proportion was
1 to 40-8.

The proportionate weight of the brain to that of the body is much greater at

birth than at any other period of life, being, according to Tiedemann. about 1 to

5'85 in the male, and about 1 to 6'5 in the female. From the observations already

referred to, it further apjjears that the proportion diminishes gradually up to

the tenth year, being then about 1 to 14. From the tenth to the twentieth

year, the relative increase of the body is most striking, the ratio of the two
being at the end of that i^eriod about 1 to 30. After the twentieth year, the

general average of 1 to 36'5 prevails, with a fm-ther trifling decrease in ad-

vanced life.

Viewed in relation to the weight of his body, the brain of man may be stated

generally to be heavier than the brains of the lower animals ; but there are

some exceptions to the rule, as in the case of certain species of smaU bu-ds, in

the smaller apes, and in some small rodent animals.

The attempts hitherto made to measure or estimate the relative proportions

of the different convoluted jDarts of the cerebram to each other and to the
degree of intelligence, either more directly or by the cranioscopic methods, have
been attended -ndth little success. The more recent researches of Rudolph
"Wagner, which have been farther prosecuted by his son. hold out some promise,

when fully carried out. to afford more definite results.

These researches had for their object to institute an accurate comparison be-

tween the brains of certain persons of known intelligence, cultivation, and
mental power, and those of i^ersons of an ordinary or lower grade. As exam-
isles of brains of men of superior intellect, he selected those of Professor Gauss,

a well-known mathematician of eminence, and Professor Fuchs, a clinical

teacher
; and as examples of brams of ordinary persons, those of a woman of

20 and a workman named Krebs. all of which he examined and measTU'ed with
scrupulous care.

The general result of R. "Wagner's researches upon these and other brains may
be stated to be as follows. 1st. Although the greatest number of brains belong-

ing to men of superior intellect are found to be heaviest or largest, yet there

are so nianj- instances in Vv^hich the brains of such persons have not suriiassed,

or have even fallen below the average size of the brains of ordinary persons,

that superiority of size cannot in the present state of our knowledge be regarded

as a constant accomjianiment of superiority of intellect, even when due regard

has been paid to the comparative stature and other cii-cumstances of the in-

dividuals.

2nd. It would appear that, ui the brains of certain persons of superior intellect,

the cerebral convolutions have been found more numerous and more deeply

divided than in those of i^ersons of ordinary mental endo\\nnents and without
cultivation. But numerous exceptional instances are also found of paucity of

convolutions coincident with superior intellect, which make it impossible at

present to deduce any certain conclusion with respect to the relation between,

the number or extent of the convolutions and the .intellectual manifestations
in different persons.

The careful measurement of all the convolutions and the intervening grooves
in the four brains above mentioned has been carried out by the younger "Wagner,
and the tables and results of these measurements published by hun as an
appendix to his fathers treatise. (Hermann "Wagner, " Maasbestimmungen der
Oberflache des Grossen Gehims," &c., Cassel und Gottingen, 1864.)
The following short table extracted from Hermann "Wagner's memoir, and

simplified by the omission of small fractions and by the reduction of the mea-
surements from square millimetres to English square inches, may give the reader
some idea of the natiu-e of the inquiry.
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Com2)arativc measurement of the extent of surface of the Com'olution~s of the

Cerehrum- and its lobes.

Surface of each lobs separately.
Free and deep

! surfaces of Cerebrum.
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compared -n-itli that of the medulla oblongata at its base or broadest part, is

about 7 to 1 , while in many quadrupeds it is as 3 to 1 or even as 2 to 1,

WEIGHT OF THE SPINAL CORD.

Divested of its membranes and nerves, the spinal cord in the human subject

weighs from 1 oz. to l| oz., and therefore its proportion to the encephalon is

about 1 to 33. Meckel states it as 1 to 40.

The dispro^iortion between the brain and the spinal cord becomes less and less

in the descending scale of vertebrata. until at length, in cold-blooded animals,

the spinal cord becomes heavier than the brain. Thus, in the mouse, the weight

of the l^rain. in proportion to that of the spinal cord, is as 4 to 1 ; in the pigeon,

as 3?j to 1 : in the newt only as | to 1 : and in the lamprey, as ^^ to 1

.

In comparison v.-ith the size of the body, the spinal cord in ma,n may be stated

in general terms to be much smaller than it is in animals. In regard to the

cold-blooded animals, to birds, and to small mammalia, this has been actually

demonstrated. but not in reference to the larger mammalia.

R. Wagner states as follows, the proportion of the weight of the spinal maiTOW
taken as 1 to the encephalon and its pai-ts

—

(U to the nerve roots

//. to the medulla and pons
<, to the cerebellum

(I, to the cerebrum
r, to the encephalon

SPECIFIC GRAVITY OF THE ENCEPHALON.

The specific gi-avity of the different parts of encephalon has of late at-

tracted some attention from its having been observed that it varies to some
extent in different kinds of disease. From the researches of Bucknill, Sankey,

Aitken. and Peacock, it appears that the average specific gravity of the whole

encephalon is about 1030, that of the gi'ey matter 1034, and that of the white

1040; There are also considerable differneces in the specific gravity of some

of the internal parts. (William Aitken, " The Science and Practice of Medicine,"

18G5. vol. ii. p. 2i'u> : J. C. Bucknill. in " The Lancet."' 1852 : Sankey, in the
" Brit, and For. Med. Chir Review,"' 1853 : Thos. B. Peacock, in the Trans, of

the Pathol. Soc. of London. 18G1-2.)



THE EYE.

ORGANS OF THE SENSES.

lu this place will be described the organs of sight, hearing, and
smell—the higher organs of special sense. The description of the

organ of touch is given with the skin, and that of the organ of taste

with the tongue.

THE EYE.

The organ of vision, strictly speaking, consists only of the ball or

globe of the eye ; but connected with the eyeball externally are muscles,

nerves, and blood-vessels, elsewhere described, as well as other parts

specially destined for its protection, and known as the appendages of

the eye (tutamina oculi), of which an account will first be given.

THE EYELIDS ANT) CO^STJUj^TCTIVA.

The eyelids (palpchrce) are moveable portions of integument, strength-

ened toward their margins by a thin lamina of dense fibrous tissue. A
mucous membrane lines their inner surface, and is reflected thence in

the form of a pellucid covering on the surface of the eyeball. This is

named the conjunctival membrane or conjunctiva.

The upper lid is larger and more nioveable than the lower, all the

transparent part of the globe being covered by it when the eye is closed ;

it is chiefly by the elevation of this lid that the eye is opened, the

movement being effected by a muscle (levator palpebr?e) devoted exclu-

sively to this purpose. At the outer and inner angles {canthi) of the

eye the eyelids are united. The interval between the angles

—

fissura

palpebrarum—varies in length in different persons, and, according to its

extent, gives the appearance of a larger or a smaller eye, the size of the

globe being nearly the same. The greater part of the edge of each eyelid

is flattened, but towards the inner cauthus it is rounded off" for a short

space, at the same time that it somewhat changes its direction ; where
the two diffbrently formed parts join, there exists on each lid a slight

conical elevation

—

2)a2)iUa lachrymaUs—the apex of which is pierced by
the aperture ov punciimi of the corresponding lachrymal canalicule.

In the greater part of their extent the lids are applied to the surface

of the eyeball ; but at the inner canthus, opposite the puncta lachry-

malia, there intervenes a vertical fold of conjunctiva, the plica semilu-

naris, which rests on the eyeball ; whilst, occupying the recess of the

angle at the border of this fold, is a spongy-looking reddish elevation,

formed by a group of sebaceous glands which open into the follicles of
very fine hairs. It is named the caruncula lachrymaUs. The plica

semilunaris is the rudiment of the third eyelid (membrana nictitans)

found in many animals. It contains a small amount of nlain muscular
tissue (H. Miiller).

Structure of the lids.—The skin covering the eyelids is thin and
delicate, and covered with excessively fine, downy hairs ; at the line of
the eyelashes it joins the conjunctival mucous membrane which lines

the inner surface of the lids. The cutis vera is remarkable for contain-

ing ramified pigment cells. Beneath the skin, and between it and
the conjunctiva, the following structures are successively met with, viz.

:
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The fibres of the orbicularis muscle ; loose connective tissue ; the so

called tftrsal cartilages, together "with a thin fibrous membrane, the

palpebral ligament, which attaches them to the margin of the orbit ;

and, finally, the ]\Ieibomian glands. In the upper eyelid there is, in

addition, the insertion of the levator palpebral superioris, in the form
of a fibrous expansion attached to the upper or anterior surface of the

tarsal cartilage.

Fig. 396.

Fig. 396.

—

Vertical Section of the Left Orbit and its Contents.

The section has been carried first obliquely tliroiigh the middle of the optic foramen
and optic nerve as far as the back of the eyeball, and thence forward through the eyeball,

eyelids, &c. a, frontal bone ; b, superior maxillary ; c, eyebrow ; d, the upper, and d',

the lower eyelid, partially open, showing the section of the tarsal cartilages, the eyelashes,

&c. ; c, e, the reflection of the conjunctiva from the upper and lower eyelids to the sur-

face of the eyeball
; /, the levator palpebrte superioris muscle

; g, the upper, g', the

lower rectus muscle ; k, the inferior oblique muscle divided ; 1, 1, the optic nerve

divided in its sheath ; 2, the cornea ;
2', the sclerotic ; 3, aqueous chamber ; 4, crystal-

line lens ; 5, vitreous chamber.

The orlicularis 7nuscle is closely adherent to the skin by fine connec-

tive tissue entirely devoid of fat, but glides loosely on the tarsal carti-

lages. A marginal fasciculus lies within the line of the eyelashes,

separated by the bulbs of the lashes from the other fibres, and con-

stituting the nmsculus ciliaris Riolani.

The tarsal cartilages (tarsi) are two thin elongated plates formed of

dense connective tissue, without, according to most observers, any inter-

mixture of cartilage-cells. They are placed one in each lid, and serve

to give shape and firmness to those parts. The upper cartilage, the

larger, is half oval in form, being broader near the centre and narrowing
towards the angles of the lids. The lower is thinner, much narrower,
and more nearly of an uniform breadth throughout. Their free or

ciliary edge, which is straight, is thicker than any other part. At
the inner canthus they are fixed by fibrous slips of the tendon of the

orbicularis muscle ; and at the outer angle are attached to the malar
bone by a fibrous band belonging to the palpebral ligament, and named
the external tarsal ligament.

The palpehral ligament is a fibrous membrane placed beneath the
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Fi". 39; '.

—

^Ieibomian Glands of the Left
Eyelids as seen from behind.

orbicularis muscle, attached ])eriplierally to the margin of the orbit,

and internally to the tarsi, with which its tissue is continuous. The

membrane is thickest at the outer part of the orbit.

On the ocular surface of each lid are seen from twenty to thirty

parallel vertical rows of yel-

low granules, lying im- _^ Fig. 397.

mediately under the conjunc-

tival mucous membrane, and

known as the Meibomian

fjIandsi^g.Sdl, G,G). They are

compound sebaceous glands,

imbedded in grooves at the

back of the tarsi ; and they

open on the free margin of

the lids by minute orifices,

generally one for each. The
glands consist of nearly

straight tubes, closed at the

end, with numerous small

cJBcal appendages projecting

from the sides. The tubes

are lined for some distance

by stratified epithelium con-

tinuous with that of the skin

:

the glandular recesses have a

lining of cubical epithelium

and are filled with the fatty

secretion. According to

Colosanti the glands have a basement membrane, and a muscular

layer outside this: he further describes a network of fine nervous

fibrils amongst the epithelium cells.

A layer of unstriped muscular tissue is contained in each eyelid ; that of the

upper arising from the under sui-face of the levator palpebra3, that of the lower

from the neighboLU'hood of the inferior oblique muscle, and each being inserted

near the margin of the tarsus. A few fibres are also to be found in the plica

semilunaris (H. Miiller). It may also be mentioned in this place that the same
writer describes a layer of unstriped muscle crossing the spheno-maxillary

fissure, corresponding to a more largely developed layer found in the extensive

aponeurotic part of the orbital wall of various mammalia. This set of fibres has

been more particularly described by Ttu'uer.*

The eyeJasTies (cilia) are strong short curved hairs, arranged in two or

more I'ows along the margin of the lids, at the line of union between
the skin and the conjunctiva. The upper lashes are more numerous
and longer than the lower, and are curved in an opposite direction.

N"ear the inner canthus the hairs are weaker and more scattered. Imme-
diately within the eyela.shcs, between them and the muscle of Eiolan,

is a row of large modified sweat-glands, which open into the mouths of

sebaceous glands (not the Meibomian).
Structure of the conjunctiva.—The conjunctiva consists of the

palpebral part, Avitii which may be included the plica semilunaris and

* H. Midler ia Zeitschr. f. wiss, Zool. 1858, p. 5il ; W. Turner, in Nat. Hist. Eev
1S'J2, p. lOtJ.

a, a, palpebral conjunctiva ; 1, lachrymal gland
;

2, openings of seven or eight of its ducts ;-3,

xipper and lower puncta lachr^nnalia ; 6, 6, ends

of the upper and lower Meibomian glands, of

which the openings are indicated along the

margins of the eyelids.
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caruncula, and of the ocuiar parfc or conjunctiva bulbi, in which may
be distinguished the sclerotic and corneal portions : each of these parts

presents distinctive characters. The epithelium of the conjunctiva

varies somewhat at different parts, but is mainly columnar, with smaller

cells between the fixed ends of the columnar cells. Near the skin and
cornea it shades off into the stratified epithelium which covers these parts.

The imlpchral 2)ortion of the conjunctiva is thicker and more vascular

than any other part of the membrane, and presents numerous fine papillre

freely supplied with nerves. It passes through the puncta lachrymalia

into the canaliculi, and is continuous with the lining membrane of the

lachrymal sac. Although closely united to the tarsi, it exhibits, never-

theless, numerous small creases or folds, which are visible with a lens.

A layer of small racemose or tnbulo-racemose glands is found on the

ocular surface of the lids, immediately under the conjunctiva, and be-

yond the ends of the Meibomian glands (Sappey, W, Krause). Their
minute ducts open near the line of reflection of the conjunctiva upon
the globe of the eye {fornix conjimctira).

The sclerotic porf.mi.—The conjunctiva changes its character at the
line of reflection from the eyelids, becoming thinner and losing its

j)apillary structure : it is loosely connected to the eyeball by submucous
tissue. It is transparent and a few blood-vessels are generally visible in

it in the healthy condition, but under the influence of inflammatory
congestion a copious network of vessels very irregularly disposed comes
into view. These vessels are derived from the palpebral and laclu-ymal

arteries.

Another set of vessels exists on the surface of the sclerotic, and
are seen when congested. These are entirely sub-conjunctival and
adherent to the sclerotic coat ; they are less tortuous than the con-
junctival set, and are derived from the muscular and anterior ciliary

branches of the ophthalmic arterj' : they remain immoveable on pressure

of the eyelid, whereas the conjunctival vessels of course shift with that

membrane. These sclerotic vessels dip in near the cornea, and appear
to unite with a deeper minute network disposed in closely set straight

lines, which radiate from the margin of the cornea, and the gorged con-
dition of which is well known to ophthalmic surgeons as characteristic

of sclerotitis.

The corneal conjunctira consists almost entirely of epithelium, any
underlying membrane being extremely thin, transparent, and adherent
to the anterior layers of the cornea, in connection with which it will be
again referred to. Around the circumference A^essels lie between it

and the cornea, and form a circle of anastomotic capillary loops. This
plexus of vessels extends farther inwards in the fcetus.

A -well developed network of h/nqyhnfics exists throughout the sclerotic and
palpebral portions of the conjunctiva : but at the margin of the cornea a sudden
diminution takes place in the size of the meslies and diameter of the vessels,

which become irregular, and come into connection with ramified cell-si^aces in
the cornea.

The nerves in the membrane, as far as the cornea, seem to have the same
arrangement as in the skin. Their mode of ending has not been traced with
certainty, but according to Krause many of them tenninate in end-bulbs.
The mucous membrane of the i^alpebral conjunctiva contains, especially at its

back part, a large quantity of lymphoid tissue. Ljnnphoid follicles have also
been described in the conjunctiva (Bruch). but their existence in man is doubtful
(Waldeyer).



THE LACHRYMAL CAJs^ALS. :57

Fi?. 398.

THE LACPIRYMAL APPARATUS.

The parts wliicli constitute the lachrymal apparatus are the follovr-

ing, viz. :—The gland by Avhich the tears are secreted, situated at the

upper and outer side of the orbit, together with its excretory ducts ;

the two canals into which the fluid is received near the inner angle :

and the sac with the nasal duct continued from it, through which the

tears pass into the inferior meatus of the nose.

The lachrymal gland, an oblong flattened body, about the size of a

small almond, is placed in the upper and outer part of the orbit, a little

behind the anterior margin. The upper surface of the gland, convex,

is lodged in a slight depressiou in the orbital plate of the frontal bone,

to the periosteum of which it adheres by fibrous bands ; the lower sur-

face is adapted to the convexity of the eyeball, and is in contact with

the upper and the outer recti muscles. The fore part of the gland,

separated from the rest by a thin layer of fascia, and sometimes described,

as a distinct gland {filamhila ladrnjmalis /y?/er/or,Rosenmiiller), is closely

adherent to the back of tlie upper eyelid, and is covered on the ocular

surface merely by the conjunctiva ; its lobules are small and separate,

with minute ducts, some opening separately, others joining the ducts

from the principal gLand, which are also very small. The number from
both divisions of the gland seldom exceeds twelve or fourteen. After

running obliquely under the mucous membrane, and separating at the

same time from each other, they open in a row at the fornix conjunc-

tivse, by separate orifices, at its

upper outer ],iart. In minute
structure the lachrymal gland re-

sembles the salivary glands.

Lachrymal canals.—On the

margin of each lid, near the

inner angle, and in front of the

fold of membrane called plica

semilunaris, is a small elevation

(papilla lachrymalis), as already

mentioned. Each papilla is perfo-

rated by a minute aperture, j^nnc-

tum lachrymale ; and at these

apertures commence two narrow
canals, canaliculi (fig. 398, 1, 1),

which convey the tears from
the eye to the lachrymal sac.

The upper canal is rather the

smaller and longer of the two : it

first ascends from the punctum
;

then makes a sudden bend, and is

directed inwards and downwards
to join the lachrymal sac. The
lower canal descends from the cor-

responding punctum, and then
takes a. nearly horizontal course
inwards. Both canals are dilated where bent. In some cases they
unite near the end ; more commonly they open separately, but close
together, into the sac.

Fig. 398.

—

Front of the Left Evelils,

WITH THE Lachrymal Casals asi>

Nasal Duct exposed.

1, 1, upper and lower lachrjniial canals,

showing towards tlie eyelids tlie narrow
bent portions and the puncta lachrymalia ;

'2, lachrymal sac ; 3, the lower part of

the nasal duct ; 4, plica semilunaris ; 5,

caruncula lachrj-malis.
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The lachrymal sac and nasal duct constitute together the passage

by which the tears are conveyed from the lachrymal canals to the

cavity of the nose. The lachrymal sac (fig. 398, 2), the slightly dilated

upper portion of the passage, is situated at the side of the nose, near

the inner canthus of the eye, and lies embedded in a deep groove

in the ungual and upper maxillary bones. Its upper end is closed

and rounded, and the lower end gradually narrows into the nasal

duct. On the outer side, and a little in front, it receives the

lachrymal canals ; and here it is placed behind the tendo palpebrarum,

and some cf the inner fibres of the orbicular muscle of the lids

;

while on its orbital surface is the tensor tai'si muscle. The sac is

composed of fibrous and elastic tissues, adhering closely to the

bones above mentioned, and strengthened by fibrous processes sent

from the tendo palpebrarum, which crosses a little above its middle.

The inner sm'face is lined by a reddish mucous membrane, which is

continuous through the canaliculi with the conjunctiva, and through

the nasal duct with the raucous membrane of the nose.

The nasal duct (ductus ad nasum), about six or seven lines in length,

grooving the upper maxillary bone, descends to the fore part of the

lower meatus of the nose, the osseous canal being completed by the

ungual and lower turbinated bones. A tube of fibrous membrane, con-

tinuous with the lachrymal sac, adheres to the parietes of this canal, and

is lined by mucous membrane, which, at the opening into the nose, is

often arranged 'so as to form an imperfect valve. The nasal duct is

rather narrower in the middle than at either end ; its direction is not

quite vertical, but inclined slightly outwards and backwards.

The mucous membrane in the canaliculi possesses a stratified, scaly

epithelium, but in the nasal sac and duct a cihated epithelium as in the

nose.

Various valves have been described in connection with the lachrjanal sac and

canals. One. the valve of Hasner, is formed by the mucous membrane of the

nose overhanging the inferior orifice of the nasal diict, and has had imputed to

it the function of preventing entrance of foreign matters in violent expiratory-

movements ; but the disposition of the mucous membrane at this orifice appears

to be subject to considerable variation. Another fold, the valve of Husehke,

placed at the opening of the canaliculi into the lachrjanal sac, is supposed by some

to prevent the return of the tears from the sac into those tubes, but, by others,

it is declared to be mcoustant, and insufiicient, even when present, to close the

orifice. A third fold, the valve of Foltz, is described as forming a projection

inwards on one side of the vertical part of each canaliculus, near the ptmctum
lachrymale. and as being sufficient to close the tube when it is flattened by the

pressure of the fibres of the orbicularis and tensor tarsi muscles as in winking.

The experiments of Foltz on rabbits go to prove that the punctum lachrj-male

having been tiurned backwards towards the eye in winking, and the canaliculus

being compressed bj^ the mtiscles, as soon as the pressure is removed the canali-

culus resumes its open form, and so sucks in tears which by the next compression

in winking are forced onwards into the lachrymal sac : and also, that when the

muscles are jDaralysed, the canaliculi cease to carry away the tears. See review

of Foltz's paper in Dublin Quarterly Jomnal, Feby. l«6o ; also, Hyrtl, Topogr.

Anatomie.

THE GLOBE OF THE EYE.

The globe or ball of the eye is a composite structure of spheroidal

form, placed in the fore part of the orbital cavity, and receiving the
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thick stem of the optic nerve behind. The recti and obliqui muscles

closely smTound the greater i^art of the eyeball, and are capable of

changing its position within certain limits : the lids, with the plica

semilunaris and caruncle, are in contact with its covering of conjunctiva

in fi'ont ; and behind it is supported by a quantity of loose fat and
connective tissue.

The eyeball is composed of segments of two spheres, of which the

anterior is the smaller and more prominent : the segment of the larger

posterior opaque sphere corresponds with the limit of the sclerotic

coat, and the translucent portion of the smaller sphere with that of the

cornea.

From before backwards the ball measures about nine-tenths of an

inch, and its transverse diameter exceeds this measurement by about a

line.

Except when directed towards near objects, the axes of the eyes arc

nearly pai'allel ; the optic nerves, on the contrary, diverge considerably

from one another, and each nerve enters the corresponding eye about a

tenth of an inch to the inner or nasal side of the axis of the globe.

The eyeball consists of several concentric coats, and of certain fluid

and solid parts contained within them. The coats or membranes are

three in number, viz.: an external fibrous covering, named sclerotic and
cornea ; a middle vascular, pigmented, and in part also muscular mem-
brane, the clioroid and the iris : and an internal nervous stratum, the

retina. The enclosed refracting media, three in number, are the aqueous

Jmmour,thQ vitreous bod;/, and the k)is with its capsule.

Around the eyeball there is an adventitious tunic of fascia, tunira

vaginaJis ocuJi, or capsule of Tenon, which is perforated by the tendons

of the recti and obliqui muscles, and connected with the sclerotic by
merely the most delicate connective tissue. This capsule, which in

reality consists of two membranous layers lined by flattened epithelioid

cells, and enclosing a lymph space, separates the eyeball from the

orbital fat, and enables it to glide freely in its movements.

THE SCLEROTIC COAT.

The sclerotic (cornea opaca), the tunic of the eye on which the main-
tenance of the form of the organ chiefly depends, is a strong, opaque,

unyielding fibrous structure. It extends over about five-sixths of the

eyeball (fig. 399, 2), joining in front with the cornea. The outer surface

is white and smooth, except where the tendons of the recti and obliqui

muscles are inserted into it. The inner surface is a light brown colour,

and rough from the presence of a delicate connective tissue {membrana
fusca), which unites it with the choroid coat, and through which
branches of the ciliary vessels and nerves cross obliquely. The sclerotic

is thickest at the back part of the eye, and thinnest at about a quarter

of an inch from the cornea : at the junction with the latter, it is again
somewhat thickened. The optic nerve pierces this coat about one-
tenth of an inch internal to the axis of the ball, and the opening is

somewhat smaller at the inner than at the outer surface of the coat.

The outer fibrous sheath of the nerve blends with the sclerotic at the

margin of the aperture : in consequence of this arrangement, when the
nerve is cut off close to the eyeball, the funiculi seem to enter by a

gi'oup of pores ; and to the part of the sclerotic thus perforated the
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name of lamina crihrosa is sometimes given. Around this cribrous

opening are smaller apertures for vessels and nerves

Fig. 399.

Fig. 399.

—

View of the Loweu Half of the ?aGHT Adult Human Eye, divided

HORIZONTALLY THROUGH THE MIDDLE. MAGNIFIED FOUR TIMES. (A. ThOBISON.)

The specimen from which this outline is taken was obtained by dividing the eye of a

man of about forty years of age in the frozen state. It w-as carefully comiiared with

other specimens obtained in a similar manner ; and in the drawing averages have been

given in any particulars in which differences among them presented themselves.

1, the cornea ; l',its conjunctival layer; 2, the sclerotic ;
2', sheath of the optic rerve

passing into the sclerotic ; 3, 3', the choroid ; 4, ciliary muscle, its radiating portion ;
4', cut

fibres of the circular portion ; 5, ciliary fold or process ; 6, placed in tlie posterior division of

the aqueous chamber, in front of the suspensory ligament of the lens ; 7, the iris (outer or

malar side)
;

7', the smaller, innor, or nasal side ; 8, placed on the divided optic nerve,

points to the arteria centralis retinas ; 8', colliculus or eminence at the passage of the

optic nerve into the retina ; 8", fovea centralis retina ; r, the nervous layer of the retina

;

5-', the bacillar layer ; 9, ora serrata at the commencement of the ciliary part of the

retina; 10, canal of Petit ; 11, anterior division of the aqueous chamber in front of the



STRUCTURE OF THE SCLEROTIC. 591

pupil ; 12, tlie crystallino lens, within its capsule ; 13, the vitreous humour ; a, a, a,

parts of a dotted line in tlie axis of tlie eye ; 6, h, b, b, a line in the transverse diameter.

It will be observed that from the pupil being placed nearer the inner side the axis of the

eyeball, a, a, does not pass exactly through the centre of tlie pupil, and that this line falls

a little to the inuer side of the fovea centralis. The following letters indicate the centres

of the curvatures of the difl'erent surfaces, assuming them to be nearly spherical, viz. :

c a, of the anterior surface of the cornea ; c p, posterioK surface ; I a, anterior surface of

the lens ; Ip, posterior surface ; scj', posterior surface of the sclerotic; r a, anterior

surface of the retina.

In connection with this figure the following average dimensions of the parts

of the adult eye in fractions of an English inch may be stated :

—

Tranverse diameter of the eyeball . . . . . .
1*

Vertical diameter (Iviause) ........ 0'96

Antero-posterior diameter ........ U"'JG

Diameter of the optic nerve with its sheath . . . . . 0"16

Diameter of the ner^-ous part at its passage through iJie choroid

membrane .......... ()'09

Greatest thickness of the sclerotic, choroid, and retina together . . U-08

Greatest thickness of the sclerotic posteriorly .... 0'05

Smallest thickness at the sides and in front . . . . . 0"025

Greatest thickness of the cornea ....... O'Ooo

Distance from the middle of the posterior surface of the cornea to

the front of the lens 0'07

Antero-posterior diameter of the lens ...... 0"19

Transverse ditto .......... 0'.S5

Greatest thickness of the ciliary muscle and ciliary processes

together
'

. . OOG
Greatest thickness of the ciliary muscle . . . . . . O-U.'^o

Thickness of the iris ......... O'Ulo

Length of the radius of curvature of the anterior surface of the
cornea (regarding it ai^proximately as spherical) . . . . ()-3()5

Radius of the jiosterior surface ....... 0-275

Radius of curvatm-e of the anterior surface of the lens . . . U"3G

Radius of the posterior surface ....... 021
Approximate length of the radius of curvature of the outer surface

in the posterior half of the retina . . . . . . . 0-185

Approximate radius of curvature of the external surface of tlie

posterior jiart of the sclerotic coat ....... O'.l

Distance of the middle of the posterior surface of the lens from the

middle of the retina ......... 0\"i>

Distance between the centre of the spot of entrance of the optic

nerve and the middle of the fovea centralis retinte . . . O'll

Diameter of the base of the cornea . . . . . . . 0-4S

Diameter of the base of the iris transversely . . . . .
()•-!.")

Diameter of the base of the iris vertically . . . . . . O'l;'.

Diameter of the pupil O'll

Strticture.—The sclerotic coat is foraied of connective tissue, and
yields gelatine on boiling. Its fibres are combined with fine elastic

tissue, and amongst them lie numerous connective tissue corpuscles

lodged in cell spaces, but not by any means so regularly arranged as in

the cornea. Some of the cells are pigmented. The bundles are dis-

posed in layers both longii^ndinally and transversely, the longitudinal
arrangement being most marked at the surfaces. These layers com-
municate at intervals so as not to be separable for any distance.

A few blood-vessels permeate the fibrous texture in the form of a net-
work of capillaries with very wide meshes. In the neighbourhood of

the cornea a zone of greater vascularity exists, which has been already
noticed in the description of the sclerotic conjunctiva.
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THS CORWEA.

The cornea (cornea pellucida), the transparent fore part of the

external coat, admits light into the interior of the eyeball. It is nearly

circular in shape, but is occasionally wider in the transverse direction,

and its arc extends to about one-sixth of the circumference of the whole

globe. Having a curvature of a smaller radius than the sclerotic, it

projects forwards beyond the general surface of curvature of that mem-
brane : the degree of its curve varies, however, in diflFerent persons, and
at diflFerent periods of life in the same person, being more prominent in

youth than in advanced age. Its thickness is in general nearly the

same throughout, viz., from ^V to -n\ of an inch, excepting towards the

outer margin where it becomes somewhat thinner. The posterior con-

cave surface exceeds slightly in extent the anterior or convex, in conse-

quence of the latter being encroached on by the superficial part of the

sclerotic ; the cornea being oveiiapped by the sclerotic (to which it is

joined by continuity of tissue) like a watch glass by the edge of the

groove into which it is received (see fig. 399).

STRUCTUBS OF THE CORNEA.

The cornea may be described as consisting of three parts—a stratified

epithelium in front (fig. 400, l), continuous with the epithelium of the

conjunctiva ; a middle part, substantia propria, or cornea proper (3),

continuous with the sclerotic, composed of modified connective tissue ;

and a homogeneous elastic lamella (4), bounding it behind, and itself

covered with a simple layer of epithelium-like cells (5).

Epithelium of the Cornea.—The epithelium covering the front of

the cornea is of the stratified kind. The lowermost cells are columnar,

with a flattened base, where they rest on the substantia propria, and
a rounded apex, upon which a cell of the next layer commonly fits. To
the base of each is attached 'a broad, flattened, strongly refracting pro-

cess, which projects under one of the neighbouring cells. Above these

columnar cells are several layers of more rounded cells, some of

which (the fingered cells of Cleland) have projections from their under
surface, which pass between the cells below. The uppermost of tliese

rounded or polygonal cells present well-marked ribs and furrows,

similar to those described in the cuticle ; while, quite superficially, are

three or four strata of flattened scaly epithelium cells, which retain

their nuclei. Indications of division of the cells are observed both

amongst the columnar set and amongst the more rounded ones above
them (Cleland).

The proper suhstance of the cornea is composed, as before said,

of a modified form of connective tissue, all the constituents of which
have very nearly the same index of refraction, so that in the perfectly

fresh condition it is difficult, even with the Ijest lenses, to make out
any structure at all. After death, however, and with the assistance of

reagents, it may be ascertained to consist of alternating lamella of

fibrous tissue (about sixty in number, Bowman), the planes of which
are parallel to the surfaces of the cornea. The fibres of which the
lamellaj are composed are nearly straight, have a definite direction in
each layer; and cross one another at right angles in the alternate layers

(fig. 400, h, d). It must, however, be understood that the latter are not
individually distinct, but give off frequent offsets to the layers above
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and below, so that they cannot readily be stripped away for any

distance. The fibrils are collected into roundish bundles, which, as

Fig. 400.

Fig. 400.

—

Vertical Section of Human Cornea from near the margin (Waldeyer).

Magnified.

1, epitlieliura ; 2, anterior homogeneous lamina ; 3, substantia propria corneas ; 4, pos-

terior homogeneous (elastic) lamina ; 5, epithelioid layer of the anterior chamber ; a, most
anterior layer of the substantia propria with oblique fibres ; b, fibres cut across, producing

a dotted appearance ; c, corneal corpuscles appearing fusiform in section ; d, bundles of

fibres cut longitudinally, presenting a homogeneous appearance ; e, transition to the sclerotic,

with more distinct fibrillation, and surmounted by a thicker epithelium
; /, small blood-

vessels cut across.

well as the laminae they form, are, as in the connective tissue elsewhere,

separated from each other by ground substance. The latter is in

greater abundance between the fibrous strata than elsewhere, and in
VOL. II. Q Q
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Pig. 401.

—

Cell-spaces of the Cornea
;

Man (Waldeyer). Highly Magnified.

The figTire is taken from a fresh pre-

paration examined i« aqueous humour.
In each of the two lower spaces a corneal

corpuscle is represented as paitially filling

the space.

these parts the cell-spaces of the tissue are found. These cell-spaces,

which are readily demonstrated by staining the tissue with nitrate

of silver, but also make their ap-

Fig. 401. pearauce after a time in the fresh

tissue without the addition of any
reagent (fig. 401), are flattened

conformably with the lamellaB, are

of an irregularly stellate figure, and
freely communicate by their offsets

both with others on the same plane

and with those above and below.

The regularity of arrangement
which principally characterises them
as compared with the cell-spaces

of coimective tissue elsewhere is no
doubt dependent on the laminated

structure of the cornea.

The corpuscles of the tissue

—

corneal corpuscles—lie within these

cell-spaces, corresponding generally

with them in fonn, but without
entirely filling them, the room left

serving for the passage of lymph
and leucocytes. The protoplasm of

the corpuscles is clear and hyaline, except in the neighbourhood of the

large nucleus, where it is granular ; they send long branching processes

along the anastomosing canals of the cell-spaces, which in some
cases appear to join with those of neighbouring corpuscles. In ver-

tical sections they appear fusiform (fig. 400, c), but horizontal sections

.show them to be flattened conformably with the surface. Exammed
on the warm stage, the corpuscles are said to exhibit slow amoeboid
movements in the form of protraction and retraction of their processes.

These, however, are not to be confounded with the more active move-
ments of leucocytes which may be traversing the space.

In the human cornea the cell-spaces can be filled -^v-ith fluid injection by
sticking the muzzle of a fine syringe into the tissue, and employing a, very low
pressure ; in this way a network of anastomosing stellate figures is obtained
(Recklinghausen's canals) : if, however, the injection-fluid be too consistent, or

if too great force be employed, the injection becomes extravasated in the inter-

stices of the fibril bundles, the direction of which it takes ; and the ajipearance

is produced of minute swollen tubulai- passages lainning at right angles to one
another in the difi^erent layers (Bov\^nan's corneal tubes). This appearance may
.still more readily be obtained if air is injected into the tissue instead of mercury
(the fluid used by Bowman), and it is seen that the injection always stops at the

margin of the cornea, where the tissue becomes denser as it passes into the

sclerotic, whereas Recklinghausen's canals are continued into the cell-spaces of

the latter.

The part of the cornea immediately beneath the anterior epithelium,

for a thickness of from g-o^oo ^^ t-^Vtj of ^'^ moh, is denser than the

rest of the tissue, and entirely free from corpuscles (fig. 400, 2). It was
named the anterior elastic lamina by Bowman, but appears not to differ

materially in structure from the rest of the corneal substance, fibres

from which may be seen passing obliquely towards, and becoming lost

in it (binding fibres) (fig. 400, a).
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The membrane of Demours or Descemet (fig. 400, 4) (posterior

eiasttc lamina, Bowman), not very closely united with the fibrous part

of the cornea, is transparent and glassy in

appearance. It is firm and structureless, but Fig. 402,

very brittle and elastic ; and when shreds are

removed from it they tend to curl up with

the attached surface innermost. It appears

not to be affected by acids, by boiling in

water, or by maceration in alkalies. In

thickness it varies from -3 ^W ^0 2 o'o^ ^f an

inch. It is lined with an epithelioid cover- pj„ ^^.^ _p^j^,j ^^ ^^^ Epi.
ing (fig. 400, 5), which resembles that on thelioid Laveu of the

serous membranes, consisting of a single Membrane of Demours.

layer of flattened polygonal cells with dis-

tinct nuclei (fig. 402)."' At its circumference the membrane breaks up

into bundles of fibres, which are partly continued into the front of the

iris, forming the " pillars of the iris," and partly into the fore part of the

choroid and sclerotic coats.

To these festoon-like processes passing between the iris and posterior

part of the cornea, at its junction with the sclerotic, and which are very

much more marked in the eyes of the sheep and the ox than in the

human eye, the name ligamcnfum pedinatum iridis was given by

Hueck. The processes in question are covered with epithelioid cells,

continued from Descemet's membrane, but these cells do not stretch

across the intervals between the processes, so that the cavity of the

aqueous chamber is prolonged into, and freely communicates with,

cavernous spaces * in the tissue between the processes (fig. 403, 3). A
similar, but rather larger space is found slightly anterior to these in the

substance of the sclerotic, close to its junction with the cornea. This,

which is elliptical in section, is known as the sinus circidaris iridis,

ov canal of Schlemm (fig. 403, 4), and is said to communicate, through

the other spaces, with the aqueous chamber of the eye, owing to the

open nature of the tissue in this situation, and the breaking up of the

membrane of Demours into distinct bundles, as just described. But, on

the other hand, the canal of Schlemm, and the other cavernous spaces

in its neighbourhood, are in communication with the veins of the

anterior part of the sclerotic, and therefore the aqueous chamber must

also through them communicate with the veins. In support of this,

it is stated that both the spaces and the veins become filled with

coloured fluid when this has been injected into the anterior chamber.

Why the blood does not find its way into the latter during life is not

fully understood, since no valves have as yet been discovered in the

veins which lead out from the spaces : the reason is, probably, that a

greater resistance is oflPered to its passage here than to its return by
the ordinary paths.

The above statements are mainly derived from the account given by
Schwalbe ; but, according to Leber, the results obtained were due to a

diffusible colouring matter having been employed for filling the anterior

chamber : when a non-diffusible one is used it never penetrates into

the canal of Schlemm, which is simply a large circular terminal vein, or

a collection of two or three plexiforni veins uniting at frequent intervals

into one trunk.

* Larger iu many animals, wliere tliey are known as the spaces of Fontana.

Q Q 2
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Fig. 403.

—

Section (from the Eye of a Man, aged 30), showing the Eelations of
THE Cornea, Sclerotic, and Iris, together with the Ciliary ]\Iuscle, and the
Cavernous Spaces near the Angle of the Anterior Chamber (Waldeyer).
Magnified.

A, epithelium
; b, conjunctival mucous membrane ; c, sclerotic ; d, membrana supra-

clioroidea
; e, opposite the ciliary muscle ; f, choroid, with ciliary processes ; g, tapetum

nigrum and pars ciliaris retinje ; H, cornea (substantia propria) ; j, iris ; k, radiating and
meridional, and l, circular or annular bundles of the ciliary muscle ; m, bundles
passing to the sclerotic ; n, tissue (ligamentum pectinatum iridis) at the angle, o, of
the anterior chamber ; p, line of attachment of the ii'is ; 1, anterior homogeneous lamina
of the coi-nea

; 2, posterior homogeneous lamina, covered with epithelioid cells which are
continued over the front of the iris ; 3, cavernous sjiaces at the angle of the anterior
chamber (spaces of Fontana) ; 4, canal of Schlemm, with epithelioid lining, and with a
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vessel, 5, leading from it ; 6, otlier vessels ; 7, bundles of fibres of tlie sclerotic running

cquatorially, cut across ; 8, larger ones in tlie substance of the sclerotic ; 9, fine bundles

cut across, at limit of cornea ; 10, point of origin of meridional bundles of ciliar\-

muscle ; 11, blood-vessels in scleroti3 and conjunctiva, cut across ; 12, section of one

of tlie ciliary arteries.

Vessels and nerves.—In a state of health the cornea is not provided

with blood-vessels, except at the circumference, where they form very fine

capillary loops and accompany the nerves. Neither are any lymphatic

vessels discoverable, unless the channels in which the nerves run, and
which are lined with flattened cells and in connection with the cell spaces,

are to be taken as representing them. The nerves, on the other hand, are

very numerous. Derived from the ciliary nerves, they enter the fore part

of the sclerotic, and are from forty to forty-five in number (Waldeyer).

Continued into the fibrous part of the cornea, they retain their dark

outline for ^^^th to y^jtli of an inch, and then, becoming transparent,

ramify and form a plexus through the laminated structure. From this

lirimary plexus other nerves proceed to form a much finer and closer

plexus—but of which the cords yet consist of several nerve-fibrils

—

at the surface of the cornea, immediately beneath the epithelium, and
from this secondary or siibepifhcllal jj/p;i'//s excessively fine, varicose,

ultimate fibrils (fig. 404, h) pass among the epithelium cells, and form
here a terminal network, the intra-cpithelial plexus, which extends almost

to the free surface (fig. 40-4, c, c).

Fig. 40i.

Fig. 404.

—

Intra-epithelial Plexus op Cornea of Rabbit, stained by Chloride
OF Gold. Oblique view. 300 Diameters (Klein).

o, part of subepithelial plexus ; b, h, tufts of fine varicose fibrils ; c, network of

these amongst, d, the deeper epithelial cells.

In addition to the nerves which are destined for the epithelium,

others, for the proper substance of the cornea, come off from the

primary plexuses, and, after uniting into one or more secondary
plexuses, the cords of which are still composite, eventually form, iu

and among the lamina, a terminal network of ultimate fibrils, the

meshes of which are much more open than those of the intra-epithelial

network. An actual connection of the nerves with the corpuscles of
the cornea has never been satisfactorily shoAvn.
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The larger branches of the nerves are covered with a sheath of flat-

tened cells which, as before mentioned, are in connection with the cor-

puscles of the cornea. At the points of junction of the plexus, nuclei
are frequently seen, but these appear to belong to the ensheathing cells,

and not to be interpolated in the course of the fibres.

THE CHOROID COAT.

The choroid coat of the eye (tunica choroidea s. vascnlosa) is a dark
brown membrane lying between the sclerotic and the retina. It reaches

p.^ ,ii.
forwards nearly to the

cornea, where it ends
by a series of plaits

or folds named ciliary

processes, disposed in

a circle projecting in-

wards at the back of
the circumferential por-

tion of the iris. At the

liinder part, where the

tunic is thickest, the

optic nerve is trans-

mitted. The outer

surface is rough, and is

connected to the scler-

otic by loose connec-

tive tissue and by ves-

sels and nerves. The
inner surface, which
is smooth, is covered

by the hexagonal pig-

mented cells of the

retina (which were
formerly described as

belonging to the

choroid).

The ciliarij processes, about seventy in number, are arranged radially

Kg. 405.

—

Choroid Mejibrakb and Iris exposed by
THE REMOVAL OF THE ScLEROTIC AND CORNEA (after

Zinn). Twice the natural size.

a, one of the segments of tlie sclerotic tliro'OTi back
ciliary muscle; c, ii-is ; c, one of the ciliary nerves

one of the vasa vorticosa or choroidal veins.

Fi- 406.

tion at its inner or axial end.

Fig. 40G.

—

Ciliary Processes as seen from
BEHIND. f

1, posterior sixrface of the iris, -with the

sphincter muscle of the pupil ; 2, anterior

part of the choroid coat ; 3, one of the ciliary

processes, of which about seventy are re-

presented.

together in form of a circle. They
consist of larger and smaller folds

or thickenings, without regular

alternation ; the small folds number
about one-third of the large. Each
of the larger folds, measuring about

^^^th of an inch in length and -jV^h

in depth, forms a rounded projec-

which is free from the pigment which
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Fig. 407.

invests the rest of the structure ; but externally they become gradually

narrower, and disappear in the choroid coat. The smaller processes are

only half as deep as the others. At and near the internal or anterior

extremities the processes

are connected by lateral

loop-like projections. The
plications of the ciliary

processes fit into corre-

sponding plications of the

suspensory ligament of

the lens, to be afterwards

described.

STRUCTURE OF
CHOROIB.

THE

Fig. 407.

—

Lateral View of the Arteries of the
Choroid and Iris (from Arnold).

a, optic nerve ; 5, part of the sclerotic left behind
;

c, region of ciliarj' muscle ; d, iris ; 1, posterior ciliary

arteries piei'cing the sclerotic and passing along the

clioroid ; 2, one of the long ciliary arteries ; 3, anterior

ciliary arteries.

Fig. 408.

The choroid consists

mainly of blood-vessels

united by a delicate con-

nective tissue, with nu-

merous large ramified

cells (for the most part

pigmented), united by
their branches, and con-

taining numerous leuco-

cytes in the meshes, like

lymphoid tissue. From
a difference in the fine-

ness of its constituent

blood-vessels, the choroid

resolves itself into two
strata, outer and inner ;

the former containing

the larger branches, and
the latter the capillary

ramifications.

In the outer part of

the coat are situated, as

just stated, the larger

branches of the vessels.

The arteries (.s7wr/ ciUarij)

are comparatively large

and numerous, and pierc-

ing the sclerotic close to

the optic nerve (fig. 407,

1), divide into branches

which are directed at first

forwards before they bend
inwards to end on the

inner part ; whilst the veins {vasa vorticosci), external to the arteries, are

disposed in curves as they converge to four or five principal trunks (fig.

408, 1, 1) which pass through the sclerotic about half way betAveen the

margin of the cornea and the entrance of the optic nerve. In the

intervals between the vessels are elongated and stellated pigment-cells

Fig. 403.

—

Lateral View of the Veins op tub
Choroid (from Arnold).

1, 1, two trunks of the venie vorticosio at the

place where they leave the choroid and pierce the

sclerotic coat.
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Fig. 409.

Tvith fine oifsets, which intercommunicate and form a network or stroma

(fig. 409). Towards the inner part of the tunic, this network passes

gradually into a web without pigment. Externally the choroid is

bounded by a membranous layer similar

to the lamina fusca of the sclerotic, and
known as the lamina siqjra-cJwroiclea

(fig. 403, d). It is loosely united to the

lamina fusca by vessels and bands of

connective tissue enclosing pigment-cells,

and the enclosing laminas as well as the

uniting structures are coated with epithe-

lioid cells, a lymph space being thus

formed between the sclerotic and choroid.

This space communicates with that of the

capsule of Tenon before described (p. 589)
(Schwalbe).

The inner part of the choroid coat

{tunica Ruysckiana s. chorio-capiUaris) is

formed mainly by the capillaries of the

choroidal vessels. From the ends of the

arteries the capillaries radiate, and form meshes which are more deli-

cate and smaller than in any other texture, being especially fine at

Fig. 409. — Ramified Pigment

Cells of the Choroid (Kol-

liker). 300 Diameters.

Fis. 410.

Fig. 410.—Injected Blood-vessels of thij Chohuid Coat (from Sappey).

30 Diameters.

1, one of the larger veins ; 2, small communicating vessels ; 3, brauclies dividing into

tlie smallest vessels.

the back of the eyeball (fig. 410). The network reaches as far forwards

as about -Hh of an inch from the cornea, or opposite the end of the
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retina, where its meshes become larger, and join those of the ciliary

processes.

On the inner sm-foce of the tunica Euyschiana is a structureless or

finely fibrillated transparent membrane, the membrane of Bri/ch, Avhich

lies next to the pigmentary layer of the retina, and anteriorly, in the

region of the ciliary processes, presents on its inner surface numerous
microscopic reticulating folds.

The ciliary processes have the same structure as the rest of the
choroid ; but the capillary plexus of the vessels is less fine and has
meshes with chiefly a longitudinal direction ; and the ramified cells,

fewer in number, are devoid of pigment towards the free extremities of

the folds.

The blood-vessels of the ciliary processes (fig. 413, d) are very numerous,
and are derived from the anterior ciliary, and from those of the fore

part of the choroidal membrane. Several small arterial branches enter

the outer part of each ciliary process, at first running parallel to each
other and communicating sparingly. As they enter the prominent
folded portion, the vessels become tortuous, subdivide minutely, and
inosculate frequently by cross branches. Finally they form short

arches or loops, and turn backwards to pour their contents into the

radicles of the veins. On the free border of the fold, one artery,

larger than the rest, extends the whole length of each cihary process,

and communicates through intervening vessels with a long venous trunk
which runs a similar course on the attached surface.

Ciliary muscle.—At the anterior part of the choroid, between it and
the sclerotic, is a zone of plain muscular tissue, the ciliary muscle of

Bowman. It arises (fig. 403, 10) by a thin tendon from the forepart of the

sclerotic close to the cornea, and between the canal of Schlemm and the

sjDaces of Fontana, and its fibres, spreading out, are directed backwards
(fig. 403, K), to he inserted into the choroid opposite to the ciliary

processes, and partly further back, the fibres passing equatorially and
intercrossing so as to form peculiar stellate figures. A small portion

(the outermost) is sometimes inserted into the sclerotic (fig. 403, M).

These antero-posterior, or meridional and radiating fibres, pass at the

side next the iris into a ring of fibres (l), v.'hich have a circular course

around the insertion of the iris. This set forms the circular ciliary

muscle of H. Mliller. This circular muscle is much developed in

hypermetroi)ic eyes, but is atrophied, or may even, it is said, be absent
in myopic (Iwanoff). The ciliary muscle, at least its circular part,

was formerly described as the ciliary ligament.

THE IRIS.

The iris is the contractile and coloured membrane which is seen
behind the transparent cornea, and gives the tint to the eye. In its

centre it is perforated by an aperture—the pupil.

By its circumferential border, which is nearly circular, the iris is

connected with the choroid, the cornea, and the ciliary muscles : the
free inner edge is the boundary of the pupil, and is constantly altering

its dimensions during life. The iris measures I an inch across, and, in
a state of rest, about ^th of an inch from the circumference to the pupil.

Its surfaces look forwards and backwards. The anterior, variously
coloured in different eyes, is marked by waved lines convergmg towards
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the pupil, near wliich they join in a series of irregular elevations ; and,

internal to these, other finer lines pass to the pupil. The posterior

surface is covered with dark pigment, prolonged from the pigmentary
layer of the retina ; and, this being removed, there is seen at the

margin of the pupil a narrow circular baud of fibres (sphincter muscle
of the pu})il), with which the converging lines are blended.

The pupil is nearly circular in form, and is placed a little to the

inner side of the centre of the iris. It varies in size according to the

contraction or relaxation of the muscular fibres, this variation ranging
from ^lyth to 4rd of an inch, and regulating the quantity of light

admitted to the eyeball.

V

STRUCTURE OF THE IRIS.

Fibrous and muscular tissues form the framework of the iris, and
pigment cells ai'e scattered through the texture. It contains also

numerous vessels and nerves. In iVont and behind is placed a distinct

layer of pigmented cells. The delicate epithelioid layer of the membrane
of Descemet (fig. 403,2) is continued from the margin of the cornea over

the front of the iris ; its cells are smaller and more granular than those

which cover the membrane of Descemet, but are otherwise similar.

The stroma consists of cells and fibres of connective tissue, the latter

directed radially towards the pupil, and circularly at the circumfer-

ence ; these, interweaving
Fig. 411. with one another, form a

web which is more open in

the substance of the iris

than near the surfaces.

The musctilar tissue is

of the non-striated kind,

and is disposed as a ring

{sphincter) around the pupil,

and as rays {dilatator) from
the centre to the circum-

ference.

The sphncter (fig. 411, a)

is the flat narrow band on
the posterior surface of the

iris, close to the pupil, and
is about ^^yth of an inch

wide. At the edge of the

pupil the fibres are close

together, but at the periphe-

ral border they are separated,

and form less complete rings.

The dilatator {!>, h), less

apparent than the sphincter,

begins at the ciliary or outer

margin of the iris, and its

fibres, collected into bundles,
or forming a continuous membrane, situated near the posterior surface,
converge towards the pupil, and form a network by their intercom-
munications. At the pupil they blend with the sphincter, some reach-

Ll
.M

Fig. 411. A SMALL PART OF THE IrIS, SHOWraG
THE Muscular Structure (from Kolliker).

350 Diameters.

The siiecimen is from an all:>ino-rabljit, and has
been treated ^vith acetic acid : a, the sjiliincter

muscle at the margin of the pupil ; 6, fasciculi of
the dilatator muscle ; c, connective tissue with
nuclei of cells rendered evident bv the acid.
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ing near to its inner margin ; and at the ciliary margin also they arch

romid and take a somewhat circuhar direction.

In the substance of ;he iris anteriorly and throughout its thickness

are variously-sho-ped ramified pigment cells hke those in the choroid.

The pigment contained in them is yellow, or of ligiitcr or darker shades

of brown, according to the colour of the eye. At the posterior surface

is a covering of dark pigment, the nvca of authors ; this is continuous

with the (retinal) pigmentary layer lining the clioroid and the ciliary

]3rocesses, and here consists of several strata of small roundish cells

filled with dark pigment. The colour of the iris depends on the pig-

ment ; in the different shades of blue eye it arises from the black

pigment of the posterior surfoce appearing more or less through the

texture, which is only slightly coloured or is colourless ; but in the

black, brown, and grey eye, the colour is due to the pigment scattered

through the iris substance.

Pupillary membrane (membiana pupillaris).—In fcetal life a delicate trans-

parent membrane thus named closes the pupil, and comj^letes the cui'tain of the

iris. The pupillary membrane contains minute vessels, continuous with those of

the iris and of the capsule of the crystalline lens ; they are aiTanged in loops,

which converge towards each other, but do not quite meet at the centre of the

pupil (iig. 412). At aljout the seventh or eighth month of foetal life these vessels

gradually disappear ; and, in in-oportion as the vascularity diminishes, the mem-
brane itself is absorbed fi'om near the centre towards the circumference. At the

period of birth, often a few shreds, sometimes a larger portion, and occasionally

the whole membrane is found persistent.

Vessels and nerves of the
iris.—The long cUiarij arteries,

two in number, pierce the

sclerotic a little before, and one
on each side of, the optic nerve.

Having gained the interval

between the sclerotic and
choroid coats, they extend hori-

zontally forwards (fig. 407, i)

through the loose connective

tissue to the ciliary muscle. In

this course they lie nearly in

the horizontal plane of the axis

of the eyeball, the outer vessel

being however a little above, and
the inner one a little below the

level of that line. A short space

behind the fixed margin of the

iris each vessel (fig. 414, 1, 1)

divides into an upper and a

lower branch, and these, anasto-

mosing with the corresponding vessels on the opposite side and with
the anterior ciliary, form a vascular ring {circulus major) in the ciliary
muscle. From this circle smaller branches arise to supply the muscle;
whilst others (fig. 414, 5) converge towards the pupil, and there, freelv
communicating by transverse offsets from one to another, form a second
circle of anastomosis {circulus minor), from which capillaries are con-
tinued inwardly and end in small veins.

Fig. 412.— PL-pi:.;..vi;Y ..ie.mbrane of New-
born Kitten, Lnjected (Kolhker, from
a preparation by Thiersch). Magnified.
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The anferior ciliary arferies (H^. 4M, 2, 2), five or six in number, but
smaller than the vessels just described, are supplied from the muscular
and lachrymal branches of the ophthalmic artery, and pierce the sclerotic
about a line behind the margin of the cornea ; they divide into branches
which supply the ciliary processes, and join the circulus major.

Besides these special arteries, numerous minute vessels enter the iris

from the ciliary processes.

The veins of the iris follow closely the arrangement of the arteries
just described. The canal of Schlenim communicates with this system
of vessels.

Fis. 41 n. Ficr. 414.

Fig. 413.

—

Vessels op the Ciiouoit), Ciliary Processes and Iris op a Child
(Arnold). Magnified 10 times.

a, capillary network of the posterior part of the choroid ending at h, the ora serrata
;

c, arteries of the corona ciliaris, supplying the ciliary processes d, and passing into the

iris c
; /, the capillary network close to the pupillary margin of the iris.

Fig. 414.

—

Front View of the Blood-vessels op the Choroid Coat and Iris froji

BEFORE (Arnold). Magnified 2h times

A, choroid : B, iris ; c, ciliary muscle, &c. ; 1, 1, long ciliai-y arteries ; 2, 2, five of fke

anterior ciliary arteries ramifying at the outer margin of the iris ; 3, loop of communica-
tion between one of the anterior and one of the long ciliary arteries ; 4, internal circle

and network of the vessels of the iris ; 5, external radial network of vessels.

The ciliari/ nerves (fig. 415, 1), about fifteen in number, and derived

from the lenticular ganglion and the nasal branch of the ophthalmic
division of the fifth nerve, pierce the sclerotic near the entrance of the

optic nerve, and come immediately into contact with the choroid. They
are somewhat flattened in form, are partly imbedded in grooves on the

inner surface of the sclerotic, and communicate occasionally with each
other before supplying the cornea and entering the ciliary muscle.

"When the sclerotic is carefully separated from the subjacent structures,
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tliese nerves are seen lying on the surface of the choroid, into -which
they send branches, and in which they form between and amongst the
blood-vessels a fine plexus of j^ale fibres rich in gangiion-cells, the

Fiff. 415. Fi- 416.

Fig. 415.

—

Lateral View of tiik Ciliakt Xehves (Arnold). Diagrammatic.

a, optic nerve ; b, back j^art of the sclerotic ; c, ciliary muscle ; d, iris
; e, outer

surface of the choi'oid coat ; 1, five of the ciliary nei-ves jiassing along the sheath of

the optic nerve, piercing the sclerotic fiosteriorh', and thence passing forward on the'

choroid membrane to the ciliary mnscle and iris. The nerves are represented too large.

Fig. 416.—DiSTRiBuxioN of Nerves in the Iris (Kolliker). 50 Diameters.

The preparation was from the eye of an albino rabbit; a, smaller branches of the
ciliary nerves advancing from the choroid ; b, loops of nniou between tliem at the
margin of the iris ; c, arches of nuion in the iris ; c', finer network in the inner part ; e,

sphincter pupillse muscle.

groups of cells being often applied to the walls of the vessels. Within
the ciliary muscle the nerves also subdivide minutely, forming here
another plexus, which contains a number of mednllated fibres and the
cells of which are smaller. A few recurrent branches appear to pass
back from it into the choroid coat, but the greater number pass on to
the iris (fig. 416, a, n). In the iris the nerves follow the course of the
blood-vessels, dividing into branches, which communicate with one
another as far as the pupil, forming a close plexus of fine non-medul-
lated fibres. Their ultimate termination is not ascertained.

RETIlSrA OR ]^^:EIlVOUS tujstic.

The retina is a delicate almost pulpy membrane, which contains the
terminal part of the optic nerve. It lies within the choroid coat, and
rests on the hyaloid membrane of the vitreous humour. It extends
forwards nearly to the outer edge of tlie ciliary processes of the choroid,
where it ends in a finely indented border

—

ora serrata. From this border
there is continued onwards a thin layer of transparent, nucleated cells of
an elongated or columnar form, constituting the ixirs cUiarh rcliiut,

which reaches as far as the tips of the ciliary processes, and there dis-

appears. The thickness of the retina diminishes from beliind forwards,
varying from Joth of an inch to aihjth of an inch. In the fresh eye
it is translucent and of a light pink colour; but after death it soon
becomes opaque, and this change is most marked under the action of
water, alcohol, and other fluids. Its outer surface is covered with a
layer of hexagonal pigment-cells which, as the study of the develop-
ment of the parts shows, must be regarded as belonging to the retina
and not to the choroid, to which it has usually been ascribed. More-
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over tlie pigment-cells send fine non-pigmented offsets between the

external retinal elements. When the choroid is detached these offsets

Fis. 417.

Fig. 417.

—

The Posterior Half of the Retisa of the Left eye tieweb from
BEFORE (Henle). Twice the natural size,

s, cut edge of tlie sclerotic ; cli, choroid ; r, retina : in the interior at tlie middle the
macula lutea with the depression of the fovea centralis is represented by a slight

oval shade
; towards the left side the light spot indicates the colliculus or eminence at

the entrance of the optic nerve, from the centre of which the arteria centralis is seen
sending its branches into the retina, leaving the part occupied by the macula com-
paratively free.

are ruptured and the pigmentary laj'cr comes away with it. The inner
sm-face of the retina is smooth : on it the following objects may be seen
(fig. 417). In the axis of the ball is a yellow spot

—

macula lutea (limlms
luieus, Summerring)—wliich is somewhat elliptical in shape, and about

2'oth of an inch in diameter : in the centre of this, again, is a slight

Fiff. 418.

Fig. 418.

—

Section through the Middle of the Optic Nerve and the Tunics of the
Eye at the Place of its Passage through them (Ecker). 2

«, arteria centralis retinas ; 6, fasciculi of optic nerve fibres with neurilemma ; c, sheath
of the opti<; nerve, passing into c , the sclerotic coat ; c", membrana fusca ; d, clioroid

;

<') /> layer of rods and cones
; g, the nuclear layers ; h, layer of nerve-cells ; i, layer of

nerve-fibves
; Ic, colliculus or eminence at the entrance of the optic nerve ; I, lamina

cribrosa.
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hoWov^, fovea cenfraVs, and, as the retina is thinner here than elsewhere,

the pigmentary layer is clearly visible through it, giving rise to an appear-

ance as of a hole through the tunic. About yV^^^ o^' '^^i i^^ch inside the

yellow spot is the round disc, poms opticus, where the optic nerve ex-

pands, and in its centre the point from which the vessels of the retina

branch. At this place the nervous substance is slightly elevated so as

to form an eminence (collmdus ncrvi ojjfici) (fig. 418, k, k.).

MICKOSCOPIC STRUCTURE OF THE RETINA.

"When vertical sections of the retina, i.e., sections made perpendicularly

to its surface, are submitted to microscopic examination, eight distinct

strata are recognizable, together with certain fibrous structures which

pass vertically through the membrane and connect the several layers.

Fi-. 41

D

Outer or choroidal surface.

'^rW''-y'^W^^c S. Layer of pigment cells.

! I
: l! 1 ! I

'
; ;

7. Laj-er of rods and cones.

I\Icmbrana limitans externa.

^%r
Outer nuclear layer.

5. Outer moleculai" layer.

3. Inner molecular layer.

JlDllSf

"

er of nerve cells.

^ 1. Layer of nerve iilires.

^ . . . Membrana limitans interna.

Inner surface.

Fio-. 419.—DiAGRAvIMATIC ShCTIOX OF THE HuMAN ReTIKA (Scliultzc).
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Fig. 420.

The f(jllowiDg are the designations of the layers, from within out-

wards :

—

1. The layer of nerve-fibres (nerve-layer).

2. The layer of nerve-cells (ganglionic layer).

3. The inner molecular layer.

4. The inner nuclear layer.

5. Tlie outer molecular layer (internuclear).

6. The outer nuclear layer.

7. The layer of rods and cones (columnar layer, Jacob's membrane).
8. The layer of hexagonal pigment cells (pigmentary layer).

In addition to these eight strata two excessively delicate membranes
are described—the one, memdrcom liniifans inierna, bounding the retina

on its inner surface, next to the hyaloid membrane of the vitreous

humour ; the other, mcmhwia Ihnitans cxtcr?io, lying between the outer

nuclear layer and the layer of rods and cones; but, as will be afterwards

explained, these so-called " membranes " are merely the boundary lines

of the sustentacular tissue of the retina. The accompanying figure,

from Max Schultze, represents (somewhat diagrammatically) the general

arrangement and structure of the layers.

1. Layer of nerve-fibres. — The
optic nerve (fig. 418, ^ h) passes at the

porus opticus directly through the thick-

ness of the retina to reach its inner

suriace, on which it spreads out in form

of a membrane (fig. 420) towards the ora

serrata. Its fibres, which are destitute

of a primitive sheath and vary much in

size, lose their medullary sheath on
reaching the retina, consisting there of

axis-cylinder only (Bowman). They
are collected into small bundles, which,

compressed laterally, intercommunicate

and form a delicate web with narrow
elongated meshes. At the yellow spot

this layer is wanting (fig. 420, l), else-

where it forms a continuous stratum,

gradually diminishing in thickness in

front, interrupted only by the enlarged

ends of the fibres of Miiller to be after-

^

wards described (p. 615). The nerve-

bundles, as well as the cells of the next

layer, are partially covered and sup-

ported by flattened connective tissue

corpuscles.

2. Ganglionic layer.—Immediately

external to the nerve-fibre layer is a

stratum of nerve-cells (figs. 419, 422, 2),

of a spheroidal or pyriform figure, and

having in the fresh condition a pellucid

aspect. Each cell has a single un-

branched process extending obliquely

from its rounded inner extremity amongst the fibres of the preceding

layer, with one of whichit is no doubt continuous. From the opposite

'^

^^::i;MLjAV.

.

"mC^m
Fig. 420.

—

Part of the Layek of

Nerve-Fibres on the Inner
Surface of the Retina (Kol-

liker). Slightly Magnified.

a, coUiciilus opticus ; h, yellow

spot ; c, rf, bundles of nerve fibres

passing round tliis ; e, e, bundles

radiating in all directions from the

point of entrance of the nerve.
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end of the cell, which is frequently imbedded in the granular substance

of the succeeding layer, one or more much thicker processes extend out-

wards for a variable distance into that stratum, and after branching

dichotomously once or twice become lost in its substance. The number
of nerve cells and consequently the thickness of the ganglionic layer in

the different regions of the retina varies exceedingly. Over the greater-

part of the retina they form a single stratum, but in the neighbourhood

of the yellow spot they are placed two or three deep. At the spot itself

(fig. 426, 2) they are very thickly set (from eight to ten deep) ; the cells

are also much smaller here, and are bipolar. Towards the ora serrata,

on the other hand, there is but a single stratum, and that frequently

incomplete.

o. Inner molecular layer.—Next in order to the ganglionic layer

comes a comparatively thick stratum of a granular-looking substance,

which in the perfectly fresh condition presents, under high powers of the

microscope, the appearance of a pale, homogeneous matrix with numerous
minute clear globules or granules, imbedded in it. The fibres of jMiiller

pass through the substance composing this layer without being directly

connected with it ; the off"sets of the ganglion-cells can also be traced

into it for a greater or less distance ; and, finally, the fine, varicose

central processes of the nuclear bodies of the layer next to be
described, can be followed a short distance into the layer in question

(fig. 422), passing in the direction of the ganglionic and nervous layers.

Flattened cells, similar to those noticed in the nerve-fibre and ganglionic

layers, are also said to occur in the inner molecular layer, especially on
its surfaces (Golgi and Manfredi).

The exact nature of the substance composing this layer is still a matter of

doubt. By Max Schultze it was described as a reticulating mass with numerous
fine intercommunicating meshes, supported in which was supposed to be a fine

network formed by ramifications of the ganglion-cell processes, which become
lost to view in this layer. Schultze further described it as being of the same
nature as and intimately connected with the system of Miillerian fibres. Schwalbe,

however, has shown that these pass through the inner molecular layer sometimes

with a smooth contour and always without giving off lateral offsets to it ; and,

moreover, that they are of a different chemical natm-e from the substance of the

molecular layer.

4. Inner nuclear layer.—Tliis is mainly composed of several strata

of characteristic transparent nucleus-like bodies, which are frequently

known collectively as the " inner granules," but are nevertheless of three

or four distinct kinds. Those of one kind, few in number, are connected

with the fibres of Miiller as these pass through the layer, and will most
conveniently be described with those fibres. Those of the second kind
(fig. 422, 4), by far the most numerous, are prolonged at either end into

a delicate fibre, and contain each a clear, round or oval nucleus, with

a distinct nucleolus. These last (the nucleus and nucleolus) resemble
very closely the analogous structures found in ganglion-cells, and indeed

the bodies in question are commonly regarded as bipolar nerve-cells,

but with the protoplasm of the cell very small in amount, devoid of

granules, and principally collected at either end of the cell.

Of the cell processes or fibres which proceed from these ends, the inner

one, or that extending into the inner molecular layer towards the gan-
glionic and nerve-fibre layers, is finer than the other, is always unbranched,
and commonly exhibits minute varicosities similar to those on the ultimate
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fibrils of the nerves. A direct connection of these inner processes with

the out\Yarclly extending branches of the large nerve-cells of the gan-

glionic layer has never been completely substantiated ; but it is con-

sidered probable that some of them may be so connected, while others

may pass directly to the nerve-layer and there become continued into a

nerve-fibre. The outer prolongation or process of the bipolar cell is on

the other hand thicker than the inner one, and, moreover, after a longer

or shorter course, divides into branches. This division commonly occurs

just beyond the limit of the inner nuclear layer, immediately within the

succeeding (outer molecular) layer ; frequently it is into two, which pass

off almost" at a right angle. The further destination of these branches is

unknown, but they are believed to break up into exquisitely fine fibrils,

forming a plexus in this situation. The outer process differs further

from tiie inner in not exhibiting varicosities ; occasionally it has a finely

o-ranular appearance. These cells have sometimes, but rarely, been

observed to possess more than two such processes (Ritter, Hulke).

The relative length of the inner and outer process naturally differs according to

the position of the individual cell in the nuclear layer ; if the ceU is near the

inner molecular layer the outer process will have a longer course to reach the

outer molecular layer, and. conversely, if the cell is near the latter ; in almost all

cases, however, the inner process is the longer of the two, extending, as before

mentioned, for some distance into the contig-uous molecular layer. At the macula

lutea these processes or fibres of the inner nuclear layer have a markedly oblique

direction, in other parts of the retina they run vertically towards the sui-faces.

The third kind of " inner granule " is entirely different from the

other two. The cells, each of which has a distinct nucleus and nucle-

olus, are exclusively collected at the innermost part of the inner

nuclear layer, where in man they form an almost complete stratum

(Vintschgau). They appear to \)Q devoid of processes, but further

investigations are re-

Fig. 421. quired as to their

nature, as well as

Avith regard to certain

other cells {fonrih

variety) which are

scattered here and
there in the ouler-

«20.s/part of the layer,

next to the outer

molecular layer, and
are distinguished

from th.e ordmary
" inner granules " by
their rounded form

and larger size, and
also, according to W.
Krause, in possessing

only one process—an

inner one—which he

Fis 421.—Branched Cells with the Uniting Feltwork

OF Fibres from the Outer Molecular Layer of

THE Horse's Retina (Schwalbe). Highly Magnified.

regards as a terminal nerve-fibre.

5. Outer molecular layer.—The outermolecularlayerismuch thinner

than the inner, but otherwise presents, in vertical sections of hardened
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retina, a similar granular appearance, with a few scattered nuclei in its sub-
stance, and in which, in the human retina and in that of most mammals,
it is difficult to make out any definite structure. In the horse's retina,

however, as Eivolta and others have shown, it is possible, in properly
prepared and isolated portions of the layer, to ascertain the existence
within it of flattened, irregular or stellate, finely branched, delicately

granular cells to which the nuclei in question belong (fig. 421). The
cell-offsets, which are excessively fine, form by repeated branching and
union a close network or feltwork throughout the layer, the substance
of Avhich is in this way formed by them. The nuclei of the cells are
clear and distinct, each with a comparatively large nucleolus ; the fine

fibres of the network are stated by Golgi and Manfredi to exliibit vari-

cosities like nerve-fibrils, but according to Schwalbe the varicose fibrils

in all probability do not actually form a part of the network but are
intercalated m its meshes. It is, therefore, uncertain whether these
cells are to be regarded as of a nervous nature themselves or merely as
supporting structures for the true nervous elements. There is little

doubt that a similar structure exists in mammalia generally.

6. Outer nuclear layer.— This (figs.419,422, 6) resembles very closely

at first sight the inner nuclear layer, appearing, like that, to consist of
several strata of clear, oval or elliptical, nuclear corpuscles (outer gran-
ules), from the ends of which delicate fibres are prolonged. They differ,

however, essentially from the mner granules, and may be readily dis-

tinguished from them. These outer granules are of two kinds, which
present well-marked differences and are known respectively as the rod-
granules and cone-granules, according as they are connected with the
rods or with the cones of the next retinal layer. Those which are con-
nected with the rods are, in most parts of the retina, by far the more
numerous, and form the mam thickness of the outer nuclear layer.

They may be regarded as enlargements or swellings m the course of
delicate fibres (rod-fibres), which extend from the inner ends of the rods,

at the membrana liraitans externa through the thickness of this layer
to the outer molecular layer. The enlargements, of which there is but
one to a fibre, situate at any part of its course, are each occupied by
an elliptical nucleus which is devoid of a nucleolus, but which, in the-

fresh condition, exhibits a remarkable cross-striped appearance (Heule),,

the strongly refracting substance which mainly composes it being inter-

rupted by bands or disks of a clearer less refracting material, usually
two in number, one on each side of the middle line (fig. 422), but occa-
sionally single and median (see the left-hand one in fig. 422). The rod-
fibres are of excessive fineness, and exhibit frequently minute varicosities

m their course : each is directly continuous at the outer end with one
of the rods, but at the inner end appears usually to terminate in a
somewhat larger varicosity, from the margin of which exquisitely fine

fibrils may, in some animals, be traced extending into the substance of
the outer molecular layer.

Those outer granules which are connected with the cones are,

in most parts of the retina, much fewer in number than the rod-
granules, from which they are distinguished by their shape, which is

somewhat pyriform, by the absence of transverse striation, and by their

position—for they occupy the part of the outer nuclear layer nearest
the membrana limitans externa, and the larger end of each is thus in
close proximity to the base of the corresponding cone, with which it is
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Fig. 422.

Fig. 422.

—

The Nervous and Epithelial
Elements op the Retina (Semidiagram-
MATic). After Schwalbo.

The members are the same as in fig. 419.

The extent of the molecular layers is indicated
merely by lines of shading.

directly connected, or there is at

most a short, comparatively thick

stalk uniting the two (see fig. 422).

At the macula lutea, however,

where only cone-granules are met
with, many of them are further

removed from the limiting mem-
brane, and the stalk is then longer

and more attenuated. Tlie nucleus

of each, whicli, as in the case of

the rod-granules, occupies almost
all the enlargement, contains a
distinct nucleolus. The cone-fibre

is very much thicker than the

rod-fibres above described. It

passes from the smaller end of the

pear-shaped enlargement straight

through the outer nuclear layer

to reach the outer molecular layer,

upon which it rests by a some-

what spread-out end. From the

edges of this, numerous exces-

sively-fine fibrils pass into the

substance of the molecular layer.

Moreover a delicate striation or

fibrillation has occasionally been
described in the cone-fibre itself.

7. The layer of rods and
cones.—Bacillary layer (fig. 422,

7). The elements which compose
this layer are, as their name im-

plies, of two kinds, those of the

one kind—the rods—having an
elongated cylindrical form; the

cones on the other hand being

shorter, much thicker, bulged at

the inner end or base, and termi-

nated externally by a finer taper-

ing portion. Both rods and cones

are closely set in a pallisade-like

manner over the whole extent of

the retina between the raembrana
limitans externa and the pigmen-

tary layer (fig. 419, 7); except at

the macula lutea, where only cones

are met with, the rods far exceed

the cones in number. Their rela-

tive number and arrangement is

well exhibited when the layer is

viewed from the outer surface, as

in fig. 423, where a represents a

portion of the layer from the

macula lutea ; I>, from the im-
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mediate neighbourhood of the latter, and c, from the peripheral part of

the retina.

The rods and the cones, although differing thus in shape and size

Fiff. 423. Fig. 424,Fig. 423.

—

Outer Surface of the Colum-
nar Layer op the Eetina (Kollilcer).

350 Diameters.

a, part witliin tlie macula lutea, where
only cones are ijresent ; b, part near the

macula, where a single row of rods inter-

venes between the cones ; c, from a part

of the retina midway between the macula
and the ora sen-ata, showing the preponder-

ance of the rods.

Fig. 424.—A Rod and a Cone from the Human Retina (Jlax

Schultze). Highly Magnified.

In the red the longitudinal striation of both the outer and inner

segments is shown ; in the cone the transverse striation of the outer

segment and the longitudinal of the inner. In both the fibrillation of

the inner segment is much more extensive than usual ; /, limitans

externa.

aGjfee in many points of structure. Thus, each consists

of two distinct segments—an inner and an outer ; the

division between the t\yo occurring, in the case of the

rods, about the middle of their length (in man); in the

cones at the junction of the finer tapering end-piece with
the basal part ; consequently, the outer and inner seg-

ments of the rods are nearly similar in size and shape,

the inner being, however, slightly bulged as a rule,

whereas the inner segme^it of each cone far exceeds the

outer one in size, the latter appearing merely as an
appendage of the inner segment (fig. 424). The two
segments both of the rods and cones exhibit well-marked
differences, both in their chemical and optical characters, as well as

in the structural appearances which may be observed in them. Thus,
while in both the outer segment is doubly refracting in its action upon
light, the inner is, on the contrary, singly refracting : the inner becomes
stained by carmine, iodine, and other colouring fluids, whilst the outer
remains colourless. The outer segment in both shows a tendency to

break up into a number of minute super-imposed disks, whereas the
inner segment is itself again distinguishable into two parts—an outer
part, apparently composed of fine fibrils, and an inner part, homoge-
neous, or finely granular, and at the membrana limitans externa, directly

continued into a rod or cone-fibre, the disposition of which in the
outer nuclear layer has been already described.

In the Older segments of the rods there can be detected by the aid
of a powerful microscope, besides a delicate transverse striation (fig.

422), corresponding to the superposed disks of which, as above indi-

cated, they appear composed, also fine longitudinal markings wdiich

are due to slight linear grooves by which they are marked in their

Avhole extent. Externally the segment projects into the pigmen-
tary layer with a somewhat rounded-off extremity. Internally it

is overlapped for a short distance by a delicate fibrillated prolongation
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of the margin of the inner segment. The outer segments of the cones

taper gradually to a blunt point and do not appear to exhibit

the superficial groovings, but the transverse markings are somewhat
more evident than in the rods (fig. 424), altliough the}- do not so

readily break up into the separate disks as in the latter. This

has been accounted for by supposing the existence of an excessively

delicate membrane covering the whole of the outer segment of the

cones.

In the inner segments, th.Q proportion which the fibrillated part bears

to the homogeneous basal part differs in the rods and cones. In the

rods the fibrils usually occupy only the outer third of the inner seg-

ment (fig. 422), ceasing abruptly at its junction with the middle third;

in the cones, on the other hand, they occupy about the outer two-thirds

of the segment, only the part nearest the membrana limitans remaining

free from fibrils. The fibrils in question are for the most part straight

and parallel, and strongly refracting. Sometimes, in the cones, instead

of this outer part of the inner segment appearing fibrillated, it appears

homogeneous, but is nevertheless well marked off from the inner part

by its strong refractivity.

This condition of a pcart of tlie inner segment cf tlie cones is much better

marked in most of the lower vertebrata, where it is met with as a distinct strongly-

refracting body, situated in the middle or outer part of the segment, and is known
from its shape as the " ellipsoid." Moreover, in these animals, the fibrils are

absent from the inner segments of the rods also, a peculiar, strongly refracting
" lenticular " body being met with at their outer jiart, corresponding to the

ellipsoid of the cones. Further, in birds, reptiles, and amphibia, there is found

in the extreme outer part of the inner segment of each cone a minute globular

body, apparently of a fatty nature, which in some is clear and colomdess, but in

many cones is brightly-coloured of a tint varying in different cones from red

to green— red and yellow being the most common. Blue and violet are not

met with, but by the action of iodine the colours of all liecome changed to blue.

Sometimes the whole inner segment is found to be slightly tinted of the same
colour as the " oil-globule." In all vertebrates below mammals, double- or twin-

cones are here and there mot with, which resemble two cones joined near their

base, but separate and distinct towards their apex. Numerous other differences

and peculiarities are found in animals : thus in birds the cones are more nume-
rous than the rods ; in many reptiles only cones are met with ; while in some
fishes (sharks and rays), in most nocturnal mammals, and in the owl, the cones

are either altogether absent or are but few and rudimentary.

Fi-. 425.

Fig. 425.

—

Pigmented Epithelium of the Hum.vn Retina (Max Schultze.) Higuly
Magnified.

«, cells seen from the outer surface with clear lines of intercellular substance between ;

h, two cells seen in profile with fine offsets extending inwards ; c, a cell still in connec*

into with the outer ends of the rods.
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8. The pigmentary layer.—This layer, which bounds the retina

externally, and was formerly known as the hexagonal pigment of the

choroid, consists of a single stratum of hexagonal epithelium cells

(fig. 425). The outer surface of each cell—that which is tm'ned
towards the choroid—is smooth and flattened, and the part of the cell

near this surface is devoid of pigment, and usually contains the

nucleus ; the inner boundary, on the other hand, is not well marked, for

the substance of the cell, which here is loaded with pigment, is pro-

longed into excessively fine, straight, filamentous processes (fig. 425, h),

v^'hich extend for a certain distance between and amongst the outer

segments of the rods and cones. The pigment granules are placed

for the most part, both in the cells and cell-processes, with their

long axes at right angles to the surface of the retina. The intervals

between the rods and cones are only partially filled by the ]3rocesses of

the hexagonal pigment-cells ; the remaining part appears to be occu-

pied by a clear pellucid material which, according to Henle and H. Midler,

is of a soft elastic consistence during life and in the fresh condition,

but soon liquefies after death ; but according to Schwalbe, would appear
to be normally liquid. In the embryo, between the hexagonal pigment
and the remainder of the retina, there is a distinct cavity or cleft filled

with fluid (remains of primary optic vesicle).

The sustentacular tissue of the retina : Mtillerian or radial
fibres.—In addition to the elements above described, which are for the

most part special to the particular layer where they occur, there are

certain other structures which are common to all the layers, passing
through the whole thickness of the retina from the inner almost to the

outer surface, and, if not actually themselves of the nature of connec-

tive tissue, at least serving the same kind of purpose, namel}', to bind
together and support the more essential and delicate structures of the

membrane. These sustentacular fibres or fibres of Midler, commence
at the inner surface of the retina by a broad conical base or foot, which
is not solid but hollowed out, the hollow being filled by granular pro-

toplasmic substance, and often containing a nucleus. The feet of

adjoining fibres are united together at their edges, so as to give, in

vertical sections of the retina, the appearance of a distinct boundary
line (fig. 419) ; this has been named memhrana limitans interna, but, as

may be inferred from the above description, it is in no way a continuous

or independent membrane. The fibres pass through the nerve- and
ganglionic layers, with a smooth contour, or with but two or three well-

marked lateral projections from which fine lamellar processes extend
amongst the elements of these layers : gradually diminishing in size

they then traverse the inner molecular layer, without, according to

Schwalbe, becoming actually connected with the soft substance which
mainly composes it, although in the mammalian retina the fibres are

marked by slight projections in passing through this layer. In the

inner nuclear layer they again give off excessively delicate flattened

jDrocesses from their sides, which pass around the inner granules and
serve to support them. Moreover, each Mtillerian fibre is here charac-

terised by the presence of a clear oval or elliptical nucleus (already

mentioned in the description of the inner nuclear layer), containing a
distinct nucleolus, and situated at one side of, and in close apposition

to the fibre to which it belongs. On reaching the outer nuclear layer

(after passing through the outer molecular) the fibres of Miiller break
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up iuto fine fibrils and tliin transparent lamellie, and in this form they

pass outwards through the layer, between the outer granules and the

rod and cone-fibres, more or less enclosing these structures, and some-
times forming almost complete, delicate sheaths for them. At the level

of the bases or central ends of the cones and rods, the numerous offsets

unite around those structures along a definite line which marks the

boundary between the outer nuclear layer and the layer of rods and
cones, and has been termed memhrana VtmUans cxicrna. This also, like

the m. L i/ifcnia, is in no way a continuous membrane, nor is it isolable

from the Miillcriau fibres ; indeed, numerous fine fibrillar off"sets of
these pass a short distance beyond the so-called limiting membrane,
and closely invest the bases of the inner segments of the rods and
cones.

The Miillerian fibres sometimes exhibit a fine striation. They swell

up and become indistinct on treatment witli acetic acid and dilute

alkalies, but much more slowly than connective tissue fibrils ; more-
over, they are not dissolved by boiling in water. They are much less

developed in the central and posterior part of the retina than in the
peripheral and anterior ; towards the ora serrata they are very distinct

and closely set.

Structure of the Macula lutea and fovea centralis (fig. 426).

—

The peculiarities in structure which these present have been for the
most part incidentally noticed in the preceding description of the retina

layers. Thus in the first place no rods are met with, and the cones are

Fig. 426.

Fig. 426.

—

Vertical Section through the Macul.v Lutea and Fovea Centralis ;

DiAURAMMATic (after Max Scliultze).

1, nerve layer ; 2, ganglionic layer ; 3, inner molecular ; 4, inner nuclear ; and 5,

outer molecular layers ; 6, outer nuclear layer, the inner part with only cone-fibres form-
ing the so-called external fibrous layer ; 7, cones and rods.

much longer and narrower, especially opposite the fovea centralis, than
elsewhere. All the other layers are very much thinned at the fovea,

but towards its margin most of them are thicker than at any other
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427

part of the retina. The ganglionic layer (2) is especially thickened,

the cells being from six to eight deep, bipolar and situated rather

obliquely. The nerve-fibre \njev (1) gradually gets thinner towards

the edge of the fovea, the fibres dipping in to join the inner ends of

the bipolar ganglion-cells. The fibre which passes from the other

end of each of the latter is said to bifurcate, each branch becoming

connected with a granule of the inner nuclear layer (Merkel). The
inner granules are also somewhat obliquely disposed, are large, and near

the bottom of the fovea, where the layers of nerve-cells and of inner

granules run together, they can hardly be differentiated (Hulke). The
outer nuclear layer (G) is occupied in the greater part of its thick-

ness by the very long and obliquely disposed cone-fibres ; the corre-

sponding nucleated enlargements are only two or three deep, and take

up a comparatively small portion of the layer.

The yellow tint of the macula is deepest towards the centre : it is

due to a diffuse colouring matter which is seated in the interstices

between the elements of the several layers, except in the layer of cones

and the outer nuclear layer. It is soluble in water or alcohol, and

absorbs the blue and violet rays of the spectrum.

Structure of the ora serrata and pars ciliaris.—At the ora

serrata the numerous complex layers of the retina for the most part

disappear, and in front of tlie ora serrata, the retina is repre-

sented merely by a single

stratum of elongated co-

lumnar cells with the

pigmentary layer external

to them {pars ciliaris).

The transition is, in

man, somewhat abrupt,

all the changes being met,

within a zone of about
^i^ in. only in breadth.

Tne layer of rods ami

cones (fig. 427, /7) first dis-

appears, the cones continu-

ing rather further than the

rods, but soon ceasing ;

the nerve- and ganglionic-

layers, which were already

very thin near the ora,

here cease altogether ;

the inner molecular

layer (c), which is now
largely occupied by Miil-

lerian fibres, retains its

thickness up to a certain

point, and then suddenly terminates with a rounded off margin («')»

while the nuclear layers, outer and inner, (/, d), here become merged
into a single layer, which is continuous with the columnar cells of

the pars ciliaris. These (fig. 427, m), which are at first of consider-

able length, become gradually shorter anteriorly ; they are finely

granular or striated in appearance (fig. 428, 2), each with a clear oval

nucleus at the outer part of the cell, neax the pigmentary layer. The

Fig. 427.

—

Vertical Skction through the Choroid
AND Retina near the Ora Serrata (Kolliker).

60 Diameters.

«, lij'aloid membrane ; h, limiting membrane and
nervous layer of the retina ; c, ganglionic and inner

molecular layers with closely set Miillerian fibres ; d,

inner nuclear ; e, outer molecular
; /, outer nuclear

layer
; g, columnar layer ; h, pigment ; i, k, choroid

;

I, part of one of the ciliary ijrocesses ; m, pars

ciliaris of the retina. (The recess shown at it! is not

constant.)
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Fig. 428.

inner end may be rounded, pointed, square, or even branched ; the

sides of the cells, too, are sometimes uneven.

These cells are considered by KoUiker to coiTespond with the Miillerian fibres

of the retina, but according to Schwalbe these fibres, or rather their united inner
ends, are more probably represented by a delicate memlirane, which covers the
inner ends of the columnar cells and sends fine offsets around and between
them, and which he believes to be continuous with the membrana limitans

interna.

Vessels of the Bietina.—A single artery (arfcria centralis retina)

passes between the bundles of fibres of the optic nerve to the inner

surface of the retina at the middle of the papilla optici (fig. 418, a.

It is accompanied by the correspond-

ing vein and soon divides into branches
(fig. 417), usually two, one above,

the other below, each of these again
dividing into two branches which
arch out towards the sides ; the outer

ones are somewhat the larger, and as

they bend round the macula lutea they

send numerous fine branches into it

which end at the margin of the fovea

centralis in capillary loops. The main
branches of the vessels pass forwards

in the nerve-fibre layer, dividing dichoto-

mously as they proceed, and giving otf

fine offsets to the substance of the

retina, where they form a close capil-

lary network, but tliis does not extend
beyond the inner nuclear layer. So that

the outer retinal layers are entirely desti-

tute of blood-vessels, and moreover the

vascular system of the retina is nowhere
in direct communication with the choroidal vessels. Near the

entrance of the optic nerve, however, it comes into communication
with some offsets from the sclerotic coat, and the choroidal vessels

also send in branches, which join the long-meshed network in the

optic nerve furnished by the central arter}'. The arteries of the

retina have the usual coats, but the veins resemble capillaries in

structure, their walls consisting of a single layer of epithelioid cells.

Outside this layer is a sjjace (perivascular lymphatic, His) both m
the veins and capillaries, bounded externally by a second epithelioid

layer (forming the wall of the 13'mphatic). Outside this again is found, in

the case of the veins, a layer composed of a peculiar retiform tissue
;

they appear to have no plain muscular tissue in their wall. These
perivascular lymphatics are in communication with the lymjDhatics

of the optic nerve, and may be filled by injecting coloured fluid

underneath the sheath which that nerve derives from the pia mater.

Other lymph-spaces also become injected by the same process, viz.,

the interstices between the nerve bundles which radiate from the

papilla optici, the capillary space between the limitans interna and
the hyaloid membrane of the vitreous humour, and finally even the
irregular interstice between the pigmentary layer and the layer of rods
and cones (Schwalbe).

Fig. -128.—A Sjiall Portion of

THE Cii.iARV Part of tiiI'^ Re-
tina (KolHker). o50 Diameters.

A, human ; B, from the ox ; 1,

pigment-cells ; 2, cells forming the

pars ciliaris.
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THE VITREOUS BODY.

The vitreous body, the largest of the transparent parts through which
the light passes to reach the retina, occupies the centre of the eyeball.

It is quite pellucid in aspect, and of a soft gelatinous consistence. Sub-
globular in form, it fills about four-fifths of the ball, and serves as a
support for the delicate retina, but it may be readily separated from the

latter, except behind, at the entrance of the optic nerve, where the
connection is closer, the retinal vessels having here entered it in

foetal life. At the fore part it is hollowed out for the reception of the

lens and its capsule, to which its substance is closely adherent.

The surface of the vitreous humour is covered everywhere except in

front by a thin glassy membrane, named lujaloid, which lies between
it and the retina. Ko vessels enter the vitreous humour in the adult,

and its nutrition must, therefore, be dependent on the surrounding
vascular structures, viz., the retina and the ciliary processes.

Although in the fresh state apparently structureless, or at least pre-

senting under the microscope but faint traces of structural elements

—

the so-called corpuscles of the vitreous humour to Avhich we shall im-
mediately recur,—yet in preparations hardened in weak chromic acid, or

acted upon in certain other ways, it is possible to make out a more or

less distinct lamellation of the vitreous body, especially its peripheral

part, that, namel}', nearest the

retina, which part in the human Fig- 429.

eye has a somewhat firmer con-

sistence than the more central

portion. From the appearances

(fig. 429) which have been
obtained with such modes of

preparation it has been con-

jectured by various observers

that at least in this part the

vitreous substance is divided

into enclosed, flattened compart-

ments by a number of exces-

sively delicate membranes ar-

ranged concentrically and there-

fore parallel to the surface, but the

existence of such membranous
partitions has not been con-

clusively demonstrated. That,
however, the vitreous substance
does in some way consist of a

firmer material—whether or not

in the shape of continuous membranes—enclosing in its meshes
the more fluid portion, is shown by the fact that if either the whole or a
piece of the vitreoushumour be thrown upon a filter, a small proportion
always remains upon the latter ; although by far the larger part drains

away, and may be collected as a clear watery fluid.

In addition to the above-mentioned concentric striation, a radial

marking has also been observed in sections of the human vitreous

Fig. 429.

—

Horizontal Section of the
Horse's Eye, hardened in Chromic
Acid (after Hannover).

The vitreous humour appears concentric-

ally and meridionally striated throughout its

whole depth.
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humour, made transversely to the axis of tne eyeball (fig.430), but whether
there is any ])re-existent structure to account for the appearance is

not known. It is conceivable that these appearances may be merely
produced by the manner in which the albuminous
substance has undergone coagulation l)y the reagent
em])loyed.

However this may be, there exists, nearly but
not quite in the axis of the eye, a definite struc-

ture in the shape of a distinct canal, about a
line in diameter, filled with fluid and extending
from the 2^ctpilla optid to the back of the lens cap-

sule where it apparently terminates blindly. This
is the cmialis hialoideus or ccmal of SlUlinri. It

FlS. 431). —lilANSVERSE • i , i
• j.1 r 1 J i i

Section of Human ^^ "^st shown m the fresh eye, and may be also

Eye, hardened in injected by forcing a coloured solution under the
Chromic Acid, SHOW- pia-matral sheath of the optic nerve (Schwalbe).
iNG Radial Stri-

'yIiq canal widens somewhat towards its posterior
ation of the \ it- l : n 1 j? • i i t
REous Body (after P^^'^

'• ^^s wall IS composed of an excessively dcli-

Hannover). cate homogeneous membrane.
Scattered about throughout the substance of the

vitreous humour are a variable number of corpuscles, for the most part

capable of exhibiting amoeboid movement and many of them apparently

of the nature of white blood corpuscles. Some of the cells here met with
are remarkable for the very large vacuoles which they contain, and which
distend the body of the corpuscle, pushing the nucleus to one side ;

the cell processes are for the most part peculiar in possessing numerous
little secondary bud-like swellings, or they may present a varicose ap-

]iearance, like strings of pearls. Similar bodies are also found floating

free in the vitreous humour. IwanhofT further describes other cells,

especially frequent near the perijdiery, of a stellate and spindle-shaped

form and possessing similar processes.

The fluid collected from the vitreous humour consists chiefly of

water ; it contains, however, some salts with a little albumen, in the

form of an albuminate of soda, and, in the human eye, also traces of

mucin.

The hyaloid memhrane invests, as before mentioned, the whole of
the vitreous humour, except in front, where the membrane passes

forwards to the anterior part of the margin of the lens, becoming also

firmer in consistence and distinctly fibrous in structure. This portion

of the hyaloid is known as the zoivila of Zinn, and the suspensory J'Hja-

ment of the tens (fig. 431, z, 1 1). The posterior part, or hyaloid proper,

is exceedingly thin and delicate, and is readily thrown into folds when
detached. Under the microscope it presents no appearance of struc-

ture : but, flattened against its inner surface are generally to be seen

a number of granular nucleated corpuscles, which exhibit amoeboid
movements : they appear to be merely migrated white blood corpuscles.

The ciliary part or zonula, on the other hand, presents radiating

meridional fibres, stiff in appearance, and apparently intermediate in

character between elastic and white fibres of connective tissue ; they
commence generally about opposite the ora serrata, and confer con-
siderable stoutness upon this portion of the hyaloid membrane, which
here, as its name implies, assists in supporting the lens, to the capsule
of which it is anteriorly firmly attached. Moreover, this part of the
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hyaloid, being opposite to the ciliary processes, differs from tlie rest in

the fact that instead of presenting a smooth and even surfoce, it

exhibits, when separated, small, regularMd&—processus ciUayes zonidcn—

Fig. 431.

Fig 431.

—

Sectional view of the Connections of the Cornea, Sclerotic, Iris,

Ciliary Muscle, Ciliary Processes, Hyaloid Membrane and Lens. \

The specimen extends from tlie mitldle of the lens to the era serrata on the inner side

of the right eye. C, cornea ; cs, conjunctiva ; ce, epithelium of the conjunctiva ; dp,
posterior elastic layer ; le, ligamentum pectinatum iridis ; S, sclerotic ; A, the aqueous
chamber ; up, the recess forming the posterior division of the aqueous chamber : SV, canal

of Schlemm ; ir, radiating muscle of the ins ; io, divided fibres of the sphincter muscle
;

u, pigment layer or uvea ; In, centre of the crystalline lens ; /c, capsule of the lens ; Ice,

layer of cells in front of the lens ; clr, radiating ciliarj' muscle ; cio, divided annular

fibres ; cip, ciliary process ; Ch, choroid ; R, retina ; o, ora serrata ; re, the ciliary part

of the retina ; /*, hyaloid membrane ; P, canal of Petit ; Z, zonule of Zinn; U, suspensory

ligament of the lens proceeding from the hyaloid covering the ciliary process towards

the front of the capsule of the lens ; am, anterior margin of the vitreous humour, V.

(in the intervals of which a small amount of pigment commonly remains
attached): these fit closely into the intervals between the true ciliary pro-

cesses. Between the last named and the lens the ligament is free from
jilaits, and forms part of the posterior boundary of the aqueous chamber.
Its posterior surface is turned towards the vitreous humour, but is sepa-

rated from the latter near the lens by a zonular space, triangular in

section, named the canal of Petit (fig. 431, p). During life, in all

probability, the vitreous humour extends into and almost or entirely

occupies this space ; but after death it may be injected with fluid or

distended with air : if this be done after removal of the anterior parts

which support and enclose it, the folds of the suspensory ligament on
its front are distended, and the canal presents a sacculated appearance,
as in fig. 432.
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According- to another and more generally received account the hyaloid mem-
brane divides in front into two layers

; an anterior, continued forwards as the
zonule of Zinn, and a posterior, passing behind the lens ; the canal of Petit being
contained between them.

Fiff. 432. Fig. 432.

—

View from before op the Canal of Petit
INFLATED (from Sajipey).

The anterior parts of tlie sclerotic, choroid, iris and cornea
having lieen removed, tlie remaining parts are viewed from
liefore, and the canal of Petit has been inflated with air
tln-ough an artificial opening. 1, front of the lens ; 2,
vitreous body

; 3, outer border of tiie canal of Petit ; 4, outer
part of the zonule of Zinn ; 5, appearance of sacculated
dilatations of the canal of Petit.

THE LENS.

The lens (kns crijstalUna) is a transparent solid body, of a doubly
^jnvex shape, with the circumference rounded off. It is completely
enclosed by a transparent elastic membrane known as the capsule of
the Ions. The anterior surface is in contact with the iris towards the

conv^

pupil, receding from it slightly at the circumference ; the posterlor

•iija. -OtJTLINEb ILLUilTRATIKG THE CoUUSE OF THE FuillES IN THE F(ETAL

Crystalline Lens. I

This diagram represents the typical or more simple state of the fibres in the fuU-

gi'own fcetal or infantile condition ; the three dotted lines radiating at equal angles of

120° from the centre indicate the position of tlie intersecting planes, where they reach

the surface ; the figures 1, 2, 3, 4, 5, and 6, indicate certain fibres selected arbitrarily at

equal distances in one-sixth part of the lens to show their course from the front to the

baclv ; A, the anterior surface ; B, the posterior surface ; C, the lateral aspect : in these

several figiu-es, for the sake of clearness, a few lines only are mtroduced into the ujjper

third, while in the lower two-thirds a greater numlier are marked ; but no attempt is

made to represent tlie number existing in nature ; the parts of the dotted line marked
c, are on a level with the centre of the several lenses.

rests closely on the vitreous body. Around the circumference is the
canal of Petit. Its convexity is not alike on the two surfaces, being
greater behind ; moreover, the curvature is less at the centre than
towards the margin. It measures about ^rd of an inch across, and
-^th from before backwards. In a fresh lens, divested of its capsule.



THE LENS. 623

the onter portion is soft and easily detached ; the succeeding layers

are of a firmer consistence ; and in the centre the substance becomes
much harder, constituting the so-called nucleus. On the anterior and
posterior surfaces are faint white lines directed from the poles towards the

circumference ; these in the adult are somewhat variable and numerous

Flo-. 434. Fife. 43G.

Fig. 434.

—

Front View of the Fibrotts

Structure of the Adult Lens (from
Sappey after Arnold),

f

In this figure more numerous planes of

intersection of the fibres are shown than in

fig. 4u3.

Fi" 4.^.-.

Fig. 435.

—

Laminated Structure op the
Crystalline Lens, shown after hard-
ening IN Alcohol (Arnold), l

on the surface (fig. 434), but in the

foetal lens throughout, and towards

the centre of the lens in the adult,

they are three in number, diverging

from each other like rays at equal

angles of 120° (fig. 433, b and c).

The lines at opposite poles have an
alternating position (not being over

one another), thus of those seen on
the posterior surface, one is directed

vertically upwards (fig. 433, b), and

Fig. 436.

—

Fibres of the Crystal-
line Lens. 350 Diameters.

A, longitudinal view of the fibres of

the lens from the ox, showing the ser-

rated edges. B, transverse section of

the fibres of the lens from the human
eye (from Kolliker). C, longitudinal

view of a few of the fibres fi-om the
equatorial region of the human lens

(from Henle). Most of the fibres in C are

seen edgeways, and, tovrards 1, jiresent

the swellings and nuclei of the " nuclear
zone ;

" at 2, the flattened sides of two
fibres are seen.
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the other two downwards and to either side, whereas those on the

anterior surface are directed one directly downwards and the other

two upwards and to the sides (a). These lines are the edges of planes

or septa within the lens diverging from the axis, and receiving the ends

of the lens-fibres, which here abut against one another. As Tweedy
has pointed out, they may be seen, by the aid of the ophthalmoscope,

even during life.

STRUCTURE OF THE LENS AND ITS CAPSULE.

"When the lens has been hardened and the capsule removed, a succes-

sion of concentric laminae may be detached from it like the coats from

an onion. They are, however, not continuous all round as a rule,

being apt to separate into parts opposite the radiating lines above

described (fig. 435). The laminfB are composed of long, riband-shaped,

microscopic fibres, to^oo i^^ch broad, which adhere together by their

edges, the latter being often finely serrated (fig. 4oG, a), and pass in a

curved direction (fig. 436, c), from the intersecting planes of the anterior

half of the lens to those of the posterior half, or vice versd .- in this

course no fibre passes from one pole to the other, but those fibres which

begin near the pole or centre of one surface, terminate near the mar-

ginal part of a plane on the opposite surface, and conversely ; the inter-

vening fibres passing to their corresponding places bet ween. The
arrangement will be better understood by a reference to fig. 433, c, where

the course of the fibres is diagrammatically indicated.

The lens fibres, as the history of their development shows, are to be

looked upon as very much elongated cells. In the young state each has

a clear oval nucleus, but in the fully-formed lens the nuclei have dis-

appeared from the fibres which form the more internal parts of the lens,

and only remain in the most superficial layers. Here they are found,

not quite in the middle of each fibre, but slightly nearer the anterior

end, their situation nearly corresponding in adjacent fibres, and they

form by their juxtaposition the so-called " nuclear zone" around the

lens. The superficial fibres further differ from the more deeply seated

ones in being softer, and in possessing a plain, unserrated margin.
The extremities of all the fibres are softer and more
readily acted on by reagents than the middle parts,

and the axial or more internal part of a fibre more
so than the external, but the transition is gradual

from one to the other, and there is no definite

membrane enclosing each fibre. The lens-fibres

when cut across are seen to be six-sided prisms

(fig. 43G, B). By reason of this shape, and the

serrations of their edges, they fit very exactly the

one to the other with but little interfibrillar

cementing substance between. This is met with

in rather larger quantity in the intersecting planes

between the ends of the fibres. In fishes, and some
other animals, the edges of the lens-fibres are

much more distinctly and regularly toothed than
in man.

At the back of the lens the fibres are directly in contact with the
inner surface of the capsule, but in front they are separated from the
latter by a single layer of flattened, polygonal, nucleated cells (fig. 437),

Yv'. 437

<^lJ^

Fig. 437.

—

Cells ly-

ing BETWEEN THE
Lens and its Cap-
sule (from Bow-
man). —
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whicli covers the whole anterior surface underneath the capsule. To-
wards the edge or equator of the lens the appearance and character

of these cells undergo a change : they first gradually take on a columnar
form, and then, becoming more and more elongated, present every
transition to the nucleated lens-fibres of the superficial layers, into

which they are directly continuous. This transition is more gradual
find easily traced in the lens of some animals than in man (see fig. 438).

Fi^. 438.

438.

—

Section through the Margin op the Rabbit's Lens, sHo-nrNa the
Transition op the Epithelium into the Lens-fibres (Babucliin).

The capsule of the lens is a transparent, structureless membrane,
somewhat brittle and elastic in character, and when ruptured the edges
roll outwards. It is very permeable to fluid, and in chemical reactions

appears to be intermediate between elastic and white connective tissue,

for it is slowly acted on by acids and dissolves by long boiling in water,

but the solution does not gelatinize in the cold. The body of the lens

itself contains about 60 per cent, water, and 30 per cent, solid matter ;

chiefly albuminoids.

The fore part of the capsule, from about -^ inch from the circumference,

where the suspensoiy ligament joins it, is much thicker than the back : at the
posterior ijole of the lens the capsule is very thin indeed. In the adult it. like

the lens itself, is entu'ely non-vascular, but in the foetus there is a network of

vessels in the capsule, sujiplied by the tenninal branch of the arteria cen-

tralis retinfc, which passes from the optic papiUa throug-h the canal of Stilling'

in the vitreous humour to reach the back of the capsule, where it divides

into radiating branches. After fonning a fine network, these turn round the
margin of the lens and extend forwards to become continuous with the vessels

ha the pupillary membrane and ii"is.

After death a small quantity of fluid (liquor Morgagni) frequently collects

between the back of the lens and the capsule : it appears to be derived from
the breaking dowTi of the lens fibres. There is no epithelium in this situation,

as in front.

Changes in the lens by age.—In the

foetus, the lens is nearly spherical (fig. 439, a)

:

it has a slightly reddish colour, is not perfectly

transparent, and is softer, and more readily

broken down than at a more advanced age.

In the adult, the anterior surface of the lens

becomes more obviously less convex than the

posterior (fig. 439, b) ; and the substance of the

lens is firmer, colourless, and transparent.

In old age, it is more flattened on both
surfaces (r); it assumes a yellowish or amber
tinge, and is apt to lose its transparency as

it gradually increases in toughness and specific

ffravitv.

Fig. 4.39.

a h O

Fig. 489.

—

Side View op'

the Lens at Diffkeenj?
Ages.

a, at birth with the
deepest convexity ; b, in
adult life with medium
convexity ; c, in old age
with consideraljle flatten-

ing of the curvatures.

s s
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AQUEOUS HUMOUR ANT> ITS CHAMBER.
The aqueous humour fills the space in the fore part of the eyeballj

between the capsule of the lens -with its suspensory lio;ament and the

cornea. It differs little from water in its physical characters ; but it

contains a small quantity of some solid matter, chiefly chloride of

sodium, dissolved in it. The iris, resting in part upon the lens, divides

the aqueous chamber partially into two, named respectively the anterior

and posterior chambers. This subdivision is incomplete in the adult,

but in the foetus before the seventh month it is completed by the mem-
brana pupillaris, which, by its union witli the margin of the pupil,

closes the aperture of communication between the two chambers.

The anterior cMmher is limited in front by the cornea and behind

by the iris, while opposite the pupil it is bounded by the front of the

lens and capsule.

The posterior chamber was originally so named in the belief that a

distinct free space intervened between the iris and the capsule of the

lens. It is now, however, well ascertained by observations on the living

eye, and by sections made in the frozen state, that the iris comes into

contact with the capsule of the lens, both at the pupillary margin and

at the adjoining part of the posterior surface ; and the term posterior

chamber can therefore—unless it be employed to indicate the want of

lontinuity between those opposed structures, where no space actually

intervenes—only be applied to the angular interval existing at the

circumference between the ciliary processes, the iris, and the suspensory

ligament.*

THE EAK.

The organ of hearing is divisible into three parts : the external

ear (fig. 440, 1, 2), the tympanum or middle ear (.3), and the labyrinth

or internal ear (6). The first two of these are to be considered as

accessories to the tliird, which is the sentient portion of the organ.

THE EXTERNAL EAR.
In the external ear are included the pinna—the part of the outer ear

which projects from the side of the head—together with the meatus or

passage which leads thence to the tympanum, and which is closed at

its inner extremity by a membrane (membrana tympani) interposed

between it and the middle ear.

THE PINNA.

Superficial configuration.—The general form of the pinna or

auricle, as seen from the outside, is concave, to fit it for collecting and

concentrating the undulations of sound, but it is thrown into various

elevations and hollows, to which distinct names have been given. The
largest and deepest concavity, a little below the centre of the organ, is

called the concha (fig. 441, 7) ; it surrounds the entrance to the external

auditory meatus, and is unequally divided at its upper and anterior

part by a ridge, which is the beginning of the helix. In front of the

* For the most recent and complete account of the anatomy of all the parts composing

and counected -vvith the organ of vision the reader is refeiTed to the elaborate articles by

Merkel, "Waldcyer, Schwalbe, I-wanoff, and Arnold, in Graefe and Saemisch's Handbuch
der gesammten Augenheilkunde ; which, we may add, has been freely consulted in com-

piling the present description.
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Fig. 440.
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Fig. 440:

—

Diagrammatic View from before op the Parts composing the Organ
OF Hearing op the Left Side (after Arnold).

The temporal bone of the left side, with the accompanying soft parts, has been detached

from the head, and a section has been carried through it transversely so as to remove the

front of the meatus externus.half the tympanic membrane,and the upper and anterior wall

of the tympanum and Eustachian tube. The meatus internus has also been opened, and
the bony labyrinth exposed by the removal of the surrounding parts of the petrous bone.

1, the pinna and lobe ; 2 to 2', meatus externus ; 2', membrana tympani ; 3, cavity of the

tympaaum ; 3', its opening backwards into the mastoid cells ; between 3 and 3', the chain

of small bones ; 4, Eustachian tube ; 5, meatus internus containing the facial (upper-

most) and the auditory nerves ; 6, placed on the vestibule of the labyrinth above the

fenestra ovalis ; a, apex of the petrous bone ; b, internal carotid artery ; c, styloid pro-

cess ; d, facial nerve issuing from the stylo-mastoid foramen ; e, mastoid process ;
/",

squamous part of the bone covered by integument.

Fig. 441.—OnTER Surface of the Pinna of the Right Fig. 441.

Auricle. |

1, helix ; 2, fossa of the helix ; 3, antihelix ; 4, fossa of

the antihelix ; 5, antitragus ; 6, tragus ; 7, concha ; 8,

lobule.

concha, and projecting backwards over the

meatus auditorius, is a conical prominence, the

tragus (fig. 441, 6), covered usually with hairs.

Behind this, and separated from it by a deep
notch (incisura intertragica), is another smaller

elevation, the antitragus (5). Beneath the

antitragus, and forming the lower end of the

auricle, is the loiule (8), which is devoid of the

firmness and elasticity that characterise the

rest of the pinna. The thinner and larger por-

tion of the pinna is bounded by a prominent
and incurved margin, the hdix (l), which,

springing above and rather within the tragus, from the hollow of the
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concha, surroimds the Tipper and posterior margin of the auricle, and
gradually loses itself in the back part of the lobule.* Within the helix

is another curved ridge, the antilielix (3), which, beginning below at the

antitragus, sweeps round the hollow of the concha, foi'ming the posterior

boundary of that concavity, and is divided superiorly into two diverging

ridges. Between the helix and the antihelix is a narrow curved groove,

the fossa of the helix (fossa innominata, scaphoidea) (2) ; and in the

fork of the antihelix is a somewhat triangular depression, i\\Q fossa of

the antilielix (fossa triangularis vel ovalis) (4).

Strtictnre.—The pinna consists mainly of yellow fibro-cartilage

and integument, with a certain amount of adipose tissue. It has

several ligaments and small muscles of minor importance.

The slmi covering it is thin, closely adherent to the cartilage, and
contains sebaceous follicles, which are most abundant in the hollows of

the concha and scaphoid fossa.

The cartilage (figs. 442, 443) forms a thin plate, presenting all the

inequalities already described as apparent on the outer surface of

the pinna, and on its cranial surface having prominences the reverse

of the concha and the fossa of the hehx, while between these is a

depression in the situation of the antihelix. The cartilage is not

confined to the pinna, but enters likewise into the construction of

the outer part of the external auditory canal. When dissected from
other structures, it is seen to be attached by fibrous tissue to the rough
and prominent margin of the external auditory meatus of the temporal

bone. The tubular part is cleft in front from between the tragus

and fore part of the helix inwards to the bone, the deficiency being

filled with fibrous membrane ; the whole cartilage may be looked

upon as an elongated plate, the lower part of which is folded round
in front so as to bring it nearly into contact with the upper part.

There is no cartilage in the lobule : it contains only f;it and tough

connective tissue. Behind the prominence of cartilage which forms

the antitragus is a deep notch, separating it from the cartilage of the

helix, which here forms a tail-like process descending towards the

lobule (fig. 443). At the fore part of the pinna, opposite the first bend
of the helix, is a small conical projection of the cartilage, called the

process of the helix, to which the anterior ligament is attached. Behind
this process is a short vertical slit in the helix ; and on the surface of

the tragus is a similar but somewhat longer fissure. A deep fissure

passes back between the commencement of the helix and the tube of

the ear, and another passing outwards and backwards from the deep

end of the longitudinal cleft separates the part forming the tragus from

the rest of the tube, so that the tube is continuous with the pinna only

by means of a narrow isthmus. One or two other irregular gaps or

fissures partially divide the cartilaginous tube transversely, and the

whole of these deficiencies are termed fissures of Santorini. The sub-

stance of the cartilage is very pliable, and is covered by a firm fibrous

23erichondrium.

Of the ligaments of the 2nnna, the most important are two, winch

* A slight pointed projection which is occasionally observed in the human subject at

the margin of the helix (at a place indicated by the asterisk in fig. 441) is of interest

as representing the much more distinct pointed extremity met with in the expanded ears

of quadrupeds (Darwin, "The Descent of Man," 2nd edition, p. 15). The point in

question happens to be distinctly seen in the cartilage represented in fig. 442.
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assist in attaching it to the side of the head. The anterior ligament,

broad and strong, extends from the process of the helix to the root of

the zygoma. The posterior ligament fixes the back of the auricle

(opposite the concha) to the outer surface of the mastoid process of the

temporal bone. A few fibres attach the tragus also to the root of the

zygoma. Ligamentous fibres are likewise placed across the fissures and
intervals left in the cartilage.

Of the miisctes of the pinna, those which are attached by one end to

the side of the head, and move the pinna as a whole, have been already

described (vol. i.) : there remain to be examined several smaller mus-
cles, composed of thin layers of pale-looking fibres, which extend from
one part of the pinna to another, and may be named the special muscles

of the organ. Six such small muscles are distinguished ; four being
placed on the outer and two on the inner or deep surface of the pinna.

The smatler muscle of the helix (fig. 442, 1) is a small bundle of ob-

lique fibres, lying over, and firmly attached to, that portion of the helix

which springs from the bottom of the concha.

The {jreater muscle of the helix (fig. 442, 2) lies vertically along the

anterior margin of the pinna. By its lower end it is attached to the

process of the helix ; and above, its fibres terminate opposite the point

at which the ridge of the helix turns backwards.
The muscle of the tragus (fig. 442, 3) is a flat bundle of short fibres

covering the outer surface of the tragus : its direction is nearly vertical.

The muscle of tlie antitraijus (fig. 442, 4) is placed obliquely over the

antitragus and behind the lower part of the antihelix. It is fixed at

Fig. 442.

—

Cartilage of the
Pinna exposed, with the
Muscles on its Outek Suk-
FACE,

1, musculiis lielicis minor
;

2, m. helicis majoi- ; 3, tra-

gicus ; 4, antitragicus.

Fig. 443. —Inner Surface of

THE Cartilage of the
Pinna with the Small
Muscles attached.

5, transversus auriciilffi

muscle ; 6, obliquus auriculas

muscle.

Fig. 442. Fig. 443.

one end to the antitragus, from which point its fibres ascend to be
inserted into the tail-like extremity of the helix, above and behind the
lobule.

The transverse muscle (fig. 443, 5) lies on the inner or cranial surface
of the pinna, and consists of radiating fibres which extend from the
back of the concha to the prominence which corresponds with the
groove of the helix.

The ohlique muscle (Tod) (fig. 443, 6) consists of a few fibres stretching
from the back of the concha to the convexity directly above it, across
the back of the inferior branch of the antihelix, and near the fibres of
the transverse muscle.
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Vessels and nerves of the pinna.—The posterior auricular artery, a branch

from the external carotid, is distributed chiefly on the posterior or inner surface,

but sends small branches round and through the cai-tilage to ramify on the outer

sui-face of the pmna. Besides this artery, the auricle receives others—the ante-

rior auricular from the temporal in front, and a small artery from the occipital

behind.

The i-ei?is correspond much in their course with the arteries. They join the

temporal vein, and their blood is returned therefore through the external jugular.

The ffi-eat auricular iierve, from the cervical plexus, supplies the greater part

of the back of the auricle, and sends small filaments with the posterior auricular

artery to the outer surface of the lobule and the part of the ear above it. The
j)osterior auricular nerve derived from the facial, after communicating with the

aurumlar branch of the pneumogagtric, ramifies on the back of the ear and sup-

plies the retrahent muscle. The upper muscles of the auricle receive their supply

from the temporal branches of the same nerve. The auriculo-temporal branch of

the third division of the fifth nerve gives filaments chiefly to the outer and ante-

rior surface of the pinna.

4i4

THE EXTERNAL AUDITORY CANAL.

The external auditory canal, meatus audiiorius extermis (fig. 440),

extends from the bottom of the concha (2) to the membrane of the

tympanum (2'), and serves to convey the vibrations of sound to the

middle chamber of the ear. The canal is about one inch and a quarter

in length. In its inward course it is inclined somewhat forwards

(fig. 444) ; and it presents likewise a distinct vertical curve (fig. 440),

being directed at first somewhat up-

wards, and afterwards turning over a

convexity of the osseous part of its floor,

and dipping downwards to its termina-

tion,—a change of direction which must
be borne in mind by the surgeon in in-

troducing specula into the ear. The
calibre of the passage is smallest about
the middle. The outer opening is largest

from above downwards, but the inner

end of the tube is slightly widest in the

transverse direction. At the inner ex-

tremity the tube is terminated by the

membrana tympani, which is placed

obliquel)', with the inferior margin in-

clined towards the mesial plane; and
thus, as shown in fig. 440, the floor of

the meatus is longer than its roof.

The meatus is composed of a tube

partly cartilaginous and partly osseous,

and is lined by a prolongation of the

skin of the pinna.

The cartilaginous part occupies some-

what less than half the length of the

passage. It is formed by the deep part

of the cartilage of the pinna, already

described.

The osseous portio7i is a little longer

and rather narrower than the cartilaginous part. At its inner end it

Fig. 444.

—

View of the Lower
Half of the AuRiciiE and
Meatus in the Left Ear divided
BY a Horizontal Section (after

Sommerring)

1 and 2, cut surfaces of the bony
part of the meatus ; 3, cut surface of

the cartilage of the pinna ; 4, external

meatus with the openings of nume-
rous ceruminous glands indicated

;

5, lobule ; 6, membrane of the
tympanum

; 7, dura mater lining of

the skull.
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presents a narrow groove, which extends round the sides and floor

of the meatus, but is deficient above ; into this the margin of the

membrana tympani is inserted.

The skin of the meatus is continuous with that covering the pinna,

but is very thin, especially in the osseous part, and becomes gradually

thinner towards the bottom of the passage. In the osseous part it

adheres very closely to the periosteum, and at the bottom of the tube is

stretched over the surface of the membrana tympani, forming the outer

layer of that structure. After maceration in water, or when decompo-

sition has advanced, the epidermic lining of the passage may be

separated and drawn out entire, and then it appears as a small tube

closed at one end somewhat like the finger of a glove. Towards the

outer part the skin possesses fine hairs and sebaceous glands ; and in

the thick subdermic tissue over the cartilage are many small oval glands

of a brownish yellow colour, agreeing in form and structure with the

sweat glands, but larger. The cerumen or ear-wax is secreted by these

glands, glcmdukc ccrumiiwscc, and their numerous openings may be seen

to perforate the skin of the meatus. These accessory parts are absent

over the bony part of the tube.

"Vessels and nerves.—The external auditory meatus is supplied w'itli arteries

from the posterior auricular, internal maxillary and temporal arteries ; and v/ith

nerves chiefly from the temporo-auricular branch of the fifth nerve. The prin-

cipal branches of the arteries coui-se along the tipper and back wall of the canal.

The nerves break up into numerous branches on reaching the osseous part.

State in the infant.—The auditory passage is in a very mdimentaiy state in

the infant, for the osseous part begins to grow out of the temporal bone only

at the period of birth, and thus the internal and middle parts of the ear arc

brought much closer to the surface than in the adult.

THE MIDDLE EAR OR TYMPANUM.

The tympanum or drum, the middle chamber of the ear, is a narrow
irregular cavity in the substance of the temporal bone, j^laced between
the inner end of the external auditory canal and the labyrinth. It

receives the atmospheric air from the pharynx through the Eustachian

tube, and contains a chain of small bones, by means of which the vibra-

tions communicated fi'om without to the membrana tympani are in part

conveyed across the cavity to the sentient part of the internal ear, and
by which also pressure is maintained on the contents of the internal ear,

varying in amount according to the tension of the membrana tympani.
The tympanum contains certain minute muscles and ligaments, which
belong to the bones referred to, as well as nerves, some of which end
within the cavity, whilst others merely pass through it to other parts.

A roof and floor, an outer and inner wall, and an anterior and posterior

boundary are commonly described.

The roof of the tympanum is formed by a thin plate of bone, which
may be easily broken through so as to obtain a view of the tympanic
cavity from above ; it is situated on the upper surface of the petrous

portion of the temporal bone, near the angle of union with the squa-
mous portion, from which in its development it is derived. The ^oor
is narrow, in consequence of the outer and inner boundaries being
inclined towards each other.

The Older tvall is formed, to a small extent, by bone, but mainly by
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a thin semitransparent membraue

—

membrana tympani (fig. 445, 1),

which closes the inner end of the external auditory meatus. Imme-

diately in front of the ring of bone into which the membrana tympani

is inserted, is the inner extremity of the fissure of Glaser, which gives

passage to the laxator tympani muscle, and attachment to the processus

gracilis of the malleus. Close to the back of this fissure is the opening

of a small canal (named by Cruveilhier the canal of Huguier), through

which the chorda tympani nerve usually escapes from the cavity of the

tympanum and the skull.

Fig. 445. — Right Membrana
Tympani as seen from the
outer and inner side re-

spectively.

A, the outer surface ; C, the

inner ; in the latter the small

bones are seen adherent to the

nieiubrane ami adjacent 2>arts

of the temporal bone ; in A,

the shaded part indicates the

small bones as partially seen

through the membrane ; 1, mem-
brana tympani ; 2, malleus ; 3,

stapes ; 4, incus.

The membrana tympani is an ellipsoidal disc, the longer axis of

which is directed from behind and above, forwards and downwards, and

is about A\ lines in length : the shorter being about 4 lines. It is

inserted into the groove already noticed at the end of the meatus externus,

and so obliquely that the membrane inclines towards the anterior and

lower part of the canal at an angle of about 55°. The handle of the

malleus (fig. 445, 2), one of the small bones of the tympanum, descends

between the middle and inner layers of the membrana tympani to a little

below the centre, where it is firmly fixed ; and, as the direction of this pro-

cess of the bone is somewhat inwards, the outer surface of the membrane
is thereby rendered somewhat conical (see fig. 440), being depressed

towards the centre.

Although very thin, the membrana tympani is composed of three

distinct structures. A prolongation of the skin of the external meatus

forms the outer layer ; the mucous membrane lining the cavity of the

tympanum furnishes an inner layer ; and between these two is the

proper substance of the membrane, mainly composed of fibrous tissue.

The greater number of the fibres radiate from near the centre at the

attachment of the handle of the malleus (fig. 445), but there are

also circular fibres which are situated within or more interiorly than

the radial, and close to the circumference, and form a dense, almost

ligamentous ring. Owing to the presence of the circular fibres, the

radial fibres are not straight, but are slightly bowed outwards, so

that between the most depressed part and the attached border the

membrane is slightly convex outwardly.

This is particularly well marked at the upper and anterior part, where
the fibres stretch across the mouth of a small notch in the bony ring to

which the membrane is attached (notch of Rivinus). The notch is occu-

pied by a lax part of the membrane {memlrana flaccida, Shrapnell),

consisting of loose connective tissue, with vessels and nerves covered
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by skin and mnoous membrane. It is here that apertures are liable to

become formed in the membrane as a consequence of inflammation.

The membrane is suiiplied -nath blood-vessels, but they are chiefly con-
fined to the skin and mucous membrane covering the surfaces ; a few are,

however, found in the proper fibrous membrane, and form a communication
between the two systems above named. Those of the skin are mostly sup-

plied by a small artery which passes from above parallel to and along the handle
of the malleus. Tlie nei'ves for the most part accompany the blood-vessels,

sui^plying them and then passing to foiin a subepithelial plexus both in the cutis

and in the mucosa. Lj-mphatic vessels are, according to Kessel, tolerably

abundant in all three layers.

The inner wall of the tympanum, which separates it from the internal

ear, is A'ery uneven, presenting several elevations and Ibramina. Near
its upper part is an ovoid, or nearly kidney-shaped o^tTimg—fenestra
ovaJis (fig. 44C, 2), which leads into the cavity of the vestibule. This
opening, the long diameter of which is from before backwards, with a
slight inclination downwards in front, is occupied in the recent state

by the base of the stapes, and the annular ligament connected with
that plate of bone. Above the fenestra ovalis, and between it and
the roof of the tympanum, a ridge indicates the position of the aque-

duct of Fallopius, as it passes backwardSj containing the portio dura
of the seventh nerve. Below is a larger and more rounded elevation,

caused by the projection outwards of the first turn of the cochlea, and
named the promontorji. or tuber cochlefB (fig. 446, 4) ; it is marked by
grooves, in which lie the nerves of the tympanic plexus.

Fig. 446.

Fig. 446.

—

Inner Wall op the Osseous TyMPANrsi as exposed by a Longitudinal
Sectiok of the Petkous and Mastoid Bone (from Gordon).

1, opening of the t}inpanum into the mastoid cells ; 2, fenestra ovalis ; 3, fenestra
rotunda ; 4, promontory ; 5, aqueduct of Fallopius, or canal of the facial nerve ; 6,
junction of the canal for the chorda tympani with the aqueduct; 7, processus cochleari-

formis ; 8, groove above it for the tensor tjTnpani muscle ; 9, Eustachian tube j 10,
anterior orifice of the carotid canal.

Below and behind the promontory, and somewhat hidden by it, is a
slightly oval aperture named fenestra rotunda, which lies within a
funnel-shaped depression (fig. 446, 3). In the macerated and dried
bone the fenestra rotunda opens into the scala tympani of the cochlea ;

but, in the recent state, it is closed by a thin membrane.
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The membrane closing the fenestra rotunda—the secondary membrane

of the tipnpanum (Scarpa)—is rather concave towards the tympanic

cavity, and is composed of three strata like the membrana tympani

;

the middle layer being fibrous, and the outer and inner derived from

the membranes lining the cavities between which it is interposed, viz.,

the tympanum and the cochlea.

The posterior wall of the tympanum presents at its upper part one

larger (fig. 44 G, 1), and several smaller openings, which lead into irre-

gular cavities, the mastoid cells, in the substance of the mastoid process

of the temporal bone. These cells communicate, for the most part,

freely with one another, and are lined by a thin mucous membrane
continuous with that of the tympanum. Behind the fenestra ovalis,

and directed upwards, is a small conical eminence, called the prjramid,

or eminentia papillaris (fig, 447, 12). Its apex is pierced by a foramen,

throuo-h which the tendon of the stapedius muscle emerges from a canal

which turns downwards in the posterior wall of the tympanum, and

joins obliquely the descending part of the aqueduct of Fallopius.

The anterior extremity of the tympanum is narrowed by the gradual

descent of the roof, and is continued into the Eustachian orifice

(fig. 447). Of the two compartments of this orifice, the lower, lined

with mucous membrane, forms the commencement of the Eustachian

tube ; the upper, about half an inch long, lodges the tensor tympani

muscle, and opens into the tympanum immediately in front of the

fenestra ovalis, surrounded by the expanded and everted end of the

cochleariform process (fig. 446, 7), which separates it from the lower

compartment.
Fig. U1.

Fig. 447.

—

Antero-posterior Section of the Temporal Bone, showing the Innee

Wall of the Tympanum, with the Eustachian Tube and Small Bones in the
Recent State (from Arnold).

1, styloid process ; 2, mastoid process ; 3, the upper part of the petrous bone ; 4,

pharyngeal end of the Eustachian tube ; 5, its cartilage ; 6, its mucous surface ; 7, carotid

canal; 8, fenestra rotunda; 9, malleus; 10, incus; 11. stapes; 12, pyramid and
stapedius muscle ; above 9, and behind 10, the suspensory ligament of the malleus and
the posterior ligament of the incus are also seen.

_
The Eustacliian tube is a canal, formed partly of bone, partly of car-

tilage and membrane, which leads from the cavity of the tympanum to
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US.

the Tipper part of the pharynx. From the tympanum it is directed

forwards and inwards, with a slight indination downwards ; its entire

length is about an inch and a half. The osseous division of the

Eustachian tube, already described in the Osteology, is placed at the

angle of junction of the petrous portion of the temporal bone with the

squamous portion. The anterior part of the tube is formed of a tri-

angular piece of cartilage, the edges of which are slightly curled round
towards each other, leaving an interval at the under side, in which the

canal is completed by dense but pliable fibrous membrane. The tube is

trumpet-shaped, being narrow behind, and gradually expanding until

it becomes wide in front ; the anterior part is compressed from side to

side, and is fixed to the inner pterygoid jDrocess of the sphenoid bone.

The anterior opening is oval in form, and is placed obliquely at the side

and upper part of the pharynx, into which its prominent margin
projects behind the lower meatus of the nose, and above the level of

the hard palate. Through this aperture the mucous membrane of the

pharynx is continuous with that which lines the tympanum, and under
certain conditions air passes into and out of that cavity.

SMALL BONES OF THE EAR.

Three small bones (ossiaila avditus) are contained in the upper part of

the tympanum: of these, the outermost {malleus) is attached to the mem-
brana tympani ; the innermost

(stapes) is fixed in the fenestra

ovalis ; and the third (mcus)

placed between the other two,

is connected to both by articu-

lar surfaces. The malleus and
incus are in direction nearly

vertical, the stapes horizontal.

They form together an angular

and jointed connecting rod be-

tween the membrana tympani.

and the membrane which closes

the fenestra ovalis.

The malleus or hammer bone
(fig. 448, a), consists of a central

thicker portion, with processes

of different lengths. At the

upper end of the bone is a
rounded head (capitulum) (fig.

448, A, 1), which presents in-

ternally and posteriorly an ir-

regularly oval surface covered

with cartilage, for articulation

with the incus. Below the head
is a constricted neck (cervix)

;

and beneath this another shght
enlargement of the bone, to

which the processes are at-

tCS?m d^~^

Fig. 448.

—

Boxes of the Tympanum of
THE Right Side (from Arnold). Twice
THE Natural Size.

A, malleus ; 1, its head ; 2, the handle
;

3, long or slender process ; 4, short process.
B, incus ; 1, its body; 2, the long process with
the orbicular process

; 3, .short or posterior
process

; 4, articular surface receiving the
head of the malleus. C, stapes ; 1, head

;

2, posterior crus ; 3, anterior cms ; 4, base.
C*, base of the stapes. D, the three bones in
their natural coun(c:ion as seen from the out-
side ; a, malleus ; b, incus ; c, stapes.tached. The handle (manubrium)

of the malleus (fig. 448, A, 2) is

a tapering and sliglitJy twisted process, compressed from before back-
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wards to near its point, where it is flattened laterally : it descends, -with

a slight inclination forwards and inwards, between the middle and inner

layers of the menibrana tyrapani, to the former of whicli it is closely

attached both by means of its periosteal covering and also by a dense

fibro-cartilaginous tissue extending its whole length, except near the root

of the process, where it is less firmly united to the membrane. The
long process (processus gracilis) (fig, 448, a, 3) is a very slender spiculuni

of bone, which in the adult is usually converted, except a small stump,

into ligamentous tissue. Even where it still exists it is commonly
broken off in its removal from the tympanum, in consequence of its

union with the temporal bone ; it projects at nearly a right angle

from the front of the neck of the malleus, and extends thence obliquely

downwards and forwards to the Glaserian fissure. Its end is flattened,

and expanded, and is connected by ligamentous fibres and by bone to

the sides of the fissure. The short process (processus brevis vel obtusus)

(fig. 448, A, 4) is a low conical eminence situate at the root of the

manubrium, beneath the cervix, and projecting outwards towards the

upi^er part of the membrana tympani.

The incus (fig. 448, b), has been compared to an anvil in form ; but

it resembles perhaps more nearly a tooth with two fangs widely sepa-

rated. It consists of a body and two processes. The liochj presents in

front a concavo-convex articular surface (4), which is directed upwards

and forwards, and receives the head of the malleus. The surfaces of

the joint thus formed are covered with articular cartilage and enclosed

by a synovial membrane. The sliortcr of the two processes (crus breve)

(3), of the incus projects nearly horizontally backwards from the upper

part of the body of the bone, and is connected by ligamentous fibres

with the posterior wall of the tympanum near the entrance of the

mastoid cells. The long 'process (crus longum) (2) tapers rather more
gradually, and descends nearly vertically behind the handle of the

malleus : at its extremity it is bent inwards, and is suddenly narrowed

into a short neck ; and upon this is set a flattened rounded tubercle

(processus lenticularis), tippsd with cartilage. This tubercle, Avhich

articulates with the head of the stapes, was formerly, under the name
of OS orliculare sen lenticulare, described as a separate bone, which

indeed it originally is in childhood.

The stapes (fig. 448, C), the third and innermost bone of the ear, is

in shape remarkably like a stirrup, and is composed of a head, a base,

and two crura. The head is directed outwards, and has on its end a

slight depression, covered with cartilage, which articulates with the len-

ticular process of tlie incus. The hcise is a plate of bone placed in the

fenestra ovalis. Its form is irregularly oval, the upper margin
being curved, while the lower is nearly straight (fig. 448, C*). Its

border is encircled by hyaline cartilage, which also covers its vesti-

bular surface. The margin of the fenestra ovalis has also a cover-

ing of the same tissue, and the opposed cartilaginous surfaces are

closely connected, and their movement of the stapes is limited by a

network of elastic fibres passing between, and, near the tympanic and
vestibular cavities, forming especially a dense ligamentous band
(Riidinger). The crura of the stapes diverge from a constricted part

(nech) of the bone, situated close to the head, and are attached to the

outer surface of the base near its extremities. The anterior crus is

the shorter and straighter of the two. The crura, with the base of the
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Fig. 449.

Btapes, enclose fi small triangular or arched space, which in the recent

state is occupied by a thin membrane stretched across,
_
A shallow

groove runs round the opposed surfaces of the bone, and into this the

membrane is received.

LIGAMENTS AND MUSCLES OF THE TYMPANUM.

Ligaments.—In the articulations of the small bones of the ear with

one another the connection is strengthened by ligamentous fibres.*

Their attachment to the walls of the tympanum is effected partly by

the reflections of the mucous membrane lining that cavity, but chiefly

by muscles and by the following ligaments.

The anterior ligament of
the malleus is a compara-

tively strong and broad band
of, for the most part, short

fibres, which connects the an-

terior wall of the tympanum
close to the Glaserian fissure

with the base of the processus

gracilis and the anterior part

of the body of the malleus.

The suspensory ligament of

the malleus consists of a small

bundle of fibres, which passes

downwards and outwards
from the roof of the tympa-
num to the head of the

malleus, and serves to check

its movement in an outward
direction.

The posterior ligament of
the incus extends from near

the point of the short cms
directly backwards towards

the posterior wall of the tym-
panum, where it is attached

near to the entrance to the

mastoid cells.

Arnold describes an upper liga-

ment which attaches the incus,

near its ra-ticulation with the

malleus, to the roof of the tym-
panum.

Muscles. — There are

three well-determined mus-
cles of the tympanum. Scim-

merring describes four, and
some authors a larger number ; but the descriptions of these last mus-
cles are not confirmed by later research. Of the three muscles generally
recognised, two are attached to the malleus, and one to the stapes.

* These articulations are commonly described as s^.ijovial joints, but, according to
Erunner (Knapp and l\roos' Archiv, 1874), they are more of the nature of symphyses,
with fibrocartilage between the contiguous surfaces.

Fig. 449.

—

View of the Cavity op the Right
Tympanum from above.

The cavity of the tympanum and a part of the
labyi-inth have been exposed by a horizontal section
removing the upper part of the temporal bone. 1,
posterior semicircular canal opened ; 2, the cavity
of the cochlea opened ; 3, osseous part of the
Eustachian tube

; 4, head of the malleus ; 5,
incus

; 6, stapes, witli its base set in the fenestra
ovalis

; 7, tensor tympani muscle ; 8, stapedius.
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The tensor tympani (musculus internus mallei) (fig. 449, 7), is the

largest of these muscles. It consists of a tapering fleshy part, about

half an inch in length, and a slender tendon. The muscular fibres arise

from the cartilaginous end of the Eustachian tube and the adjoining

surface of the sphenoid bone, and from the sides of the upper compart-

ment of the Eustachian orifice. In this canal the muscle is conducted

nearly horizontally backwards to the cavity of the tympanum. Imme-
diately in front of the fenestra ovalis the tendon of the muscle bends at

nearly a right angle over the end of the processus cochleariformis as

round a pulley, and, contained in a fibrous sheath, passes outwards,

to be inserted into the inner part of the handle of the malleus, close

to its root.

The laxcdor fipnpani {laxator fympani major, Sommerring) is generally

believed to be distinctly muscular, but being partly concealed by a band

of fibrous tissue, doubts are still entertained by some observers as to

whether the structure known under this name is of a muscular or

lio-amentous nature. Arising from the spinous process of the sphenoid

bone, and slightly from the cartilaginous part of the Eustachian tube,

it is directed backwards, passes through the Glaserian fissure, and is

inserted into the neck of the malleus, just above the root of the pro-

cessus gracilis.

The laxator tympani minor of Sommemng {posterior Ugamrnt of the malleus,

Lincke) is made up of reddish fibres, which are iixed at one end to the upper and

back part of the external auditory meatus, pass forwards and inwards between

the middle and inner layers of the membrana tympani, and are inserted into the

outer border of the handle of the malleus, and the short process near it (Som-

memng, Iconee Organi Auditus Humani, 1801).

The sfapedkis is a very distinct muscle, but is hid within the bone,

beino- lodged in the descending part of the aqueductus Fallopii and in

the hollow of the pyramid. The tendon issues from the aperture at

the apex of that little elevation, and passing forwards, surrounded by a

fibrous sheath, is inserted into the neck of the stapes posteriorly, close

to the articulation of that bone with the lenticular process of the

incus.

A very slender spine of bone has been found occasionally in the tendon of the

stapedius in man : and a similar piece of bone, though of a rounder shape, exists

constantly in the horse, the ox, and other animals. This circumstance is the

more interesting in connection -n-ith the fact that cartilage occupies the position

of the stapedius before the muscle is developed.

Fig. 450.

—

Outline of the Three Small Bones op
THE Left Ear as seen from before. Twice the
NATURAL SIZE.

This figure is designed to illustrate the effect of the

action of the tensor and laxator muscles of the tjrm-

panic membrane in connection with their relation to

the axis of rotation of the malleus. «, a', the malleus,

h, the incus seen behind it ; c, the stapes ; m, m', the

inner part of the meatus externus closed by the tym-

panic membrane
; g, processus gracilis ; the line t, in-

dicates the direction and position of the tendon of the

tensor tympani pulling the lower part of the malleus

inwards, the line I, that of the laxator tympani pulling inwards the upper half of the

malleus so as to force the handle outwards.

Actions.—The malleus and incus move together round an axis extending back-

wards from the attachment of the processus gracilis of the malleus in the Glase-



MUCOUS MEMBRANE OF THE TYMPx\.XUM. 639

rifvn fissure to the attachment of the short process of the incus posteriorly. The
tendon of the tensor tympani muscle passing from within to be inserted below that

line, pulls tlie handle of the malleus inwards (fig. 450. i*). while the laxator tympani
inserted above that line, by pulling the head of the bone inwards (/), moves the
handle outwards. The incus, moving along with the malleus. jDUshes the ctapes

inwards towards the internal ear when the membrana tympani is made tight, and
di-aws that bone in an opposite direction, when the membrana tj-mpani is relaxed.

In this movement the head of the stapes is slightly raised as well as jiressed in-

wards, and the upper margin of its base moves more than the lower. But the cavity

of the inner ear is full of liquid ; and its walls are iinyielding, except at the fenestra

rotunda ; when, therefore, the stapes is pushed inwards the secondary membrane
of the t;y'mpanum, which blocks up the fenestra rotunda, must be made tense by
pressure from within. The attachment of the handle of the malleus, however,
to the membrana tj-mpani allows greater freedom of movement to that process

than is allowed to the stapes by the ligaments of its base, and when the move-
ment of the stapes ceases, the malleus rotates on the head of the incus without
di-agging the stapes fui-ther fi-om the fenestra ovalis : and hence, probably, the
necessity of a moveable articulation between those bones. The action of the

stapedius muscle is ob^dously to draw the head of the staj^es backwards, in doing
which the hinder end of the base of that bone will be pressed against the
margin of the fenestra ovalis, while the fore pai-t vnil be withdi'awn from the
fenestra.*

a?HE LINING MEMBRANE OF THE TYMPANUM.

The mucous membrane of the tympanum is continuous with that of
the pharynx through the Eustachian tube, and is further prolonged
from the tympanum backwards into the mastoid cells. Two folds

which cross the breadth of the cavity descend from the part of the
membrane which lines the roof. The anterior fold turns round the
tendon of the tensor tympani muscle ; the posterior fold passes round
the stapes. The malleus and incus are invested by the lining of the
outer wall of the cavity. The mucous membrane which lines the
cartilaginous part of the Eustachian tube resembles much the mem-
brane of the pharynx, with which it is immediately continuous ; it is

thick and vascular, is covered by laminated epithelium surmounted by
vibratile cilia, and is provided with many simple mucous glands
Avhich pour out a thick secretion : in the osseous part of the tube,

however, this membrane becomes gradually thinner. In the tym-
panum and the mastoid cells the mucous membrane is paler, thinner^

and less vascular, and secretes a less viscid, somewhat yellow fluid.

Between it and the periosteum is a more or less developed network of
fibrous bundles, which are here and there raised above the general
surface, causing corresponding projections of the mucous membrane.
Moreover, in various places on the interlacing bundles, peculiar
swellings occur of various sizes, which appear to be caused by
the super-addition of concentrically arranged fibres upon the smaller
bundles, and produce an appearance similar to that of miniature
Pacinian corpuscles (Politzer, Kessel). The epithelium in the tympanic
cavity is for the most part columnar and ciliated, but the roof, the pro-
montory, the ossicula, and the membrana, are covered with a simple
layer of iBattened, non-ciliated cells (v. Troeltsch).

* For furtlier information with regard to the anatomical relations of the bones and
membranes, and the mode in which they act, see Helmholtz, Die Mechanik der Gelior-
kniichelchen iind des Trommelfells, Plliiger's Archiv, vol. i. ; also English Translation,
American edition.
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VESSELS AND NERVES OF THE TYMPANUM,

The arteries of the tympanum, though very small, are numerous, and
are derived from branches of the external, and from the internal carotid.

The fore part of tlie cavity is supplied chiefly by the tymimnic branch of the in-

ternal maxillary, which enters by the fissure of Glaser. The back part of the cavity

including the mastoid cells, receives its arteries from the stijlo-masfoid branch of

the posterior auricular artery, which is conducted to the tympanum by the

aqueduct of Fallopius. These two arteries fomi by their anastomosis a vascular

circle round the margin of the membrana tjanpani. The smaller aii;eries of the

tympanum are, the jwtrosal branch of the middle meningeal, which enters

through the hiatus FaUopVi ; branches through the bone from the internal

carotid artery, fm-nislied from that vessel whilst in the carotid canal ; and
occasionally a twig along the Eustachian tube iiova. t\ie asccndinrj phari/ngcal

artery.

The veins of the tympanum empty their contents through the middle menin-

geal and pharjTigeal veins, and through a plexus near the articulation of the

lower jaw, into the internal jugular vein.

Nerves.—The tympanum contains nnmerous nerves ; for, besides

those which supply the parts of the middle ear itself, there are several

which serve merely to connect nerves of different origin.

The lining membrane of the tympanum is supplied by filaments from

the tympanic plexus, which occupies the shallow grooves on the inner

wall of the cavity, particularly on the surface of the promontory.

The tympanic plexus (fig. 451) is formed by the communications

between, 1st, the tympanic branch (nerve of Jacobson) from the petrous

ganglion of the glosso-pharyngeal ; 2nd, a filament from the carotid

plexus of the sympathetic ; 3rd, a branch which joins the gi-eat super-

ficial petrosal nerve ; 4th and lastly, the small superficial petrosal nerve,

from the otic ganglion.

Numerous ganglion cells are present both in the uniting cords and

also at the points of junction of the plexus.

Fig. 451. Fig. 451.

—

View of thk Tympanic Plexus

o? Nerves (after Hirschfeld and Le-

veiUe).

6, spheno-palatine ganglion ; 1. Vidian

ners'e ; 8, great superficial petrosal nei-ve
;

9, carotid branch of the Vidian nerve ; 10,

part of the sixth nerve connected by twigs

with the sympathetic ; 11, superior cervical

ganglion of the sj-mpathetic ; 12, carotid

branch ; 13, facial nerve ; 14, glosso-

pharyngeal nerve ; 15, nerve of Jacobson

;

16, its twig to the sympathetic ; 17, fila-

ment to the fenestra rotunda ; IS, filament

to the Eustachian tube ; 19, filament to

the fenestra ovalis ; 20, union of external

deep petrosal nerve with the lesser super-

ficial petrosal ; 21, internal deep petrosal twig uniting with the great superficial petrosal.

Tlie nerve of Jacobson (fig. 451, 15) enters the tympanum by a small foramen

near 'its floor, which forms the upper end of a short canal in the petrous portion

of the temporal bone, beginning at the base of the skull between the carotid

foramen and the jugular fossa. The nerve from the carotid plexus is above

and in front of this, and passes through the bone directly from the carotid canal.

Tlie branch to the great superficial petrosal nerve (fig. 451. 21) is lodged m a

canal which opens on the inner wall of the tj-mpanum in front of the fenestra
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ovalis. The smaU superficial petrosal nerve (fig. 451, 20) also enters at the fore

part of the cavity beneath the canal for the tensor tympani.

The tensor tympani muscle obtains its nerve from the otic ganghon ;

the laxator tympani is said to be supplied by the chorda tympani
:
and

the stapedius is figured by Scimmerring as receiving a filament from the

facial nerve.
. ^ , ,

The chorda tiimpanl is invested by a tubular reflection of the immg
membrane of the tympanum ; its course across the cavity has already

been described.

THE nq-TERNAL EAR, OR LABYHITTTH.

The inner, essential part of the organ of hearing, is contained in the

petrous portion of the temporal bone. It consists of a complex cavity—

the osseous labyrinth—hollowed out of the bone, and containing the

membranous labyrinth.

The osseous jdhjnnth is incompletely divided into three parts, named

the vestibule (fig. 452, 1), the semicircular canals (3, 4, 5), and the

€ochlea (G, 7). They are lined throughout by a thin periosteal cover-

ing, within which there is a clear fluid named perilymph, or liquor

Cotimnii.

The memlmnous Mi/riiiih being distinctly smaller than the bony

labyrinth, a space is left between the two, occupied by the perilymph

just referred to. The membranous structure supports minute ramifica-

tions of the auditory nerve, and encloses a fluid named the endolymph.

THE OSSEOUS LABYRINTH.

The vestiljule forms a central chamber of the labyrinth, which

communicates in front with the cochlea, behind with the semicircular

canals, on the outer side with the cavity of the tympanuni, and on the

inner side with the meatus auditorius interuus. It is irregularly

ovoidal in shape from before backwards, and is slightly flattened or

compressed from without inwards : except in the last-mentioned direc-

tion, in which it is somewhat smaller, it measures about ith of an inch

in diameter.

Tlie outer wall, which separates it from the cavity of the tympanum,

is perforated by the fenestra ovahs, which in the recent state is closed

by the base of the stapes.

At the fore part of the inner wall is a small round pit, the fovea

hemisphcrica (fig. 453, 2), pierced with many small holes, which serve to

transmit branches of the auditory nerve from the internal auditory

meatus. This fossa is limited behind by a vertical ridge named crista

vestiMli, or eminentia pyramidalis. Behind the crest is the small

oblique opening of a canal, the aciuecluct of the vestibule (fig. 453, 4),

which extends to the posterior surface of the petrous bone.

In the roof is an oval depression, placed somewhat transversely,/ow«

Tmni-clliptka (fig. 453, 1), the inner part of which is separated by the

crest from the hemispherical fossa.

At the back part of the vestibule are five round apertures, leading

into the semicircular canals : and at the lower and fore part of the cavity

is a larger opening, which communicates with the scala vestibuli of the

cochlea

—

apertura scalar vestibuli.

The semicircular canals are three bony tubes, situate above and

VOL. II.
"^ '^
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behind the vestibule, into Trhich they open by five apertures, the con-

tiguous ends of two of the canals being joined. They are unequal in

length, but each tube is bent so as to form about two-thirds of a circle

;

Fi" 452. Fig. 453.

Fig. 452.

—

Right Bony Labyrinth, vibwed from the Outer Side (after

Sommerring). ^
The specimen here represented is prepared by separating piecemeal the looser sub-

stance of the petrous bone from the dense walls which immediately enclose the laby-

rinth. 1, the vestibule ; 2, fenestra ovalis ; 3, sujierior semicircular canal ; 4, horizontal

or external canal ; 5, posterior canal ;
* * *, ampullae of the semicircular canals ;

6, first turn of the cochlea ; 7, second turn ; 8, apex ; 9, fenestra rotunda. The
smaller figure in outline below shows the natural size.

Fig. 453.—^ViEW OP the Interior op the Left Labyrinth (from Sommerring). -^

The bony wall of the labyrinth is removed superiorly and externally. 1, fovea

hemi-elliptica ; 2, fovea hemispherica ; 3, common ojiening of the sujjerior and posterior

semicircular canals ; 4, opening of the aqueduct of the vestibule ; 5, the superior, 6, the

posterior, and 7, the external semicircular canals ; 8, spiral tube of the cochlea (scala

tympani) ; 9, opening of the aqueduct of the cochlea ; 10, placed on the lamina spiralis

in the scala vestibuli.

and each presents, at one end, a slightly dilated part, called the am^mlla.

The canals are compressed laterally, and measure about J„th of an inch

across ; but in the ampulla each has a diameter of y^gth of an inch.

The canals differ from one another in direction, in length, and in

position with regard to the vestibule. The str-perm' semicircular canal

(fig. 452, 3, fig. 453, 5) is vertical and transverse, and it rises higher than

any other part of the labyrinth ; its place is indicated by a smooth

arched projection on the upper surface of the petrous bone. The
ampullary end of this canal is the external and anterior, and opens

by a distinct orifice into the upper part of the vestibule ; whilst the

opposite extremity joins the non-dilated end of the posterior semicir-

cular canal, and opens by a common aperture with it into the back
part of the vestibule (fig. 453, 3). The posterior semicircular canal

(fig. 452, 5, fig. 453, 6), vertical and longitudinal in direction, is the

longest of the three tubes : its ampullary end is placed at the lower

and back part of the vestibule ; and the opposite end terminates in the

common canal above described. The external semicircular canal (fig.

452, 4, fig. 453, 7) arches horizontally outwards, and opens by two
diBtinct orifices into the upper and back part of the vestibule. The
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canal is shorter than either of the other two : its ampulla is at tlie

outer end, above the fenestra ovalis.

Fifr. 451.

Fi- 455.

Fig. 454.

—

Views of a Cast of the Interior of the Labvrinth (from Henle). f

Such casts may easily be made in fusible metal, and' give a very correct view of the
form of the different parts of the labyrinthic cavity. A, view of the left labyrinth from
the outer side ; B, the right labyrinth from the inner side ; C, the left labyrinth from
above ; s, the superior, p, the posterior, and e, the external semicircular canals

; «, their

several ampuUis ; r e, fovea hemi-elliptica of the vestibule ;
?• s, fovea hemispherica ; a t',

aqueduct of the vestibule
; / o, fenestra ovalis

; / r, fenestra rotunda ; c, the coiled

tube of the cochlea ; c, the first part of tube towards the base with the tractus forami-

nosus spiralis.

The cochlea (fig. 452, 6) is the most anterior division of the internal

ear. When cleared of the surrounding less dense bony substance in which
it lies imbedded, it presents the form of a blunt cone, the base of which is

turned towards the internal auditory meatus, whilst the apex is directed

outwards, with an inclination forwards and downwards, and is close ta
the canal for the tensor tympani muscle. It

measures about a quarter of an inch in length, and
the same in breadth at the base. The osseous

cochlea consists of a gradually tapering spiral tube,

the inner wall of which is formed by a central

column, or modiolus (fig. 456, 1), around which it

winds. It is partially divided along its whole extent

by a spiral lamina(2), projecting into it from the mo-
diolus. From this osseous spiral lamina membran-
ous structures are in the recent condition stretched

across to the outer wall of the tube, and thus com-
pletely separate two passages or scake, one on each
side of the spiral lamina, which communicate one
Avith the other only by a small opening, named
Itelicotrema, placed at the apex of the cochlea.

That the cochlea is justly to be considered as an
elongated tube, coiled spirally on the modiolus, is

illustrated by the simple pouch-like form of the

rudimentary cochlea of birds (fig. 455) as well as by
the history of its development.

The spiral osseous canal is about an inch and
a half long, and about the tenth of an inch

in diameter in its widest part (at the com-
mencement). From this point the canal makes two turns and a half

around the central pillar (from left to right in the right ear, and in the

opposite direction in the left ear), and ends by an arched and closed

extremity called the cupola, which forms the summit of the cochlea.
T T 2

Fig. 455. — Osseous
Labyrinth op the
Barn Owl (Strix
Flammea) (from

Breschet). *

1, semicircular
canals ; 2, vestibule ;

3, cochlea in the form
of a short straight

tube.



€ii THE EAE,

The first coil, being much the widest in its curve and composed of the

largest portion of the tube, nearly hides the second turn from view ;

Fitr. 456. FiK. 457.

Fig. 450. —DiAGKAM.MATIC YlEW OF THE OsSEOUS CoCHLEA LAID OPEN.

1, modiolus or central j)illar ; 2, placed on three turns of the lamina sinralis ; 3, scala

tympani ; 4, scala vestibuli.

Fig. 457.

—

View op the Osseous Cochlea divided through the Middle
(from Arnold). |

1 , central canal of the modiolus ; 2, lamina spiralis ossea ; 3, scala tympani ; 4, scala

vestibuli ; 5, porous substance of the modiolus near one of the sections of the canalis

spiralis modioli.

and, bulging somewhat into the tympanum, forms the round elevation

on the inner wall of that cavity called the promontory.

The modiolus (columella cochlese) forms the central pillar or axis

around which the tube and lamina turn spirally. It is much the

thickest within the first turn of the cochlea, rapidly diminishing in

size in the succeeding parts. The outer surface is dense, being, in

fact, composed of the walls of the spiral tube ; but the centre is

spongy as far as the last half coil, and is pierced by many small

canals, for the passage of the nerves and vessels to the lamina spiralis :

one of these canals, larger than the rest {canalis centralis modioli), runs

from the base through the centre of the modiolus.

The lamina s])iraiis ossea is a thin, flat plate, growing from and wind-

ing around the modiolus, and projecting into the spiral tube, so as to

divide it partly into two. Its free margin, wliich gives attachment in

the recent state to the membranous septum, does not reach farther than

about half of the distance between the modiolus and the outer wall of the

spiral tube. The osseous lamina terminates close to the apex of the cochlea

in a hooklike process {liamulus), which partly bounds the helicotrema.

The lamina is thin and dense at its free margin ; but nearer the

modiolus it is composed of two dense outer plates enclosing a more
open and spongy structure, in which are numerous small canals for

vessels and nerves, continuous with, but running at right angles to, the

canals in the modiolus. Winding around the modiolus, close to the

lamina spiralis, is a small canal, named by Rosenthal the canalis

spiralis modioli.

The scalcc in the osseous cochlea are two in number, distinguished as

the scala tympani and scala vestibuli.

The scala tympani, the portion of the tube on the basal side of the

lamina spiralis, commences at the fenestra rotunda, Avhere in the recent

state it is separated from the tympanum by the secondary membrane of

the tympanum. Near its commencement is the orifice of a small canal

(aquediirtus cochlecc, fig. 453, 9), which extends downwards and inwards
tluxHigh the substance of the petrous part of the temporal bone to near
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¥\<r. 458.

the jugular fossa, and transmits a small vein. The scala vestihuli is

rather narrower than the scala tjmpani in the first turn of the cochlea ;

it commences from the cavity of the vestibule, and communicates, as

already described, with the scala tympani at the apex of the modiolus.

THE MEMBRANOUS LABYRINTH.

As before stated, within the osseous labyrinth, and separated from
its lining membrane by the perilymph, membranous structures exist in

which the ultimate ramifica-

tions of the auditory nerve

are spread. In the vestibule

and semicircular canals these

structures have a general re-

semblance in form to the com-
plicated cavity in which they

are contained. They do not,

however, lie loose within the

osseous cavity, as would ap-

pear from fig. 458, but are

more or less united with its

lining periosteum by fibrous

bands conveying blood-vessels,

which stretch across the space

between, and serve thus to fix

the membranous sacs and tubes.

In the cochlea the membranous
structures complete the sep-

tum between the scalae already

mentioned, and enclose an

intermediate passage, the

canalis memhranaceus. As
before stated, the liquid con-

tained within the membranous
labyi'inth is distinguished as

endohjinph.

Vestibule. — The 7ncm-

hranous vestibule consists of

two closely connected sacs,

and the parts by which they

are united to the membranous
semicircular canals and canal

of the cochlea.

The larger of the two sacs,

the common si/ms or utricle

(fig. 458, i i), is of an oblong
form, slightly flattened from

without inwards. It islodi^fed

Fig. 458.

—

The Interior of the Left Laby-
rinth WITH its Membranous Parts and
Nerves (from Breschet). Magnified.

The outer wall of the osseous labyrinth is in

jiart removed so as to display the membranous
parts within. u, scala vestibuli ; t, scala

tympani of the cochlea : s, s, lamina spiralis ;

i, i, utriculus or common sinus with its group of

otoliths, I: ; I, I, saccule with its otoliths ; a, mem-
branous ampulla of the superior semicircular

canal, d ; b, ampulla of the horizontal, e, and
c, that of the posterior semicircular canal, /

;

V, anterior division of the auditory nerve giv-

ing branches, q, o, p, to the utricle and the am-
pullaj of the superior and external canals

; g,
tlie united jjart of the superior and posterior

canals ; h, the postei'ior extremity of th©
external canal ;

* *, space containing perilymph.in the upner and back part of

the ossco"i'"5 vestibule, occupy-

ing the fovea hemi-elliptica. Opposite the crista vestibuli several small

branches of the auditory nervo enter from the foramina in the bone ;

and here the walls of the common sinus are thicker and more opaque
than elsewhere. A small mass of calcareous particles, otoliths or otoconia,
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lies within tlie sac, attached to its wall (fig. 458, ^). These otoliths are

crystals of carbonate of lime, rhombic, octahedral, or six-sided, often

pointed at their extremities.

The ends of all the membranous semicircular canals open into the

utricle.

The smaller vestibular vesicle, the saccule {II), is more nearly-

spherical than the common sinus, but, like it, is somewhat flattened,

it contains similar otoconia in its wall (fig. 458, m). The saccule is

situated in the lower and fore part of the cavity of the osseous vesti-

bule, close to the opening from the scala vestibuli of the cochlea, and

is received into the hollow of the fovea hemispherica, from the bottom

of which many branches of nerve enter it.

A minute canal, lined with epithelium, passes from the utricle along the

aqueductus vestibuli to end blindly near the posterior sm-face of the petrous bone.

It is joined near its origin by a similar one from the saccule, so that in this way
the cavity of the saccule is brought into communication with that of the utricle

(Boettcher). Lastly, the saccule is connected with the membranous canal of the

cochlea by means of a short, narrow canal, the canalis rcunicns (Hensen).

Semicircular Canals.—The membranous semicircular canals

are about one-third the diameter of the osseous tubes in which they are

lodged, and are dilated into ampulte within the ampullary enlargements

of those tubes. In section they are oval or somewhat elliptical (fig.

FiK. 459. Fi" 460.

Fig. 459.

—

Membranous Labyrinth and Nervous Twigs detached, magnified (Breschet)

k, facial nerve in the meatus aucUtorius internus ; I, anterior division of the auditory

nerve giving branches, o, m, n, to the utricle and the ampullfe of the superior and
external canals

; q, posterior division of the auditory nerve, giving branches to the

saccule, b, posterior ampuUa, c, and cochlea, r ; d, the united part of the superior and
posterior canals.

Fig. 4C0.

—

Ahpull.e of the Superior and External Semicircular Canals and
Part of the Common Sinus, showing the Attachment op the Nerves (from
Steifensand). ^J-'

1, membranous ampulla of the superior canal ; 2, that of the external canal ; 3, part
of_ the common sinus ; 4 and 5, forkdike swellings of the nerves at their ampullar dis-

tnbutiou
; 6, twig of the auditory nerve spreading in the common sinus.
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462). At the ampullas they are thicker and less translucent than in the
rest of their extent, and nearly fill their bony cases. That part of each
which is towards tlie concavity of the semicircle of the canal is free ;

whilst the opposite portion is fixed to the wall of the bony canal ; and
in the ampulla this part is flattened, receives branches of nerves and blood-
vessels, and presents on its inner surface a transverse projection, spptum
transversiim or crista acuslka, which partly divides the cavity into two.
Auditory nerve : vestibular division.—At the bottom of the

meatus auditorius internus the auditory nerve divides into an anterior
and a posterior branch, which, broken up into minute filaments, pass
through the perforations of the cribriform ])late which separates the
meatus from the internal ear, and are distributed respectively to the
cochlea and vestibule. In both branches, as well as in the trunk, there

are numerous nerve-cells. The vestibular nerve (fig. 45!)) divides into

five branches, which proceed respectively to the utricle, the saccule, and
the three ampullar of the semicircular canals ; those for the utricle and
the superior and external semicircular canals enter the cavity in a group
along the crista vestibuli ; the fibrils for the sacculus {q) enter the ves-

tibule by a smaller group of foramina, which are situated below those
just described, and open at the bottom of the fovea hemispherica ; the
branch for the posterior semicircular canal is long and slender, and
traverses a small passage in the bone behind the foramina for the nerve

Fis. 461.

Fig. 461.—Section op one of the Human Semicircular Canals (Riidinger).

Magnified.

1, Osseous wall ; 2, fibrous bands with included blood-vessels, united at 3 with the
periosteum

; 4, membranous canal with its three layers ; 5, short fibrous bands (wiUi
intervening spaces) uniting tlie membranous canal firmly to the periosteum ; 6, union of
its outermost layer with the periosteum.
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of the sacculus. The nerves of the ampullre enter the flattened or least

prominent side of the ampullo3, where they each form a forked swelling

(4, 5, fig. 460), which corresponds with the transverse septum already

described, in the interior of the dilatation. No nerves have been
found extending to any other parts of the semicircular canals.

Structure.—Three layers can be distinguished in the membranous
walls of the semicircular canals, an outer fibrous stratum, an inner
epithelial lining, and between the two a homogeneous tunica propria.

These layers are not of equal thickness throughout, for at those parts

where the walls are in contact with and supported by the bone (fig.

461,6), or rather its periosteal lining, namely, along the side which is

turned towards the convexity of the semicircle, they are thinner than
at the rest of the circumference, where they lie free and arc bathed by
the perilymph. The difference in thickness affects the fibrous layer

and the tunica propria only, for the epithelium forms throughout a
lining of sim]3lc flattened cells.

Fig. 462.

Fig. 462.

—

Section of IMembranous Semicircular Canal, much Magnified (Riidinger)-

1, outer fibrous layer ; 2, tunica propria ; 3, 6, pai^illiform projections with epithelial

covering ; 5, fixed side of the canal, \\itli very thin tunica propria without papillae

;

7, fibrous bands passing to periosteum.

Thefihroiis layer (fig. 462, 1), which contains some irregular pigment-
cells, is apparently composed of ordinary fibrous tissue, similar to that

of the periosteum, with which it becomes continuous at the parts

where the two structures are in contact. It is especially developed at

the ends of the oval section, whence well-marked bands of fibrous

tissue pass to the periosteum (fig. 462, 7). From here, also, the more
delicate bands of fibrous tissue above described commonly arise, which
traverse the perilymph to become connected with the periosteum of the
opposite wall of the canal (fig. 461, 2). Both along these bands and
also more directly from the contiguous periosteum, numerous small
blood-vessels pass into the fibrous layer and there break up into a
coarse capillary network, the branches of which do not, in man, pass
into the tunica propria.
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Fig. 463.

The tunica pi'opria k a clear, glassy, membranous structure continuous
around the whole tube, although thinning off very much opposite the part

where the membranous canal is in contact with the bone (fig. 462, 5).

Externally it is not very distinctly marked off from the fibrous coat

:

internally it presents not a smooth surface but a number of paj^illiform

eminences (fig. 4G2, 3, 6), which project into the interior of the canal
except at the thinnest part. According to

Riidinger, these eminences are found almost

constantly in the adult.

The epitlielial hning is continuous, both
over and between the papilliform projec-

tions. In the human semicircular canals

the cells are of the same nature and form
throughout, but in many of the lower
animals—birds and fish— a part takes on
somewhat of a columnar character, while
in one species of fish, (Salmo hucho), as

described ])y Riidinger, a tract of cells

along the whole length of each canal be-

comes remarkably developed into two rows
of heaped-up, rounded cell-bodies, from
each of which a long filament extends to

the wall of the canal in a direction trans-

verse to the axis.

The meaning of these modifications of structure

is unknown. No nerves have hitherto been
seen proceeding to the parts in question ; but they
apparently re^jresent the much more developed
peculiarly modified epithelium •which, as we shall

immediately see. is found in the ampulla3 and in

the saccule and utricle ojiposite the parts where
the corresponding branches of the auditory neiwe
enter, and which receives the ultimate termina-

tions of those nerves.

The ampulla?, as well as the saccule

and utricle, agi-ee generally in structure

with the semicircular canals : at the part,

however, where they are connected to the

osseous wall the fibrous outer layer forms a

loose-meshed tissue, and the tunica propria

is very much thickened, and in the am-
pullae causes a rounded transverse projec-

tion into the cavity of each, the sejifum

transversum, or crUta aci(i<ticc(, before . men-
tioned. Over this projection, and also to a
certain extent in its neighbourhood, the

epithelium is of an elongated columnar
form (fig. 4G3, c), and is surmounted by
long and fine cilium-like processes (auditory hairs (A) ), which are,
however, not spontaneously vibratile, but project stiffly into the endo-
lymph. These hairlets are said to belong not to the columnar epithelium,
cells themselves, but to spindle-shaped cells (s;;), which he between

Fig. 463.

—

Diagram of ths
Auditory Epithelium ani>

THE Mode of Termination
OP THE Nerves op thk
Ampulla (afterM. Schultze).

c, columnar epithelinm ; sp,

spindle-shaped cells, each .sup-

porting an auditory hair, h; 6,

basal supporting cells ; n, two
nerve fibres passing through the
tunica propria to join the plexus
in the epithelium ; I, limit of
tunica propria.
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Fig. 464.

the columnar, and are supported by them. Finally, as described

byMax Schultze, a layer of columnar epithelium {h) rests upon the tunica

propria by the broad ends of the cells, whilst the opposite, tapering

ends project between the other epithelial and nervous elements, which
they no doubt assist to support. The branches

of the auditory nerve («) pass directly through

the loose-meshed tissue above mentioned
and through the thickened tunica ])ropria ;

the fibres then lose their medullary sheath

and dark contour, and are continued as

simple axis-cylinders. Immediately before

reaching the epithelium each axis-cylinder

appears to break up or branch out into a

number of fine fibrils, which form a network
by uniting with the neighbouring fibrils

beneath and between the bases or attached

ends of the epithelium cells. With this fine

network the central ends of the spindle-

shaped cells, W'hich, as just mentioned,

are stated to bear at their opposite free

extremity the fine auditory hairs, are believed

to be connected. According to Rudiuger, a

nervous fibril passes directly through the axis

of each spindle-cell, and projects at the free

end as an auditory hair, being in its course

connected with the nucleus of the cell.

An entirely different account of the relations

between these several elements is given by
Eetzius, who describes the auditory hairs

(fig. 4fi4, li) as being borne each by one of the

columnar-shaped cells, and these latter as con-

nected by the narrower central end {c) with,

and passing directly into a nerve-fibril, whereas

the long, slender, spindle-shaped cells {sp)

which project at one extremity between the

columnar elements, and the nucleated bodies

of which nre several rows deep, rest by their

somewhat broadened basal end upon the tunica

propria, and are to be regarded merely as sup-

porting structures for the proper nervous ele-

ments. According to the same observer, the

nerves retain their medullary sheath some little

way beyond the limit of the tunica propria,

and their axis fibres do not Ibrm an anas-

tomosing network, but after merely branching

two or three times pass directly, as just stated, into the attenuated ends

of the columnar cells, which he accordingly terms tlu " auditory"
cells. He further states that the auditory hairs are very liable to

break up under the influence of reagents into a bunch of more
delicate hairlets (A')."

The whole question must be regarded as at present undecided,

* Anatomisclie UntersucliuDgen : Das GehorlalnTinth der Knochenfische, Stockliolm,

'S72.

rig. 4G4.

—

Auditory Epi-

THELI0JI FROM AmPULLA
OP A Fisu (Retziu.s).

Highly Magnified.

/(, auditory liairs ; li', the

tasal end of one broken np
into finer filaments ; sp,

spindle-cells ; c', attenu-

ated extremity of columnar
cell.
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further investigation being necessary to inquire into the relative accu-

racy of the two views.

The sjiindle- or fibre-cells and the auditory hairs were first described by Max
Schultze,* and bring- to mind the .so-called olfactory cells of the nasal mucous
membrane, to be presently described, and the gustatory cells which are met
Avith in the special organs of taste. Moreover, as we shall immediately see, cells

bearing similar stiiHy projecting hairs are met with also in the cochlea ; and in

all these places it is thought probable that there is a dii-ect connection between

the hau--bearinj cells and the nerves of special sense, although owing to the

extremely delicate nature of the parts and the difficulty of manipulation,

such connection has, perhaps, never yet been undoubtedly observed. The
minute stmcture of the parts just described has been chiefly worked out

in the comparatively large membranous laljyrinth of fishes, but is no doubt

more or less similar in all vertebrata.

The foregoing description, althougn referring more particularly to the

characters of the epithelium and mode of nerve distribution in the

cristse acusticse of the ampullar, is equally applicable to the raaculue

acusticffi of the saccule and utricle. The nerves which are supplied to

the macula3 seem, however, to spread out more and to be less markedly

limited in their distribution than those which go to the ampullas (see fig.

460). Both saccule and utricle contain in their cavity and lying in

contact "with the nerve-epithelium a little mass of otoliths, "which, how-
ever, do not float free in the fluid, but appear enclosed in a delicate

cuticular investment. Otoliths are also found scattered here and there

in the ampullae and semicii'cular canals. Their use is not sufficiently

known.
Cochlea.—The membranous cochlea resembles the membranous

Fiir 4C, Fis. 466.

Fig. 465.—Left Cochlea oi-' a (Jiiild some Weeks Old (Keichert).
'I

The drawing was taken from a specimen which had been preserved in alcohol, and was

afterwards dned ; a section is made so as to sliow the lamina spiralis, scake, and

cochlear canal in each of the three coils : the membranous spiral lamina is preserved, but

the appeaiauces connected with the organ of Corti, &c., have been lost from drying.

/ r fenestra rotunda with its membrane ; s t, scala tympani ; s r, scala vestibuli ; I s,

lamina spii-alis ; k, hamulus ; c c, caualis cochleas ; d, opening of the aqueductus

cochlere.

Fi". 466.

—

Vertical Section of the Cochlea of a F(etal Calf (Kolliker). e

In this' specimen the external wall was ossified, but the modiolus and spiral lamina

were still cartilaginous ; the section shows in each part of the cochlear tube the two

scalte with the intermediate canulis cochleaj and lamina spiraUs.

* Muller's Archiv, 1858.



652 THE EAR

semicircular canals just described in consisting of a tube, lined by
epithelium and containing endolymph, partly surrounded by a clear

space containing perilymph, but it differs from them materially both

in shape and in the modifications presented by its epithelial lining.

In macerated specimens, the two parts into which the osseous tube

of the cochlea is divided are, it will be remembered, only imperfectly

separated by the osseous spiral lamina which projects from the

columella ; but in the fresh specimen the tube is separated completely

into three distinct parts by means of two membranes, which extend

along its Avhole length (figs. 465, 466). In the first place the lamina

spiralis is directly prolonged by a comparatively strong, well-marked

membrane, the basilar membrane (fig. 467, b), which stretches straight

across to the outer wall of the cochlea, and is here connected to an
inward projection of the lining periosteum and sub-periosteal tissue

known as the spiral ligament (Isp). The basilar membrane thus

helps to complete the upper* limit of the scala tympani (ST), but

does not enter into the lower boundary of the scala vestibuli, for a
second, much more delicate membrane, known as the membrane of

Eeissner (R) passes from the upper part of the lamina a little distance

from its end, and stretches

Fig. 467. obliquely upwards and out-

wards, also to become con-

nected with the lining peri-

osteum ; neither of the

lines of insertion of this

membrane are prominently
marked. The oblique di-

rection of the membrane of

Ileissner causes a triangu-

lar space to be shut off be-

tween it and the basilar

membrane, which is bound-
ed externally by the outer

osseous wall of the cochlea

lined by periosteum : and
this space, extending

throughout the whole
length of the osseous

tube, and lined throughout

by an epithelium variously

modified in different parts,

is known distinctively as

the canal of the cochlea

canalis membranaceus, or ductus cochlearis (figs. 465, 467, CC, fig, 469,

DC). It terminates in a blind pointed extremity at the apex, and
another at the base. That at the apex, extending beyond the hamulus,
is fixed to the wall of the cupola, and partly bounds the helicotrema ;

that at the base fits into the ano-le at the commencement of the osseous

Fig. 467.

—

Sectiox thkough one of the Coils

OF THE Cochlea, LiAiiRAMiiATic (altered from
Henle). f
S T, scala tympani ; S Y, scaia restihuli ; C C,

canalis coclilese ; R, membrane of Eeissner forming
its vestibular wall ; I s o, lamina spiralis ossea

;

lis, limbus laminse spiralis ; s s, sulcus spiralis
;

n c, cochlear nerve
; g s, ganglion spirale ; t, mem-

brana tectoria ; b, membrana basilaris ; C o, rods
of Corti ; I s p, ligamentum spirale.

* To avoid repetition it may here be stated that for convenience sake the cochlea

is considered in the present description as having its larger part or base lower-

most, and the domed extremity uppermost, although of course this is far from being the
relative position of the parts whilst within the body. Moreover, parts nearer the
columella are spoken of as inner ; parts nearer the external wall as outer.
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Fiff. 4GS.

spiral lamina in front of the floor of the vestibule. Xear to this blind

extremity the eanalis membranaceus receives a small canal, lined with

epithelium, eanalis retniims (Hensen), which is continued from the

saccule of the vestibule like the neck of a flask, and enters the canal

of the cochlea abruptly nearly at a right angle (fig. 4G8, cr). The
cavity of the eanalis membranaceus is thus rendered continuous with

that of the saccule.

It is the structures which are found upon the flooi' of this spirally-

wound triangular canal of the cochlea that claim more particular

attention, for it is to them that the branches of the cochlear

nerve are distributed, and upon them the fanetion of the cochlea

as a part of the auditory apparatus appears more especially de-

pendent.

The floor itself of the coch-

lear canal is formed of a narrow

portion of the spiral lamina

external to the membrane of

Eeissner, and of the basilar

membrane. In the macerated

specimen this part of the lamina

thins off gradually to a fine edge

like the blade of a knife, but in

the recent condition(fig.4G7, Us)

it retains its thickness for some
distance (or even exhibits a

slight increase), and then ab-

ruptly terminates with a border

which in section is C-shaped

with the lower limb of the C
much more prolonged and taper-

ing than the upper. This lower

-imb is in fact the section of

the end of the osseous lamina,

together with a thin mem-
branous layer which covers it,

and which is directly prolonged

into the basilar membrane. This

membrane, as well as the whole

thickened upper part of the edge

of the spiral lamina, not being

ossified, disappears in the process

of maceration. The thickened

part (fig. 467, Us), with its somewhat overhanging, crest-like end (fig.

469, Or), is known as the Umhus of the spiral lamina, and the groove

which it overhangs, and which in section is represented by the bay of

the C, is known as the spiral r/roore (fig. 467, ss, fig. 460, S. sp. i).

The tissue of which the limbus is composed seems to be a form of

connective tissue ; but it differs in diflPerent parts. Towards the under
and inner part there are in particular numerous. corpuscles, and the

texture is distinctly fibrous, but above there are few or no corpuscles,

and the tissue is more homogeneous ; although a feint fibrillation in a
radial direction, i.e., from within outwards, may still be traced in it.

This faintly fibrillated tissue is prolonged, as just intimated, beyond

Fig. 468.

—

The Left Labykinth of a Child
AT Birth, partially opened on its outer
side to show the coilmencement of the
Membranous Canal of the Cochlea
(slightly altered after Eeicliert). f

The external or horizontal canal has been
removed ; c s, supei'ior canal ; c j), posterior

canal ; a s, membranous ampulla and tube of

the superior canal cut short ; ah, that of the

external or hoi'izontal canal ; li, undilatedend
of the horizontal canal in front of the common
opening of the superior and posterior canals

;

p s, united superior and posterior canals ; u,

utriculus ; s, sacculus ; c c, vestibular part or

commencement of the membranous canal of

the cochlea ; c r, eanalis reunions connecting

it with the sacculus ; c, cochlea.
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the osseous lamina, into the basilar membrane. Near its termination,

close to the junction with the basilar membrane, it is perforated

with a number of regularly-arranged, elongated apertures (fig. 470, ;;),

wliich serve for the transmission upwards of the nerve-fibres. Tlie

latter, in their course from the spiral ganglion to the auditory

epithelium, are lodged, as far as this, in canals in the lower osseous

part of the spiral lamina. Their arrangement here will be afterwards

more fully described.

Fig. 4G9.

L. S}-).

Fig. 469.

—

Vertical Section op the first turn op the Cochlea of a Child a
Year and a Half old. 100 Diameters (Waldeyer).

SV, scala vestibuli ; «ST, scala tympani ; DC, duct or canal of the cochlea ;
L.sp.o^,

L.sp.o"-, vestibular and tympanal layer of the osseous spiral lamina with the stratum of

nerve-fibres, N, between ; a, a, outer bony wall of cochlea ; i, b, and d, periosteum^

;

e, e, connective tissue thickening forming at L.Sp. the spiral ligament ; St.v., stria

va^scularis ; L.Sp.a, prominence known as the accessory spiral ligament, containing a

spirally running blood-vessel, ihQ vas promincns ; S.sp.i., spiral groove (inner) ; S.sp,e.,

so-called external spiral r/roove ; R, E^, section of Reissner's membrane, the middle part

indicated only by a dotted line ; from R to Cr., limbus laminte spiralis ; M.L, membrana
tectoria, somewhat raised up from its natural position

;
/

—

p, organ of Corti
; /, nerves

turning up to enter epithelium ; ff,
inner hair-cell region ; h, region of the outer hair-

cells ; I, basilar membrane underneath rods of Corti,
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When the limbns is visTved fi'om aboYc, the edge is seen to present, not a
continuous line, but a succession of tooth-like projections (fig. 470, Cr),

which give it a jagged aspect. These projections are continued as

flattened eminences a short distance on the upper surface of the limbus,

which is, therefore, not smooth, but, at least near the edge, marked
in this way with eminences and intervening furrows. Nearer the

line of origin of the membrane of Reissner, however, it becomes
more uniform, and here, too, its epithelial covering, which is directly

continuous with that of the under surface of Eeissner's membrane, is

evenly distributed ; whereas at the crest itself the epithelial cells are,

in the adult, only found in the furrows : so that the tooth-like promi-

nences project between the rows of epithelium into the cochlear canal.

Immediately below the overhanging projections, the epithelium again

runs together into a uniform single layer which lines the spiral groove,

and is continuous externally with the more specialized cells, presently

to be described as forming the organ of Corti.

The basilar membrane stretches, as before-mentioned, straight

between the osseous lamina and the spiral ligament on the outer wall,

and separates the canal of the cochlea from the scala tympani. It

increases in breadth from the base to the apex of the cochlea, while the

breadth of the osseous spiral lamina diminishes. Thus in the first turn

of the cochlea, this membrane fonns about half of the breadth of the

septum made by it and the osseous lamina ; but towards the apex of

the cochlea the proportion between the two parts is gradually changed,

until, near the helioctrema, the membranous part is left almost unsup-

Fig. 470.

Fig. 470.

—

Semi-diagrammatic View of part of the Basilar IMembrane axd Tuxxel
OF COKTI OF THE KabBIT, FROM ABO.VE AND THE SIDE. Much magnified.

I, limbus ; Cr, extremity or crest of limbus with tooth-like projections ; h b, basilar

membrane
; p, perforations for transmission of nerve fibres N, which are represented at

the lower part of the figure, but omitted for the sake of clearness in the ujjper ; i.r, fif-

teen of the inner rods of Corti ; h.i, their flattened heads seen from above ; c.r, nine

outer rods of Corti ; h.e, their heads, with the phalangeal processes extending outward
from them and forming, with the two rows of phalanges, the lamina reticularis, I. r. The
fibres of the outer rods are seen to be continued into the striation of the basilar mem-
brane, through which the connective tissue fibres and nuclei of the undermost layer are

seen. Portions of a few of the basilar processes of the outer hair-cells remain att?.ched

to the membrane.
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ported by any plate of bone. The exact nature of the tissue composiHj^

the proper substance of the membrane is unknown, but it is probably

analogous, at least the uppermost stratum, to that composing the rods

of Corti, to be afterwards described. It is somewhat stiff in con-

sistence, and maj readily be broken up into straight fibres which have

a radial direction, corresponding with a striation which the membrane,

especially its outer part, presents when view-ed on the flat (fig. 470).

Externally, at its attachment to the spiral ligament, it breaks up
into diverging fibres, which spread into that projection. On the upper

surface of the membrane is the epitheliumi which forms the organ of

Corti, and the single layer of cells which is continued from this ex-

ternally (fig. 469) : on the under surface it is covered by a layer of

connective tissue (often described as part of the membrane), the fibres

of which have a longitudinal direction, parallel with the spiral, and across

the direction of the fibres of the membrane proper. There are numerous

intermixed spindle-shaped corpuscles in this tissue, which is in con-

tinuity with the lining periosteum of the scala tympani. Small blood-

vessels are found in it, but as a rule extending only over the inner part

of the membrane. They are usually terminated by a rather larger

longitudinally running vessel, situate opposite the outer rods of Corti,

and known as the ras apiraU.

The membrane of Reissner (figs. 467, 469, B), separates the scala

vestibuli from the canal of the cochlea. It is composed of an exces-

sively delicate and almost homogeneous layer of connective tissue con-

tinuous with the lining periosteum of the scala vestibuli, and is covered

on the surface which is turned to the cochlear canal with a simple

layer of delicate scaly epithelium continuous below with that on the

limbus and above Avith that lining the outer wall of the canal (fig. 469).

The cells have each a circular flattened nucleus, and not unlrequently

contain fat droplets of various sizes. The vestibular side of the mem-
brane of Eeissner is quite smooth, and is covered with a layer of

flattened epithelioid connective-tissue cells, readily distinguishable from

the true epithelial cells on the other side as well by their greater delicacy

of outline, and their larger size, as by the history of their development.

A few blood-capillaries are continued into the membrane from the

neighbouring periosteum.

The periosteum which lines the scala vestibuli and scala tympani,

consists of ordinary connective tissue. There is no continuous lining

of flattened cells on the free surface (that bathed by the perilymph),

such as covers the surface of serous membranes. That, on the other

hand, which bounds the canal of the cochlea externally, is very much
thickened by a development of retiform connective tissue, and is

covered by the epithelium of that tube, which here forms a single layer

of cubical cells, many of which contain pigment. The periosteum,

moreover, forms usually a slight inward projection a little above the

ligaraentum spirale, containing a prominent blood-vessel (fig. 469,

L. sj). a). The substance of the periosteum is also fi'equently pigmented

immediately under the epithelium of the tract between this prominence

and the membrane of Reissner, and from containing large and nume-
rous blood-vessels, is often termed stria vascidaris {St.v.). Immediately
beneath the epithelium is a basement membrane, through which, in

sections, processes may here and there be seen passing from the

epithelium to the subjacent tissue.
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The ligamentum spirals (fig. 469, LSp) appears in sections as apointed projection from the outer wall of the cochlea, with the basilarmembrane attached to
'

its apex. It is composed Fig. 471.
of a retiform connective
tissue, many of the cells

of which have an elon-

gated shape and radiate

iProm the point of attach-

ment of the basilar mem-
brane. They have been
considered by some to be
muscular, but there is

no distinct proof of their

contractile nature.

Organ of Corti.—
The epithelium which
covers the basilar mem-
brane requires a careful description, including as it does the highly-
specialised structures which are known by the name of the organ of

Fig. 473.

ig. 471.—A PAIR c

Rabbit's Cochlea,
NIFIED.

Rods of Coeti, fkom the
^ SIDE VIEW. Highly jiag-

5, h, basilar membrane; i.r, inner rod; e.r, outer
rod. The nucleated protoplasmic masses at the feet
are also shown.

Fig. 472.—Sketch of Lamina Reticularis and A»joining Structures from the
Cat. Highly magnified (Kolliker).

a, inner hair-cells with hairlets, ^ ; 7, epithelium of spiral gi-oove ; c, d inner rodsthe junction between_ the individual heads at d not being represented
; /, heads of

s:;riier;;itS ^li r"^"'"^^
^"' '""'''^ -' ^^^^^^*^

^ ^' -*^-'- *--

Fig. 473.—Similar Figure from the Calf (Kolliker).
a, I, c, inner rods

;
d, their heads

; c, two outer rods ; i, i, feet of ditto • h iDhalantreilprocess^lvom head ot outer rod
; //', phalanges of 1. reticularis

; the oth^r k£s ast

VOL. n. ^ ^
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Corti. The central part of this apparatus is formed by two sets of

stiif, rod-like bodies—the inner and outer ror^.s of (T'or/i (figs. 470,471)

—

which stand by one end, the foot, ui3on the basilar membrane, the outer

series {cr.), at some little distance from the inner (i-r.), and thence are

inclined towards each other—the outer series inwards and the inner

series outwards—so as to meet by their upper ends or heads, which are

thus in contact. In this way each pair of rods forms a sort of arch with

slanting sides (fig. 471), and since both inner and outer rods- are,

respectively, in lateral juxtaposition, the double series of inclined

columns forms a tunnel (fig. 470) along the whole extent of the basilar

membrane, which in the natural condition is filled with endolymph.

On the inner side of the inner rods is a row of epithelial cells

—

inner

hair-cells—which are surmounted by a brush of fine, short, stiff hairlets,

and external to the outer rods are three or four successive rows of

similar but more elongated cells

—

outer hair-cells—which are mclined

in a direction more or less parallel with that of the corresponding series

of rods. The hairlets of these outer hair-cells project through rings

(fig. 470, m, n, o), which surround the tops of the cells, and which are

bounded by minute, fiddle-shaped cuticular structures—the so-called

lihalamjes—connected both to one another and to the heads of the outer

rods. A reticular lamina (fig. 470, l.r.) is thus formed which covers this

part of the organ of Corti, like a wire net.

On either side of the two sets of hair-cells the epithelium, becoming

gradually shorter, passes continuously into the simple layer of cubical

cells which is found both in the spiral groove and also covering the

outermost part of the basilar membrane.

The whole organ is, in addition to the reticular lamina, covered by a

comparatively thick, fibrillated, and, to all appearance, highly elastic

membrane—the tectorial memlmme (fig. 469, 31. t.)—which is attached

by one edge to the upper surface of the limbus, falls over the crest of

the latter and rests by the other edge and by the adjoining part of its

under surface on the rods of Corti and the hair-cells, converting in

this way the spiral groove into a canal. It will be necessary to describe

more minutely these several parts of the organ of Corti.

Rods of Corti.—The inner and outer rods of Corti differ considerably

from one another in size and shape, although agreeing, for the most

part, as regards the details of their structure. Each inner rod may be

best compared in shape to a human ulna, the upper end of the rod being

pretty accurately represented by the head of that bone, the olecranon

and coronoid processes, as well as the concave articular surface between,

being readily recognisable. The outer rods, on the other hand, some-

what resemble in shape a swan's head and neck ; the rounded part,

which represents the back of the head, fitting into, and being connected

with, the concave surface on the head of the con-esponding inner rod

(or rather of two or three inner rods, for the latter are smaller and

more numerous than the outer ones), while the part which represents

the bill projects outwards and becomes connected with the phalanges

of the lamina reticularis, aiding to form the first series of rings for the

hair-cells. Both inner and outer rods are more slender about the middle

of their length and expand again below, so as to rest upon the basilar

membrane by a somewhat widened foot. Both are distinctly striated

throughout their length (fig. 474), and the striation or fibrillation, as is

particularly well seen in the outer rods, passes, at the point of attach-



THE ORGAN OF COHTI. 659

ment of the feet, contimionsly into that of the basilai* memorane, to

which they are thus intimately connected (fig. 470). Occupying most

of the head of the outer rod is an oval part free from fibres, and
staining with carmine more readily than the rest : this appears to

represent the nucleus of an epithelial cell from which the rod was
originally developed. A similar, but smaller nucleus is sometimes,

but not always, to be seen in the head of the inner rod, at a place cor-

responding with the i^art that represents the root of the coronoid process
;

and the substance of the rod presents in its neighbourhood a somewhat
granular protoplasmic appearance, as if there were here the remains of

an original epithelial cell (fig. 474), But there is another trace of

cell-formation always to be found in connection with both inner and
outer rods, in shape of a little mass of protoplasm, enclosing a

rounded nucleus, which occurs near the base of the rod and fills up
the angle which it makes with the plane of the basilar membrane
(fig. 471). Sometimes these masses of protoplasm extend along the

last-named membrane until they come into contact, and then the floor

of the arch of Corti is covered by them.

As before mentioned, the inner rods are more numerous than the

outer,* they are moreover more closely set so as to touch one another

along their whole length, whereas the outer rods are only in contact

laterally by their heads ; finally the outer rods are m all parts longer

than the inner, and in the upper turns of the cochlea considerably so

(Winiwarter, Urban Pritchard). How the two sets of rods are jointed

together at their heads is not very clear ; it is certain that but very

little movement can be permitted, if any ; for the basilar membrane
to which they are securely fixed below is stiff and seemingly inelastic,

and the heads of adjacent rods are in close juxtaposition laterally.

It is not improbable that the service which the rods and the other

cuticular structures here serve, is to keep the parts which more im-

mediately minister to the sense of hearing in a state of sufficient tension

to be readily acted on by vibrations.

Hair-cells.—The inner hair-cells are closely applied against the inner

side (that turned towards the limbus) of two or three of the corresponding

rods, the cells being considerably larger in diameter than the rods.

They are very like somewhat short, columnar epithelium, and are

jirolonged below into a process, or it may be more than one, which,

according to Waldeyer, is directly connected to one of the nerve fi.bres

which turn up through the lamina spiralis just below these cells.

Under them, and extending also below the gradually decreasing columnar
epithelium, is an ill-characterised layer of protoplasmic cells with large

round nuclei, amongst which fine nerve-fibres are said to run in a radial

direction. Uniting the upper ends of the columnar cells internal to

the rods, is a considerable amount of intercellular cuticular tissue, and
this also forms around the top of each inner hair-cell a sort of ring,

which is connected with slight projections on the flattened heads of the

inner rods, and appears to represent the lamina reticularis here.

The outer hair-cells are peculiar in shape. They are cylindrical

at the upper end, where they fit into the rings of the lamina reticu-

laris and bear the hairlets, but lower down are ribbon-shaped, being
flattened from Avithin out, so that, when seen in profile, they look

* According to Waldeyer there are altogether in the human cochlea about (3000 of tho
inner rods and 4500 of the outer ones.

u u 2
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narrow (as in Bg. 474), but when seen from above each cell appears
nearly uniform in size throughout (fig. 475). At the lower end the
cells seem to end for the most part with a rounded extremity (fig. 475, b)

slightly bulged to one side, whilst from the other side a process (;;) is

prolonged which continues the oblique direction of the cell parallel to
the direction of the outer rod, and is fixed below to the basilar mem-
brane. (These processes were broken away in tlie specimen fi'om which
fig. 474 was taken.) The nucleus if the cell may be either in the upper
end, in the middle, or in the rounded projection at the lower end.
It is possil)le that there may occasionally be two nuclei in one cell,

one at the upper and the other at the lower extremity, but such is by no
means so fi'equently the case as is sometimes described.

Fig. 474.

Kg. 474.

—

Profile view of Inxeu and Outkr Rod in connection with Three
Hair-cells, and pakt of Lamina Reticularis (from the Guinea-piq). Bichro-
mate OF POTASH preparation. YeRY HIGHLY MAGNIFIED.

i.r, inner i-od ; e.r, outer rod : Ji^, /;.,, Ji^, hair-cells of first, second, and tliird rows
respectively. They ajipear, especially the second and third, nai-row in the middle, the

thin edge of the riband being seen, but below have become accidentally twisted so that the

flattened side is brought into view. A nucleus is visible in fi^, but none is seen in h„, A.,

probably owing to its being contained in the part of the cell the edge of which is turned
towards the observer. The lower ends of all three, together with their basilar i^rocesses,

have become broken off in the preparation of the specimen ; s. one of the succeeding epi-

thelial cells ; c, cuticular thread attached to lamina reticularis
; ^5, phalangeal pi'ocess of

outer rod
; p.,, p.^, jjlialanges of lamina reticularis seen in section.

In most animals there are three series of outer hair-cells, and a cor-

responding number of rings and phalanges in the lamina reticularis, but
in man there are four series (fig. 4G9, h), and the lamina is correspond-
ingly larger. Outside the hair-bearing cells the columnar cells are much
elongated and obliquely disposed (fig. 474, s), but they become more and
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475.

move Rnortened and acquire a more vertical direction, gradually passing
into the simple, short columnar or cubical epithelium on the outer part

of the basilar membrane. Between all these cells, as with those internal

to the inner hair-cells, is a marked amount of cuticular deposit which
is continuous with the outer end of the lamina reticularis (fig. i7o,p),
and may be looked upon as prolonging this. j\Ioreover, attached here
and there to the phalanges of the lamina, processes or threads of
cuticular substance may often be seen hanging downwards between
the hair-cells (fig. 470 and fig. 474, c). These
probably belong to certain cells which lie

below the hair-cells and in proximity to or

resting upon the basilar membrane. But the

exact character of the cells in this situation

and their relation to the hair-cells, have
hitherto ])afiied observation. In the guinea-

pig these underlying cells appear grouped, for

the most part, into an irregular protoplasmic

mass in which the rounded ends of the hair-

cells lie embedded, and from which curved,

stitf-looking processes pass in different direc-

tions forming a sort of supporting framework.
The successive series of outer hair-cells are not

in contact with one another (although the

cells of each series are so, laterally), but there

is a distinct interval between them filled, ap-

parently, only by endolymph, whicii also occu-

pies the meshes of the sustentacular frame-

work just mentioned. The whole region has

the appearance of l)eing kept in a state of

tension by means of stiff cuticular structures,

which serve to unite and at the same time

to keep apart, the reticular lamina above, and
the basilar membrane below.

Fig. 475.

—

Four outer
H.iiii-CELLS IN Connec-
tion, WITH THEIR B.\SI-

LAR Processes. Froji

theGuinea-1'ig. High-
ly MAGNIFIED.

The cells belong to the

same series aud are viewed

flat. /(, one or two hair-

lets which have remain-

ed attached ; h, Inilged

lower end of cell
; 2)> ^^'^

silar process, protoplasmic

above but becoming cuti-

cular below aud slightly

expanded at the extremity

f, which is broken away
from the basilar mem-
brane.

than that of any other

Considerable differences occnr in the compactness
with which the elements in the outer hair-cell region

are arranged both in different animals and in

different parts of the cochlea of the same animal.

It is in the upper turns of the cochlea that the

arrangement which has just been described obtains,

and it may be best seen in the cochlea of the guinea-

pig, which, indeed, for various reasons offers better

facilities for observation both on this and other pointi

animal we have examined.
One or t^^'o peculiarities are observable in the gumea-pig's cochlea, but they do

not materially complicate the observation. For instance, the outer hair-cell

region is developed into an arching projection, the external part of the arch

being formed by large flattened cells, and passing abruptlj' into the low-lying

cubical eiiithelium of the outer part of the basilar membrane. This arched pro-

jection is best seen in the upper turns; and it maj- further be noticed, that in the

uppermost turn the flattened epithelial cells above-mentioned, possess the

highly-interesting peculiaritj' of contaming large fat ch-oplets so as to cause them
almost to appear like young fat-cells : the meaning of this development of fat is

entirely unknown.

The tectorial membrane is the last special structure which remains
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to be described in connection with the organ of Corti. It arises, as

before stated, on the limbus, not for from the hne of origin of Eeissner's

membrane, but the extent to which it covers the limbus, varies in

different animals. It overlies the projecting teeth at the edge of the

limbus, and also the epithelium between : all this part of the mem-
brane is thin and delicate, imperceptibly shading off towards the inner

edge of attachment. As the membrane projects over the crest of the

limbus, it swells out below into a pad-like projection which, as before

stated, covers in and partly fills up the spiral groove, and rests below
upon the rods of Corti and contiguous structures. Towards its external

edge the membrane again thins out, and over-lies the outer hair-cell

region as a delicate film presenting a somewhat reticular appearance,

as if impressed by or moulded on the subjacent structures. The
thickened part of the membrane is distinctly fibrous in appearance (the

fibrillation extending from within, out), and after immersion in weak
solutions of chromic acid, or bichromate of potash, it appears to possess

considerable toughness and elasticity, Waldeyer states, however, that

in the perfectly fresh condition it is soft and pulpy, and he ccnsiders

that it may serve as a damper to prevent any too violent vibrations of

the fluid which is in immediate contact with the hair-cells. It must
be remembered that from its position the hairlets borne by the latter

must necessarily be in contact with the under surface of this membrane.
About its origin nothing certain is known, but it appears to be formed
as a cuticular deposit or secretion from the epithelial cells, upon which,

even at a comparatively early stage of development, it may be seer, ta lie.

Vessels and nerves of the cochlea.—The cochlear hranclics. of the

internal auditory arterij, twelve or fourteen in number, arising at the

bottom of the internal auditory meatus, traverse the many small canals

in the modiolus and bony lamina spiralis, and form in the latter a

capillary plexus that joins at intervals the vas spirale, pre'viously

mentioned. From this plexus offsets are distributed in the form of a

fine network on the periosteum, but the vessels do not anastomose
across the membrana basilaris.

The veins of the cochlea issue from the grooves of the cochknr axis

and, joining the veins of the vestibule and semicircular canals at the

base of the modiolus, pour their contents into the superior petrosal

sinus.

The cochlear Iranch of the auilitorij nerve is shorter, flatter, and
broader than any of the other nerves of the internal ear, and perforates

the bone by groups of minute foramina at the bottom of the internal

meatus, below the opening of the Fallopian aqueduct. These groups are

arranged in a shallow spiral furrow (tractus spiralis foraminulectus) in

the centre of the base of the cochlea ; and they lead into small bony
canals, which follow first the direction of the axis of the cochlea,

through the modiolus, and then radiate outwards, between the plates of
the bony lamina spiralis. In the centre of the spiral tract is a larger
foramen which leads to the canalis centralis modioli, Tbroagh
this_ foramen and canal the filaments for the last half turn of the
lamina spiralis are conducted ; whilst the first two turns are supplied
by filaments which occupy the smaller foramina and bent carals. In
the bone, the nerves have dark outlines, and near the root of tl p spiral
lamina they pass outwards through a spirally wound gangiicuic C;)rd,

the so-called gamjlion sjjirale, situated m the s])ecial bony canal, canalis
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Fi?. 476.

663

Fig. 476.—General View op the Mode of Distribution op the Cochlear Nerve,

ALL the other PARTS HAVING BEEN REMOVED.

spiralis modioli, already mentioned. Here eacli nerve fibre most pro-

bably has a ganglion-cell interpolated in its course. From the outer

side of the ganglion, the fibres, still possessiug the dark outline, pass

Fis. 477.

I 25 Isp

Pin- 477 —Distribution op the Cochlear Nerves in the Lahina Spiralis (after

Henle).

A, part of tlae modiolus and spiral lamina, viewed from the base, showing the cochlear

nerves forming a network ; 1, filaments of the nerve issuing from the tractus spiralis fora-

minulosus ; 2^ branches of the nerve entering by the central canal of the modiolus
; 3,

mde plexus in the bony lamina spiralis ; 4, close plexus at its border. B, part of the

nerves extracted and more highly magnified ; 2, twigs of the nerve from the modiolus

close to the lamina spiralis ossea ;
gs, spiral ganglion

; fs, nerve-fibres running spirally

along the outer part of the ganglion swelling ; 3, wide plexus ; 4, close plexus of nerve-

fibres as in A,
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onwards with a plexiform arrangement, at first in more or less distinct

but anastomosing cords (fig. 477, b, 3), contained in distinct canals in

the bony lamina, bat after'^ards spreading out into an almost continuous

stratum of intermingling fibres, to be again gathered up, near the

edge of the osseous lamina, into conical bundles which turn abruptly

upwards, and passing through the elongated apertures previously de-

scribed, in the membranous stratum covering the bone, enter amongst
the epithelial structures which form the organ of Corti, in the region of

the inner hair-cells.

Little is known positively with regard to the actual mode of ending

of the nerves amongst these structures. As they pass through the

apertures in the membrane, they lose their medullary sheath and dark

borders, and are continued as simple axis-cylinders. Their further

course is still a matter of doubt. Some of them are stated by Wal-
deyer to pass directly into the lower ends of the inner hair-cells, and
others to pass outwards between the rods of Corti, stretching across the

tunnel which these enclose, eventually ending in the outer hair-cells, but

these statements, although not improbable, yet require confirmation.

It is possible that the real termination of the nerves is to be found not

in the hair-cells themselves but in the subjacent irregular protoplasmic

cells, which both in the character of their nucleus, and in other par-

ticulars are not very unlike nerve-cells.

The following numbers show the average dimensions of various parts of the

human cochlea. They are copied from Waldeyer (article " Cochlea " in Strieker's

Handbook), and represent the size in micromillimeters.*

Cochlear canal, breadth, 1st turn ...... 800

2nd turn 700

„ ,, , extreme height ...... .500

Reissner's membrane, breadth, 1st turn . . . . . 900

„ „ 2nd turn . . . .700
Limbus laminte spiralis, breadth, 1st turn 300

2nd turn . . . 200—250
Rods of Corti, space between attachment of feet . 66—70

,, ., height of arch . . . . . . . 12

., „ length of inner rods ..... .50

„ „ length of outer rods . . . . .60—66
Hair-cells, length of inner . . . . . . .18

,, length of outer, with basilar process . . . 48

,, ,, length of hairlets ...... 4

Membrana tectoria, extreme breadth .... 200— 2:10

„ ,, extreme thickness ..... 50

THE NOSE.

The nose is the special organ of the sense of smell. It has also

other functions to fulfil ;—for, communicating fi'eely with the cavities

of the mouth and lungs, it is concerned in respiration, voice, and taste ;

and by means of muscles on its exterior, which are closely connected
with the muscles of the face, it assists more or less in expression.

This organ consists of, first, the anterior prominent part, composed
of bone and cartilages, with muscles already described, which slightly

move the cartilages, and two orifices, anfcrior nares, opening down-

_A micromillimeter is the irj-,r)th pai't of a millimeter, or the 25-iuot^ P^^'* ^^ ^'^ inch,
and is generally represented by the Greek letter fx.
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U'ards ; and, secondly, of the two nasal fossae, in which the olfactory

nerves are expanded. The nasal fossae are separated from each other

by a partition, septum nasi, formed of bone and cartilage : they

communicate with hollows in the neighbouring bones (ethmoid, sphe-

noid, frontal, and superior maxillary) ; and they open backwards into

the pharynx through the posterior naves. The skin of the nose is

studded, particularly in the grooves of the ate or outer walls of the

nostrils, with numerous small openings, which lead to sebaceous follicles.

Within the margin of the nostrils there is a number of short, stiff,

and slightly curved hairs

—

vibrissa-—which grow from the inner surface

of the ala3 and septum nasi,

CARTILAGES OF THE NOSE.

These are the chief support of the outer part of the organ. They
occupy the triangular opening seen in front of the nasal cavity in the

dried skull, and assist in forming the septum between the nasal fossce.

There are usually reckoned two large and three small cartilages on
each side, and one central piece or cartilage of the septum.

Fig. 478.
Fig. 479. Fig. 480.

Fig. 479.

—

Fkont View op the Cartilages
OF THE Nose (ArnolJ). -J

a, a', nasal bones ; 1, 1', upper lateral

cartilages or wing-like expansions of the

septal cartilage ; 2, 2', lower lateral car-

tilages.

Fig. 478—Lateral View of the
Cartilages of the Nose (Ar-

nold), f

a, right nasal bone ; h, nasal

process of the superior maxillary-

bone ; 1, upper lateral cartilage or

Vi'ing-like expansion of the septal

cartilage ; 2, lower lateral cartilage

(outer part) ; 2*, inner part of the

same ; 3, sesamoid cartilages.

The upper lateral cartilages (cartilagines laterales nasi) (figs. 478 and
471), 1) are situated in the upper part of the projecting portion of the

nose, immediately below the free margin of the nasal bones. Each
is flattened and triangular in shape, and presents one surface out-

wards, and the other iuv/ards towards the nasal cavity. The anterior

Fig. 480.

—

View of the Cartilages of the
Nose from below (Arnold), f

2, 2', outer part of the lower lateral car-

tilages ;
2*, 2*, inner part of the same ; 4,

lower edge of the cartilage of the septum.
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margin, thicker than the posterior one, meets the lateral cartilage of the

opposite side above, but is closely united with the edge of the cartilage

of the septum below ; so closely indeed, that by some, as Henle, the

upper lateral are regarded as reflected wings of the median cartilage.

The inferior margin is connected by fibrous membrane with the lower

lateral cartilage ; and the posterior edge is inserted into the ascending

process of the upper maxilla and the free margin of the nasal bone.

The loiver lateral carfihv/es (cartilagiues alarum nasi) (fig. 478, 2, 2')

are thinner than the preceding, below which they are placed, and are

chiefly characterised by their peculiar curved form. Each consists of

an elongated plate, so bent upon itself as to pass in front and on each

side of Uie nostril to which it belongs, and by this arrangement serve

to keep it open. The outer portion is somewhat oval and flattened, or

irregularly convex externally. Behind, it is attached to the margin of

the ascending process of the upper maxilla by tough fibrous membrane,

in which are two or three cartilaginous nodules {cartilafj. minorcs vel

sesamoidea) (fig. 478, 3) ; above, it is fixed, also by fibrous membrane,

to the upper lateral cartilage, and to the lower and fore part of the car-

tilage of the septum. Towards the middle line it is curved backwards

(fig? 480), bounding a deep mesial groove, at the bottom of which it

meets with its fellow of the opposite side, and continues to pass back-

wards, forming a small part of the columna nasi, below the level of the

cartilage of the septum. This inner part of the cartilage of the ala is

thick and narrow, curls outwards, and ends in a free rounded margin

(2*), which projects outwards towards the nostril. The lower and
most prominent portion of the

ala of the nose, like the lobule

of the ear, is formed of thick-

ened skin Avitli subjacent tissue,

and is unsupported by car-

tilage.

The cartilage of the septum

(fig. 481, 4) has a somewhat
triangular outline, and is

thicker at the edges than near

the centre. It is placed nearly

verticoUy in the middle line

of the nose, and completes, at

the fore part, the separation

between the nasal fossaj. The
anterior margin of tlie carti-

lage, thickest above, is firmly

attached to the back of the

nasal bones near their line of

junction ; and below this it

lies successively between the

upper and the lower lateral

cartilages, united firmly with

the former and loosely with the

latter. The posterior margin is fixed to the lower and fore part of

the central plate of the ethmoid bone {e) ; and the lower margin is

received into the groove of the vomer {v), as well as into the median
ridge between the superior maxillse.

Fig. 481.

—

Osseous and Cartilaginous Sep-

tum OF THE Nose, seen from the Left

Side (Arnold), f

a, right nasal bone ; 6, superior maxillary

bone ; c, sijhenoidal sinus ; d, perpendicular

plate of the ethmoid 1ione ; e, vomer ; 2*, inner

part of the right lower lateral cartilage : 4,

cartilage of the septum.
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This cartilage is the persistent anterior extremity of tlie primordial

cranium. In young subjects it is prolonged back to the body of the

pre-sphenoid bone ; and in many adults an irregular thin band remains

between the vomer and the central plate of the ethmoid.

NASAL FOSS.IJ.

The nasal fosste, and the various openings into them, with the pos-

terior nares, have been previously described as they exist in the skeleton,

and the greater part of that description is also applicable generally to

the nose in a recent state ; but it is proper to mention certain dif-

ferences in the form and dimension of parts, which depend on the

arrangement of the lining membrane, viz.

—

Throughout the whole of the nasal fossas it is to be observed that

—

Firstly, owing- to the thickness of the membrane in question, (which not only
lines the walls of the fossas, but covers the spongy bones on both sides.) the nasal
cavity is much narrower in the recent state. Secondly, in consequence of the
prolongations of membrane on their free margins, the tm-binate bones, and more
particularly the lower pair, appear in the recent state to be both more prominent,
and longer in the direction, from before backwards, than in the dried skull.

Thirdly, by the arrangement of the mucous membrane aroimd and over the
orifices which open into the nasal fossas, some of the foramina in the bones are
narrowed, and others completely closed.

Fi-. 4S2.

Fig. 482.

—

Transverse Vertical Section of the Nasal Fossjs seen from behind
(Arnold), f

1, part of the frontal bone ; 2, crista galli ; 3, perpendicular plate of the ethmoid
;

between 4 and 4, the ethmoid cells ; o, right middle spongy bone ; 6, left lower spongy

bone ; 7, vomer ; 8, malar bone ; 9, maxillary sinus ; 10, its opening into the middle

meatus.

In the individual parts of the nasal fossae the following particulars are to be

noticed.

In the upper meatus, the small orifice which leads into the posterior ethmoidal

cells is lined by a prolongation of the thin mucous membrane which continues
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into those cavities ; but the siDheno-palatine foramen is covered over by the

Schneiderian membrane, so that no such opeuing exists in the recent nasaj

fossa.

In the middle meatus, the apertm-e of the infundibulum is nearly hidden by

an overhangfing' fold of membrane ; it leads directly into the anterior ethmoidal

cells, and through them into the frontal sinus. Below and behind this, the

passage into the antrum of Highmore is surrounded by a circular fold of the

pituitary membrane (sometimes prominent and even slightly valvular), which

leaves a circular aperture much smaller than the foramen in the bony meatus.

In the loiver mcutm the inferior orifice of the nasal duct is defended by one or

two folds of membrane ; and when there are two, the folds are often adapted so

accurately together as to prevent even air from passing back from the cavity of

the nose to the lachrjnnal sac.

In the roof the apertures in the cribriform plate of the ethmoid bone are closed

by the membrane, but the openings into the sphenoidal sinuses receive a pro-

longation from it.

In the foor the incisor foramen is in the recent state generally closed. Some-

times, however, a narrow funnel-shaped tube of the mucous membrane descends

for a short distance into the canal, but is closed before it reaches the roof of the

palate. Vesalius. Stenson. and Santorini, believed that this tube of membrane
opened generally into the roof of the mouth by a small aperture close behind the

interval between the central incisor teeth. Haller, Scarjia, and more recently,

Jacobson. find that in man it is usually closed, and often difficult of detection.

(See Cuviers Report on a paper by Jacobson, "Annales du Museum d"Hist.

Naturelle ;
" Paris, 1811 ; vol. xviii. p. 412.)

MUCOUS MEMBRANE.

The pituitary or Schneiderian membrane, which lines the cavities of

the nose, is a highly vascular mucous membrane, inseparably united,

Fix. 483.

Fig. 4S3.

—

Outer Wall of the Left Nasal Fossa, covered by the PiTriTAF.r

Membrane (Arnold), f

1, frontal Lone ; 2, left nasal boue ; 3, superior maxillary ; 4, body of the sphenoid

with the sphenoidal sinus ; 5, in-ojcction of the membrane covering the upjier spongy

bone ; 6, that of the middle ; 7, that of the lower ; the upper, middle, and lower

meatuses are seen below the corresponding sjaongy bones ; 8, opening of the Eustachian

tube ; 9, depression of the lining membrane of the nose in the anterior x^alatine canal.
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Fis. 484.

like that investing the cavity of the tympanum, with the periosteum
and perichondrium, over whicli it lies. It is continuous with the skin
through the nostrils ; with the mucous membrane of the pharynx
through the posterior apertures of the nasal fossae ; with the conjunctiva
through the nasal duct and lachrymal canaliculi ; and with the lining

membrane of the several sinuses which communicate with the nasal

fossas. The pituitary membrane, however, varies much in thickness,

vascularity, and general appearance in these diiferent parts. It is

thickest and most vascular over the turbinate bones (particularly the
inferior), from the most dependent parts of which it forms projections

in front and behind, thereby increasing the surface to some extent. On
the septum nasi the pituitary membrane is also very thick and spongy

;

but in the intervals between the turbinate bones, and over the floor of

the nasal fossa?, it is considerably thinner. In the maxillary, frontal,

and sphenoidal sinuses, and in the ethmoidal cells, the mucous lining

membrane, being very thin and pale, contrasts strongly with that

which occupies the nasal fossa?.

In respect of the characters of the mucous
membrane, three regions of the nasal fossfe

may be distinguished. Thus, the region of

the external nostrils, including all the part

which is roofed by the nasal cartilages, is

lined with stratified squamous epithelium
;

and the remainder is divisible into two
parts, viz., the olfactory region in which
the epithelium is non-ciliated and columnar,

and the respiratory region in which, as also

in the sinuses, it is ciliated and columnar.
The membrane in the respiratory part, con-

sisting of the inferior turbinated and all the

lower portions of the fossa?, is studded with
numerous racemose mucous glands, which
open by orifices apparent on the surface.

These are most numerous about the middle
and hinder parts of the nasal fossae, and are

largest at the back of the septum near the

floor of the nasal cavity. They are much
smaller and less numerous in the membrane
lining the several cavities which communi-
cate with the nasal fossa?.

Olfactory mucous niembrane.— The
olfactory region or that in which the

olfactory nerve is distributed, includes the

upper and middle turbinated parts of the

fossEe, and the upper portion of the septum.
It is extremely vascular, a close plexus of large capillary vessels being
found under the lining membrane throughout its whole extent. Its

mucous membrane is thicker and more delicate in consistence than that

of the ciliated region, being soft and pnlpy. It has a distinct yellow
colour in man ; brown in some animals. The glands of this region
are numerous, but are of a more simple structure than those in the

lower part of the fossa? ; amongst them, however, some ordinary race-

mose glands are occasionally to be found The columnar cells on its

Fi 484.'

—

Vertical Section
op a small portion of the
Membrane of the Nose
FROM THE Olfactory Re-
gion (^Ecker). 50 Dia-
meters.

«, coloured part of the epi-

thelium ; a', nuclei ; b, deeper

part containing the olfactory

cells ; c, connective tissue

of the mucous membrane ; d,

one of the glands ; d', its

duct ; e, twig of the olfactory

nerve ; e' small twig passing

towards the surface.
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Fi?. 485.

pnrface are prolonged at their deep extremities into a process generally

somewhat thickened towards its deeper end, which usually includes a

number of fatty granules ; and from this thickened part branches pro-

ceed, which are stated byExner and Martin to communicate with those

of neighbouring cells, so as to form a communicating network through-

out the extent of the membrane, underneath the epithelium. Between

and amongst these branching central ends of the columnar cells there

are a large number of peculiar spindle-shaped cells (fig. 485, h), each

consisting of a large, clear nucleus -surrounded by a relatively small

amount of granular protoplasm. From each cell proceeds a superficial

and a deep process. The superficial process (c) is a cylindrical or shghtly

tapering thread passing directly to the surface, and terminating abruptly

at the same level as the epithelial

cells between wdiich it lies : the

deep process (^/) is more sleudei', and
passes vertically inwards. This last

frequently presents a beaded ap-

pearance similar to that observed

in fine nerve-filaments, and con-

sidered to be of a similar accidental

origin. These cells were termed by
Max Schultze, their discoverer, olfac-

iory cells, to distinguish them from

the columnar epithelium cells above

described, than which they are much
more numerous, and which they entirely

surround with their fine rod-like peri-

pheral processes. It is probable that

their fine varicose central processes are

directly continuous with the fibrils of

the olfactory nerve, but the continuity

lias never been actually observed.

The nucleated bodies of the olfactory

cells are several rows deep, and form a

layer of considerable thickness beneath

the columnar cells.

Fig. 485.

—

Cells and Terminal

Nkrve-fibres of the Olfactory

Reoion (from Frey after Schultze).

Highly magnified.

1, from the frog ; 2, from man ;

a, epithelial cell, extending deeply

into a ramified process ; h, olfactory

cells ; c, their peripheral rods ; e,

their extremities, seen in 1 to be

prolonged into fine hairs ; d, their

central filaments ; 3, olfactory nerve-

fibres from the dog ; a, the division

into fine fibrillte.

be met with between the two,

a common network, to which,

The superficial process of the olfactory

cell was observed by Schultze to be sur-

mounted by a short, stiff projection (fig.

485, 2f)j ^^^ l^^s been so described by

others; but it is now agreed that this

appearance results from the coagulation of

albuminous matter escaped from the interior

of the process. Long and fine hair-lUie pro-

cesses do, however, exist on the olfactory

membranes of amphibia, reptiles, and birds

(fig. 485. Ic')- b^t they have not been observed

in mammals.
A doubt has been thrown by Exner upon

the definiteness of the distinction between

the epithelial and the olfactory cells of this

region : he states that every transition may
and that the central processes of both end in

moreover, the nerve fibrils are distributed.
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The subject has since been again carefTilly investigated by Martin, who upholds

the con-ectness of Max Schultze's \-iews.*

Fig. 486.

—

Nerves of the Septum Nasi, seen from the right side (from Sappej-,

after IlirsclifelJ and Leveille). f

I, the olfactory bulb ; 1, the olfactory nerves passing through the foramina of the

cribriform plate, and descending to be distributed on the septum ; 2, the internal or

septal twig of the nasal branch of the ophthalmic nerve ; 3, naso-palatine nerves.

Fig. 487.—Nerves of the Outer "Wall ^'S- ^^'•

OF THE Nasal Fossae (from Sappey,

after Hirschfeltl' a'rid Leveille). §

1, network of the brandies of the

olfactory nerve, descending upon the region

of the superior and middle turbinated

bones ; 2, external twig of the ethmoidal
branch of the nasal nerve ; 3, spheno-

palatine ganglion ; 4, ramification of the

anterior palatine nerves ; 5, posterior,

and 6, middle divisions of the palatine

nerves ; 7, branch to the region of the

inferior turbinated bone ; 8, branch to

the region of the superior and middle
turbinated bones ; 9, naso-palatine branch
to the septum cut short.

Olfactory Nerve.—The fila-

ments of this nerve, lodged at

first in grooves on the surface of
the bone, enter obliquely the sub-

stance of the Schneiderian mem-
brane, and pass to their distribution between its raucous and fibrous
layers. The nerves of the septum (fig. 486) are rather larger than
those of the outer wall of the nasal fossfe ; they extend over the upper
third of the septum, and as they descend become very indistinct. The
nerves of the outer wall are divided into two groups—the posterior

* Exner, Wiener Sitzungsberichte, 1870 and 1872 ; H. Newell Martin, "Journal of
Anat. and Physiol.," vol. viii.
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branches being distributed over the surface of the upper spongy bone,

and the anterior branches descending over the plain surface of the

ethmoid and the middle spongy bone.

The nerves as they descend, ramify and unite in a plexiform manner,

and the filaments join in brush-like and flattened tufts, which, spreading

out laterally and communicating freely with similar offsets on each

side, form a' fine network, with elongated and narrow intervals between

the points of junction.

In their nature the olfactory filaments differ much from the ordinary

dark-bordered fibres of the cerebral and spinal nerves : they possess

no medullary sheath, are pale, and finely granular in aspect, firmly

adherent one to another, and have oval corpuscles on their surface

(fig. 488).

The greater part of the mucous membrane of the nasal fosscc is pro-

vided also with nerves of common sensibility, derived from branches

of the fifth pair : the distribution of these has already been de-

scribed.

Fi!-. 488.

Fig. 4S8.

—

Nerve-Fibres from the Olfactory Mucous Membrane (Max Scliultze).

Magnified between 400 and 500 diameters.

From a Iirancliof the olfactory nerve of the sheep ; at a, a, two dark bordered or medul-

lated fibres, from the fifth pair, associated with the pale olfactory fibres.
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EMBRYOLOGY;
on, DEVELOPMEXT OF THE FCETUS AND ITS ORGANS.

It is proposed to bring tog-ether in the present Section a short state-

ment of the manner in which the parts of the body originate in the

embryo, and acquire by development in the course oi" foetal life their

complete form and structure. The collected facts bearing upon this

subject constitute the department of anatomy known as Embryology,
Embryological or Foetal Anatomy, or Foetal development,—a knowledge
of -which is not only most interesting in itself, but is also of grent

importance for the elucidation of adult human anatomy and the whole
science of Organic Morphology.

Although much attention has been given to the structure of the

human foetus at different periods of its growth, yet the materials are

still wanting for a detailed history of its early development ; accord-

ingly it is necessary for further elucidation to have recourse to the

information obtained by studying the process in animals. But this

illustration from analogy is fully warranted by the general conformity
in the plan of development which has been ascertained to prevail

among the higher vertebrate animals, and by the agTeement with this

plan of the more important phenomena which it has been possible to

observe in the human species. In what follows, therefore, while the
main object will be to state the more important facts whicli have been
ascertained as to the development of the human ovum and embryo, the

history of the phenomena as they occur in birds and mammals will

also be referred to in so far as it tends to throw light on human
embryology.

1. THE OVUM : ITS MATURATION, FECUNDATION AND SEGMENTA-
TION : FORI.IATION OF THE BLASTODERM.

The mature ovarian ovum.—The unfecundated ovarian ovum
which is approaching maturity, and is about to be discharged from the

Graafian follicle and pass into the Fallopian tube, is composed of the
following parts, viz. :— 1. The firm, almost homogeneous external

vitelline membrane, which is termed zona pellncida in mammals ; 2. The
yolJc substance or vitellus, a mass of soft or semifluid protoplasmic

matter, involving numerous granules and oil globules, and containing

embedded in it, near the surface ; 3. The germinal vesicle, consisting

of a spheroidal delicate enclosing membrane with protoplasmic fluid

and fine granules within, and containing in its earlier states if not to

the last ; 4. The germinal sjwt or macula.

The ovarian ovum, therefore, may be regarded as a complete organised
cell, in which the yolk forms the protoplasmic contents, the germinal
vesicle the nucleus, and the macula the nucleolus.

Distinction of the germ.—In the ovum of the mammal tlie whole
yolk-substance is so uniformly of the same appearance and structure
throughout that, but for the presence of the germinal vesicle, little dis-

tinction can be perceived between one part and another ; and, further,
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the greater part of the yolk is immediate!)' engaged in the first or pre-

liminary changes which precede the occurrence of embryonic develop-

ment. The whole yolk-mass, or its greater part, is therefore directly

formative or germinal, or, as it has been said, the ovum is hoJohJastk.

But in birds and reptiles, in which the ova are comparatively large,

the greater part of the yolk forming the yellow yolk substance, takes no
immediate part in the first formative processes, and these are restricted

to the small whitish flat disc, called, the cicatricula in the fowl's Qgg,

which is composed of fine granular protoplasm, occupies a determinate

place on the surface of the larger yolk-mass, and, so long as the yolk

remains in the ovary, has the germinal vesicle situated in its centre.

Fig. 4S9.

—

Ovarian Ovuji of a Maji-

Fig. 489. MIFEK. -f

a, The entire ovum, viewed under
pressure ; tlie granular cells have been
removed from the outer surface, the
germinal vesicle is seen in the yolk sub-

stance within ; h, the external coat or

zona burst by increased pressure, the

yolk protoplasm and the germinal vesicle

having escaped from within ; c, germinal

vesicle more freed from the yolk sub-

stance. In all of them the macula is

r- ' .
' ? To the part thus distinguish-

'-''
t^, ..<>"'' f^ble from the rest of the yolk
^

the name of germ may be given ;

and it has also been styled the

primary or germinal or formative yoUc, and the protoplasm or protoblast,

while the remainder of the yolk-substance has been called the nutritive

or food yoUc, the secondary yolk or deutoplasm. The oviparous ovum
has therefore been named merodlasfic, or partially germinal.

It is not known whether in the mammals' ovum the whole yolk ought
to be considered as purely germinal, or whether, as seems more pro-

bable, some nutritive yolk may not be combined intimately with the

germinal substance ; but even if so, it is obvious that the germinal bears

a much larger proportion to the nutritive yolk than in tlie bird or reptile,

and, as will appear more clearly hereafter, there is thus some founda-

tion for the distinction between the holoblastic and the meroblastic

forms of ova, although it may be that in different animals these forms

pass insensibly into one another.

In both kinds of ova, however, whether holoblastic or meroblastic, the

su1)sequcnt phenomena of development show that the spot where the

organising process begins, occupies a determinate situation in the

ovum, and that the first rudiments of the embryo arrange themselves

in a determinate order round a central point in the germ.
There is, therefore, in the ova of birds and mammals, a part of the

yolk which is more immediately germinal, and a central point of that

germ from which development spreads, to which the name of f/erminal

pole may be given. The centre of the germ is probably coincident
witli the ])lace last occupied by the germinal vesicle.

Disappea-rance of the germinal vesicle.—The most marked
change in the interior of the ovum which is known to accompany its

maturation and escape from the ovary is the disappearance of the
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germinal vesicle,—a phenomenon which occurs in all vertebrates, and
in a large proportion of, but probably not all invertebrate animals. This

change is iudependent of fecundation. The details of the process have

not been traced in mammals, but from various observations in birds

and batrachia, and more especially from the recent minute researches

of Oellacher in fishes, it follows that the disappearance of the vesicle

really depends on its extrusion from the substance of tlie yolk in which
it was imbedded, and is attended with the bursting or breaking down
of its delicate outer membrane ; so that when the vesicle is thrust out

on the surface of the yolk, and opened out, its fluid contents must be

effused in the space intervening between the vitelline membrane and
the surface of the yolk. The actual expulsion of the vesicle in the

trout's ovum is attributed by Oellacher to the contractions of the yolk

protoplasm, and the expulsion of the vesicle in this animal takes place

previous to the rupture of its membrane and dispersion of its contents.

(Archiv. f. Mikroscop. Anat. vol. viii, p. 24.)

Fig. 490.

—

Mature Ovarian Ovum op the Pi^f. 490.
GuiNEA-riG (from BischofF. )

^so

The zona pelhicida is hidden by the adherent ''A ,

»

cells of the membrana granulosa, which have as- ^ ^ ->

sumed a pediciilated form next its surface. The
finely granular yolk substance fills the cavity of

'"

the zona. The germinal vesicle has disappeared.

The time at which the disappearance

takes place seems to be subject to some
variation. Most frequently it is close .

upon the time of the escape of the ^
ovum from the Graafian follicle ; but
sometimes it is several hours later, and ^ -^

[ - -^ "^j"

in other instances it seems to occur

previously ; and, indeed, in many cases

preparatory changes in the position, form, and consistence of the vesicle

have been observed while the ovum was still within the ovary.

As the mammiferous ovum leaves the ovary it has still adhering to

its outer surface one or two layers of the cells belonging to that part

of the tunica granulosa with which it was surrounded in the Graafian

follicle. These cells assume towards the period of maturation more or

less of a pediculated form (see fig. 490), but after one or two days they
gradually fall away from the surface of the zona, and leave tliat mem-
brane free in the Fallopian tube.

Fecundation.—Should the ovum not be fecundated it is carried

down through the female passages by the ciliary action of the lining

membrane, and is lost by absorption or removal. But if seminal matter
is present in the tubes, and the ovum is subjected to its influence within
a due time, so that fecundation is effected, there immediately follows

the commencement of a series of changes in the yolk protoplasm,

which result in the formation in a determinate situation of a stratum
of organised cells constituting the laminar germ named the hiastoderm,

which is the seat of all subsequent processes of development in the
ovum.
The encounter of the ovum with the seminal filaments or sperma-

tozoa generally takes place in the upper part of the Fallopian tube or
X X 2



676 THE OVUM AND BLASTODERM.

oviduct, and it is now ascertained that the spermatozoa not only adhere

in nnmbers to the external surface of the ovum, but actually penetrate

throu2;h the zona, so as to come in contact with and possibly also com-

bine with the substance of the yolk (see figs. 491, 492, and 493). We
are, ho^Yever, entirely ignorant of the nature of the operation of the

spermatozoa upon the substance of the germ. The shrivelled remains

of these particles are seen for days adherent to the ova, and even in the

substance of the germ, and though doubtless they at last disappear, it

has not been determined whether this is by combination of their sub-

stance with that of the germ or in what other way the mutual or

reciprocal action of the male and female generative elements may

take place.

The fact remains as one of the most remarkable in the whole range

of biological phenomena, that by the contact of an inappreciable amount

of the male product with the germinal material of the ovum, the latter

passes from an apparently inert condition into one of genetic activity,

Fig. 491.

Fig. 491.

—

Ovum of the Rabbit from the
Falloi'Ian Tube, twelve hours after Im-
pregnation (from Bisclioff).

=f'^

A few gvaimlar cells adhere to the outer surface

of the zona, in which and in the zona itself sper-

matozoa are seen ; «, zona ; b, t'vvo hyaline globules

witliin the cavity left by the shrinking of the yolk.

the ultimate result of which is the ac-

complishment of a series of the most com-
plicated phenomena of organic formation

and growth, giving rise to a new being,

which, while it may be of either sex,

repeats in all respects the characters of the species, and may inherit in

a greater or less degree the minutest peculiarities, whether structural

or functional, of either or of both its parents.

There are two changes following impregnation which have been observed in

the mammars ovum, and which are deserving of notice, though their import is not
yet known. One of these changes consists in a certain contraction or dimiau-
tion in the size, and an increase in the apparent compactness or firmness of the
mass of the yolk, so that a larger space than before, filled with clear fluid,

comes to intervene between the yolk and the suiTOunding zona. The other

change referred to is the appearance in this space of one, or most frequently

two. and occasionally of three, clear or hyaline spherules, which are easily dis-

tinguished from the surrounding fluid by their peculiar highly refracting out-

line (Quatrefages, Ed. Van Beneden, Bischoff). These spherules are of variable

size, but generally their diameter is from one-tenth to one-fifteenth of that of

the mammal's ovum (fig. 4yi, />, and 492. A). They are perfectly hyaline and
homogeneous and do not appear to possess any external envelope. They remata
visible for some days during the early j)hases of yolk-segmentation, about to be
described, and hence by some they have been named seginentation globules.

Their source and destination, however, are entnely unknown.

Segmentation of the yolk or germ.—After the disappearance of

the germinal vesicle the germinal part of the yolk constitutes for a
time a non-nucleated mass of protoplasm ; and if then subjected to the
influence of fecundation it undergoes the change of segmentation, which
results in the conversion of the germ or germinal part of the yolk into



SEGMENTATIOX OF THE GERM. 677

a layer of organised cells. This new organised structure, the blasto-

derm of Pander, is the future seat of embryonic development.
A segmenting process of this kind is universal throughout animals as

a prelude to the commencement of embryonic development ; but it

differs greatly in its extent, and somewhat also in its nature, according
to the proportional relation of the directly germinal to the nutritive

components of the yolk in different classes of animals. Thus in mam-
mals, the process of cleavage appears to be complete, or to involve

the whole mass of the yolk protoplasm, with which the germ is

coextensive, at least in the first steps of the process; while in the bird's

egg, which is pre-eminently merohlastic, the segmentation is restricted

in the first instance to the disc of the cicatricula, and the great mass
of the yolk substance takes no share in the change.

In intermediate forms of ova, as in amphibia and osseous fishes the

segmenting division extends to a greater or less width over the yolk.

102.

Fig. 492.—Ova OF THE ILvBBrr uxcEiiGoiNa Segmentation in tueir descent THRouan
THE Fallopian Tube. (From Bischoff.) f

A, tlie ovum from tlie middle part of the tube twelve or fifteen hours after impreg-
nation, the germinal vesicle has disappeared, the yolk is contracted, and two hyaline
globules are seen in the cavity between it and the zona ; rotation of the yolk took place
in the direction of the arrows ; B, ovum a little more advanced, the first segmentation has
taken place, a clear globule or nucleus is seen in both the yolk spheres : spermatozoa
adhere everywhere to the zona ; C, an ovum four hours later than that shown in B, the
second segmentation has taken place

; D, ovum from the lower part of the tube in which
the third stage of segmentation is completed, and eight yolk spheres are formed, the
albuminous covering is increased in thickness : diameter of the whole, j^th of an inch.
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just in proportion to the respective limits of the germinal and nutritive

parts of the yolk ; but always affecting first the germinal part, and

extending subsequently outwards from the germinal pole as a centre.

The process of segmentation has not been seen in the human subject,

for the human ovum has not yet been detected in the progress of its

descent through the Fallopian tubes ; but the phenomena have been

observed with care by Bischoff and others in a variety of marami-

ferous animals, and as no important differences have been found to

occur among them, there is no reason to doubt the similarity of the

process in man. The yolk cleavage sets in within a few hours of the

entrance of the mammiferous ovum into the tube, and continues to pro-

gress regularly during its descent towards the uterus, soon after its

arrival in which the process is completed. The duration of this varies

in different animals, being not more than from three to four days in the

rabbit, in which it is the shortest known, and extending to from seven

to eight days in the dog. It probably occupies not less than eight days

in the human subject.

In the bird's egg the segmentation of the cicatricula is accomplished

between the time of the entrance of the yolk into the oviduct and that

of its being laid with its albuminous, membranous, and shell coverings,

which may vary from IG or 20 to 24 or 30 hours ; and there may be

some difference in the degree of completeness of the segmenting pro-

cess at the time of the exclusion of the egg, according to the time the

egg has taken to pass through the oviduct, the season of the year, and

other circumstances.

Fig. 493. Fig. 493.—OvrM of the Rabbit
SIXTY-EIGHT HOURS AFTER IM-

PREGNATION (Allen Thomson).
2so
1

This ovimi is probably in tlie

sixth stage of segmentation. Sper-

matozoa were observed within the

zona, z, the zona ; a, the thick

layer of albumen peculiar to the

rabbit's ovum at this stage.

a. Segmentation of the

mammaVs ovum.—This pro-

cess may be shortly de-

scribed as follows :—First

the whole mass of yolk-

protoplasm, contracted as

before mentioned, splits into

two somewhat ovoid or el-

lipsoid masses, by the for-

mation of a fissure which
begins on the surface and
speedily runs through the

whole thickness of the yolk
(fig. 492, b). The two masses so formed lie somewhat pressed together
within the vitelline membrane ; each mass presenting nearly the same
appearance and structure as the whole yolk did previous to its cleavage.
But as soon as this change has taken place, and according to some
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observers even previous to its commencement, there may be seen within

each mass a small clear space similar to a nucleus. To these precursors

of nuclei the name of hiasfidc has been given.

In the next stage each of the two first segments becomes cleft so

as now to form four (c), each one of these having its clear spherule or
nucleus within ; a third division resolves the masses into eight, of like

composition with those which preceded them (d), the segments becoming
of less and less size in successive stages, as meanwhile the bulk of the

ovum as a whole undergoes little increase. The fourth stage ends in a
division into 16 segments, the fifth into 32, the sixth into G4 (hg. 493), the

seventh into 128, and the eighth into 256 (fig. 494). But it is right here
to observe that while it is possible in the earlier stages to trace the

reduplication of individual masses so that the succession of their

numbers, when the division is complete in each stage, follows in the

series of the multiples of two, yet, as the division of the different masses
in any stage is not simultaneous, other and as they might be termed
irregular munbers may be observed, especially in the earlier intervals of

division ; as for example, three between the first and second stage, or

five, six, or seven masses between the second and third, and so on.

In the more advanced stages, from the great increase in number, it

becomes almost impossible to follow the division of individual masses.

It is also deserving of notice that while the earlier clefts seem to

pass right through the yolk and its first segments, so as to involve

in the first four or five stages the whole mass of the yolk, in the later

stages they do not do so, and the process seems to be in so far dif-

erent, that the segmenting spheres come to be collected on the surface,

and a mass of unsegmented granular and semi-fluid protoplasm or
yolk substance remains within. However this may be effected, it is

certain that the later division involves only the superficial set of
spherules, and when the process is completed, the yolk mass comes
thus to be covered by a layer of these protoplasmic spherules or segment
globules, each of which possesses a nucleus and may after a time also

acquire an external envelope, so as to present in all respects the features

of a fully formed organised cell. (See the account of the histological

relations of these spherules in the General Anatomy, p. 9).

Fig, 494.Fig. 494.

—

Ovum op the Rabbit from the
Utekus. (from Kolliker after Bisclioff). ^'^

The whole surface of the yolk is now divided

into cellular comiiartments. A dark spot below
marks the position of a quantity of granular

spheres inside the cellular elements of the

blastoderm, a, the albuminous layer, now much
thinned out and incorporated with the zona ; b,

the cells of the outer layer of the blastoilerm

resulting from segmentation ; o, the spot of granu-
lar opaque spheres.

I. Segmentation in the iird's ovum.—
In the ova of birds the segmenting pro-

cess is somewhat different from that

now described in mammals, seeing

that it is restricted to the germinal disc or cicatricuui. From the
researches of Coste and several concurrent observations it appears that
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the first division is effected by a groove or fissure which passes through

the thickness of the germinal disc, having probably a direction at right

angles to the long axis of the egg. This is crossed by a second fissure so

as to divide the disc into four parts near the centre. A third cleavage

or fissuring is still of the same radial character, dividing the disc

into eight parts or sections ; but this is succeeded by another iu

a different direction, which may be named concentric, and which has

the effect of separating from the rest those parts of the radial segments

of the disc which are next to the germinal centre : a subsequent

alternating succession of radial and concentric fissures ends by dividing

the whole disc into organised nucleated cells of a similar kind with those

by which the whole of the mammiferous yolk becomes covered. A third

set of fissures, which may be termed horizontal, must also occur to com-
plete the separation of the segmented masses from the subjacent

material. In this manner the germinal disc or cicatricula of the bird's

egg has already, before the commencement of incul)ation, that is, during

its descent through the oviduct and previous to being laid, been con
verted by the organising process of segmentation into the layer of cells

which constitutes the blastoderm. The cicatricula of the laid egg is

therefore of quite a different structure from that of the ovarian ovum,
though occupying the same place and presenting much the same ap-

pearance to the unassisted eye. This layer appears to be double from

the first in the bird's egg, or to consist of two strata of cells, differing

somewhat in their character.

Fi' VJj. Fig. '195.

—

Cicatricula of the
Bird's Egg.

A, diagrammatic section

tlirough the cicatricula of a

newly laid egg ; a, vitelline

membrane ; b, segmented germ
disc ; c, below this the germ
cavity ; d, the yolk cavity with-

in the white yolk ; c, c, the

yellow yolk substance.

B, view from above of the

cicatricular or germ disc of a

newly laid impreguatetl egg in

whicli segmentation has been

complete. The opaque area is

seen surrounding the central

transparent area.

C, cicatricula of an unim-
pregnated hen's egg, showing

the vacuolar .structure produced

by incomplete segmentation.

In this process there is much which is obscure and still imperfectly
known, and much to excite our curiosity. The source of the first

segment nucleus has not been discovered, nor is it known whether or

in what way it may be related to the dis]iersed contents of the germinal
vesicle or to its macula, and we are equally in the dark as to what may
be the influence of the spermatic element upon the germ, and what the
forces by which the cleavage and the formation of the multiplying
spheres are brought about.

Contractile and other movements in the germ.—With respect to the last
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mentioned topic it may be remarked that certain heaving and rotatory motions

which have been observed by several cmbryologists immediately before and dur-

ing the occui-rence of the cleavage, indicate the play of contractile and it may

be°of other forces within the protoplasm ; and these forces have been supposed to

have some relation to the nucleus. Recent observations by Flemming in the

ovum of Anodonta, of Oellacher in that of the trout, and of Goette in the toad,

seem to show that there is some structm-al condition related to the process of

division which may have a connection with its occm-rence ; for in the eggs of

these animals the space within the domain of each segment sphere about to be

formed is occupied by fine filaments radiating from the centre towards the

circumference, and preceding the formation of the clear nuclear space within.

It is probable that the hyaline globules may be the result of the first yolk

contraction.

Secondary Segmentation.—The segmenting process previously described

may be called j^ >• ima ///, for it is not yet ascertained in how far the whole of the

blastoderm, considered as the organised substratum for the development of the

new being, owes its origm directly to the first process of germ segmentation,

or to what extent a later process of an analogous kind may contribute to the

formation of some of its deeper elements. The most recent observations, such as

those of Oellacher and Goette on the egg of the bird, of Ray Lankester on the

ova of Cephalopoda, and of Balfour on that of sharks, would tend to support the

view that in meroblastic ova at least, the process of segmentation, considered as

one of conversion of the yolk into blastodermic elements, is not completed in

the first series of such divisions, but continues to take place in a modified form

for some time afterwards, thus extending the blastoderm over the surface of the

yolk more and more by the addition of newly acquired elements. These elements

appear to be fonned from nev.^ centres of cell organisation external to the limits

of the germinal part of the ovum, by what may be called a process of free cell

formation, and to contribute mainly to the production of the deeper part of the

blastoderm. (Ray Lankester in Ann. & Mag. of Nat. Hist., 1873, p. 81, and F.M.

Balfour in Jom-n. of Microscop. Science, July, 1873 and 1874 ; Goette in Ai-chiv,

fiir Mikroskop. Anat., vol. x., 1874.)

Partial seg-mentation in unfectindated ova.—It is proper further to state

that although the process of segmentation as now described is the necessary

preliminary to the formation of the blastoderm and is only complete in ova

which have been perfectly fecundated, yet an imperfect or partial kind of

segmentation has been found also to occur in unfecundated ova. This has now
been obsei-ved in a variety of animals, such as moUusca, fishes, batrachia. and
also in the mammiferous ovum (see Bischofi:, Ann. d. Sc. Nat. 1844. and Miiller's

Archiv. 1847 : Leuckart, article '• Zeugung " in Wagner"s Handwoiterbuch der

Physiol., 1852). Oellacher has recently investigated these phenomena with

care in the egg of the fowl, from which it appears certain that some degree of

segmentation of the germ does occur in unfecundated ova, but that it is of an
irregular and incomplete kind as compared with that which follows impregnation,

that it never goes on to the formation of a complete cellular blastoderm, and that

although some of the earlier stages of segmentation are gone through and the

g-erm is to some extent divided into segment areas, yet these are afterwards

ijroken up by vacuoles and other unnatural processes of development, and no
true blastodei-mic layer of cells is fonned (fig. 49.5, c). Enough, however, has

been seen to show that some formative power resides in the germinal part of

the yolk independently of the concurrence of the male element. It is not

improbable that this segmentation in unfecimdated ova may occur to a greater

extent in the lower than in the higher animals.

2. THE BLASTODERM ; ITS STRUCTURE AND RELATION TO THE
DEVELOPMENT OF THE EMBRYO.

Position and extent.—It has already been stated tliat in the bird's

egg the result of segmentation is the conversion of the germinal disc

into an organised cellular blastoderm, Avhich, from the time of its first
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formation, and before any incubation has taken place, already consists

of two layers of cellular elements (fig'. 496, s and d).

These two layers diflfer considerably. The cells of the upper layer

are of smaller diameter, about a-^Vo"? more compactly laid together, so

as to be slightly compressed, and shortly prismatic, and are all provided

with distinct nuclei. Those of the lower layer are of somewhat larger

size, and of a more granular aspect, so as to hide tlie nucleus, which

appears, however, to exist in the greater number, and the whole of

tliese cells are rather scattered in reticular groups than united into a

distinct and consistent layer (His). Below this layer there is a narrow

space occupied by clear fluid between the germ and the surface of the

white yolk, to which the name of sulnjerminal cavity is given, and in

this space a number of granular spheres or formative cells are found,

somewhat similar to the cells of the lower layer.

Fig. 496.

Fig. 496.—JMiciioscopic view of a vertical section thkouoh half the Blasto-

derm OF A newly-laid Egg. (From Strieker), -f"

S, upper layer of small nucleated cells ; D, lower layer of larger gramilar cells ; M,
segment spherules lying in t!ie subgermiual cavity ; A, substance of tlie white yolk

below the germ.

In mammals, too, it would appear from the observations of Bischoff,

Coste, Reichert, and others, that the blastoderm which covers the yolk

after the completion of segmentation, though not double from the

first, comes soon to consist of two layers. The exact time and mode of

the appearance of a second layer are, however, still imperfectly known :

and, from the difficulty belonging to the question of secondary seg-

mentation in the deeper part of the yolk previously adverted to, it

may be doubtful how far the whole blastoderm of mammals is to be

regarded as the direct product of a primary segmentation, or a part

of it is due to a later organising process.

There is, however, a great difference in the relation of the primi-

tive blastoderm to tlie rest of the ovum in birds and in mammals. In the

former, as already stated, previous to incubation, this organised cellular

disc cover.-=; only a very limited part of the surface of the yolk, while

in mammals it completely surrounds the yolk from the first, and thus

constitutes thQvesimlar blastoderm of Coste, Keichert, and other authors.

From tlie first the blastodermal disc of birds shows a difference in

its centra] and peripheral parts, the former being thinner and more

transparent, and thus forming the so-called transjjarent area, the latter

being thicker and more opaque, is the opaque area. But in mammals
the central portion of the primitive blastoderm presents no defined

transparent area, and differs chiefly at first from the rest by its greater

thickness, and it is by later changes accomjmnying development that

there arises a thickened opaque disc, the eml^rijonal spot of Coste, and
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that still later in this disc, when expanded and altered in shape, there

is formed the first trace of the embryo. The same distinction, how-
ever, as in birds, a])pears in the end between a transparent or embryonal
area, and an opaque peripheral area, a part of which is occupied by
the vessels of the first circulation.

In birds the blastoderm spreads itself rapidly during the first stages

of incubation by cell-multiplication over the surface of the yolk, until

at last the whole is covered by its layers ; but in mammals, as the

yolk is still of comparatively small size after segmentation is complete,

but undergoes soon afterwards very rapid and great enlargement, and
as it is completely covered by the primitive blastoderm, it is obvious

that that membrane must undergo corresponding extension, not by
marginal, but by interstitial cellular multiplication.

Trilaminar structure.—The bilaminar blastoderm which results

directly from segmentation soon undergoes farther changes, by which a

third most important element is introduced into its composition, so

that, at an early period of development and previous to the actual

formation of any part of the embryo, it is found to consist of three

layers of cellular elements, placed one above the other. These layers

may, from their relative position on the yolk, be named the outer,

middle, and inner blastodermic membranes, ectoderm, mesoderm, and
cndoderm, or, following the nomenclature of Foster and Balfour, opihiasf,

mesotlast, and hypoMast, the upper, middle, and lower germs ; and the

ovum of birds and mammals may thus, along with that of a consider-

able number of animals, be styled triplohlasfic.

The origin of the middle layer is still involved in some obscurity.

By one set of observers it is considered to be most closely connected
with the original lower layer, and while the original upper layer of

the primitive bilaminar blastoderm remains undivided, constituting

the epihiast, the looser substance of the original lower layer undergoes
a differentiating change, by which there is separated from its under
part a thin lamina of flattened united cells to form the Injpohlast, while

the remaining portion, with rounded cells of a different structure,

becomes distinct superiorly, and accumulates between the upper and
lower layers, especially towards the centre, to form the foundation of

the mesqlfkish which according to this view would result, like the

epiblast and hypoblast, from the primary segmentation. But by other

embryologists, it is held that a part, if not the whole, of the mesoblast
proceeds from a secondary process of segmentation or cell formation
occurring below the original blastoderm ; and farther, that the new
cells which thus give rise to the mesoblast are carried from below
towards the place where they form that layer by migratory movements,
the nature of which is not yet understood."

Leaving the question of the origin of the middle layer for farther

remark hereafter^fe^-e shall here state in the shortest and most general

terms the relation ascertained to subsist between the three several

constituents of the organised germ and the origin of the rudiments of

the embryo and other parts developed from the ovum. In doing so, if

allowance be made for the differences previously noted, the same
description may apply to the fundamental formative processes of birds

and of mammals.
Relation of the Layers to Development.—With respect to the

histogenetic changes which accompany the conversion of parts of the

H '^v'v Xv^.jv.V'^^
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blastoderm into the several organs and textures, the reader is referred

to the various parts of the section on General Anatomy in -which the

development of the textures is treated of. Here it is enough to state,

that in the upper layer or epiblast of the bird's ovum it is mainly

by endogenous cell-multiplication that the increase of substance and

extension of area is effected ; that in the lower layer, there is, accord-

ing to Foster and Balfour, continued conversion of the cells of tho

white yolk into those of the hypoblast ; and that in the mesoblast

there is prolonged addition of cellular elements by new production of

formative cells from below the germ ; and further, that in all the three

layers it is mainly by internal differentiation of the various groups of

the cells so formed that are produced the different kinds of formative

bases, or initial deposits, whether cellular or extra -cellular, which are

converted by farther changes into the rudiments of the several organs

and textures of the animal body or its foetal appendages. But, while

the formative processes consist essentially in minute histogenetic

changes, they are also accompanied by changes of form which are

more obvious. Thus the folding or inflection of certain of the

layers of the blastoderm which brings about the enclosure of the

visceral cavity of the bod\^, or that which accompanies the formation

of the amnion ; the progressive rising of the dorsal laminse and their

final union, which attends the closure of the canal for the brain and
spinal cord ; the increased accumulation of formative cells in one place

leading to growtli and increase, and their diminution or removal in

others leading to atrophy ; the fusion of certain membranes or masses

of tissue uniting parts which were previously separate, and the fission

or solution of continuity between other masses producing their separa-

tion ; the excavation of one set of hollows and the obliteration of

others, as in the case of blood-vessels and ducts,—are only a few

examples of developmental changes, which are dependent, no doubt,

more immediately on textural differentiation, but which indicate different

forms and modes in which the constructive processes are brought

--about.

The following is the general relation of the several germinal layers

to the production of different systems and organs of the embryo and its

accessory parts in so far as yet discovered.

1. From the qnblast proceed the epidermis and its appendages, the

great nervous centres, and the principal parts of the eye, ear, and
nose ; one la^'cr of the amnion and yolk-sac, and in mammals, probably

the outer layer of the permanent chorion.

'2. From the lijipoUast proceed the epithelial lining of the whole

alimentary canal (excepting that of the mouth), and of the lungs, the

epithelial lining of the ducts of the glands connected with the ali-

mentary canal, and also the deep layer of the yolk-sac and allantois.

3. From the mesoblast proceed in general all the parts of the

skeleton, the muscles, fascia, and tendons, the peripheral nerves, the

true skin, the connective tissue, the vascular system and blood, the

muscular and fibrous coats of the alimentary canal and all other

visceral passages, the serous membranes, the parenchyma of many
glands, and the genito-urinary system, together with the outer layer

of the amnion, the vascular layers of the yolk-sac, the allantois and
_the chorion, and the foetal part of the placenta.

The mesoblast does not, however, serve as the basis of these very
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Tarior.s parts indifferently or equally throuyhout its whole extent, but
in the following divisions, viz., First, by a central mesial or axial part,

out of which proceed the rudiments of the protovertebral segments of

the body ; and, Second, by two lateral parts which undergo subdivision

into an upper and lower lamina, the first of these subdivisions contain-

ing the rudiments mainly of volunto-motory parts, the walls of the

body, or somato-plenral elements ; and the seconct forming the involunto-

mofcory parts, as in the walls of the alimentary canal, heart, &c., or

splanchno-pJcural elements : the space formed by the separation of these

two sets of parts is the visceral or pleuro-peritoneal cavitij.

From the foregoing enumeration of the several parts of the embryo
which are traceable in their origin to one or other of the layers ot

the blastoderm, it must not be inferred that these initial elements
remain each distinct or separate from the rest, while undergoing
the formative changes of conversion. Some of them, doubtless, do
maintain their independence in a remarkable degree, as is the case

with most of the parts derived from the hypoblast, and some of those

fi'om the epiblast ; but in the case of parts proceeding from the meso-
blast, this independence is in a great measure lost ; and notwith-
standing the original separation, we see, especially in the vascular and
nervous systems and in the connective tissue, that in the course of their

farther development, there is a great amount of spreading of one into

the other sets of the blastodermic elements.

Discovery of tlie Blastodermic Elements.—We owe to C. F. Wolff, as de-
scribed in his Theoria Genera,tionis, published in 1759, the first proof derived from
observation of the actual new formation of, the organs of the embryo (epi-

genesis) from the simple granular (cellular) elements of the yolk, and to a later
work of the same author (On the Formation of the Intestine, which originally
appeared in 17(')9,and -s\-as republished in German by J. F. Meckel in 1812) the first

suggestion of the laminar constitution of the germ. The full discovery, how-
ever, of the three layers of the blastoderm, and especially their relation to the
development of the organs and systems of the embrj-o, was, under the influence
of DoeUinger's teaching at Wiirzburg, the work of Pander, and was first published
in his inaugural dissertation at that University in 1817. The segmentation of
the yolk, noticed by Swammerdam and Spallanzani, was first described in
batrachia by Prevost and Dumas in 1823, in a Memoir which was followed by
an important series of contriljutions by the same authors to the history of the
development of reptiles, birds, and mammals. Tlie discovery of the germinal
vesicle of the bird's egg by Purkinje in 1825 led the way to more minute obser-

vation of the constitution of the germinal part of the ovum. But the founda-
tion of embryology as a modem science was most surely laid by C. E. von Eaer
of Konigsberg (origin alty. the associate of Pander and pupil of Doeilinger), who
discovered the ovum of mammals in 1827, and in his work entitled " Die
Entwickelungsgeschichte der Thiere, Beobachtungen und Reflexionen," 1829

—

1837, gave the fullest, the most accm-ate, and the most philosoiDh:cal account of
the development of animals which has ever appeared. The contemporaneous
researches of H. Eathke. also the pupil of Doellinger along with Pander and
Von Baer, contributed greatly to the advance of embryological knowledge.
The investigations of Schwann •' On the conformity in the structure and gro'n'th

of plants and animals," published in 1839, threw new light upon the histological

composition of the o^um and blastoderm and tlieir relation to the phenomena
of development (see^ General Anatomy, p. 6 et srt/.)

; and in the years contem-
poraneous with Yon Baer"s researches, and following their publication, many
important contributions appeared which greatly extended the scientific knowledge
of the subject ; among the authors of which may be mentioned here, as the
most prominent, the names of Yalentin, Rusconi, R. Wagner, Reichert,
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Kolliker. M. Barry, Bischoff, Coste, and Kemak. The knowledge of the develop-

ment of the ovum and embryo of mammalia was especially advanced in the suc-

ceeding decennial period by the valuable memoirs of Bischoff on the rabbit, dog,

guinea-pig, and roe-deer, published successively between 1847 and 1854, and an

important addition was made to the history of human development and that of

some animals by the publication of the elegant and elaborate work of Coste in

1847 and several following years.

To the careful observations of Remak more particularly, as described in his

work on the development of the fowl and the frog, published in 1851-54, we owe
the fullest and most consistent account of the structiu-e and formation of the

blastoderm and of the relation of its several parts to the earlier phenomena of

embryonic development. The Lectures of Kolliker, published in 1861, formed

the most valuable addition to the history of development in the ten years suc-

ceeding the publication of the researches of Remak. In 1868 the blastoderm and

its early transformations were subjected to renewed examination in the elaborate

researches of His (Untersuch. lib. die erste Anlage des Wirbelthierleibes). In

the succeeding years appeared the varied researches of Dursy on the development

of the head, Waldeyer on the ovaries, Oellacher on birds and fishes, and Goette

on batrachia and birds, and numerous others, so that every year brings forth

numerous original contributions to different departments of the subject. In

1874 there appeared the first English treatise on the development of the

embryo since the time of Harvey, in the excellent " Elements of Embryology,"

by Jil. Foster and F. M. Balfour—the latter of whom is also the author of im-

portant original researches quoted in the coui'se of this section. In the same

year a short and useful systematic work on the Embryology of Vertebrate

animals has appeared by Dr. Schenk of Vienna.

Origin of the Mesoblast.—Although there is the general agreement before

indicated among embryologists as to the trilaminar structure of the blastoderm

in the ovum of the higher vertebrates, when it has made some progress in

development, and as to the general relation of the several layers to the produc-

tion of the systems and organs of the embryo, there is by no means the same
unanimity of views as to the manner in which the different layers, and more
especially the lower and middle layers, come into existence.

Fig. 497.

Fig. 497.

—

Microscopic view of a vertical section through the Blastoderm of

THE Bird's Egg after twelve hours op incubation. (From Strieker.) ^f"

S, upper layer of cells or epiblast ; D, lower layer now forming a single continuous

layer of flat cells, or hypoblast ; M, large formative cells beginning to form the middle

layer, or mesoblast ; A, subgerminal part of the yolk.

In the egg of the fowl the cells of the middle layer begin to make their appear-
ance in the central part of the blastoderm between the two original or primitive
layers from the eighth to the twelfth hour of incubation, while about the
same time a lower layer becomes distinct, as before stated, by the arrangement
in a single layer of the lowest cells, their assumption of the flattened form,
and their mutual union somewhat after the manner of a i^avement-like epithelium.
But while this is apparent towards the centre of the blastoderm there is

accumulated towards the periphery in a thickened zone (ojiaqiie area) a quantity
of cells of larger size and granular aspect in which no division into an under
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and middle layer is yet to be perceived. According to most observers the original

upper layer takes no sliai-e in these changes, but remains distinct and undergoes
the changes which belong to its own phases of development.
With respect to the formation of the hypolilast it would appear to be no more,

at least in its central part, than a differentiation or change of form occurring in

cells existing from an earlier period in the primitive lower layer ; while its

peripheral extension is probably owing to the conversion into its pavement-like
cells of the subjacent elements of the white yolk. But as to the manner in which
the mesoblast takes its origin, two distinct kinds of views exist among embryo-
logists. According to one of these, following the suggestion of Remak. the cells

of the mesoblast take their rise by a process of separation from the cells of the
primitive lower layer by changes which are coincident with the conversion of
the deepest set of those cells into the continuous lamina of hypoblast. And as

a modiiication of this \dew may be mentioned that of His, according to which
a middle layer (though not distinguished by him as such by namej arises in

common from the formative cells of both upper and lower primitive layers

through an axial plate, into which he holds they unite.

According to the other view, which originated in the Vienna school, and has
received much support from a number of observers emanating from it (Strieker,

Waldeyer, Peremeschko, Klein, Ocllacher and Goette), the cells which form the
middle layer do not proceed either from the epiblast or hy^joblast in the place
which they ultimately occupy, but these cells arise as new products of cell forma-
tion below the hy^joblast, pass by migi-atory movement into the seat of the meso-
blast, either through the hypoblast, or, as most hold, round its peripheral margin,
and thence into the central part of the blastoderm, where all are agi-eed the cells

of the mesolDlast first come to be collected in any considerable qiiantity. Having
once gained this position, or. in other words, a certain portion of mesoblast
having been thus formed in the axial or central plate of the embryonic area, its

cells speedily multiply and rapiiUy extend themselves, both by thickening in the
centre and by spreading towards the peripliery : other mesoblastic cells continue
to be introduced from below at the margin of or through the hypoblast, so as to

complete the formation of a middle layer by the eighteenth or twentieth hour.

FiiT. 498.Fig. 498.

—

Section of a
Blastoderm at right
ANGLES TO THE LoNG
Axis or THE Embryo,
NEAR ITS .MIDDLE,

AFTER EIGHT HODlls'

Incobation (from Fos-

ter utrI Balfour).

A, epiblast formed of

two layers of cells ; B,

mesoblast thickened be-

low the primitive gi'oove

;

C, hypoblast formed of

one layer of flattened

cells
;

pr, primitive

groove ; vie, mesoblast cell ; bd, formative cells in the so-called segmentation or sub-
germinal cavity. (The line of separation between the epiblast and mesoblast below the
primitive groove is too strongly marked in the figure.)

Among the most recent observers. Klein and Balfour favour the migratory
view : the latter, however, in a somewhat modified ftirm. as he has an-ived at the
conclusion that the mesoblast takes its origin not directly from the epiblast or

hypoblast, but in part from cells which are included (as the result of the first

segmentation) in the blastoderm between those of its upper and lower layers, and
partly from the larger spheres or foi-mative cells which are the product of a later

process of cell production occurring in the lower part of the germ, and which
migrate from the place of their fonnation in the germ cavity, round the margin
of the hypoblast into the space above it. The researches of Goette lead nearly
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to the same conclusion as those of Balfour, and if confirmed would go far to

prove the occuiTcnce of a secondary or jirolong-ed segmentation in the subger-

minal j-olk, to which allusion was previously made.

It is'right. however, to state that on the other side there is the weighty autho-

rity of KoUikcr. T\-ho. in association with the younger Vii'chow, has recently

soiight in vain for the evidence of such migration as has been described by

the observers previously referred to. and attributes the formation of the meso-

blast enth-ely to the proliferation of cells connected originally with the lower

surface of the epiblast.

Difference in Animals.—The foregoing description applies to the sj-mmetrical

position and central mode of development of the blastoderm which belong to

the ova of reptiles, buxls and mammals : but it Ls right to state that in the lower

vertebrata, or in amphibia and in osseous and cartilaginous fishes, there are

several remarkable differences. Among these may be particularlj' noticed the

non-symmetrical development of the blastodenn, and the excentric position of

the commencement of the embryo : the involution of the epiblast at the aper-

ture of the blastodenn termed ' anus " by Rusconi. or blastopore, at which the

cells of the epiblast become continuous with the larger deeper cells from which
the mesoblast and hypoblast originate. (See F. M. Balfour, " On the Develop-

ment of the Elasmobranch Fishes,"" and " Comparison of the Development of

Vertebrates,"" in the Quart. Joum. of Jlicroscop. Science for Oct. 1874. and July,

1875 ; E. Eay Lankester. '• On the Primitive Cell Layers of the Embryo." Sec, in

the Ann. and Jlag. of Nat. Hist, for 1871.

The Blastoderm of Mammals.—A variety of observations have shown that

the blastodenn of mammals consists, when fully fonned. essentially of the same
kinds of elements arranged in three layers, as previously described in birds

;

but the mode of fonnation of these layers has not yet been fully investigated.

By the observations of Bischoff. Coste, and Reichert, it was ascertained that as

the result of the first segmentation the yolk became invested with a comjilete

superficial covering of distinct nucleated cells, which may be looked upon as

coiTesponding to the ui)i)er or oiiter layer, or epiblast. "Within this there remains
for a time a thick plate or rounded mass at one side of opaque spherules,

which seemed to be segment spherules not yet converted into cells, and the
interior of the yolk was elsewhere filled with a graniilar fluid. Some time later,

or about the fifth day in the rabbit"s ovum, a thickened spot, the germinal area

of Bischoff. or tache embiyonnau-e of Coste, gi'adually made its appearance in

the place where the primitive trace of the embryo is afterwards formed. This
consisted in a thickening of the layer already fonned. and of an accumulation
of a layer of new cells below it. which, gradually extending itself over the

sui'face of the yolk, gives a second covering of cells to the ^vhole.

In a carefully conducted series of recent obsez'vations, Hensen finds (Zeitsch.

filr Anat. u. Entwick. Leipz. Xov. 187o) that in the rabbit"s ovum, at the time
when the germinal disc is still round {'> days 4 hours) the epiblast. with its

central thickening, fonns a complete A-esicular covering of the yolk, but that the

hypoblast, lying belo'«- the disc, does not extend over more than a thii-d of the
circimiference. Tlie cells of the middle layer are at this time restricted to the
liinder part of the genu disc, in which place the primitive trace of the embryo
first appears. Kolliker also, in the same animal (Verhandl. d, Physik. Med.
Gesellsch. z. "Wiirzbiu-g, Kov.. 187."j) describes the inner layer (h\']3oblast) as

spreading rapidly over the inner surface of the oriter layer or epiblast, so as at

last to give a complete double covering to the yolk.

In sections of a vesicular blastoderm of the cat, prepared by Mr. Schafer, but
not yet described, two layers may. as he has pointed out to me. be seen, the outer
of which (epiblast) lies immediately within the primitive chorion and is co-
extensive with it, whilst the inner layer (hypoblast), although also complete,
forms a smaller ring than the outer, and is in contact with the latter at one place
onl3'. Both layers, although elsewhere fonned of a single stratum of cells, are
here slightly thickened, but especially the outer (as if a mesoblast were about to
be developed from it) : the hypoblast at this place appeai-s bounded superficially
by a delicate cuticular film.
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SHORT OUTLINE OF THE MORE GEN^ERAL PHEN"OMEK"A
OF THE DEVELOPMENT OF THE OVUM.

Distinction of Embryonic and Peripheral Phenomena.—From
what has gone before it will be seen that the fundamental phenomena
of development in the ovum consist essentially in changes which take
place in the several layers of the blastoderm. Considered individually

and minutel}', they are mainly of the nature of cell multiplication and
cell differentiation. Eegarded as a whole tliey may be placed under
two divisions, according as 1st, they have their seat in the parts fi'om

which the future embryo is formed, and are therefore intra-emlnjonic, or,

2nd, are extra-emhrnonic, and connected with the production of other
parts, having usually a membranous form, which surround the embryo
within the ovum, and form principally the amnion, yolk-sac, allantois,

and chorion. It is to be remarked, however, that although in the
progress of development all these membranes are mainly peripheral
or extra-embryonic in their situation, they are not entirely so in their

origin, for one of them—the allantois—springs originally from a part
within the body of the embryo ; and all of them, in mammals at least,

by the original continuity of the blastoderm, are necessarily united at

certain places with parts of the embryo. Hence they have been called

foetal appendages or foetal membranes.

Fiff. 499.

Fig. 499.

—

Ovum of the Rabbit from the Uterus (from Kolliker after Bischoff).

The ovum was about one seventh of an inch in diameter ; a, the remains of the zona
peUucida or external membrane ; b, the vesicular blastoderm ; c, the germinal area

;

d, the outer limb of the double layer.

It is also to be held in remembrance that in birds, the blastoderm,
which is originally restricted to the comparatively narrow limits of the
cicatricula, extends itself rapidly in the earlier periods of incubation over
the surface of the yolk

;
while in mammals, the whole yolk is from the

first covered by the vesicular blastoderm directly resulting from segmen-
tation. In both, however, there may be distinguished a central and
peripheral region of the blastoderm, and to the central part, as being
the more immediate seat of the development of the embryo and its

organs, without attempting to define very closely its limits, the name of
VOL. II. T Y
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embryonic area may be given. From this area, as from a centre, the

changes of development in some measure emanate or spread towards the

periphery. In birds the central area is from the first distinguished

from the surrounding part by greater transparency and thinness of the

bUistoderm, and thus (as ah-eady described) arises the distinction of the

transparent and opaque areas. In mammals, on the other hand, the

germinal part of the blastoderm is at first entirely opaque, forming the

embryonic disc of Costc, Bischoff, and others ; and it is by a subsequent

change that a part of this disc clears up or becomes thin and transparent,

and that an opaque area is formed in the peripheral part. In both

birds and mammals the embryonic area, from being simply round at

first, becomes soon somewhat pyriform, and subsequently oval or con-

tracted in the centre, like the body of a violin.

Fig. 500.

—

First appearance oi? the PRiMiirvE Trace and MEDULLAur Canal in

THE Ovum op the Dog (from Bischofi').

«, Jj, and c, represent the natural size of the ova of wliicli tlie several germinal area;

are represented in A, B, and C. In A the germinal area is pyriform, and the primitive

trace occupies two-thirds of the narrow hinder end. In B the trace is elongated and
on the two sides are the raised medullary plates, mp, with the primitive groove between.

In C the distinction between transparent area, at, and opaque ai-ea, ao, is marked by the

outline.

It is in the hinder narrower part of this embryonic area, when it has

assumed the pyriform shape, that the earliest trace of the embryo can
be discerned. This forms the well known primitive streak and groove
of authors, but it appears from the observations of Dursy and Balfour

in the chick, and of Hensen in the rabbit, that the primitive trace and
groove, which are the first indications of embryonic formation, are only
transitory and evanescent, and that they are succeeded by the medullary
groove and dorsal plates, which commence beyond the cephalic end of

the primitive trace, and grow backwards towards the caudal extremity,
so as gradually to thrust out as it were at the end the shrivelled

remains of the primitive trace. The anterior extremity of this medullary
groove becomes afterwards the cephalic, and the posterior extremity or
that towards the primitive trace becomes the caudal part of the cranio-
vertebral axis of the embryo.
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This primitive axis constitutes in some measure the centre of sub-

sequent changes of development. It consists mainly of a thickening

produced by the accumulation of blastodermic cells.

1.—INTRA-EMBRYONIC PHENOMENA OF DEVELOPMENT.

Axial Utidiment of the Embryo.—Cerebro-spinal Axis.—The
genetic changes which lead to the first formation of the rudiments of
the embryo may be briefly sketched as follows :

—

The longitudinal thickening of the blastoderm, which forms the

primitive trace, belongs at first chiefly to the upper layer or epiblast,

but soon extends to the central part of the middle layer or mesoblast.

The hypoblast takes no share in its production.

The elongated plate or thickening is very soon separated towards the

cephalic end of the primitive trace by a median groove or linear

depression into two lateral plates, which, thickening to some extent,

rise into ridges and thus constitute the laminaa dorsales, or dorsal

ridges. The groove deepening, and the ridges becoming more
elevated, there is then formed a canal, and by the further eleva-

tion of the ridges, their approach to each other, and their final coal-

escence in the middle line, the canal is gradually closed in along the

dorsal line. The part of the upper layer which has undergone this

inflection and enclosure acquires considerable increased thickness, but
still a cavity remains in its interior. The part where it was closed

dorsally now becomes separated fi-om the upper layer or epiblast with
which it was originally continuous, and the latter passes subsequently
free and entire across the dorsal line.

Fig. 501.—E.MBRi'0 OF THE DoG SEEN FROM ABOVE, Fig. 501.

WITH A PORTION OP THE BLASTODERM ATTACHED.

Tlie medullary canal is not yet closed, but shows the

dilatation at the cephalic extremity with a jjartial division

into the three primary cerebral vesicles ; the posterior

extremity shows a rhomboidal enlargement. The cephalic

fold crosses below the middle cerebral vesicle. Six pri-

mordial vertebral divisions ure visible ; so, the upper
division of the blastoderm ; sp, the lower division, where
they have been cut away from the peripheral x^arts.

This canal is wider at the cephalic ex-

tremity in which the rudiment of the brain is

situated, it is of uniform diameter in the suc-

ceeding or middle part, and at the caudal

extremity remains open for a time, but is closed

in at a later period like the rest.

The rudiment of the great nervous centre

arises in a thickening of the central portion

of the enclosed epiblast which is originally

continuous with the rest of the upper layer ;

but this part which forms the brain and spinal

marrow exhibits considerable thickening at an
early stage, thus constituting what by some have been called the medul-
lary plates, while the canal is still open, and subsequently folded round
dorsally and closed in the form of a medullary tube, within which

Y Y 2
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is situated the medullary cavity or common ventricle of the brain and

spinal marrow. There is at first no distinction between the meduUary

or nervous structure and the containing walls : these last, including

the dura-matral sheath, are derived later from development of meso-

blastic elements.

In birds and mammals it does not appear that there is at first any

line of separation or distinction between the medullary part and the

rest of the epiblast, but in Imirachia a difference of colour in the

corneous layer marks a distinction between it and the deeper part which

forms the medullary rudiments.

The Uotochord.—One of the next steps in early development as

observed in the bird is the formation ft-om a central columnar portion

of the mesoblast of an axial cord occupying the future place of the

bodies of the vertebra and basis of the cranium. This constitutes the

notochord or chorda dorsaUs (see fig. 504: and sections in figs. 502 and

503, ch).

dorsalis

into its

by their

"^^

Fig. 502. Fig. 502.—Tkansverse Sec-

tion THROUGH THE Ejl-

BRYO OF THE ChICK AND
Blastoderm at the end
OP THE First Day (from

Kolliker).

/;, epiljlast ; dd, lij'jioblast

;

sp, mesoblast ; Pv, primitive

or medullary groove ; in,.

medullary plates ; ch, cliorda

vwp, primordial vertebral plate ; uwh, commencement of division of mesoblast

upper and lower lamina; ; between Rf and h the dorsal lamiuK or ridges whicb

ajiproximation close in the medullary canal.

(! il.

Its structure is simply cellular, and it takes no direct part in the

formation of the bodies of the vertebra or cranial basis, but comes

later to be surrounded by the formative substance out of which these

parts of the skeleton are developed. In mammals and in cartilaginous

fishes its formation appears to be later than in birds. In man and

the higher vertebrates its remains are to be seen for a longer or shorter

period of foetal life within the cranio-vertebral osseous axis, but in the

lowest vertebrates, as AmfJiioxus and Cijdostomatous fishes, in which the

Fig; 503.

Fig. 503.

—

Transverse Section through the Embryo of the Chick and Ulasto-

DERM on the Second Day (from Kolliker).

d d, hypoblast ; ch, chorda dorsalis ; u w, primordial vertebra; ; m r, medullary

plates ; h, corneous layer or epiblast ; u w h, cavity of the primordial vertebral mass ;

in p, mesoblast dividing at sjpinto h p I, somatopleure, and d f, splanchnopleure

;

IX n (/, Wolffiau duct.
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vertebra3 are not developed or are imperfect, it attains much larger pro-

portions, and itself constitutes the principal vertebral axis.

Protovertebrae.—On either side of this axial cord a thick mass or
plate of mesoblast is collected along its whole length, and very soon
there appear several transverse clefts in these plates forming the com-
mencement of protovertebral segmentation. The first formed of these

divisions is near the anterior or uppermost of the future cervical vertebra3,

and they rapidly extend backwards in the posterior or lower cervical

and dorsal region (fig. 501, jw, and fig. 503, uic). The divisions

becoming more distinct, separate small quadrilateral masses, which
have received the name olprotovertebra, by which it is meant to indicate

that they are not the same with the permanent vertebral pieces of the

skeleton, but rather correspond to embryonic somatomes, or mciameric
segments, corresponding closely in number with the permanent vertebral

divisions, but including the rudiments of other parts, such as those of
the spinal nerves, along with those of the vertebra3.

The basis of the cranium, into which the notochord extends, does not
at first present any transverse division similar to that of the vertebral

portion of the axis, and the notochord itself is at first without segmen-
tation, and forms therefore a simple and entire cylinder.

Pleural Cleavage of the Lateral Parts of the Mesoblast.*—
Together with the formation of the protovertebral plates and their trans-

verse segmentation, another important change begins in the lateral

part of the mesoblast external to these plates, which consists in its

cleavage into an upper or outer and a lower or inner lamina, and the

consequent formation between them of an interval or space (figs.

503, sji, and 50-1, i^p). The two laminae thus separated constitute

respectively the somatopleure and s})lanchnopleure portions of the meso-
blast, and the space between them is the commencement of the pleuro-

peritoneal cavity, which afterwards forms by its partition within tl>e

embryo the pleurte, pericardium, and peritoneum, and which beyond

Fig. 504.

FSo.

Fig, 501.

—

Diagrammatic longitudinal section through the Axis of an Embryo
(from Foster and Balfour)

The section is supposed to be made at a time when the head-fold has commenced, but
the tail-fold has not yet appeared. A , epiblast ; B, mesoblast ; C, hypoblast ; FSo,
folil of the somatopleure

; FSp, fold of the splauchuopleure ; Am, commencing (head)
fold of the amnion

: NC, neural canal, closed in front, but still open behind ; Oh, noto-
chord,—in front of it, uncleft mesoblast in the base of the cranium ; D, the commencing
foregut, or alimentary canal ; Ht, heart

; pp, pleuro-peritoneal cavity.

* "Pleural" is here used in the sense " paiietaL
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the embryo extends into the space between the amnion and the other

developed membranes of the ovum.
Inflection of the Walls of the Body of the Embryo.—The first

rudiments of the embryo, as before described, lie prone and flat on the

surface of the yolk, consisting almost entirely in thickenings, with

some incurvations, of certain parts of the blastoderm. In the forma-

tion of these parts the two upper layers, epiblasfc and mesoblast, are

alone concerned, and the hypoblast takes no part in them, but passes

thin and flat across the space occupied by the embryonic rudiments.

In the further progress of development a great change of form is

now produced by the downward inflection of the whole three layers of

the blastoderm, in consequence of which the embryo rises, as it were,

out of the plane of the rest of this membrane, and begins to be notched

off" from its peripheral parts. The first of these folds, termed crplmlic,

(fig. 504) takes place at the extremity of the embryo which contains the

rudiment of cranium representing the head, and precedes by a con-

siderable interval the other folds. A similar downward fold subsequently

follows at the caudal extremity, and there is also between the cephalic

and caudal folds a simultaneous depression of the layers of the blasto-

derm in lateral folds, so that the embryo takes in some measure the form

of an inverted boat, with its keel upwards, and its hollow side opening*

towards the yolk cavity, and the fore part being, as it were, partially

covered in by the deck of the cephalic fold. Thus are produced the

downward ventral or visceral plates which form the side walls of the

head and trunk ; and at a later period, by the increased constriction

or convergence of the folds round the place of communication between

the embryo and the peripheral parts of the blastoderm, there is formed
the umbilicus (see figs. 510 and 512).

Ym. 505. Fig. 505.

—

Transyersk Section through the
EMBRro-CnicK before and some time after
THE CliOSURE OF THE MEDULLARY CanAL,
TO SHOW THE UPWARD AND DOWNWARD IN-

FLECTIONS OF THE Blastoderm (after llemak).

A, At the end of the first day. 1, notochord
;

2, primitive groove in the medullary canal ; 3,

edge of the dorsal lamina ; 4, corneous layer or

epiblast ; 5, mesoblast divided in its inner part

;

6, hypoljlast or epithelial layer
; 7, section of

protovertebral plate.

B. On the thii-d day in the lumbar region.

1, notochord in its sheath ; 2, medullary canal

now closed in ; 3, section of the medullary sub-

stance of the spinal cord ; 4, corneous layer
;

5, somatopleure of the mesoblast ; 5', splanchno-

pleure (one figure is placed in the pleuro-

peritoueal cavity); 6, hyjioblast layer in the intes-

tine and spreading over the yolk ; 4x5, part of

the fold of the amnion formed by epiblast and
somatopleure.

The fundamental steps, therefore, in the development of the verte-

brate embryo result in the formation in the axial part, or head and
trunk of the body, of two cavities, of which one is situated above and
the othor below the notochordal axis ; the upper constituting the
cranio-vertebral canal, and containing the rudiment of the cerebro-
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spinal nervous centre ; the lower forminc!^ the walls of the body whicli

enclose the great nutritive viscera in the thoracic, abdominal and pelvic

divisions of the trunk ;—along with wliich may be associated the parts

which form the face and jaws, and Avhich enclose the cavities of the

nose, month, and pharynx, incUiding in their substance the hyoid bone
and its accompanying branchial arches.

The Cerebro-spinal nervous Centre.—The brain and spinal cord

have at first together the form of an elongated tube, of which the

primary wall is of nearly equal thickness throughout. The cjdindrical

portion in the region of the protovertebraa forms the spinal cord. In
the dilated cephalic portion, constituting the rudimentary brain, there

is from a very early period a partial division into three portions by
slight intervening constrictions of the wall of the medullary tube.

These constitute the three jn-imarij enrpphalic resides, and give rise in

the next stage of development to the five fundamental portions of the

brain usually recognised by embryologists and comparative anatomists,

viz., forebrain, interbrain, midbrain, hindbrain and aftcrbrain. The
general cavity enclosed by the inflection and union of the medullary

plates constitutes the mesial ventricles of the brain and the canal of the

spinal cord.

Fig. 506.

—

Magnified side view of the Head Fig. 506.

AND Upper Part op the Body op an
EnDRro-CHicK OF THE FouRTH Day (adapted

from Remak and Huxley).

1, cliorda dorsalis ; 2, tlirce of the upper
priDiitive cervical vertebne ; C\ one of the vesicles

of the prosencephalon, with the nasal fossa be-

low ; C-, vesicle of the thalameacephalon, with
thg eye below it ; C'*, the middle cerebi-al vesicle

;

C'*, the cerebellum, between which and the cer- C^~[- ^""^^^ ] JL'^>C<$J^^!-—' TI
vical vertebra is the medulla oblongata. At the

anterior extremity of the chorda dorsalis, where
it reaches the ijost-spheuoid, is seen the rect-

angular bend of the middle of the cranium,
which takes i^lace at the sella turcica ; and in

front of tliis, towards the eye, the pointed infun-

dibulum ; V, the rudiment of the trigeminus
nerve ; VII, the facial ; VIII, the vagus ; IX, the

hypoglossal ; in front and below these numbers respectively, first, the upper and lower
jaw, with the first cleft, which becomes the meatus auditorius externus ; and lower down
the second, third, and fourth arches and clefts in succession ; in front of these the aortic

bulb attaches the heart ; between VII aud VIII, the auditory vesicle.

The 23"erves.—The peripheral nerves are formed, quite independently
of the nerve centres, in mesoblastic elements along with the vascular
and other tissue composing the parts in which they are distributed.
The anterior aud posterior roots of the spinal nerves and the roots of
the cranial nerves (excepting the optic, which has a special connection
with the brain) probably arise as outgrowths from the medullary wall
of the cerebro-spinal centres.

Organs of the Senses.—To the earliest period also belongs the
formation of the rudiments of the principal organs of the senses, viz.,

the eye, ear and nose. The mode of origin differs, however, in the
three. In the eye, which is the earliest to appear, the retina, or
nervous part, is an extension from the anterior encephalic vesicle, while
the lens is derived by development from an involuted portion of the
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epiblast, and other ocular structures proceed from the mesoblast. In
the ear the labj'rinth originates by invohition of its cavity from the
epiblast in the neighbourhood of the third encephalic vesicle, and the
auditory nerve growing out from the medullary wall of the third

Fig. 507.

—

Section of the Com-
mencing Eve of an Embryo
in thkee stages.

A. Commencement of the for-

niation of the lens by dei^ression

of a part of C, the corneous layer

;

2^r, the jjrimitive ocular vesicle

now doubled back on itself by the
depression of the commencing
lens.

15. The lens depression enclosed
and the lens beginning to be

formed in the inner side, the optic ve.ssel more folded back.

C. A third stage in which the secondary optic vesicle, r, begins to be formed.

encephalic vesicle, is subsequently extended into the ear vesicle ; while
the middle and outer ear cavities are developed from mesoblastic ele-

ments in connection with the first and second post-oral subcranial plates

and the intervening pharyngeal cleft. In the nose likewise the open
cavity afterwards occupied by the distributed extremities of the olfactory

nerves originates by depression or involution from the epiblast in front

of the first encephalic vesicle of the cranium.

Vascular system.—The next important series of changes by which
the foundations of the great organic systems are laid consists in the

formation of the rudiments of the heart, blood-vessels and blood,

and in the establishment of the first circulation. The several part^ of

the sanguiferous system all originate in the deeper or splanchnopleural

division of the mesoblast, but once formed in this section of the

blastoderm the blood-vessels very soon extend into all other parts which
are vascular.

Fig. 508.

as soon as the blastodermic cells „
first sunple tubular form of the organ.

Fig. 508.

—

Outlines of the anterior
HALF OF THE EmbRYO ChICK VIEWED
FROM BELOW, SHOWING THE HeART IN

ITS EARLIER STAGES OF FORMATION
(after Remak). "^

A, Embryo of about 28 to SO hours
;

B, of about 36 to 40 hours ; a, anterior

'cerebral vesicle ; h, proto-vertebral seg-

ments ; c, cephalic fold ; 1, 1, primi-

tive omf)halo-mesenteric veins entering

the heart posteriorly ; 2, their union n
the auricle of the heart ; 3, the middle
l^art of the tube corresponding to the

ventricle ; 4 (in B) the arterial bulb.

The formation of the heart,

blood-vessels and blood is nearly

simultaneous, and the rhythmic
contractions of the heart begin

have arranged themselves in the
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While the heart or propelling organ is being formed within the

body of the embryo, the greater number of the primitive blood-vessels

are developed in the peripheral part of the blastoderm in the vascular

and transparent areas, and comparatively few arise in the embryo ;

these last consisting at first only of the two vessels, the primitive double

aorta, which carry the blood from the heart to the arteries distributed

in the perijiheral area, and the corresponding venous trunks which
return the blood from the area to the centre of the circulation. These
primitive vessels become afterwards the omphalo-mesenteric arteries

and veins of the yolk-sac.

Fig. 509.

—

Diagrammatic Outlines op the Heaut and Peimitive Vessels op the
Embryo Chick as seen from below and enlarged.

a, soon after the first establisliment of tlie circulation ; B, c, at a somewhat later

period ; 1, 1, the veins retiiruing from the vascular area ; 2, 3, 4, the heart, now iu the

form of a notched tulje ; 5, 5, (upper) the two primitive aortic arches ; 5, 5, (lower)

the primitive double aorta ; A, the single or united aorta ; 5', 5', the continuation of the

double aortaj beyond the origin of the large omphalo-mesenteric arteries, 6, 6.

The first rudiment of the heart consists of an elongated tubular

contractile chamber hollowed out of a mass of mesoblastic cells in

front of the reflection of the cephalic fold into the flat part of the blasto-

derm. This tube is divided into two at its anterior and posterior

extremities, and perhaps it is originally entirely double. Posteriorly

the heart-chamber receives the nascent blood from the entering venous
channel on each side, and anteriorly it opens into two arterial vessels,

which passing one on each side of the primitive pharyngeal cavity,

and turning backwards below the protovertebral plates, form the two
primitive aortte before mentioned, from each of which by a sudden bend
outwards, as observed in birds, the omphalo-mesenteric arteries pass off

into the vascular area. There is, however, some difference in the
number and form of these arteries in birds and mammals, but in all

of them the first circulation begins in a similar vascular area,

and among the earliest veins formed is a circular or terminal sinus



698 GENERAL THENOMEXA OF E:^rERYOXIC DEYELOPilEXT.

suiTonnding the A'ascular area and receiving the blood from the capillary

or subdivided vessels of the area within.

Alimentary Canal.—The formation of the rudiment of the ali-

mentary canal or pi'imitive intestine takes place below or within the

boat-shaped part of the embryo previously described by the folding in,

soonest at the cephalic and later at the caudal extremities, and subse-

quently along the sides, first of the hypoblast, from which the epithelial

lining only of the intestine is formed, and afterwards of certain parts of

the splanchnoplenre section of the mesoblast which give rise by their

meeting in the middle to the mesentery, and furnish in their extension

over the intestinal tube the muscular and peritoneal coats and the

connective-tissue and vascular elements of the gut.

The primitive alimentary canal is thus constituted in its early form
by an anterior and posterior ca3cal tube, of which the anterior is the

first produced,—both of them closed at the extremity by the reflected
•

layers of the blastoderm,—and by a wide middle part between the tubular

portions, which at first has the form of a groove or gutter running under
the vertebral axis of the embryo, and completely open below into the

cavity of the yolk-sac. As development proceeds, the intestinal folds

involve m.ore and more of this central open part and convert it into

the tubular form ; and the opening into the yolk is thus gradually

narrowed, while the reflected part of the blastodermic layers which
pass between the yolk-sac and the intestine becomes lengthened out so

y i,^s ^-V^'

Pig. 510.

—

Diagrammatic Sectiox through the Ovum of a Mammal in the loxg
AXIS OP THE Embryo.

e, the cranio-vertebral axis ; /, /, the cepbalic and cauflal portions of the primitive
alimentary canal ; a, the amnion ; a', the point of reflection into the false amnion ; v,

yolk sac, communicating with the middle part of the intestine by v i, the vitello-intestinai
duct

;
M, the allantois. The ovum is surrounded externally by the villous chorion.
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as to take the form of an elongated duct known as the ductus vikUo-
infestinalis (see figs. 510 and 512).

As the parts constituting the face are at first entirely absent, there

is necessarily no cavity corresponding to the mouth, but as the struc-

tures which give rise to the jaws and face come to be developed below
the cranium, tlie buccal and nasal cavities are generally deepened by the

increasing projection of these parts, and the mouth at last communi-
cates with the forepart of the primitive alimentary canal by an opening
formed into it at the fiiuces. The mouth, therefore, derives its lining

from the epiblast and forms no part of the original hypoblastic inflection

Avhich gives rise to the pharyngeal cavity.

The posterior opening of the alimentary canal is formed at a con-

siderably later period than that of the fauces. When first produced by
the solution of continuity in the posterior reflection of the blastodermic

layers, it represents in mammals as well as in birds a cloaca, or part of

the primitive intestine common to the alimentary canal and the genito-

urinary passages.

Reproductive and urinary organs.—.As completing the present
short notice of the development of the rudiments of the principal

organs of the embryo, there may, lastly, be mentioned the temporary
organs named the Wolffian todies, with their ducts and associated
parts, which are the precursors of, and are very constantly and
intimately associated with, the first origin and subsequent ca^oIu-

tion of the reproductive and urinary organs. These bodies, when fully

formed, constitute a pair of symmetrical organs which occupy nearly
the whole extent of the abdominal cavity, and consist mainly of shor't

transverse tubes presenting a glomerular vasctilar structure very similar

to that which exists in the glandular structure of the permanent
kidneys. They have thus been named the iJrimordkd kidneys (see

fig. 513, W, p. 702).

The Wolffian bodies arise mainly in connection with the central

portion of the mesoblast, and as the permanent kidneys and their ducts,

the testicles and ovaries, and the respective male and female passages
are in their origin all intimately connected with the Wolffian bodies,

we may look upon the urinary organs and the internal reproductive
organs as equally products of the middle layer. The external sexual

Fig. 511.

—

Human Ejibryo op about
FOUR WEEKS (froiu KoUiker after A.

Thomson), f

/, the anterior limb rising as a .semi-

circular plate from the lateral ridge.

(The tigure is elsewhere desciibed).

organs are integumental in their

origin, and may be considered

as aridng in the epiblast and
mesoblast jointly.

The Limbs.—The limbs do
not commence till after the rudi-

ments of all the organs already

referred to have made their appearance. They are to be regarded as

out-growths from the lateral part of the trunk, and take their origin

by a sort of budding out or extension of the elements composing the
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wall of the trunk in two determinate places, whch are nearly the

same in all vertebrate animals, and receiving prolongations of the

33ones, muscles, nerves, and blood-vessels corresponding to a certain

number of the vertebral somatomes in the situation of the anterior

and posterior limbs respectively.

2. EXTBA-EMBKYONIC PHENOMENA OF DEVELOPMENT OP THE OVUM.

Foetal Menilbranes.—While the changes before described in the
central part of the blastoderm lead to the formation of the rudiments
of the embryo, there are simultaneously developed in its peripheral

parts, or extended into them from within, certain membranes which lie

external to the body of the embryo, but are for a time more or less

organically connected with it by the original continuity of the blasto-

dermic elements in which both sets of parts originate.

Of these membranes, the yolk-sac exists in all vertebrate animals ;

the aniuion and allantois are common to birds and mammals, bub
are absent in amphibia and fishes ; and the chorion, in the sense in

which the name will be employed here, may be considered as peculiar

to mammals.
Tlie Yolk-sac.—This name is given to an organised and vascular

covering formed by the extension of the layers of the blastoderm over
the surface of the yolk within the original vitelline membrane. In
human embryology it has also received the name of umbilical vesicle.

It consists originally of all the layers of the blastoderm, and in fishes

and amphibia retains these throughout the whole term of development "'

;

Fig. 512.

—

Diagrammatic Sectio>'S of the Ovum in different stages of r)EVELOi>

MENT TO SHOW THE PROGRESS OF FORMATION OF THE MEMBRANES (from Kollikcr).

1. Ovum in which the choriou has begun to be formed, with the blastoderm and rudi-

ment of the embryo within. 2. Ovum in which the cephalic and caudal folds have con-

tracted the itmbilical ui)erture towards the yolk-sac, and the amniotic folds are turning
towards the dorsal aspect. 3. The amniotic folds being completed have met in the dorsal

region ; tiie umbilical opening is more contracted, and the allantois has begun to sprout.

4. The true amnion is detached from the reflected or false amnion which has disai3i3earecl

or combined with the chorion ; the cavity of the amnion is more distended ; the yolk-sac
is now pediculated, the allantois projects into the space between amnion, choriou, and
yolk-sac, and the villi of the chorion begin to ramify. 5. The ovum when it has become
embedded in the uterine decidua ; the yolk-sac (umbilical vesicle) is now connected to

the fcetus by a long duct, the amnion is increased in volume ; the allantois remains ouly
as a pediculated vesicle towards the attachment of the short umbilical cord to the part
of the chorion where the placenta is about to be formed. The vascular layer of the
allantois has now combined with the chorion, the villi of wliieh have undergone further
development.

d, vitelline membrane or ijrimitive chorion ; d', commencing villi of the chorion ; sp,

epiblast ; sz, villi of the chorion more advanced ; ch, permanent chorion with which
the vascular layer of the allantois is combined : cJi, z, true vascular villi of the chorion ;

am, amnion ; uh, its cavity ; Ics, cephalic fold ; ss, caudal fold of the amnion ; a,

the ejubryonal rudiment in the epiblast ; m, that in the hypoblast or mesoblast ; st,

margin of the vascular area in its early stages : dd, hypoblast ; kli, hollow of the vesicular
blastoderm, becoming afterwards d», the hollow of the yolk-sac ; dg, ductus vitello-

mtestinalis
; al, allantois ; e, embryo ; v, original space between amnion and chorion

;

-vl, wall of the thorax in the region of the heart ; M, pericardial cavity.

The batrachia seem to be an exception to this statement, but only in consequence of
tlie yolk sac being so extremely limited that it merges in the intestine itself. The yolk-
sac and primitive intestine are in fact combined togethei", there being no umbilical con-
striction between them.
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Fiir. 512.

T)ut in the higher animals, as the greater part of the epiblast and

Bomatop eure laver of the mesoWast comes to be detached from e

^urfHce of the yolk by the expansion of the amnion and allantois, the

hypobas^^ layer of the mesobhast are alone the

Xanent constituents of the wall of the yolk-sac ;.
-d hiwgh he^e

last the membrane of the yolk-sac is continuous with the wall ot the

intestine in the vitello-intestmal aperture.

The yolk-sac is the seat of the first circulation of the blood m the

omphalo-mesenteric yessels of its ^^s^^^lf/^•«^'
. ^J*^J^ .^'Jl^^e

animals especially these yessels spread at a later period oyer the who e

surface of the yolk in the membrane which forms the sac. Ihe food-
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material of the yolk is probably absorbed by these vessels and conveyed
by them as nourishment into the system of the embryo. In many of
these animals however a quantity of the yolk substance also remains at

the end of incubation, and by actual transference into the intestine of
the embryo serves for a time as its digestible food.

In mammals the yolk-sac grows for a time with the embryo and other
parts of the developing ovum, and the yolk substance within it must
undergo a corresponding increase. There are however great cliflFerences

among the difierent tribes of mammals in the extent of the development
of the yolk-sac during uterogestation. In some it remains large and
vascular, while in others it becomes atrophied and its vessels are
obliterated at a comparatively early period. In rodentia it attains its

Fisr. 513.

Fig. 513.—Magnified View op the Human Embryo of four "sveeks with the
Membranes opened (fi-om Leishman after Coste).

-^iK'ni^^
™bilical_ vesicle with the omphalo-mesenteric vessels, v, and its long tubular

fie ..P^rl n
^ ftestiue

;
c, the villi of the chorion ; m, the amnion opened ; u, cul

oL?! •

'"""f
°*°i^' ''^'"1 on each side of this the umbilical vessels passing out to the™ « l\ Ti T^?'°' *^^ 'y^ ' '' ^^^ ^'''- vesicle

;
h, the heart ; I, tlie itver ; o, the

yiMestine rw'^S' ^''' W^l^^" ^^dy, in front of which the mesentery arid foldot intestine. The Wolffian duct and tubes are not represented.
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highest degree of development, and comes in contact for a space with
the interior of the chorion. In ruminants it is very soon elongated
into two attenuated tubes which extend towards the ends of the ovum.
In carnivora it is of considerable size, stretching through the ovum
towards its opposite poles.

In the human species it retains its vascularity and continues to

grow up to the fifth or sixth week, at which time it has assumed a
pyriform shape, and is connected by a tubular vitelline duct with the
intestine.

But notwithstanding all these varieties of form and development of

the yolk-sac in the more advanced stages, we recognise the same
fundamental structure and relations to other parts as in oviparous

animals. Thus in human embryoes of from two up to four weeks there

have been observed the same progressive changes from the wide com-
munication of the yolk-sac with the open primitive intestine, to the

narrower vitello-intestinal aperture, and the subsequent elongation of

this into a tubular vitello-intestinal duct (figs. 511 and 51a.).

The human yolk-sac or umbilical vesicle, which expands i)roportion-

ally with the early increase of the ovum, never, however, surpasses the
size of a small pea ; in an ovum of from five to six weeks it lies loosely

in the space between the amnion and chorion. At a later period, the

duct elongating with the umbilical cord, the vesicle remains in the

same relation to these membranes : it now also becomes flattened and
more closely attached in the narrower space remaining between
them. In the third month it is found connected with a coil of intestine

which in the form of a hernia occupies the umbilical cord outside the
abdomen of the embryo. At a later period the much elongated and
attenuated duct with the omphalo-mesenteric vessels, now impervious
and shrunk, may still be traced through the umbilical cord, while the

flattened vesicle may be found, even up to the end of the term of
nterogestation, somewhat further removed from the place of implanta-

tion of the umbilical cord on the internal surface of the placenta, but
still between the amnion and chorion.

The Amnion.—This vesicular covering of the embryo does not exist

in amphibia and fishes, but in reptiles, birds, and mammals, it is formed
at an early stage of development, and contains a fluid in which the

foetus is suspended by the attachment of its umbilical cord or an
equivalent uniting medium.
The structure of the amnion is essentially similar in the three classes

of animals in which it exists and its mode of formation nearly the same.
It is destitute of blood-vessels, and consists of two layers, derived

respect ivel)^, the inner from the epiblast, and the outer from the somato-
pleure layer of the mesoblast ; the first consisting of distinct nucleated
cells, the second presenting a fibrous structure. To its external or

fibrous layer it also owes the property of muscular contractility, which
it possesses in a considerable degree.

The formation of the amnion takes place by the gradual backward
inflection from the flat part of the blastoderm adjoining the embryo of
the two layers before mentioned, first at the cephalic, and a little later at

the caudal extremity and at the sides (see fig. 512, 2, 3, and 4, Jcs, ss, am),
so that the two layers of which the amnion is composed are lifted up and
separated from the remaining two lower layers (splanchnopleure" and
hypoblast) of the blastoderm, by a space which is the same as, or rather
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a peripheral extension of the pleuro-peritoncal cavity. The embryo thus

comes to sink down as it were (the cephalic part before the rest) into

the hollow produced by the rising of the amniotic folds round it.

The backward folds deepening more and more, gradually conrerge

on the dorsum of the embryo, and at last come together (fig. 512, 3), the

margins of the reflection narrowing rapidly and being finally completely

obliterated or lost by their convergence and by the subsequent dissociation

of the inner from the outer divisions of the folds (fig. 512, 4). The sepa-

rated inner division now becomes the entire closed sac of the amnion,

connected only with the rest of the parts at the umbilical constriction

where it is continuous with the integument of the embryo. The outer

dissociated division is the false amnion of Pander and Von Baer, passing

out into the remaining peripheral part of the blastoderm, and con-

stituting for a time an external covering of tlie ovum, -which in birds

and reptiles appears afterwards to be lost by thinning or absorption ;

but which in mammals may be connected with the development of the

permanent chorion in a manner to be referred to hereafter.

Fig. .^14.

—

Human Embryo of betwken
THE Third and Fourth Week, Mag-
nified ABdUT FIVE DiAMETERS (frOUl

Koiliker after Allen Tliomson).

a, amnion adherent (unusually) to the

interior of the chorion in the dorsal

region ; h, umbilical vesicle or yolk-sac

with a wide communication with the

intestine ; c, lower jaw ; d, superior

maxillary process ; c, second j)Ostoral

plate, and behind it other two, with

the pharyngeal clefts behind each ;

f, commencement of the anterior limb
;

g, primitive auditory vesicle ; h, eye ;

i, heart.

In the human ovum, as in most mammals, the amnion is formed at a

very early period. The membrane lies at first so close to the embryo
that it is with difficulty distinguished from the surftice of the body :

but after the dorsal closure is completed, it is soon separated by the

fluid which accumulates in its cavity.

The muscular contractility possessed by the amnion doubtless resides in its

outer layer derived from the somatopleui-e. The contractions appear to be

rhythmic, as they may be seen in the opened incubated egg of the fowl, or even in

the entire egg. by means of a bright light in a dark chamber, from the sixth or

seventh day of incubation ; and it is probable that they are of a similar natui'e

in mammals.
The amniotic fluid contains about 1 per cent, of solid matter, consisting chiefly

of albumen, but also traces of urea, which is probably derived from the urinary

secretion of the foetus.

It would appear that there is a, difference in the structure of the reflected or

false amnion in birds and in mammals. In the former it is composed of the

same two layers as the amnion itself, but in mammals the development of the

jnesoblast appears to cease at the place of reflection of the true into the false

amnion, so that the latter consists only of the coi-neous layer or epiblast.

The Allantois : Urinary Vesicle.—Although this membrane
"becomes in the more advanced stage of development widely distributed



THE ALLANTOIS. 705

iu the periphery of the ovum, yet in its origin it differs from the other

membranes now under consideration in its close connection with one of

the internal organs of the embryo. As ah-eady stated, this membrane
does not exist as a foetal structure in fishes or amphibia.

In reptiles, birds and mammals, it is formed in connection with the

hinder part of the primitive intestine, is the bearer of an extended
capillary distribution of the umbilical or hypogastric vessels, and in

combination with them performs important functions connected with

the nutrition of the foetus and the aeration of the foetal blood.

The recent observations of His and of Dobrynin have shown that

it springs from splanchno]:)leure elements of the mesoblast and hypoblast,

below and in front of the caudal extremity of the embryo close to

the place of division of the mesoblast into its somatopleural and
splanchnopleurallaminfe. The former of these is reflected in the caudal

fold of the amnion already described ; the latter buds out from the

end of the primitive intestine into the pleuro-peritoneal space, and
receives within it an evolution or outfolded process of the hypoblastic

lining of the alimentary canal. It is placed at first rather behind the

part which later becomes the cloaca, the orifice of which is still closed :

but very soon it is doubled forwards upon the cloaca, so as to lie below
it, and when this orifice is afterwards opened it forms the common
outlet of the intestine and the allantois (fig. 510, and fig. 512, 3 and 4).

The blood-vessels, which are developed with great rapidity in the

outer layer of the allantois, are formed in connection with those which
become the two umbilical arteries and the corresponding umbilical

veins, which last, however, do not run entirely in the same course as the

arteries, but join the omphalo-mesenteric and pass towards the liver;

one of the original veins very frequently becoming obliterated, as occurs

in the human subject. The capillary network spread over the sur-

face of the allantois appears almost as soon as the first prominence
of the membrane begins to bud out from the wall of the primitive

intestine, and the vessels appear at first to be in direct connection with
the terminations of the two primitive aortas ; but subsequently, when
the two aortge coalesce, the umbilical arteries appear as branches of the

iliac arteries (see the Development of the Vascular System).

The allantois in expanding takes the shape of a pediculated flask-like

vesicle, extends into the pleuro-peritoneal space, and is filled with
fluid like the other membranes of the ovum. It is usually directed

towards the right side of the embryo, or the opposite from that on
which the yolk-sac is laid. In its subsequent great expansion iu the

egg of birds the allantois spreads out in a flattened form over the whole
internal surface of the membrane of the shell, thus coming to occupy
more and more of the space previously held by the albumen, the rapid

liquefaction and disappearance of which are coincident with the greatest

expansion of the allantois and other membranes.
The allantois, though greatly flattened out in its most advanced state,

still consists of an outer and an inner wall, separated by the fluid, and
both bearing the finely ramified blood-vessels, which, however, are most
richly distributed on the outer division ; and in these last it is easy to

see, on opening an egg during incubation from the eighth day onwards,
the marked difl'erence of colour of the blood in the outgoing and
returning' vessels fi'om the action of the surrounding air on the blood
which has passed through the capillaries.
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It is also worthy of notice that from the time Avhen the allantois has

attained some size, it, Hke the amnion, is possessed of contractility,

which probably resides in its external layer ; and accordingly, on open-

ing an incubated egg, from the effect of change of temperature or

other stimuli, active motions may be perceived, caused by the alternate

contraction and relaxation of different parts.

In mammalia the origin and early development of the allantois are

nearly the same as in birds, but in a more advanced stage of develop-

ment, the important connection which the outer layer of this membrane
has with the formation of the vascular part of the chorion and foetal

placenta, modifies considerably the relations of the membrane to the

other parts of the ovum. In all of them, however, the two layers of the

allantois (splanchnopleure and hypoblast) are easily distinguished from

each other, the internal being entirely devoid of blood-vessels, of a

simple cellular structure, and containing the fluid with which the inner

sac of the allantois is filled. The external layer, on the other hand, is

highly vascular, and is composed of fibro-cellular and contractile fibrous

elements.

In the ruminants, pachydermata and the cetacea, the allantois attains to very

large dimensions, extending widely into the greatly elongated ovum. In the

carnivora it passes round the middle of the ovum externally in accordance with

the zonal form of their jjlacenta. while in the rodentia and in man its vesicular

or deeper membrane at least, containing the fluid, has a much more limited

expansion, and stops apparently in its growth as soon as it has assumed the flask-

like form and has reached the interior of the chorion. This appears to be the

most probable explanation of the appearance, described by several embryologists,

and observed also more than once by the writer, of a pyriform space extending

in early human ova from the umbilicus to the inside of the chorion at the place

where the ]ilacenta is beginning to appear or ndll afterwards be formed. (.See

a recently described case by W. Krause in Reichert and Dubois, Ai-chiv, 187;").)

But in this and all other fonns the umbilical vessels which pass out of the

embryo are i:)laced externally to the vesicle of the allantois or its continuation

by the ui-achus towards the iirinary bladder : and these vessels undergoing an

extremely rapid development, pass off into the chorion and placenta, which

thus owe their- vascular structures to the outer layer of the allantois.

In the human subject the allantois is both of very early formation, and its

non-vascular or internal part ceases to extend itself at a very early period, that is.

before the end of the fouith week. But already by this time the blood-vessels of

the outer layer, by themselves or more probably in association with a connective-

tissue layer in which they were originally situated, have overrun the whole

interior of the chorion, and very soon furnish to the developing villi of that struc-

ture, the fibrous element with vessels, of which they secondarily become possessed.

The manner of the completion of this jirocess will be apparent from what
follows, as to the formation of the chorion (Von Baer, Reichei-t, Remak,
Ivolliker).

The Chorion.—The ovum of the mammifer when it enters the cavity

of the uterus is covered only by the vitelline membrane, or zona pellu-

cida, which is of ovarian origin, and as a rule (notwithstanding the

apparent exception of the rabbit to be afterwards referred to) it does

not appear that it acquires any other covering for some days after its

arrival in the uterus. By the time, however, that it becomes fixed in

that part of the uterus which it is to occupy during the subsequent

period of its intrauterine life, a great change takes place in the nature

of the external covering of the ovum, by its conversion into a new
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membrane, which acquires more or less of a composite villous structure,

becomes vascular throughout the whole or a part of its extent, and
which, by its farther development, comes to form the principal means on
the side of tlie ovum of establishing an organic connection between the

embryo and the uterus. While the name of prochormi, or primitive

chorion, might without impropriety be given to the altered and expanded
zona pellucida as the sole early covering of the ovum in mammals, the

term chorion is most suitably reserved for the newly formed membrane
here referred to.

By some aiithors. indeed, the name of chorion has been applied to the external

covering of the ovum of all animals without regard to its source or its relations

to other parts. Thus by some the vitelline membrane has been regarded as

a chorion when it appeared that no other membrane existed external to it ; and
by others the name has been given to such adventitious parts as the albumen,
shell, or shell membrane of the ovipara : but such a use of the term chorion is

liable to create confusion, and it seems more expedient that it should be restricted

to the peculiar external covering of the mammiferous ovum, which, as will be
shown hereafter, is not an original constituent of the ovum like the vitelline

membrane, but a structure of new formation in the course of development.

Fig. 515. —View op the Chorion of the Human Ovum of
ABOUT Four or Five Weeks, opened (from KoUiker after

Allen Thomson). Natural size.

This figure gives a general view of the villous structure of

the chorion previous to the formation of a placenta, and shows
the large space which frequently intervenes at an early period

between the amnion and chorion.

At a very early period in the majority of mam-
mals, and especially in the human species, tlie

chorion acquires numerous villous processes over

the whole or a part of its outer surface. These
soon undergo a great development, and constitute a peculiar feature
in the human ovum, whence the membrane has been known in'human
embryology as the chorion frondosum, or shaggy chorion.

Tlie blood-vessels borne by the developed villi of the chorion, and named
umbilical m human anatomy, are originally derived from those of the
allantoid membrane, and are the seat of an extended circulation of the
foetal blood in a system of outgoing arteries and returning veins witli their
intervening widely diffused capillary vessels. It is by this system of vas-
cular chorionic villi being brought into contact or close proximity with the
blood-vessels of the uterus, that the essential conditions of nterogestation,
as regards the continued supply of nourishment to the foetus and the
aeration of its blood, are secured in the whole class of mammiferous
animals. There is, however, very great difference among these animals
in the extent and form of the development of the villous structure of
the chorion now referred to, as well as of the concomitant changes which
occur in the uterus itself, by which a more or less intimate organic
nnion is established between the maternal parent and the offspring. The
history of these differences belongs to the account of the structure and
formation of the placenta, which will be given hereafter. At this place
it will be sufficient to state that, while in some animals, as the pachy-
dermata and cetacea, the connection between the ovum and uterus

z z 2



708 THE F(ETAL MEMBRANES.

is reduced to its simplest form, and consists in little more than the

implantation of comparatively simple and diffused chorionic villi in

minute recesses of the vascular lining membrane of the uterus ; in

others there is a greater or less degree of deeper interpenetration of

Fifr. 5in.

Fig. 516.

—

Surface and Profile Views
OP THE Ovum of the Eabbit at the
TIME OF THE FORMATION OF THE
Chorion (KoUiker after Bischoff ).

A and B, an ovum of 3 lines in

diameter ; C, one of 4 lines. «, the

chorion, with commencing villi ; h, the

vesicular blastoderm ; c, the thickened

part forming the embryonic area ; d, the

increasing extent in which the blastoderm

was found to consist of two layers.

the more highly developed and complex villi with a vascular structure

formed from the uterine lining membrane, and which, from its being

in whole or in part separated along with the ovum from the uterus

in certain animals at the period ol^ birth, has received the name of

decidua.

Origin of the Chorion.—The manner in -^-hich the permanent chorion is fii'st

formed has not yet Ijeen fully ascertained. The deposit of an albuminous layer on

the external surface of the zona pellucida of the rabbit, which takes place in the

course of the descent of the ovum through the Fallopian tube, naturally led to the

supposition that the chorion might be derived from some external deposit or uterine

secretion of this natm-e ; Ijut the fact that a similar deposit from without has not

been obseiwed to occur in other animals, and that the albuminous coat in the rabbit

very soon thins away like the zona itself, and gives place to other structures, has

caused this view to he abandoned. Xor is it probable that the chorion proceeds

mainly, as held by some, from a development of the vitelline membrane. For

when the rapid expansion of the o\-um occm-s shortly after its arrival in the

cavity of the uterus, the zona pellucida becomes proportionally dilated, and is

reduced to an extreme degree of thinness, so that at this period it is liable to be
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ruptured -^'itti the slightest force, and there is thus caused great difSculty in the
examination of the o\Tim. After a few days the external covering of the ovum,
which was previously smooth on its siu'face. becomes covered with slight pro-

jections, which gradually rise in the form of simple villi, and these, according to

Bischoff, have at first the same homogeneous stiiicture as the zona originally pre-

sented. But according to Kolliker it may be doubted whether these villi are at

first entu-ely homogeneous, and. at all events, he has ascertained that in a veiy
early stage of their formation in the human ovum, as in the ovum of from fifteen

to eighteen days, described by Coste, and which Kolliker had an opportunity of
examining microscopically, the simple villi consist of hollow tubular processes,

which are entirely composed of nucleated cells, similar to those of the upper
layer of the blastodenn. It is, therefore, most i^robable that according to the
view first suggested by Reichert. the villous chorion of the mammal's ovum is a
product of the development of the blastodenn, and is formed in fact by the
extension of its outer layer, now termed epiblast.

Fig. 517.
Fig. 517.

—

Front and Side Views of an
Early Htjjian Ovum Four Tijies the
NATURAL SIZE (froiii Keicliert).

This oviim is sujiposed to be of tliirteen

days after impregnation. The surface bare

of villi is that next the wall of the uterus,

showing at e, the opacity produced by the

thickened embryonic disc. The villi covered

chiefly the marginal parts of the surface.

Villi of the Chorion.—A large

part of the external surface of the

ovum is ill the earlier stage.? beset

"with villi, and these villi acquire

vascularity by the extension into tliem of the blood-vessels of the allan-

toid membrane from within. In subsequent stages, however, the form
and extent of the development of the villi are subject to great variety in

different animals, according to the peculiar form which is assumed" in

each tribe by the organic connection established in uterogestation

between the uterus and the ovum.
In the human species the villi appear to become vascular at a very

early period, as ascertained by Kolliker in an ovum of between three

and four weeks, in which he found that, while a delicate loop of blood-

vessels penetrated into each of the villi, the internal part of the villus,

which, as before stated, was previously a hollow cellular tube, was now
filled with a fibrous connective tissue bearing the simple blood-vessels,

and of a structure precisely similar to that of the outer layer of the

allantois. It is therefore extremely probable that the primitive zona
of homogeneous structure, after being thinned out to great tenuity by
the continued expansion of the ovum, disappears entirely, and is

replaced by a cellular membranous structure derived from the upper
layer of the blastoderm, while the deeper fibro-vascular part proceeds

fi'om the outer layer of the allantois ; and from this it necessarily follows

that the chorion is no original component of the ovum, but an acquired

or newly-formed structure developed from a union of epiblastic and
mesoblastic elements.

Endochorion or Vascular layer of the Allantois.—The separation of
the outer vascular layer of the allantois from the deeper layer (hypoblast")
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M'liicli contrans the fluid, is sufficiently oljvious in many animals, as. for

example, in the sheep or pig. But in the human subject, assuming that the

vascular elements of the chorion are derived from the allantois as in animals,

which there is no reason to doubt, it has been found difficult to determine

the exact manner in which they first pass into the villi, in consequence of the

very early time and extreme rapidity of the development of the allantois.

But notwithstanding the observations previously mentioned of a nonvascula,r

liediculated vesicle in relation with the allantois, passing from the umbilicus

of the embryo into the space between the amnion and chorion : yet, in the

great majority of instances, so rapid is the expansion of the membrane, that

even in ova of from three to four weeks old it has been found impossible

to trace more than the connection of the pedicle of the allantois through the

urachus with the genito-urinary sinus ; and in all the cases which have been

observed, already the umbilical vessels are found detached from the deeper mem-
brane, and passing \\'idely over the whole interior of the chorion to penetrate

everj'where into its villi. We are led thus to su^Dpose that by the early and rapid

expansion of the outer layer, or by some other naode of development of its

fibrous and vascular elements, the blood-vessels of the human allantois have been

brought into combination with the cellular laj^er of the chorion, and have pene-

trated everywhere into its villi, into the whole of which blood-vessels and fibrous

elements may at first be traced. According to this view it is to be understood

that while the vascular layer of the allantois may thus become widely diffused,

the vesicular or deeper layer may have only a comparatively restricted range of

development.

UTEROGESTATION : PLACENTATION.

Incapsulation ofthe Ovum in the Becidua.—The further history of

the chorion may be best given along with that of the structures by which

the ovum is fixed in the uterus, and organic union established between

it and the maternal system. This union is efFected by the close inter-

penetration of the vascular villi covering the surface of the chorion

with a soft and spongy layer of substance, Avhicli is the product of a

rapid enlargement or a sort of hypertrophy of the lining membrane of

the uterus. To the latter substance the names of decidua and cadwa
are given, from the circumstance that it is separated from the uterus

at birth along with the foetus and its membranes. Not only is the

ovum from an early period completely imbedded in a covering of

decidua, but there takes place at a somewhat later period of uteroges-

tation, in a limited area of one side, a greater enlargement of the

vascular chorionic villi, and in close combination with, and surround-

ing these villi, a corresponding increased development of the decidual

substance, by which there is produced the large discoid mass of

complex structure, named the placenta (or uterine cake), through

which the nourishment of the foetus and the ai'ration of its blood arc

mainly carried on during the latter three-fourths of the period of

uterogestation.

This placenta continues to increase in size with the foetus and its

membranes, and as pregnancy advances, considerable changes take

place in the relations of some of these parts, for the fuller comprehen-
sion of which it will be necessary to state the successive steps by
which the ovum becomes fixed in the uterine decidua, or mcajisulaied,

and the manner in which the development of the chorion, decidua, and
placenta proceeds.

Earliest Observed Htinian Ova.—In two distinct cases of younj^
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unimpregnated women who died at the time cf the invasion of tiie

menstrual flow, Mr. H. Letheby detected an ovum covered by the

granuhu- cells in the first part of the Fallopian tube, on the same side

on which a ruptured follicle was found in the ovary (Trans. Roy. Soc.

Lond. 1852, p. 7). But the fecundated human ovum has not yet been
traced in the course of its descent in the Fallopian tube, nor has it,

indeed, been seen in a satisfactory manner previous to the time when it

is already imbedded in the uterine decidua. The history of the most
authentic cases of the earliest ova observed in this state leads to the

conclusion that the fecundated human ovum does not reach the cavity

of the uterus before the seventh or eighth day after its escape from the

ovary ; and that already by the twelfth or thirteenth day, if not even
sooner, it has acquired a chorion covered with villi, and has become
imbedded in the decidua.

The human ovum, like that of mammals generally, probably under-
goes very little enlargement during its descent through the tube and
the occurrence of segmentation, and its diameter on arriving in the

cavity of the uterus does not probably surpass one hundredth, or at

most one eightieth of an inch'. A very rapid expansion, however, of

the whole ovum no doubt occurs immediately after its entrance into

the uterus, in the same manner as observed in a number of mammals,
so that within two or three days, its size may have increased to ten

or twelve times its original diameter. Having at first only the zona
pellucida for its external envelope (or primitive chorion), and being
nearly smooth on the surface, it soon acquires, by a process previously

described, its new chorion, on which are formed the permanent villi

;

and by the time when it has become incapsulated, according to

Reichert's observations in the recently published very careful descrip-

tion of an ovum which was probably of the thirteenth or fourteenth

day after impregnation, it has a diameter of nearly one-fourth of an
inch, and is beset with villi over a considerable part, but not the whole
of its surface (see fig. 517).

Several other examples of incapsulated ova of nearly the same period

have been observed, as by Von Baer, Velpeau, Wharton Jones, Coste,

and Allen Thomson ; but in all these, with the exception of one
observed by Velpeau, and supposed to be of the tenth day, or earlier,

the whole surface of the ovum was already uniformly covered with short

thick set chorionic villi.

The ova observed by Velpeau and Wharton Jones were like that described by
Reichert of a period previous to the formation of an embiyo, and may be stated

as probably of from ten to foui-teen days old. (Velpeau, " Ovologie Hiimaine,"
Paris, 1833 ; WTiarton Jones ia '• Trans. Roy. Soc. of Lond.," 1837, p. 339 ; Reichert,
" Beschr. einer Friihzeit. Menschl. Frucht, &c.," Berlin, 1873.) Those of Von Baer,

Pockels, Coste, and Allen Thomson are of the period immediately following, or

from fourteen to eighteen days after impregnation. (Von Baer, " Entwickelungs-
geschichte," p. 270 ; Pockels in "Oken"s Isis," 182.5 ; Coste, " Hist. Gen. et Partic.

du Developpement," 1817 ; Allen Tliomson, '• Contrib. to the Hist., &c., of the

Human Ovum before the Third Week after Conception," in " Edin. Med. and
Sui'g. Joum." No. 140.)

Formation of Decidua.—Before the arrival of the ovum in the

uterus, the lining membrane of that cavity undoubtedly undergoes a

preparatory change, by which the formation of the decidua is com-
menced, and this change, in its first stages, or up to the time of the
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arrival of the ovum in the uterus, corresponds closely with that which
takes place at every successive menstrual period in the uterine

membrane. This process consists essentially in a thickening or hyper-
trophy of the lining membrane, and is mainly due to an extremely
rapid proliferation of the subepithelial cells and fibro-cellular tissue,

and an increased development of the blood-vessels and glands.

Fig. 518. Fig. 518.

—

The DEciDrA opened
AND VIEWED FKOil BEFORE (after

W. Hunter).

This is a representation of the
thickened membrane of the uterus
thrown off as the product of abor-
tion at a very early period of gesta-

tion. A and B mark superiorly tue
passage of two bristles through the
openings from the Fallopian tulies

into the cavity of the uterus (cavity

of the decidua), and inferiorly the
exit of the bristles at the os iiteri.

In these three situations the torn

edges are seen where the decidua
has been separated from the con-

tinuous part of the mucous mem-
brane. At 0, where an ovum has pro-

bably been lodged, the inner part of

the decidua is made to bulge towards
the cavity of the uterus, and begins

to form decidua reflexa.

The formation of a com-
^ plete decidua within the

uterus has been observed in several cases in which, although the ovum
was not discovered, or had not yet arrived in the uterus, there was
reason to believe impregnation had occurred six or eight days previously.

(Von Baer, E. H. Weber.) And a similar condition has been observed

in several examples of extra-uterine pregnancy (Hunter and others) ;

from which ii, appears that the earlier changes connected with the

formation of the decidua are independent of the presence of the ovum
in the uterus.

When the ovum has been recently imbedded in the decidua, it forms

a swelling or projection of the surface within the uterine cavity, on
opening into which the villous chorion is found surrounded by the

substance of the decidua or thickened mucous membrane ; but the

covering of this substance which passes over the free surface of the.

ovum, or that which is towards the uterine cavity, is thinner and
simpler in its structure than at the place of attachment of the ovum
and in other parts of the uterine surface.

The most projecting part or summit of the swelling formed by the

imbedded ovum more especially is somewhat different from the rest, and
indicates, by a sort of cicatricial mark, a place where the substance

of the decidua, as it gradually covered in the ovum, may be supposed
to have finally closed.

The decidual thickening of the mucous memln-ane affects nearly

equally the whole of the lining of the uterine cavity, but towards the
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OS internum, and the openings of the Fallopian tubes, the tlnckening-
gradually decreases, and the membrane assumes the unaltered condition
which is maintained in these passages.
By the fifth or sixth week, when the ovum has reached a diameter of

Fig. 519.

Fig. 519.—View of the Interior of the Human Gravid Uterus at the
Twenty-fifth Day (from Farre after Coste).

?t,_ uterine wall
; o, villi of the chorion of the ovnm : dv, decidua vera and enlarged

iitenne glands
;
dr, decidua reflexa, di\-ided round the margin of the ovum, and turned

down so as to expose its pitted surface, which has been removed from the ovum. The
right ovary is divided, and shows in section the plicated condition of the earlv conius
luteum. "^ '
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FiiT. 520.

Fig. 520.— DiAGRAJiMATic View of a Transverse Section op the Uterus at the
Sea'enth or Eighth Week of Pregnakcv.

c, c, c', the cavity of tlie uterus wLich Ijocoraes tlie cavity of tlie deciJua, oiiening at
r, c, the cornua, into the Fallopian tubes, and at c', into the cavity of the cervix, which
is closed by a plug of luucus ; dr, decidua vera ; the tlat shade indicates the thickened
subepithelial structure, the radiated lines the glandular tubes between this and the
muscular wall ; (//•, decidua rcflexa with the sparser villi imbedded in its substance

;

(Is, decidua serotina, involving the more developed chorionic villi of the commencing
placenta, and forming also between these and the muscular wall a layer outside which the
glandular tubes are represented ; ch, chorion, with its villi; u, umbilical vessels of the
foetus passing into these, and in the umbilical cord ; aJ, remains of the allantoid
pedicle

; am, amnion ; i/, und.ilical vesicle ; v/', its duct, connected with /, the intestine
of the embrv-o. The placenta is shown as if it were situated at the fundus, but may be
supposed to be on the posterior wall of the uterus.
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from an inch to an inch and a half, and the nterus has nearly donbled

the size which ii presents in the nnimpregnated state, the swelling formed

by the ovum and decidua projects strongly like a tumour within the

uterine cavity. The membrane of the other parts of the uterus has

also undergone progressive increase in its thickness by decidual hyper-

trophy, so that, having become, as it were, too wide for the capacity

of the cavitA', it is thrown into a number of grooves enclosing irregular

folds and mammillary projections, but still exhibiting throughout the

peculiar features of the mucous lining membrane.
On the side of the ovum which is towards the uterine wall, there is also

a layer of decidua, in which the villi of the chorion are imbedded. At
this place, from the sixth to the eighth week, these villi begin to be more
thickly set and of larger size, aud to undergo a more complex ramifica-

tion than on the other sides; and as at the same time there is a correspond-

ing increase in the decidual substance, these villi become more and more
closely involved in it, and there is thus established the commencement
of that more intimate combination of foetal villi and decidual substance,

which by its progressive development in the two or three following

weeks, gives rise to the formation of the placenta.

By the clianges now described there has become apparent the dis-

tinction of the three portions of decidua usually recognised by authors,

viz., decidua vera, decidua reflexa, and -decidua serofi/ia. The first of

these is that portion of the altered membrane which lines the general

cavity of the uterus in every part except that occupied by the attach-

ment of the ovum ; the decidua reflexa is that w'hich covers the ovum
as it projects into the uterine cavity, and which is continuous with the

decidua vera at the base of the swelling.

The name of decidua serotina has been somewhat variously employed
by authors ; but may, in the meantime, be most suital)ly applied to the

whole of the decidual substance inteiwening between the ovum and the

uterus, and which may include, therefore, both that which is concerned in

the formation of the placenta, and the distinct layer of decidual sub-

stance which at a later period is found covering the uterine surface of

the placenta.

The cavilu of ilie decidua, which intervenes between the decidua vera

and decidua reflexa, and which subsists during the first half of the

period of pregnancy, is obviously the same as the original uterine

cavity, and, so long as it remains open, naturally communicates with

the Fallopian tubes at the upper angles, and the canal of the cervix

at the lower. In the last three months of pregnancy, however, this

cavity is completely obliterated by the union of the decidua vera and
reflexa into one layer over the whole of their extent, so that when
afterwards much extended and I'educed to a comparatively thin and
irregular stratum of substance, they are at birth thrown off as one

membrane along with the other envelopes of the foetus.

x\s the human ovum has never been observed in the progress of its

mcapsulation, the exact manner in which this occurs is still involved in

doubt. From the various observations, however, already referred to on
early ova which have undergone recent incapsulation, and the know-
ledge of what occurs in animals, it may be conjectured, as first suggested

by ^Sharpey (Baly's transl. of "Mailer's Physiology," 1842, p" 1580)
that the minute ovum when it arrives in the uterus may be sunk or

imbedded in the soft or spongy substance of the mucous membrane, and
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that when it subsequently enlarges it carries with it, or there is formed
round it a covering of the membrane, the substance of which is at

the same time undergoing a rapid decidual development, and that this

substance continuing to grow with the ovum and expanding with it,

constitutes the decidua reflexa. The entire similarity of the structure

of the decidua reflexa at its base with that of the decidua vera is

in favour of the view that it owes its origin to a similar mode of

production.

The formation of the decidua is, as has already been stated, to be

attributed mainly to a great increase in the development of the sub-

epithelial tissue. Its substance, accordingly, consists in great measure
of the cells, round and spindle-shaped, and cell-fibres which belong

to that tissue ; but these are mingled with much larger irregularly-

formed multi-nuclear cells, which increase in number as pregnancy
advances, and which are peculiarly characteristic of the structm'e of

the outer layers of the decidua.

The blood-vessels and the glands of the mucous membrane also

undergo great enlargement and modification. The whole of the decidua

vera and the basilar part of the reflexa are at first penetrated by
blood-vessels derived from those of the uterus, more especially in the

latter part of the second and first, half of the third months, Avhen the

decidual structure may be considered as having reached its highest

degree of development. After this time the blood-vessels of the

decidua reflexa, and later those of the whole lining decidua of the

uterus, except in the immediate vicinity of the placenta, shrink and
ultimately disappear, so that the united decidua becomes in the end
wholly non-vascular. The same retrograde process, or atrophy and
disappearance, occurs in the blood-vessels of the chorionic villi by which

the decidua reflexa is penetrated, and, although the villi themselves

never entirely disappear, but may be traced even in the advanced stages

of pregnancy as sparse and shrivelled irregular arborescent processes,

the blood-vessels very soon begin to shrink and disappear from all the

villi ^hich do not form part of the placental structure.

The uterine glands also become enlarged during the development of

the decidua, being both elongated in their deeper convoluted portions,

which are directed towards the muscular wall of the uterus, and under-

going a peculiar change not yet fully understood, in the parts next

their openings on the inner surface. Over the surface of the whole

decidua vera, as it lines the uterine cavity, and also on the decidua

reflexa, except at its most projecting part, a number of irregular pits

are visible to the naked eye, which are frequently so numerous as to

give the membrane a reticulated or sieve-like appearance (cups of

Montgomery). These pits are really the uterine glands enlarged and

altered soon after the commencement of pregnancy, as first clearly

shown by Sharpey (Midler's Physiology by Baly, 1842, p. 1579), and

the fact has since been observed by others (Kolliker, Coste). The
villi embedded in the decidua do not, however, occupy the cavities of

these pits, but so far as yet ascertained, are rather sunk in the inter-

glandular hypertro])hie*d substance of the decidua between them
(Schroder van der Kolk, Kolliker, and Priestley. See the lectures by
the latter " On the Development of the Gravid Uterus," 1860, p. 24).

Upon the more exact relation of the villi to the uterine glands in the

placenta, further remarks will be made hereafter.
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From what has been previously stated, it will be seen that there is at

first a general union or interpenet ration of the villi of the chorion with
the vascular decidna, the more extended part of this union taking place

in the decidua reflexa, and the remainder in that portion of the decidua
which is interposed between the ovum and the uterus, and which has

been already referred to as decidua serotina, but which might from its

relation to the formation of the placenta with propriety be named
decidua ^jJaccnicdls. Already in the latter half of the second month of

pregnancy, the villi on the uterine side of the chorion become larger

and more ramified than those which run into the decidua reflexa ; and

Fi.-. 52L

Fig. 521.

—

View of the Dissection of the Pregxant Uterus op Forty Days after
Conception (from Leisliman after Coste).

a, the embryo sho-OTi within the amnion ; c, the chorion opened, the umbilical vesicle
seen lying between it and the amnion ; d, deep surface of decidua reflexa where it has
been turned back from the ovum

; r, r, remainder of the decidua i-eflexa projecting from
the uterine surface ; v, decidua vera, of which the glandular structure is shown in the
cut edges ; x x , openings of the Fallopian tubes seen within the uterus. In the
uterine wall the distinction is sho-rtai between the outer muscular part with the wide
uterine vessels, and the glandular and decidual internal parts.



ris- UTEROGESTATION.

as tliese latter, while they still continue to grow to some extent, do not

increase in number, or in the complication of their ramifications, they

gradually become more sparse, thin, and elongated, and lose their

vascularity.

An active process of increase meanwhile is going on in the villi

placed on the uterine side of the ovum, by which, while they become
larger and longer, and penetrate more deeply into the uterine decidua,

they also become more minutely and extensively ramified. Changes at

the same time occur in the disposition of the decidua placentalis, by
which it receives into its substance, and is more and more intimately

interlocked with the developing chorionic villi. In the earlier stages,

as up to the eighth or ninth week, the foetal and maternal structures

may be separated by the withdrawal of the villi from the recesses of

the decidua in which they are sunk ; but by the middle of the third

month, this becomes no longer possible in consequence of the closer

combination or interlocking of the two structures ; in the remaining
half of the third month the union becomes more intimate, and by
the middle of the fourth month the completion of the placenta is

etfected by the continued increase in size and modification of the

structure of the maternal and foetal elements.

Structure of the Placenta.—At the time when the placenta has

attained its characteristic form and peculiar structure, or after the

fourth month of pregnancy, it forms a large discoid or lenticular mass
interposed in a limited space between the foetal membranes and the

uterus. It presents a fcetal and a uterine surface, the former having

implanted into it, usually near the middle, the umbilical cord, which

carries to the placenta the umbilical arteries and veins of the foetus,

and is covered by a tubular prolongation of the amnion, passing over

it from that membrane Avhere it lines the placenta to the abdominal

integument of the foetus. The placenta continues to increase in size

with the foetus, and when it has attained its full dimensions, it has a

width of from seven to eight inches, and a thickness of about one

inch and a quarter. But towards the circumference it rapidly thins,

where it becomes continuous with the chorion and decidua. The foetal

surface is covered by the chorion and amnion, and presents the larger

divisions of the umbilical vessels before they dip into the substance.

The uterine surface shows a subdivision into a number of large lobes,

sometimes called cotyledons, which are covered with a layer of decidua

(d. serotina) passing over the whole of this surface, and sending septal

prolongations into the placenta between the lobes, which in some places

run almost as far as the fcetal surface.

The more uniform substance of the placenta (parenchyma) within

these lobes, consists, on the one hand, of highly-developed and compli-

cated tufts of foetal villi, which adhere to the chorion by vascular stems

of considerable size and strength, and subdivide again and again into

very complex ramifications ; and on the other, of certain dilated vascular

spaces continuous with the uterine vessels, the outlines of which follow

closely the ramifications of the villi throughout every inflection of their

surface. These spaces are doubtless to be regarded as belonging to

the maternal system, but their exact nature it is very difficult to deter-

mine in the fully formed condition. They probably originally. possess

walls of their own, and arc contained in abounding substance of uterine

or decidual tissue : but this has become so reduced in thickness, or so
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closely united with, and so nearly assimilated in its structure to

the villi, that it has been found difficult to follow it with certainty,

and its existence has even by many been entirely denied. The
relations of these two parts of the placenta, as ascertained by the

observation of their gradual development in the growth of the

placenta, and their comparative anatomy in animals, will be referred to

hereafter.

The whole of the placental mass, together with the layer of decidua
on its external or uterine surface, and the united decidua vera and reflexa

are separated at birth along with the foetus and its membranes.

Fig. 522.

—

Vertical Section thkough the jiiddle part of the Placenta and the
XJterixe Wall (from Farre after Wagner).

Tlie preparation was from a woman who died in the thirtieth week of gestation : the

fines V, u, run through the wall of the uterus to the outer surface of the placenta ; d, the

decidua serotina ; p, the tufts of foetal vascular villi, of which two larger divisions are

separated by decidual septa, as at dp ; /, the placental end of the umhilical cord
;

am, the amnion ; cli, the chorion ; vf, divided fcetal blood-vessels ; r, stems of vascular

villi ; us, uterine sinuses or veins ; a, a, coiled arteries passing into the placenta.

Circulation of blood in the placenta.—The existence of a distinct

circulation of blood in the fcetal and in the maternal vessels of the

placenta, discovered by the Hunters, has long been placed beyond

doubt by the experimental investigations of all those who have injected

the two sets of vessels with sufficient care and success. The nature of

the distribution of the vessels is very different in the two parts of the

placenta. In the tufts of foetal villi, the umbilical arteries and veins,

possessed of distinct coats, undergo gradual subdivision by ramification

into smaller and smaller tubes, until they at last reach capillary minute-

ness, and the terminal capillaries run in long and tortuous loops which
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pass from one extreme branch of tlie villi to another, within the fibrous

core of which they are situated, and SchriJder van der Kolk has

described also a tiner superficial network of capillaries distributed

below the epithelial covering of the stems and larger branches of the

villi. By artificial injections fluids can be made to pass with perfect

precision from the umbilical arteries through the capiharies of the

villi into the veins, or in the reverse direction from the veins into the

arteries. Nor does there ever occur, except from visible accidental

rupture of the vessels, either extravasation of the injected material into

the intervening tissue, nor any escape into the maternal sinuses.

Fig. 523. Fig. 523.—Small Portion of Tla-
CENTA SHOWING THE FcETAL ViLLI

Slightly Magnified (from Leish-

man after Weber).

The uterine blood-passages,

on the other hand, are of the

nature of irregular spaces, into

which the maternal blood is

poured directly by numerous
small coiled arteries which, as

shown by the Hunters, pierce

the external decidua at the uterine surface of the placenta, and open

into these blood-spaces without the intervention of any capillary sub-

Tl'j. 524. Fig. 524.

—

Chorionic Villits from: the Pla-

centa AT THE Twelfth Week. Enlarged
ISO Diameters (from Leisliman after Ecker).

From a to h, the epithelial coveriDg is left

entire ; from a to a it ha.s been removed and

tlie fibrons core with the capillary blood-vessels

is shown.

division. The result of artificial in-

jection of the blood-vessels in the

pregnant uterus equally demonstrates

the nature of the circulation in the

maternal part of the placenta, for it

is easy to show by this method, that

a fluid thrown into the uterine arteries

fills at once all the maternal blood-

spaces of the placenta, surrounding

everywhere the chorionic or foetal

villi, and returns thence into the

uterine veins b_y a number of slanting

venous channels, the ntero-jilaccntal

sinuses, provided with delicate coats,

which issue from the placenta at its

uterine surface by piercing the decidua serotiua, and which are most

numerous towards the circumference of the organ, where they are in com-

munication with the so-called circular vein or circular sinus previously

referred to. Some of these veins may even be traced for some distance

into the placenta, in the septa of decidual substance, which are pro-
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longed from the external decidiia serotina bet-^veen the lobes. (For an
excellent account of the evidence in favour of the foregoing views,

supported by original observations, see Professor Turner's observations

on the " Structure of the Human Placenta," in Proceed. Eoy. Sec. of
Edin., May, 1872, and in Journ. of Anat., vol. vii., p. 120.)

Farther Consideration of the Structure of the Placenta.—Two doubtful
points respecting the structure of the placenta still requne consideration, viz..

1st, the extent to which uterine tissue is included in or penetrates into, or

I'emains as a constituent of the maternal part ; and 2nd, the relation of the
interpenetration of the fojtal villi and the uterine decidua to the glandular or

other structures of the uterus.

In regard to the first of these points, the views of anatomists still differ gi'eatly

;

for, on the one hand, some hold that there is no vestige of iiterine tissue left in

connection with the maternal blood-spaces, at all events in the deeper two-thirds

of the thickness of the placenta, and that consequently the maternal blood cii-cu-

lating in the iDlacenta is in direct contact with the epithelial covering of the
foetal villi ; while others are inclined to regard that epithelial covering, or some
part of the structui-e which appears to belong to the foetal villi, as really

containing some of the elements of the decidua.

Goodstr, indeed, described a double cellular covering of the placental villi,

regarding the external layer as of uterine, and the internal as of foetal origin.

But later anatomists have not succeeded in confirming these observations, and it

does not appear certain that there is more than one obvious layer of cells over
the surface of the foetal villi. If, therefore, we assume the existence of a
layer of uterine cells in the fully formed placenta, we are reduced to the
necessity of supposing that it has either replaced that of the chorionic villi, or

has become closely incorporated with it (KoUiker).

The observation of the gradual penetration of the decidua by the villi in the
earlier stages of placental formation, the possibility of separating the foetal and
maternal structui'es from each other during a certain time, and the undoubted
presence both of decidual tissue and of uterine blood-vessels possessed of walls

of their own in the commencement,—aU supply convincing proof that uterine

elements of structure have originally existed in the placenta, and have contri-

buted to its formation along with those derived from the fostus ; but the con-

dition of the uterine elements in the more advanced stages of placental gi'owth,

if they really then exist, still requires further investigation.

The actual enlargement of the uterine capillaries of the decidua into the form
of vascular spaces has been traced by Virchow (Archiv, vol. iii. p. 450), and
Priestley has observed the capillary form of the maternal vessels surrounding the
villi in a product of abortion of the 8th week (Lectures on the Development of

the Gravid Uterus, 1860, p. 02). Some anatomists, indeed, as Schroder Van der

Kolk, afiirm that they have been able to detect the remains of a vascular wall in

connection with the blood-spaces of some parts of the placenta (Waamemingen
over het Maaksel van de Menschelijke Placenta : Amsterdam. 18G1), so that it

may with reason be surmised that the change which takes place in the stnictirre

of the parts forming the human placenta, in the course of the fourth month, is

mainly of the nature of a rapid thinning and absorption of the elements of the
decidual tissue and vascular walls.

The view that the placenta originally consists of uterine as well as foetal ele-

ments combined receives the fullest confirmation from the study of the comparsr
tive anatomy of the various forms of simple placental structures in animals, as,

in the diffyge placenta of the pachydermata, solipeds, cetacea and some other

animals, and in the cotylcdonous placenta of most ruminants ; in both of

which only the foetal part of the placental structure undergoes separation from the
uterus at birth,—constituting the iwn-dccidnate iorm. of placentation ; and in the
various forms of more complete union of the foetal and maternal elements, which
occur in the zonal placenta of the camivora, and the discoid of the rodentia, in

which more or less of the maternal stmcture derived from decidual formation
comes away with the foetal product at birth. But in all forms of placentation of

A'ur.. ir. 3 a
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animals, -n-itli the exception of tiie Simiac, in -v-\-hich the structure probably agrees

closely Avith the human, the elements of uterine structure are very clearly present,

and the uterine blood-vessels may be recog-nised as such, not being dilated into vide

sinuses or lacv\na3, but retaining more or less the capillary form of distribution : al-

though in some instances the capillaries have undergone considerable dilatation, and

geem to be passing into the condition of venous sinuses. (For a very instructive

view of the structure of the placenta in these various animals and their bearing

upon the nature of the i^lacental structure in general, the reader is referred to

Professor Turners Lectures on the Structure of the Diffused, the Polycotyledonous

and the Zonary forms of Placenta, as published in the Journal of Anatom}- and

Physiology, vol. x.. p. 127. Oct. 1875, and separately, 1870. There may also be

consulted Yon Baer's Entwickelungsgeschichte. 1839. and Eschricht, De oi-ganis

qua3 Respirationi et Xutritioni Foetus Mammalium inserviunt, Hafnia3, 1837.)

Bclni'wn of the I'frrlnr Glands to tlic Pliiciiital titriictiirc.—It has long been

known that in the placentation of various mammals the uterine glands undergo

an increased development, and it has been supposed that they enter into structural

and functional relation with the fcetal villi ; but more precise knowledge is still

wanting as to whether, and to what extent this relation is of the nature of an

actual penetration of the cavities of developed and dilated glands hj the cho-

rionic villi. It was shoAAii by Dr. Sharpey (Miiller's Physiology by Baly, vol. ii.

p. 1574) that thedecidua which enters into the fonnation of the zonular placenta

of the dog. and doubtless of other camivora, consists of a hypertrophical part of

the uterine mucous memlu-ane of corresponding figure, in which the main ducts

of the largely developed glands become dilated at their orifices into utricular

saccules or pouches, that hollow membranous processes containing foetal vessels

rise from the chorion, from among the smaller vascular villi, and apply their

flattened summits to the widened mouths of the gland ducts, and enter a short

way within the saccules : while these receptacles are filled with a whitish semi-

fluid secretion and are lined with an epithelium, which also covers the intriided

part of the fcetal process. As pregnancy advances, the chorional and decidual

structures are further interlocked, and the arrangement becomes more intricate.

Decidual, that is, maternal blood-vessels are abundantly distributed round the

villi of the chorion, which they closely cover. These vessels are larger than ordi-

nary capillaries ; they are unsupported by decidual stroma, and are separated

along M-ith the rest of the placenta in parturition.

The observations of Shaipey appeared to receive confirmation from the inves-

tigations of E. H, Weber (Zusatze zur Lehre vom Baue, kc, der Geschlechts-

organe, 184G,) and Bischoff (Entmck, des Hundeeies, 184.5,), and by many these

observations have been held to prove satisfactorily a connection between the

glands and placental formation. But Dr. Sharpey has expressed himself cautiously

on this general question, and more recent observations tend rather to throw

doubts on the penetration of the uterine glands by the villi of the chorion.

More especially the observations of Ercolani (Mem. of the Acad, of Bologna,

1868 and 1870) and of Turner (loc. cit.) seem to show that it is possible that the

saccules described by Sharpey may be formed in the uterine decidua of the car-

nivora independently of the glands ; and they are disposed to think that these

saccules are produced rather in the interglandular tissue. From an examination

of the whole evidence on this point and an investigation of the structure and

formation of the placenta in different animals, contained in the lectiu-es prcAdously

quoted. Turner has ascertained that in the diffused fonn of placenta the uterine

glands open in the sow into feebly vascular intervals between the vascular crypts

in which the foetal chorionic fringes are sunk, and not into these crypts them-

selves ; that in the mare the glands open on elevated ridges between the vascular

crypts which receive the foetal villi, and only in the Cetacea (Orca gladiator)

did he find gland apertures in some of the placental crj-pts. Again, the maternal

cotyledons of the i-uminants are destitute of utricular glands, and these are

confined to the sunk intercotyledonous part of the uterine membrane. In the

zonal placenta of the camivora, as previously stated. Turner failed to trace the

uterine glands into the recesses of the decidua which receive the prolongations of

the chorionic plates and villi, constituting the foetal portion of the placenta ;
and

i
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he cliilers therefore from Sharpey in regarding the crypts as of new formation

and independent of the glands. He is thns led to the general conclusion that m
no kinds of placenta do the uterine glands form an essential part of the placental

structm'e, and that the uterine crypts which receive the fcetal processes are

essentially interglandular in their origin. Nevertheless Turner recognises the

existence in all placentas of uterine structiu'al elements of a cellular nature, which
he regards as descendants of the epithelial or subepithelial tissue of the uterine

mucous membrane, and to which he attributes, as others have done, glandular

functions in the preparation of the matter which is absorbed as nourishment by
the blood-vessels of the foetal \'illi. Further observations will be requhed to

detennine in how far these views admit of application to the stractiu-e of the

full}'- formed human placenta. (See also Tm'ner's Memoir on the Placentation of

Seals. Trans. Roy. Soc. of Edinbm-gh. Vol. xxvii.. 1875.)

With respect also to the relation of the uterine glands to the penetration of the

decidua by the viUi in the fonnation of the human placenta, further observations

are stiU requii-ed. As iireviously stated, anatomists have failed to trace the villi into

the dilated parts of the enlarged glands, and Kolllker after a careful examination

of the whole subject, comes to the conclusion (Lectures, p. 1G2) that the villi in

becoming involved in the decidua have no pennanent connection with the glands.

He affirms indeed that the glands soon shrmk over the whole extent of the

decidua. beg'uining to do so as early as in the second month of j^regnancy, and
have in great measiu-e disappeai-ed before the chorionic villi are fully connected

with the uterine membrane. Reichert. however, in his recent description of an
early human o\Tim affirms that commencing villi actually enter the mouths of

uterine glands, and he has given a diagrammatic representation of the pro-

longation of the tubes of the uterine glands through the decidua to the surface

of the membrane, and the small marginal villi of the o\Tim as actually within
tenninal portions of the glands, the cavities of which have undergone some
degree of ramification. Fui-ther observations will, however, be necessary for the

confirmation of a statement so much at variance with the results of most other

observers.

General conclusion-—In recapitulation of the preceding description

it may be stated that the human placenta is an organ which is formed
by the conabination of two different structural elements ; of which one
is derived from the foetus or its membranes, and the other from the

uterus. The foetal part consists of the developed vascular villi of the

chorion, continues to grow and extend itself with the foetus during
the whole of uterogestation, and is the seat of a complete circulation of

the foetal blood through the capillary ramifications of the umbilical

arteries, veins, and capillaries. The uterine element of the placenta

originates in a part of the decidua, which is produced by increased

growth and transformation of the lining membrane of the uterus and
its blood-vessels. "With the hypertrophied structure so produced the

villi of the foetal chorion at first interpenetrate, so that in the earlier

stages of placental formation the uterine and fcetal elements are for a
time separable, and may still be distinguished fi-om each other, at the
period even when they have become more intimately united. But in the
progress of development the uterine elements are so much modified, and
finally so completely attenuated or removed, that they almost entirely

disappear ; and as along with them the walls of the blood-vessels are
either thinned out to the last degree, or are entirely absorbed, there
remain only the vascular spaces through which the maternal blood
flows. A doubt, however, may still exist as to whether these spaces
are, or are not, entirely deprived of any uterine enclosure.

The maternal blood is introduced into these spaces directly by the
small coiled uterine arteries, without capillary intervention, and after

3 A 2



724 UTEROGESTATION,

moving through the ^vhole of the placental spaces in contact with or

in closest proximity to the foetal villi, it is returned by numerous veins

through the outer decidua serotina into the vascular channels of the

uterus. This blood is essentially arterial in its qualities, and may be

supposed to perform a double function, viz., 1. to exert an aerating

effect on the blood of the foetus through the tissue of the villi and the

walls of their minute vessels, and 2. to supply for absorption by the

foetal vessels the new materials required in the continued nourishment
of the foetus.

The continuity of the decidua vera and decidua reflexa with the

decidua serotina, and of all three with the whole thickness of the

placenta at its margin, sufficiently demonstrates the actual coonection

of the maternal elements in these several structures, and the existence

of that connection is fully confirmed by tracing the steps of the primary

formation and subsequent development of the two sets of placental

elements, by which are ascertained the actual presence of both in the

commencement, and the gradual modification and disappearance of the

maternal part. The view thus arrived at receives further support from

the result of the observation of the varieties of form and structure

presented by the placental organisation in different animals.

Separation at Birth and Restoration of the Mucous Mem-
"brane of the Uterus.—In the act of birth the whole decidual struc-

tureswhich have been formed in human uterogestation are separatedfrom
the uterus along with all those belonging to the ovum, and the placenta-

tion is thus said to be completely deciduate. Thus in parturition, fi'om

the effect of the contraction of the uterine walls and the abdominal

muscles, after the usual rupture of the foetal membranes and the dis-

charge of the amniotic fluid, the foetus is first expelled : the placenta is

next detached and pressed downwards, carrying with it the layer of

serotina by which it is covered on its uterine surface, and along with

it necessarily are broken through the coiled arteries and the slanting

veins ; the membranes of the ovum follow, consisting of the amnion
and chorion, together with the shrunken covering of decidua which in

the last stage of pregnancy remains from the union of decidua reflexa

with decidua vera matted together into one, which is finally peeled off

the whole of the interior of the uterus.

The uterus having now contracted and its cavity being greatly reduced

in size, there remains, probably, on the uterine surface a part of the sub-

epithelial or decidual structure of the mucous membrane, in irregular

shreds rather than in one continuous layer, and in the deeper part are

imbedded the convoluted uterine glands extending outwards into the

layer of fibres formed by the muscularis mucosse. These remains of

decidua, with the clots of blood resulting from the rupture of the

vessels, are gradually cast off with the lochia, a discharge which is at

first of a mixed character, but gradually becomes more and more com-
posed of corpuscles similar to the white blood globules, and this is

succeeded by the closure and contraction of the vessels, the prolongation

of the gland tubes to the surface, the formation of a complete ciliated

epithelial lining to the cavity, and the complete restoration of the

natural structure of the whole membrane.



DEVELOPMENT OF THE SKELETON.

II. DEVELOPMENT OP PARTICULAR SYSTEMS AND
ORGANS OP THE BODY.

THE SKELETON AND ORGANS OF VOLUNTAEY MOTION.

The morphological development of the skeleton and organs ofvoluntary

motion is closely in accordance with the general plan of development
which belongs to the whole vertebrate body. The first steps are connected
with the formation of the strictly axial part, consisting of the enclosing

walls of the cranio-vertebral cavity for containing the rudiments of the

brain and spinal marrow, and for the issue of the successive pairs ofnerves

arising from tliem. These are succeeded by the formation of the walls

of the great visceral cavities of the head and trunk, in which the facial

and costal arches are to be distinguished ; and lastly, the appendicular
parts, or the limbs and limb-arches, are developed. The permanent
forms of these parts are only produced in the process of ossification

;

but the rudiments of most of them are already to be distinguished in

the masses of cartilage or formative tissue which precede the ossifying

change.

As the mode of ossification of the several bones has been described in

the osteological part of the work, and the histological view of the-

process of formation of bone has been given in the part on General
Anatomy, the morphological view of the development will alone be
referred to in this place, in which will be included the more important
phenomena of the preparation of the matrix or formative material for

the various parts of the skeleton.

Fig. 525.

—

Embryo of the Doo seen from above, Fig. 525.

wIth a Portion of the Blastoderm attached.

The medullary canal is not yet closed, but shows the

dilatation at the cephalic extremity with a partial division

into the three primary cex'ebral vesicles ; the posterior

extremity shows a rhomboidal enlargement. The cephalic

fold crosses below the middle cerebral vesicle. Six

primordial vertebral divisions are visible ; so, the upper
division of the blastoderm ; sp, the lower division.

1. VERTEBRAL COLtJMN AND TRUNK.

Relation of Vertebral Erudiments to

the Notochord.—It has already been shown
(General Phenomena of Development, p. 692),
that all the parts of the skeleton ow^e their

primitive formative material to mesoblastic

elements, and that the bodies and arches of

the vertebras, and the adjacent part of the

cranial walls are formed from continuous

blastodermic substance lying below and around
the primitive medullary canal. A part also of

the basis of the cranium has this in common witli the vertebral axis,

that its formative substance surrounds the notochord, extending for-

ward from the column of the vertebral bodies into the occipito-sphenoid

part of the cranial basis, which is there composed of the formative
substance termed the invesiing mass of Rathke.

It is to be remembered, however, that closely as the formative tissue
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of the bone elements appear to surround the notochord, that structure
does not itself, nor by its sheath, contribute to the formation of the
vertebral or basi-cranial bones, but merely lies within them ; and the
formative material, out of which the bones are produced, is derived
from mesoblastic substance which passes inwards from the primordial
vertebral plates, and envelopes the chorda external to its sheath. The
formation of the notochord, therefore, precedes that of the formative
bone-elements which afterwards envelope it, and the remains of the
notochord, unaffected directly by any ossifying change, are found in
the interior of the commencing bones, and may be traced even for a
long time throughout the whole length of the column of the bodies of
the vertebrre.

This important fact was first demonstrated by H. Miiller, of Wm-tzbrn-g-, who
showed fui-ther that the notochord did not pass through the anterior arch of the
atlas, but was traceable directly from the body of the axis vertebra through its

odontoid process, and thence into the basi-occipital and basi-sphenoid bones,
reaching as far as the pituitary fossa. (Heinrich Miiller, " Ub. d. Vorkommen
von Eesten des Chorda Dorsalis b. Menschen nach der Geburt," in " Zeitsch. fiir

Rat. Med.," von Henle u. Pfeifer, 1858, b. ii. See also Gegenbaur, " Untersuch.
ub. Vergleich. Anat. Das Kopfskelet der Selachier," Leipzig, 1872. W. Miiller,
" Bau der Chorda DorsaUs," in ' Jenasch. Zeitsch." b. vi. E. Dursy, " Zur Entwick.
des Kopfes," 1869, and Mihalkovics, '• On the Chorda and Pituitary Body," in
"Archiv filr Miki-oscop. Anat.," b. xi., 1875.)

It may be mentioned further, as the result of H. Miiller's observations, that
though in general the chorda passes through the middle of the vertebral bodies,

the position was found subject to variation in the caudal portion of the column,
where it sometimes pa,?sed above, and at other times below, the vei-tebral bodies.

The notochord itself has been generally held to be produced from an intruded
central column of mesoblastic cells, and this seems to be the nrode of origin in
birds ; but it may be doubtful whether it is the same in all animals. In sharks
Balfour finds that ihere is no median column derived from the mesoblast, and
attributes the origin of the notochord to the hj^joblast (Quart. Joum. of IMicro-

scop. Sc, Oct. 1874). The same origin is ascribed to it in mammals by Hensen,
who finds that the notochord is late of being formed in the rabbit,—an observa-
tion confii-med by KoUiker : Mihalkovics, on the other hand, is inclined to refer it

in all animals to the epiblast. However this may be, the tendency of recent

research appears to be to show that the notochord may be more nearly alUed
to epithelial structiu'es than to cartilage with which it has generally been
previously associated. It is at all events important to note that it is in many
respects different from the parts ascertained to proceed from the mesoblast, that
it never combines with their elements, and that there is no penetration of its

substance by connective tissue or blood-vessels, as happens in all other parts

derived from the mesoblast.

The interesting observations of Kowalevsky on the existence of a chorda
dorsalis in Ascidia (Mem. de TAcad. de St. Petersboiu'g, torn. x. and xi., 1867 and
1868), would appear to show that this structure, and the tj^je of development
which accompanies it, are not confined to vertebrate animals, and that in them
the notochord may present more of a merely vestigial character than constitute

an important element in the formation of the skeleton. The constancy of its

position and relations, however, is an important fact regai-ding its history.

The notochord does not undergo transverse segmentation in the same
manner as the protovertebral plate does. It remains undivided to the

last, but in the course of vertebral ossification it shows alternate dimi-
nutions and enlargements of its diameter, corresponding in number and
position with the vertebral divisions. One of these enlargements is

found between the odontoid process and the basi-occipital bone, and



DEVELOPMENT OF THE SKELETON. 727

another has been observed by Mihalkovies in the interval l>etwecn the
basi- occipital and the basi-sphenoid bones or their cartila[,nnous matrices.

Fig. 526.—View from above of the Embryo-Chick in the Fig. 525.
FIRST HALF OF THE SeCOND DaY.

1, 2, tbe three primary enceplialic vesicles ; iu front and to the
sides the cephalic fold ; crossing at 2 the fovea cardiaca ; 3, tlie

caudal extremity of the medullary canal dilated into a rhomboid
form ; 4, 4, six primordial vertebral divisions.

In front of this last swelling, the chorda is beiit

down below the base of the sknll, and tapering to a

fine filament, ends or is lost in the floor of the
pituitary fossa. The enlargements now mentioned
have some interest in connection with the question

of the vertebral constitution of the sknll

Segmentation of the Protovertebree.—The
transverse vertebrate segmentation which occurs in

the primary vertebral plates affects only that part of

these plates which is formed of mesoblast. It begins
at a very early period, as already stated, even before

the close of the primary medullary canal, in the form
of one or two, or it may be three short transverse

transparent lines which separate a corresponding
number of dark or condensed quadrilateral masses of the primitive
vertebral plates. These quadrilateral masses, the so-called primordial
vertehrcc (Urwirbel of the Germans) (fig. 526, -4, 4), do not, however,
correspond merely to the vertebrae of the skeleton, nor are they directly

converted into theii- rudiments, but they are rather divisions equivalent

Fi-. 527Fig. 527.

—

Cervical part of the Piujiitive Verte-
bral COLDMX AND ADJACENT PARTS OF AN EmBRYO
OP THE Sixth Day, showing the division of the
Primitive Vertebral Segments (from Kolliker after

Remak).

1, 1, chorda dorsal is iu its sheath, pointed at its

nipper end ; 2, points by three lines to the original

intervals of the primitive vertebrffi ; 3, in a similar

manner indicates the places of new division into perma-
nent bodies of vertebrte ; c indicates the body of the

first cervical vertebra ; in this and the next the pirimi-

tive division has disappeared, as also in the two
lowest represented, viz. , d and the one above ; in those

intermediate the line of division is shown : 4, points

in three places to the vertebral arches ; and 5, similarly

to three commencing ganglia of the spinal nerves : the

dotted segments outside these i^arts are the muscular
plates.

in number and position to the vertebral seg-

ments of the body (somatomes of Goodsir)
;

each one comprising superficially a segment of the muscular plate, and
more deeply a pair of intervertebral ganglia and nerves, as well as the
parts of the skeleton which lie before and behind them.

The more obvious protovertebral segmentation docs not extend into
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the mesoblastic tissue beyond the commencement of the basis of the

cranium, the mass of blastema which there surrounds the prolongation of

Fig. 5'28.

—

Sections op the Vertebral
Column of a Human Fcetus of eight
WEEKS (from Kolliker).

A, transverse longitudinal section of

several vertebrre. 1, 1, cliortla dorsalis, its

remains thicker opposite the intervertebral

discs ; 2, is placed on one of the bodies of

the permanent vertebrce ; 3, on one of the
intervertebral discs.

B, transverse horizontal section through
a part of one dorsal vertebra. 1, remains of

the chorda dorsalis in the middle of the
body ; 2, arch of the vertebra ; 3, head of a
rib.

the notochord (the investing mass of

Rathke) remaininoj one and undi-

vided, or being devoid at least of

the marked cleavage which occurs

in the strictly vertebral part.

It is fi'om this protovertebral plate

on each side, whether in its entire

primitive condition, or in its later

and divided state, that the material

is derived for the formation of the

bodies and laminae of the vertebra? and the muscles which cover them.
This is effected by the rapid increase of the mesoblast, and by the

extension of that structure beyond the immediate confines of the

vertebral laminae in an inward and downward direction, so as to throw
a quantity of new mesoblastic material round the notochord, and
inwards and upwards, so as to pass in between the primary medullary
canal and the enveloping layer of epiblast.

The muscular plate.—Shortly after this extension of the mesoblast
in the two directions before mentioned, another separation, or rather

differentiation, is observed to take place in the direction of its length,

in the formation along the dorsal surface, and below the epiblast, of a
series of circumscribed plates which form the foundation of the erector

muscles of the spine, and the great dorsal muscles of the trunk. These
constitute together the muscular, or rather the musculo-cutancovs plate,

for it appears also to include the formative rudiment of the true skin.

There is thus deposited the formative material for the vertebral

bodies, the vertebral arches, and the muscles which immediately sur-

round them, together with the general integument.
Meanwhile the vertebral segmentation goes on progressing from

before backwards, extending through the dorsal, lumbar, sacral and
coccygeal vertebrfB, till the process is complete ; but this is accom-
panied by other changes having reference to the separation of the nerve-

roots and ganglia from their formative tissue, and the development of
the elements of the permanent vertebra?.

In the outer portion of each protovertebral mass a transverse partition

arises which separates the anterior part, as ganglion and nerve root, from
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the posterior, as matrix or forerunner of the bone and other structures

which belong to the vertebral column. Each nerve then comes thus to

be placed in front of the future permanent vertebra with the proto-

Fig. 529.

V ~

Fig. 529.

—

Transverse section through the Dorsal region of an Embryo-Chick,
END of Third Day (from Foster and Balfour).

Am, amnion ; mp, muscle plate ; c v, cardinal vein ; Ao, dorsal aorta at the point

where its two roots begin to join ; Ch, notochord ; Wd, Wolffian duct ; Wh, com-
mencement of formation of Wolffian body ; tip, epiblast ; so, somatopleure ; liy, hypo-
blast. The section passes through the place where the alimentary canal Qiy) com-
municates with the yolk-sac.

vertebral division of which it was originally connected. In the inner

or central part of the primordial vertebrae a different kind of change
occurs, first, by the amalgamation or fusion of the protovertebral

masses, and subsequently by their subdivision in such a manner that the

intervertebral disc arises on a level with or opposite the centre of each

protovertebral mass, and the blastema, out of which a permanent verte-

bral body is formed, is made up by the union of two parts, an anterior

and a posterior, the first of these being derived from the hinder part

of the preceding protovertebral mass of the same number, the other part

being supplied by the anterior section of the protovertebral mass
immediately following.

This is a somewhat complicated change ; and the more difficult to be followed
that it would appear that the original division between the protovertebral masses
disappears previous to a new segmentation taking place. Thus it results that,

as respecta the centrum or body part, the posterior half of one protovertebra is
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tliro'wn into connection w4th the anterior half of the one next following, and
tlius each permanent body is formed from imrts of two protovertebral masses

;

while in respect to the arches, each one proceeds from the hinder segment of the
anterior of the two protovertebra3 concerned, the spinal gangiion and root being
thrown into connection with the hinder part of the permanent vertebra imme-
diately in front of the protovertebra of which they originally formed a part.

Formation of Vertelbral Matrices.—While the material for the
vertebral bodies is laid dowu round, tlie notochord, a further extension

of mesoblastic substance from the primordial vertebral plates takes place

at the sides and round the medullary cavity for the matrix of the

vertebral arches, and in due course, by differentiation of the formative
cells, chondrification of the substance occurs in the form of the strips

which constitute the first rudiments of the vertebral arches, and the

accompanying transverse and other processes. The first ossification of

these bones is from cartilage, but doubtless in them, as in other bones,

much of the subsequent growth and extension of the bone substance

proceeds from sub-periosteal deposit. It is also to be remarked that

in some bones originating in membrane, cartilage may subsequently
contribute to the growth and extension of the bone, as ajspears to occur

in the lower jaw and clavicle.

The chondrification of the formative matrix of the bones in the

human embryo takes place chiefly during the fifth and sixth weeks of

foetal life, and in the seventh and eighth, ossification has begun in

several of the long bones. But even before this time an ossific deposit

shows itself in the fibrous matrix of the clavicle and lower jaw. By
the ninth week the greater number of the bones have begun to ossify.

The formation of cartilages for the arches of the vertebrae begins first

in those of the dorsal region, and spreads from these forwards into the

cervical vertebrae and basis of the skull, and backwards * into the

lumbar and sacral vertebrae : but the extension of the matrix upwards
ceases in the lower sacral and coccygeal region where the arches are

deficient.

A small cartilaginous band forms the matrix of the subcentral por-

tion or anterior arch of the atlas vertebra, quite distinct from that of

the body of the axis, and out of the line of prolongation of the noto-

chord.

In the lateral plates the cartilaginous matrices of the ribs are formed
in connection with those of the transverse processes, and in the verte-

bral part of the ribs themselves ossification is comparatively early ; but

a considerable part remains unossified in the sternal portion, or costal

cartilages, in connection with their special use in the mechanism of the

respiratory movements.
Certain portions of the transverse parts of the cervical and lumbar

vertebrae are undoubtedly homologous with ribs ; but we give the name
only to those costal bars which are separately articulated to the verte-

bra, and the first of the vertebras with which a rib reaching the sternum
is articulated is reckoned as dorsal. Among the thoracic ribs a certain

number, as elsewhere stated, of the cartilaginous matrices behind the

first, are in the commencement united together at their ventral extre-

Hci'fi aud elsewhere, unless otherwise explained, the terms used to indicate position

npply to the primitive proue position of the embryo as it lies in the blastoderm, the
dorsal aspect upwards aud the veutral dowuwiu-ds.
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mities into a strip of cartilage on each side, and thus the matrix of the

sternum is at first cleft in two behind the pre-sterual portion. Sub-

sequent fusion of these two lateral strips unites them into one ; and the

transverse division of the bone only appears from the result of ossification

in successive distinct centres. This fact possesses an interest in con-

nection with the tendency of the meso-sternuui and xiphi-sternum to

divide and to produce various degrees of the malformation termed
fissura sterni.

In the lumbar region there is reason also to look upon part of the

transverse processes as representing costal elements, but it is only in

cases of abnormal formation that they are found distinct from the rest

of the vertebra. (See the Descriptive x\natomy, Vol. I., p. 22.)

The sacrum is peculiar in presenting, thi'ust in and compressed be-

tween its strictly vertebral elements and the iliac bone with which it

is united, several bony pieces which may be regarded as interposed

ribs. The ossification of two of these occurs as early as the fifth or

sixth month of fostal life.

2. THE HEAD.

The head of the embryo consists at first, as already stated, of the

cranial part alone, the face, nose, and mouth being absent. Below
the cranium, and extending as far forward as the point of junction of the

anterior with the middle encephalic vesicle, is situated the pharyngeal
portion of the primitive alimentary canal, closed in anteriorly by the

inflection of the blastodermic layers. It is at this place that subse-

quently the opening of the alimentary canal to the exterior takes place

in what constitutes ultimately the isthmus of the fauces ; and in front

of this the buccal cavity, not yet existing, is afterwards formed.

In the progressive development of the head the principal changes by
which its fundamental parts come into shape may be enumerated shortly

as follows, viz., First, increase of deposit and textural differentiation of

the mesoblastic substance for the formation of the cranial walls in their

basilar, lateral, and upper portions ; second, the interpolation of the

sense-capsules as connected with the formation of the rudiments of the

nose, eye, and ear ; third, the development of the cerebral hemispheres

and other parts of the brain from the three primary encephalic vesicles;

fovrtli, the occurrence of the several cranial inflections ; and fifth, the

new formation of outgrowths for the development of the parts of the face.

1. The Craiiiuiii.—The basal portion of the cranium consists

primarily of two fundamental parts. Of these the i^osterior is dis-

tinguished by the presence of the prolongation of the notochord within

it as far forward as the part of the skull which afterwards becomes the

pituitary fossa. This portion, which may be named occipito-sphenoid,

is originally formed by the undivided investing mass of Rathke, which
surrounds the anterior extremity of the notochord, and contains the

matrix of the future basi-occipital and basi-sphenoid cartilages. By its

later extension to the sides, it forms the matrix of the exoccipitals and
the periotic mass of cartilage which surrounds the primary auditory

vesicles. The main part extends forward below the posterior and middle
primary encephalic vesicles, ending at the pituitary fossa.

The anterior portion of the basis cranii may be called sphcno-ethmoid,

as containing the matrix of the pre-sphenoid, and the ethmoid
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cartilages. It is mainly produced in connection with the trabeculae

cranii, which contain between their separated limbs the pituitary fossa.

This part of the cranial basis contains no prolongation of the noto-

Fig. 500. Fig. 530.

—

The Lower or Cartilaginous part op
THE Cranium op a Chick op thk Sixth Dat
(from Huxley).

1, 1, cliorda dorsalis ; 2, the shaded portion here

and forwards is the cartilage of the base of the skull
;

at 2 the occipital part ; at 3 the prolongations of

cartilage into the anterior part of the skull called

traheculce cranii ; 4, the pituitary space ; 5, parts of

the labyrinth.

chord ; it lies below the anterior encephalic

vesicle (thalamencephalon), and becomes
greatly modified in connection with the

expansion of the cerebral hemispheres and
primary ocular vesicles, and the develop-

ment of the nasal fossae and mouth, together with the other parts of

the face.

The primary parts of the three principal sense organs, it may here be

stated, the nose, eye, and ear, formed in connection respectively with

the cerebral hemispheres, the thalamencephalon, and the third primary

vesicle, are interpolated between the rudimentary parts of the head as

follows, viz., 1. The nose between the frontal, intermaxillary and

ethmoid ; the eye between the frontal, sphenoid, ethmoid and maxillary

;

and the ear between the basi-occipital, exoccipital and alisphenoid.

"While the base of the cranium, to the extent already mentioned, is

Fig. 531. Fig. 53L

—

View from below op the Carti-

laginous Base of the Cranium with
its Ossific Centres in a Human Foetus

op about Five Months (from Huxley, slightly

altered).

The bone is dotted to distinguish it from

the cartilage, which is shaded with lines.

1, the basilar part, 2, the condyloid or

lateral pvarts, and 3, 4, the tabular or superior

part of the occipital surrounding the foramen

magnum ; 5, centres of the pre-sphenoid on the

inside of the optic foramen ; 6, centres of the

post-sphenoid ; 7, centres of the lesser wings

or orbito-sphenoid ; 8, septal cartilage of the

nose ; 9 & 10, parts of the labyrinth.

cartilaginous in its origin, the lateral

and upper walls are chiefly of mem-
branous formation, as in the squama
occipitis, the squamo-zygomatic of the

temporal, the parietal and the frontal bones.

The trabeculai stretch forward to the anterior extremity of the head,

and maintain the foremost place as the seat of the nasal cartilages and
external apertures of the nose. Behind these the coalesced trabeculae

form a narrow cthmo-vomerine cartilage, the nasal septum, round the



DEVELOPMENT OF THE CRANIUM. 733

back of which the vomer is formed as a bony splent covering ; while in
the hinder lyre-shaped interval of the separated trabeculge is placed the
infundibulum in connection with the pituitary body.

Fig. 532.Fig. 532.

—

Basilar Part op the Primordial Cranium
OF A Human Fcetus of three months seen from
ABOVE (from Kolliker).

a, iipi)cr half of the squama occipitis ; h, lower half of

the same ; c, cai-tilaginous plate extending into it ; d,

(in the foramen magnum) the exoccipital ; c, basi-occipital

;

/, peti'ous, with the meatus anditorius interuus
; g, dorsum

selliB, with two nuclei belonging to the basi-sphenoid

bone ; /;, nuclei in the anterior clinoid processes ; i, great

wing nearly entirely ossified ; I; small wings ; I, crista

galli ; m, cribrethmoid ; n, cartilaginous nose ; o, strip of

cartilage between the sphenoid and the parietal
; p,

osseous plate between the lesser wings and the cribri-

form plate.

From the side of the presphenoid cartilage the matrix of the orbito-

sphenoids or lesser wings, containing the optic foramina, is developed
;

and from the sides of the basi-sphenoid proceeds the matrix of the
greater wings, which are also cartilaginous in their origin.

In the periotic or cartilaginous rudiment of the temporal bone three

centres of formation are distinguished by Huxley, viz., 1. OpisthoUc, or
that surrounding the fenestra rotunda and cochlea ; 2, prootic, or that

which encloses the superior semicircular canal ; and 3, epiotic, or that
which surrounds the posterior semicircular canal and extends into the
mastoid portion. They soon unite into one so as to form the petro-

mastoid bone.

Fig. 533.

—

Longitudinal Section through the
Head op an Embryo op Four Weeks (from
Kolliker). -j"-

V, anterior encephalic vesicle, cerebral portion
;

z, interbrain ; m, midbrain ; h, cerebellum ; n,

medulla oblongata ; no and a, optic vesicle
;

o, auditory depression ; t, centre of basi-cranial

flexure ; t', lateral and hinder parts of tentorium

;

p, the fold of epiblast which forms the hypo-
physis cerebri.

The styloid process and the auditory

ossicles are of cartilaginous origin.

The squamo-zygomatic and tympanic are produced from membrane.
Tlie Cranial Flexures.—The earliest and the most important

of the cranial flexures is that which takes place at the anterior

extremity of the notochord and in the region of the mid-brain or
middle encephalic vesicle. Here, as previously stated, the notochord
extends into the substance of the basis of the cranium as it is prolonged
forwards in the line of the vertebral bodies. At this place the medul-
lary tube, and the substance forming the wall of the cranium especially,

undergoes a sudden bending downwards and forwards, so as to cause the
projection of the thickened cranial base in a marked manner upwards.
This coincides with the place where the investing mass and the trabe-
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cula3 meet, and where inferior]? tlie })ituitary body, and superiorly the
infnndibnlum are afterwards formed. The investing mass of blastema,

in which the anterior extremity of the notochord is enclosed, and the

notochord itself, terminate here behind the pituitary fossa, or what
afterwards becomes that part, in a place corresponding to the dorsum selliB

of human anatomy. Above and behind this, the middle cerebral vesicle

forms the most prominent part of the cranium, which remains a charac-

teristic feature of this part of the embryo head for a consideral^le time.

Another early flexure of the cranium accompanies the development
of the cerebellum from the third primary vesicle, a cleft now appearing
behind and below the rudimentary cerebellum, in the region of the

fourth ventricle, and above the medulla oblongata, and this flexure is

necessarily attended with a convexity forwards, or another flexure in

the place of the pons Varolii.

Fig. 534. Fig. 534. LONC.ITUPTXAL

Section of the Human
Embryo at the sixth or
SEVENTH ^VEEK

^^ ~'~"' """ ^ '"'
1, cerebral hemispheres

2, vesicle of the third ven-

ti'icle ; 3, mid-hrain ; 4,

cerebellum ; 5, medulla ob-

longata ; c7i, notochord pass-

ing up through the bodies

of the vertebrae into the

basis cranii and terminating

in the head between the in-

fundibulum and the sac o£

the hypophysis cerebri ; s,

the vertebral spines ; n, the

spinal cord
; p, the phannix

;

7i, the heart ; I, the liver ;
?', the stomach and intestine; cl, the cloaca ; r, the urinary

bladder and pedicle of the allantois ; it, u', the umbilicus containing the vitello-

intestinal duct, urachus and vessels ; between i, and /, superiorly, the Wolffian body is

shown.

The great cranial flexure thus marks the division between the strictly

basi-cranial, or occipito-sphenoidal, and the basi-facial, or spheno-

ethmoidal part, the chorda terminating between those two portions

of the cranial base, with a conical and sharp point. Here the chorda

is itself lient downwards and forwards, and terminates in a s]3ot

which corresponds to the post-sphenoid body, or dorsum sellas.

According to Mihalkovics, who has recently investigated the subject

with care (see Archiv filr j\Iikroskop. Anat., vol. xi., 1875,) in con-

nection with the formation of the pituitary gland in mammals and

birds, the chorda tapers off to a fine point in front of this spot, but

presents a slight swelling just at the place of the future occipito-

sphenoidal suture.

The formation of the mouth, and its opening by the fauces into the

pharyngeal or first part of the primitive alimentary canal, are phenomena
of development intimately connected with the formation of the central

part of the cranium and sella turcica, but they are also associated with

the development of the face, which is next to be considered.

Formation of the Moutli and Hypophysis cerebri.—Along with the

changes which accompany the formation of the principal cranial flexui-e, is



THE PITUITARY BODY. 735

•associated in a remarkable manner the origin of a body (tlie pituitary gland

or hypophysis cerebri) the nature and uses of A\'hich in the adult are entii'cly

Fiff. 535.

Fig. 535.— Vertical Section of the Head in Early Ejibryoes of the Rabbit,

Magnified {from Mihalkovics).

A. From an embryo of five millimetres long.

B. From an embryo of six millimetres long,

C. Vertical section of the anterior end of the notochord and i^ituitary body, &c., from

an embryo sixteen millimetres long.

In A, the faucial opening is still closed ; in R, it is formed ; c. anterior cerebral

vesicle ; mc, meso-cerebrum ; mo, medulla oblongata ; co, corneous layer ; to, medullary

layer ; if, infundibuhim ; avi, amnion ; spe, spheno-ethmoidal, be, central (dorsum sellte),

and spo, sj^heno-occipital parts of the basis cranii ; /;, heart
; /, anterior extremity of

primitive alimentary canal and opening (later) of the fauces ; i, cephalic jrortion of

primitive intestine ; tha, thalamus
;
p', closed opening of the involuted part of the

pituitary body (py) ; ch, notochord
;
pk, pharynx.

imkno-mi, but the constancy of whose presence, and the imiformity of its

connections in the whole series of vertebrate animals, points to some important

morphological relation.

The general nature of this body, in its joint connection with the infundibulum

of the brain on the one hand, and a diverticulum of the alimentary canal on the

other, was first pointed out by Eathke (Miiller's Archiv, 1838. p. 482), although he
afterwards abandoned the view there set forth. It was, however, fully confirmed by
others ; and, among recent observers, we owe more especially to William Miiller an



736 DEVELOPMENT OF THE HEAD.

elaborate investigation of the whole subject (Jenaische Zeitschr., vol. vi., 1871),

who traced most carefully the nei-vous and diverticular elements in their develop-

ment, and their union with mesoblastic elements in the formation of the gland,

Goette next ascertained that the diverticulum from below is connected with the

buccal cavity and epiblast, and not with the pharynx and hypoblast, as was pre-

viously supposed (Archiv fur Miki-oscop. Anat., vol. ix., p. 397). The observa-

tions of Mihalkovics on Mammals complete the history of this point in develop-

ment, and will be mahily employed in the following description.

The formation of this body may be shortly described as consisting in the meet-

ing and combination of two outgrowths from very different fundamental parts ;

one cerebral or medullary from above, and the other corneous or epiblastic (glandu-

lar), from below, in a recess of the cranial basis which afterwards becomes the

pituitary fossa (fig. 53.5, B, <f,'py). The cerebral outgrowth, the posteiior of the

two parts, takes place by the fonnation of a pointed projection do\\Tawards of a

portion of the lower medullaiy waU of the vesicle of the third ventricle, and its

firm adhesion to the base of the cranium. This is the commencement of the

infundibulum. Meanwhile, a little in front of the same place, there is projected

upwards from below a part of the basilar surface of the cranium, so as to

form a deep recess lined by the corneous layer from the back and upper part

of the future mouth. This recess is the commencement of the hypophysis or

pituitary- body in its glandular portion, which is not, as has been supposed,

a recess from the pharynx, seeing that it is in front of the opening which

is afterwards formed for the fauces. The depressed and sharpened out

anterior part of the notochord is directed downwards and forwards, while the

sac of the hypophysis is can-ied upwards and backwards, and, according to

Mihalkovics, the attenuated end of the chorda soon disappears from between the

infundibulum and the hypophysis, previous to the occurrence of the intimate

union which follows between these two bodies. The anterior extremity of the

chorda, therefore, is lost in the floor of the pituitary fossa, and the swollen or

dilated portion of the chorda which succeeds, and which comes then to form the

apparent termination, occupies the interval between the basi-occipital and the

basi-sphenoidal cartilages. The chorda traced back from this point, presents

another swelling at the junction of the basi-occipital cartilage with that of the

odontoid process, into which last it passes. The third swelling of the chorda lies

between the odontoid cartilage, and that of the body of the axis vertebra.

FiK. 53G.

B

Fig. 536.

—

Cranium and
Human Embryo seen
(from Ecker).

Face of the
from before

A, from an embryo of about three weeks :

1, anterior cerebral vesicles and cerebral

hemispheres ; 2, interbrain ; 3, middle or

fronto-nasal process ; 4, superior maxillary

plate ; 5, the eye ; 6, inferior maxillary or

mandibular plate (first postoral) ; 7, second

plate ; 8, third ; 9, fourth, and behind each

of these four plates their respective pharyn-

geal clefts. B, from an embryo of five

weeks : 1, 2, 3, and 5, the same as in A
;

4, tlie external nasal or lateral frontal pro-

cess ; 6, the superior maxillary plate ; 7,

the mandibular ; x , the tongue ; 8, the first

phaiyngeal cleft, which becomes the meatus auditorius extenius.

The base of the skull, therefore, consists of two parts, one the posterior, in

which the chorda is imbedded, and corresponding to the futui-e basi-occipital

and basi-sphenoidal parts, the other in front of this, into which the chorda does

not penetrate, the sphcno-ethmoidal, and which, according to the researchee of

Parker and Gegenbaur, is of a later fonnation, and is more immediately related

to the development of the face.
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The flask-like outgrowth of the buccal epiblast which gives rise to the hypo-
physis cerebri, is now gradually shut off from the corneous layer and cavity of the
mouth, iirst by the constriction, and subsequently by the closure of its place of
communication. There remains however, for a considerable time, a longish.

Fig. 537.

Fig. 538.

Fig. 537.— OcTLiXE Plan
ViKW OF THE Upper
Part of the Body of an
Embryo Pig, two-thirds
OF AN INCH IN LeNGTH.
Magnified seven dia-

meters (from Parker).

Fig. 538.

—

Plan op the
Skull, &c., of the same
Ejibryo seen from below.
Magnified ten diameters
(from Parker).

In this a7id the preceding

figure the letters, where j)re-

sent, indicate the following

parts :

—

c' to 0^
, the five primary

divisions of the brain ; a, the

eye ; n, the nose ; m, the

mouth ; <?•, cartilage of the

trabeculEe ; ctr, cornua tra-

becularum ; pn, prenasal car-

tilage
; 2}p[/> pterygo-palatine

cartilage ; mn, the mandi-
bular arch with Meckel's car-

tilage ; te, first visceral cleft

which becomes the tympano-
eustachian passage ; au, the

auditory vesicle ; hi/, the

cerato-hyoid arch ; Ir, the

branchial bars and clefts,

1 to 4; tItJi, the thyro-hyoid
;

py, the pituitary fossa ; ch,

the notochord in the cranial

basis, .surrounded by the in-

vesting mass (ii') ; vii, facial

nerve ; ix, glosso-pharyngeal

;

X, pneumog;istric ; xii, hypo-

glossal nerve.

thread of union between
the two (fig. 535, C, 7/).

The epithelium of the en-

closed portion subsequently

undergoes development
into glandular coeca and
cell-cords, and its internal

cavity becomes gradually

obliterated. This fonns
the anterior part or lobe

of the pituitary body. The
posterior part owes its origin to the combination with mesoblastic tissue of a.

widened extension of the infundibular process of the brain, which is thrust in
between the sac of the pituitary body and the dorsum sella;. The nervous struc-

ture of this posterior lobe afterwards disappears in the higher animals, but in

the lower it retains its place as a part of the brain.

vol.. ir. 3 B
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2. Subcranial, Facial, or Pharyngeal Plates or Arches.—
In man, and all vertebrates, there are developed below and on the
sides of the cranial part of the head, a series of processes or bars in

pairs, which contribute to the formation of the subcranial structures

constituting the face and jaws, and the hyoid and other parts inter-

vening between the head and trunk. These bars first received attention

Fig. 539.

Fig. 539.

—

Outlines showing the early changes in the form of the Head op
THE Human Embryo.

A, profile view of tlie head and fore i)art of the body of an embryo of about four weeks
(from nature, '^^) : the five primary divisions of the brain are shown, together with the

primai-y olfactory and optic depressions, and a, the auditory vesicle ; 1, marks the man-
dibular plate, and behind this are seen the three following plates with the corresponding

pharyngeal clefts. B, from an embryo of about six weeks (from Ecker, f ) : the cerebral

hemispheres have become enlarged and begin to spread laterally ; 1, the lower jaw ;
1',

the first pharyngeal cleft, now widening at the dorsal end, where it forms the meatus
externus ; the second cleft is still visible, but the third and fourth clefts are closed and
*he corresponding plates have nearly disappeared. C, from a human fojtus of nine weeks
(from nature, \) ; the features of the face are now roughly formed ; the first pharyngeal
cleft is now undergoing conversion into the meatus, and the auricle is beginning to rise at

its outer border.

from their discovery by Eathke in 182G, published in the Isis of that

year, and were named by him the branchial arches, from the relation

which some of them bear to the gill bars of branchiate vertebrates.

Their nature and transformations were fully investigated by Eeichert

in 1837 (Miiller's Archiv, 1837). From later researches it appears that

other processes, with somewhat similar relations to the cranium, occurring

further forward, may be associated with those described as branchial by
Eathke, and it will be expedient therefore to describe the whole of the sub-

cranial outgrowths together at this place. In this the views of Huxley
and Parker will be chiefly followed. (See "On the Stracture and Develop-

ment of the Skull in the Pig," by W. K, Parker, in Trans. Eoy, Soc.

1873, p. 289 ; Huxley, in Elements of Compai\ Anat., 1864, and Manual
of Compar. Anat., 1871 ; also Gegenbaur, Das Kopfskelet, &c., 1872).

According to these views the parts of the head situated in fi*ont of and
above the future mouth, are formed from two pairs of plates, w^hich may
thence be called preoral, in one pair of which the bars are the same
"with the trahecukc cranii of Eathke surrounding the pituitary gland,

and are the basis of formation of the pre-sphenoid, ethmoid, nasal, and
pre-maxillary portions of the skull, while in the other pair, consisting in

each of a deeper and a superficial part, the bars form the foundation
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of the pterygo-palatine wall of tlie nose and mouth, and the

superior maxillary bone. The nasal pits or primary nasal depres-

sions, which extend themselves afterwards into the nasal fossae, and
remain permanently open to the exterior, are formed by a depres-

sion of the surface of the epiblast in the anterior prolongation of
the head as constituted by the ends of the trabeculas, and the harder
structures of the septum and walls of the nasal cavities, as well as the

turbinated structures on which the olfactory nerves are distributed, are

all derived from the anterior parts of these trabecule ;—a mesial union
giving rise to the nasal septum, while lateral parts circling round the

nasal pits, form the alar enclosures of these depressions (see figs. 537
and 538).

The second preoral subcranial plates have received the name pterygo-
palatine from the nature of their deeper connection with the bar in

which the pterygoid and palate-bones are afterwards formed. These
enclose the posterior nasal apertures, and advancing from the two sides,

at last meet each other in the palate, and in front meet the pre-maxil-

lary process to complete the palate and upper jaw.

But these are only the deeper parts of the structure out of which the
upper jaw is formed, there being on the surface of the head, and behind
the depression of the eye on each side, a bulging process known as the
superior maxillary process, in which the upper jaw and malar bone
are formed, and which has externally the appearance of bending round the

angle of the mouth in continuity with the mandibular or inferior maxillary.

The formation of the superficial parts of the face, as seen from
before, may be described as follows, viz. :—In the middle, there

descends in what now forms the region of the forehead, a mesial
portion, the fronto-nasal plate, which forms the integument of the

nose, as far as the inside of the nostrils, and the columella of the nose,

together Avith the mesial part or lunula of the upper lip, that is, all

the part lying inside the depression of the nostrils. On the outside of
these depressions, a short lappet surrounds the orifice of the nostrils,

as wings forming the external nasal processes. It is towards the
outside of these last plates that the ocular depression is situated, that

depression being thus interposed between the lateral or external nasal
plate,- and the maxillary plate, and forming the fissure which has been
tailed the ocular fissure, but which afterwards becomes more fetrictly

the lachrymal in its anterior part (see figs. 536 and 539).

The great buccal aperture now passes across the face, having the
middle and external nasal with the superior maxillary plates above
and in front, and the inferior maxillary plates below and behind. It

will be remembered, however, that the cavity of the mouth is thrown
forward by the outward development of the subcranial plates, which
deepen more and more the buccal cavity as they grow outwards from
the primitive cranium.

The POSTOKAL pairs of pharyngeal visceral plates are four in number

;

the first being that already mentioned as following immediately behind
the mouth, and forming the mandibular or inferior maxillary.

At an early period of foetal life in the human foetus, and in that of
all vertebrates, plates of this description are found, but in the lower
vertebrates a greater number exists than in the higher. The number of
four pairs belongs to man in common with all the non-branchiate
vertebrates. Behind each of these plates there are formed from within,

3 B 2
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in the course of development, clefts which penetrate the wall of the

pharynx ; these clefts, or so-called branchial apertures, running com-
pletely through the wall of the pliarynx and the external wall of the

body of the embryo (see figs. 537 and 538).

The auditory pit, or primary depression from the epiblastic surface

which forms the rudiment of the labyrinth of the ear, is situated imme-
diately above the upper or proximal end of the two first postoral

plates, and consequently on a level with the first postoral cleft. And
this proximity of position is connected with the intimate relation in

which two sets of parts stand to each other : for the part called the

first branchial cleft is afterwards converted into the external and middle

passages of the ear, (meatus, tympanum, and Eustachian canal), the

membrana tympani being at a later period thrown across the passage.

It forms thus the tympauo-eustachian cleft or canal. The tympanic bono

is of membranous origin and is formed round the first cleft. The external

auricle is of integumental origin, and is formed in the second postoral

bar posteriorly and externally to the aperture of the first cleft.

The second postoral cleft is the first true water passage, or the first

of those which serves as a gill aperture in branchiate vertebrates, and

which may in the lower classes be increased to a greater number.

Although the description of some of the changes which the several

pharyngeal plates or branchial arches undergo in the further process

of development, belongs to a different part of the subject, yet it may
be useful to describe sliortly the more important of them in this place.

In the first or mandibular arch a strong cartilaginous bar is formed

known as the cartilage of Mcclcel, on the exterior of which, but not

in its own substance, throughout a considerable part of its distal length,

the lower jaw-bone is afterwards developed. The proximal part next

the cranium, which comes later to be connected with the auditory

capsule, becomes in mannnalia the malleus, in birds and reptiles chiefiy

the OS quadratum. (Seefigures in connection with development of the ear.)

In the second or hyoid arcli are developed the styloid process, the

stylo-hyoid ligament, the lesser or upper coruua of the hyoid bone, the

series of parts which connect them with the basis of the skull, being

united like the first to the auditory capsule : but the proximal part of

this arch would appear also to have the incus formed in it, and to

be connected with the stapes and stapedius muscle.

The third arch' is the thyro-hyoid, and is related to the formation of

the lower or great cornua, and the body of the hyoid bone. It corre-

sponds with the first true branchial arch of amphibia and fishes, in

which animals the clefts and bars behind this arch become more

numerous than in the higher vertebrata.

The fourth arch, which has no special name, but might be called suh-

hyoid or cervical, does not seem to form the basis of any particular organ,

but is situated exactly at that part of the body which becomes elongated

as the neck,—a part Avhich may be considered as absent in the foetus,

and the formation of which by a simple process of elongation gives ^""^e

to some peculiar features in the anatomy of the parts composing it.

Relations of Cranial ITerves.—The rudiments of four cranial nerves,

besides the optic and auditory afterwards to be referred to, are found at

a very early period in connection with the plates now under consideration,

and the following is the relation in which, according to Parker, they

stand to these plates in all vertebrate animals. These nerves are the
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fifth pair or trip-eminus, the facial, the g-losso-pharyngeal, and the

l^neumo-gastric. The two first are situated iu front, and the two latter

behind the auditory sac. These nerves all divide or fork above a
visceral cleft, one division going to the posterior face of the arch in

front of the cleft, the other to the anterior face of the arch behind it.

540.

Fig. 540.

—

Embryo of tue Ciiioii at tub end of the Fouhth Day (from Foster and
Bcalfour).

The amnion has been removed ; Al, allantois ; Clf, cerebral hemispheres ; FS,
thalamencephalon, with Pn, the pineal gland projecting from its summit; MB, mid-
brain ; Cb, cerebellum ; IV, V, fourth ventricle ; Z, lens ; chs, choroid slit ; C'en V,

iiuditory vesicle ; sm, superior maxillary process ; IF, 2F, &c., first, second, third and.

fourth visceral folds ; V, fifth nerve in two divisions, one to the eye, and the other to

the first visceral arch ; VII, seventh nerve passing to the second visceral arch ; Gph,
glosso-pharjmgeal nerve passing to the third visceral arch ; Pg, pneumo -gastric nerve

passing to the fourth arch ; / V, investing mass ; ch, notochord ; Mt, the heart ; HIP,
muscle plates ; W, wing ; HL, hind limb.

The orbito-nasal and the palatine divisions of the trigeminus belong

to the trabecular arch, the former above, the latter below the optic

nerve. Of the other division, one part (the superior maxillary nerve)

follows the palato-pterygoid arch, the other (inferior maxillary nerve)

accompanies tlie mandibular arch.

The facial nerve (portio dura of seventh pair) divides above the

tympano-eustachian passage, its anterior part (chorda tympani) going

to the posterior side of the mandibular arch, and its posterior part

(descending branch of facial) to the outer or anterior side of the hyoid

arch.

The glosso-pharyngeal nerve, by a similar division, goes by its inner

or anterior branch (lingual) to the inner or posterior side of the hyoid

arch, and by its other division (pharyngeal) to the front of the first

branchial or thyro-hyoid arch.
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In the higher animals the pneumo-gastric nerve shows no close

relation to the clefts, but in branchiate vertebrates it is continued past

the gills, and sends forked branches to the gill arches in front and

behind each of the clefts.

3. ORIGIN AND FORMATION OF THE LIMBS.

The close connection of the limb-arches with certain vertebral seg-

ments of the trunk has been previously referred to in the morpholo-

o-ical remarks, given under the description of the bones and muscles

m the first volume ; and although the vertebral homology of the parts

of the limb proper is not so apparent, at least in the proximal seg-

ments, yet in the quinquifid division of the more remote parts, in the

preaxial and postaxial arrangement of these divisions, and in their

relation to the nerves and some other circumstances, we can scarcely fail to

perceive some very near relationship between the structure of the limb

as a whole, and a certain number of the vertebral segments of the trunk.

Fi£,'. 541.
Fig. 541.—HujiAN Embryo of about

FOUR WEEKS (froiu Kijllikei', after A.

Thomson). |

/, the anterior limb rising as a semi-

circular plate from the lateral ridge.

(The figure is elsewhere described.

)

The limbs do not exist from

the earliest time of the forma-

tion of the cranio-vertebral part

of the trunk, but only begin to

be formed when the development

of the axial part of the body has

made some advance, as in the first half of tlie fourth day of incubation

in the chick, and at the commencement of the fourth week m the

human embryo.
. „

-, t r> ,, • -

They first make their appearance as two pan-s of buds from the side

of the vertebral part of the trunk, in the form of flattish lateral elevations

with curved free margins projecting from the exterior of the body,

outside the thickened ridge (sometimes called the Wolffian ridgc) where

the division of the mesoblast into somatopleure and splanchnopleure

take place, and near the outer margins of the muscular plates. The

anterior pair of limbs appears earlier than the posterior, and for a long

time is always more advanced in the development of its parts.

The place of formation of the auterior and posterior limbs does not

Tary to any great extent throughout the vertebrate animals,—and this

fact may be looked upon as one of the most marked features ot

vertebrate organisation.
. ^ ^ x. •:. •

The thickened plate which forms the commencing limb, by its in-

creased growth, projects still more from the side, so as to take the

form of a flattened lappet with a semicircular free margin ;
presenting

then two surfaces which may be named dorsal and ventral with reter-

ence to their correspondence to the like surfaces of the trunk, constituting

respectively the primitive extensor and flexor surfaces of the limb ;

while the anterior margin of the semicircular lappet corresponds to

the preaxial and the posterior margin to the postaxial borders of the

future limbs.
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The whole thickness of the somatopleure division of the mesoblast is

involved in this primary limb-bud, and it is of course also covered

with the epiblast or cuticular layer, in the substance of which there

is considerable increase of thickness at the most prominent part of the

margin.

As the limb-buds increase in size, the lateral limb-plate, or Wolffian

ridge, which is at first very prominent in its whole length, becomes

less, and gradually flattens down into the more even surface of the wall

of the trunk.

The part of the limb which appears first, corresponds more imme-
diately with the hand or foot than with the other divisions of the limb.

Along with this, however, at a very early period there is an indication

of the formation of the limb-girdles as folds passing off from the side

Fig. 542. — Diagrammatic
Outline of the Profile
VIEW OF the Human Em-
bryo OF ABOUT seven
weeks, TO SHOW THE PRIMI-

tive relations of the
Limbs to the Trunk.
(Allen Thomson.) f

r, the radial (preaxial),

and u, the iilnar (postaxial)

border of the hand and fore-

arm ; t, the tiljial (preaxial),

and /, the fibular (postaxial)

border of the foot and lower

leg. (The foot is represented

at a somewhat more advanced stage than the rest of the embryo).

of the trunk. As the projection of the limb increases from the side of
the body, the distal or terminal segment becomes slightly notched off

from the part next the trunk. This terminal part, forming nearly

three-fourths of a somewhat circular flattened plate, contains the rudi-

ments of the hand or foot. The next change which takes place is

in the division of the proximal part, or rather the preaxial border

and ventral surface, by a notch which separates the fore-arm and
lower leg from the upper arm and thigh at the elbow and knee joint

respectively. In the third stage the notched division of the free lateral

curved margin, with intermediate slightly tubercular projections of the

substance, shows the commencement of digital development, in which it

soon becomes apparent that the pollex and hallux occupy the preaxial

position in their respective limbs, and are followed by the series of
other fiugers to the fifth, which is placed on the postaxial border.

From these it is easy to trace, by reference to the simple original posi-

tion of the limbs, the preaxial position afterwards held by the radius in

the one and the tibia in the other, and the postaxial position of the ulna

or fibula. In the meantime the internal differentiation of texture takes

place, by which is brought out the more complete distinction of the
segments of the limbs, and the various component parts of each, which
gradually appear in the cartilages for the bones, muscular plates

extended from the general muscular sheath of the trunk, prolongation

of the cutaneous layer of the integument, the formation of nerves,

blood-vessels, &c., the consideration of all which belongs to the history

of more advanced development.
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In order also to complete the history of the formation of the limbs,

it is necessary to take account of the changes of attitude the anterior

and posterior respectively undergo, as compared with the primary em-
bryonic position. In this the elbow comes first to be turned outwards
and then directed backwards, bringing the flexor surface of the upper
arm forwards, while the position of the flexor surface of the fore-arm

and hand, though generally and naturally inwards, may, by supination,

be brought forwards, and by pronation backwards, the "latter being the

permanent position given to the manus in most animals. In the hinder
limb, again, the thigh is turned inwards, so that in the higher animals
the flexor surface looks backwards, and in all animals the lower
division of the limb is turned inwards and the sole of the foot down-
wards, so that the extensor surface and dorsum look forwards. (See vol. i.,

p. 122.)

4. DEVELOPMENT ^ OP THE MUSCLES.

The muscles of the trunk derive their origin from the muscular
plates previously referred to as lieing separated by difierentiation of the

Fig. 543.

WJ?

Fig. 543.

—

Section through the Lumbar IIkgion of an EiiBRYO-CnicK of Four
Days (from Foster and Balfour).

nc, neural canal
;
jir, posterior root and ganglion of a spinal nerve ; ar, anterior root

;

»«/>, muscle-plate; cfi, notochord ; WB, Wolffian ridge; AO, aorta; Vca, cardinal
vein

; Wd, Wolffian duct ; Wb, Wolffian body with glomeruli ; ge, germinal epitlielium
;

Md, depression forming the commencement of the Miillcrian duct ; d, alimentary canal

;

M, mesentery
; >S'0, somatopleure ; SP, splanchnopleure ;

1', blood-vessels
; P2h

pleuro-peritoneal space.
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formative cells in the outer or superficial part of the protovertel)raI

masses. Some difference of o]iinion exists, however, among embryolo-
gists, as to how far the hypaxial (hyposkeletal of Huxlc}') as well as

the epaxial muscles, proceed from this source alone, or whether only

the latter are traceable to the muscular plate formed by the proto-

vertebral differentiation, and the hyj^axial may be supposed to proceed
from a deeper source.

Eeccnt observations seem to show that a downward extension of the

mesoblast from the protovertebrge may also give rise to the hypaxial

muscles.

Being developed from the segmented protovertebral elements, the

muscular plate shows at first the same division into segments, which
ai-e separated for a time by intermuscular septa (myotomes) as occurs

during life in a considerable number of them in fishes and amphibia.
The formation of the longer muscles of the trunk proceeds from the

disappearance of the septa, and the longitudinal union of the fasciculi

of successive myotomes. In the trunk the direction of these remains

for the most part chiefly longitudinal, but those connected with the

limb-girdles change their direction with the development of the limb.

The formation of the muscles of the limbs themselves has not been
traced in detail. The greater number of these muscles appear rather

to arise independently in the blastodermic tissue of the limb-bud, than
to be prolonged from the sheets of trunk-muscles (Kiilliker).

The facial muscles and the platysma, belong to the subcutaneous
system, and are developed along with the skin.

The diaphragm is at first wanting. It arises soon after the forma-
tion of the lungs, fi'om two parts which spring from above and the

sides, and which divide the pleural and peritoneal cavities, which were
jDreviously in one, from each other.

The muscles begin to be formed in the human embryo in the sixth

and seventh week.

Formation of the Joints.—With regard to the formation of the

joints, very little is known. It would appear that the cavities of the

synovial joints are not yet formed at the time when chondrification

has taken place in the matrix of the bones. It is therefore by a
secondary process of solution of continuity that these cavities are pro-

duced. The articular cartilages remain as the coverings of the opposed
surfaces of the bones, and the various ligamentous and other parts

belonging to the joints arise by processes of textural differentiation

which it is unnecessary to particularise here.

Distinction of Bones according to their Cartilaginous or Membranous
Origin.—There is here appended for the assistance of the reader a note of the
distinction as regards their origin from cartilage or fibrous membrane of the
.several pennanent bones of the skeleton.

1. Boiu'.s- (irisiiif/from Cartilage:—
fl, III the Head.
Basi-occipital. ex-occipital, and part of the supra-occipital or squama occipitis.

The whole sphenoid except the cornua sphenoidalia.

The p.etro-mastoid or periotic portion of the temporal bone.
The mes-ethmoid and ethmo-turbinal.
The pterygo-palatine.

The malleus (quadi-ate of animals) with Meckel's cartilage.

The incus and stapes, with the stylo-hyoid.

The thyro-hyoid.
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b. Ill the Trnnh.

The bodies, arches, and processes of the vertebraa.

The ribs and sternum.

c. In the Limbs.

The scapula and coracoid. The clavicle in part, and all the other bones of the
Tipper limbs (excepting sesamoid).

The ilium, ischium, and pubis, and all the other bones of the lower limbs,

including the patella, but excepting sesamoid of toe.

2. BoJies arittiiig from Fihvcms Memirane :—
a. In the Head.
Pai-t of the squama occipitis.

The frontal.

The parietal.

The squamo-zygomatic and tympanic of the temporal.

The nasal and lachrjTual.

The maxillaries and i3re-maxillaries.

The vomer and comua sphenoidalia.

The inferior or maxillo-turbinal.

The malar or jugal.

The inferior maxillary or mandibular.

i. Ill the Trunh. None.

c. In the Limbs.

The clavicle in part.

(The marsupial bone of animals.)

The smaller sesamoid bones of tendons.

DEVELOPiUENT OF THE NERVOUS SYSTEM.

The Cerebro-spinal Centre.—From what has been previously

stated it will have been seen that the rudiment of the cerebro-spinal

Fig. 514. Fig. 545.

Fig. 544.

—

Embryo of the Doo seen from above, with a portion of the
Blastodekm attached (from Bischofi").

Tlie medullary canal, not yet closed, shows at the cephalic extremity a partial
division into the three jirimary cerebral vesicles ; and at the posterior extremity a
rhoniboidal enlargement. Six proto-vertebral divisions are visible ; so, the upper division
of the blastoderm, sp, the lower division.
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Fi"-. 545.

—

Embkyo of the Dog more advanced, seen from above (after Bisclioff ).

The medullaiy canal is now closed in ; c, the anterior encephalic vesicle ; o, the primi-

tive optic vesicle in communication with the anterior encephalic ; au, the primitive

auditory vesicle opposite the third encephalic vesicle ; am, the cephalic fold of the amnion

enclosing the anterior third of the embryo ; ov, the omphalo-mesenteric vein entering the

heart posteriorly
; in-, the proto-vertebral divisions, now become numerous.

nervous centre is formed more immediately from the thickened medul-

lary plates of the involuted epiblast, the ridges of which, rising from

the surface of the blastoderm, become united dorsally along the middle

line into a hollow medullary tube of a cylindrical form. This tube

becomes dilated at its anterior or cephalic extremity, and this dilated

portion becomes divided by two partial constrictions into the three

primary cerebral or encephalic vesicles, which, as representing funda-

mentaf portions of the brain, have been termed the fore-brain, mid-brain

and hind-brain. The spinal portion retains its more uniform cylindrical

shape, escepting towards the caudal extremity, where it is longer of

Fi<r. ZiPj.
Fig. 546.

—

Transverse Sec-

tion THROUGH THE Ejl-

BRYO OF THE ChICK, AND
^^A, Blastoderm at the end

OP THE First Day. Mag-
nified FROM 90 TO 100
TIMES (from Kolliker).

d'/> tUuh d d i,a-p c/i /i, epiblast ; (?c?, hypoblast ;

sp, mesoblast ; Pv, medullary

groove ; m, medullary plates

;

c7i, chorda dorsalis ; utrp, proto-vertebral plate ; uw7i, commencement of di^'ision of

mesoblast into its upper and lower laminte ; between i?/ and h the dorsal laminte or

ridges which by their approximation close in the medullary canal.

closing, and forms for a time a flat open rhomboidal dilatation. The
continuous cavity enclosed within the primitive medullary tube is the

same with that which, variously modified, afterwards constitutes the

central ventricles of the brain and canal of the spinal cord.

The formative cells composing the medullary substance are at first

spherical, but they afterwards become elongated and spindle-shaped,

and increase rapidly by multiplication. They represent at first the

Fig. 547.

/-r

Fig. 547.

—

Transverse Section of the Embryo Chick on the Second Day. Mag-
nified FROM 90 to 100 times (from Kolliker).

The explanation of the letters is in part the same as in the foregoing figure, mr, the

medullary tube now closed along the dorsal line and covered in by continuous epibkist

;

nwh, hollow of the proto-vertebral mass ; mp, mesoblast external to the protovertebroe

dividing into hpl, somatopleure, and df, splanchnopleure ; ao, one of the primitive

aortas ; iinff, intermediate mass connected with the origin of the Wolffian body.
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grey substance, or the nerve-cells and non-medullated fibres. The
cylindrical cells which, from the first, line the whole canal, remain per-

manently in the part of it which forms the central canal of the spinal

marrow, and frequently present the ciliated structure.

THE SPINAL MARROW-

The internal prey substance of the spinal marrow is first formed;

the white substance is produced later on the exterior. The sides

acquire considerable increased thickness, while the dorsal and ventral

parts remain comparatively thin, so that the cavity assumes the appear-

ance in section of a slit, which becomes gradually narrower as the

lateral thickening increases ; and at last the opposite surfaces uniting

in the middle divide the primary central canal into an anterior or lower

and posterior or upper part (see figs. 547 and 548).

The lower of these divisions becomes the permanent central canal,

the upper or dorsal is afterwards so far obliterated that it is filled with

a septum of connective tissue belonging to the pia mater, and becomes

the posterior fissure of the cord (in human anatomy). (Lockliart

Clarke, Phil. Trans. 1862.)

In birds and mammals there is no distinction to be seen at first be-

tween the outer or corneous layer of the involuted epiblast and the cells

which by their increase more immediately constitute the medullary

plates. In batrachia, however, the dark colour of the corneous layer

shows it to be distinct from the more strictly nervous layers. In osseous

fishes there is no medullary groove or canal at first, but an involution

of a solid column of cells, which is subsequently hollowed out for tlie

formation of a ventricular cavity.

The masses of grey matter first formed in the spinal marrow corre-

spond chiefly to the anterior columns ; these are succeeded by lateral

masses or columns, and somewhat later by small posterior columns.

There are at first no commissures except by the passage of the deepest

Fig. 548.

—

Transverse Section of the CervicaIi

Part of the Spinal Cord of a Human Ejibryoop
Six Weeks (from Kolliker). 'f

Tins and the following figure are only sketched, tJie

white matter and a part of the gre.y not being shaded

in. r, central canal ; e, its epithelial lining, at e

(inferiorly), the i)art which becomes the anterior

comniissure ; at c (superiorly), the original place

of closure of the canal ; a, the white substance of

the anterior columns, beginning to be separated from
the grey matter of the interior, and extending round

into the lateral column, where it is crossed by the

line from [/, which points to the grey substance ; p,
posterior column ; ar, anterior roots

;
j5r, posterior

roots.

layer of cells across the middle line, but the fibres from the roots of the
nerves when formed are traceable into the grey substance of their

rcs])cctive anterior and posterior columns.
The white substance is formed external to or on the surface of the

deeper grey substance j but it is not yet determined whether it is
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developed out of the cells composing the grey matter or from separate

blastema to which the mesoblast may in part contribute. It is

combined with connective tissue elements, and its structure is <lifferent

from that of the grey substance, which is undoubtedly produced by

multiplication and differentiation of the involuted epiblastic cells.

Flj:. 549.
Fig. 549.— Traksvekse Section op Half

THE Cartilaginous Vertebral Column

AND THE Spinal Cord in the Cervical

Part of a Human Embryo op from

NINE to ten weeks (from Kolliker) '~

c, central canal lined with epithelium ;

a, anterior column
; ^j, posterior column

;

p', band of Goll
; [/,

ganglion of the

posterior root
; p r, posterior root ; a r,

anterior root passing over tlie ganglion
;

d m, dura-matral sheath, omitted near p r,

to show the posterior roots ; b, body of

the vertebra ; cl), chorda dorsalis ; n a,

neural arch of the vertebra.

On the fifth and sixth days in

the chick, according to Foster

and Balfour, the white columns

increase rapidly in size, and the

anterior median fissure begins to

be formed between the anterior

columns by their swelling out-

wards and leaving its interval

between them. It is at first wide and shallo^v, and soon receives a

lining of vascular connective tissue or pia mater. The commissures

are now also formed ; the anterior grey commissure first, then the pos-

terior grey, and somewhat later the anterior white commissure.

In the further increase of the anterior and lateral white columns as

they thicken, they become more united together on each side, so that

they can only be arbitrarily distinguished ; the fibres of the roots of

the nerves are traced through them into the grey matter ; the cornua

of grey matter become more and more developed, and the fissures between

the white columns deepen, while the connective tissue or pia-matral

septa run more completely inwards through the white substance.

Angular cells with radiating processes make their appearance in the

grey matter, and the nerve-fibres both of the grey and white matter

become more distinct.

The cylindrical cells lining the central canal retain their distinctness,

and they are more completely separated from the grey matter by the

delicate tissue of the ependyma. Throughout the greater part of the

spinal marrow the dorsal part of the primary medullary hollow is

obliterated to form the fissure, but in the sacral region of birds it

opens out in the rhomboidal sinus, and in the filum tcrminale of the

human spinal marrow the whole primary medullary cavity remains.

The SPINAL COED has been found by Kolliker already in the form of a cylinder

in the cervical region of an embiyo four weeks old. Un-united borders have been

seen by Tiedemann in the ninth week towards the lower end of the cord, the

perfect closing of the furrow being delayed in that part, which is slightly
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enlarged, and presents a longitudinal median slit, analogous to the rliomboidal

sinus in bii-ds.

The anterior fismirc of the cord is developed very earlj', and contains even at

fii-st a process of the pia mater.

Fin

<-/

icw'^'

Fig. 550.

—

Transverse Sec-

tion OF Half of the
Spinal Cord of the Chick
OF Seven Days (from Fos-

ter and Balfour). Magnified.

pciv, posterior, lew, lateral,

and acw, anterior •white

columns
; pc, jjosterior cornu

of grey matter with small

cells ; ac, anterior grey cornu

with large cells ; ep, epithelium

of the canal ; c, the upper
part now open and filled with
tissue in the posterior fissure

;

S2')c, the lower division of the

primitive medullary cavity,

which remains as the per-

manent canal ; «/, anterior

fissure left between the ]3ro-

jecting anterior columns ; ajc,

anterior grey commissure.

: aye

The cervical and lumhar
cnlarricmcnts, opposite the

attachments of the brachial

and crural nei-ves, appear at

the end of the third month :

in these situations the cen-

tral canal, at that time not
filled up, is some'ndiat larger than elsewhere (see figs. 556 and 5.58).

At first the cord occupies the whole length of the vertebral canal, so that there

is no Cauda equina. In the fourth month the veitebraB begin to grow more
rapidly than the cord, so that the latter seems as it were to have been retracted

within the canal, and the elongation of the roots of the nerves which gives rise

to the Cauda equina is commenced. At the ninth month, the lower end of the
cord is opposite the third lumbar vertebra. (Kolliker, Ent'wickelungsgeschichte

;

Lockhart Clark in the Phil. Trans. 1862; Bidder und Kupfer, Untersuch. iib d.

Eiickenmark, Leipz., 1857. Foster and Balfom-, Elements of Embryology.)

Till lately it was believed that the roots and ganglia of the spinal

nerves are at first distinct from the medullary substance of the cord,

;and that they originate by differentiation of cells in the mesoblastic

f5ubstance of the protovertebral plate. But recent observations, to bo

more particularly referred to hereafter, have shown that they arise in

2)art at least in close connection with the spinal cord itself.

THE BRAIN OR ENCEPHALON.

1.

—

General phenomena of development as ascertained in birds and
onammals.—A reference has previously been made to the simple form in

which the brain at first presents itself in the anterior dilated portion
of the primitive medullary tube, and its partial division into the three

primary cerebral vesicles. This is placed within simple cranial walls

formed by the cephalic inflection of the blastoderm, without face or
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any other parts ; so that the head of the embryo consists at first of
no more than the wider part of the medullary tube and the simple
enclosing wall.

Fig. 55L

Fig. 551.—Four Views of the Brain of an Embrto-kitten in the Stage of First
Division into the Five Cerebral Eudiments, magnified Three Diameters (from
Reicliert).

A, from above ; B, from the side ; C, vertical section sliowiug the interior ; D, from
helow.

1, Cerebral hemisphere, prosencephalon ; 2, thalamencephalon
; 3, mesencephalon,

still single ; 4, cerebellum, epencephalon
; 5, mj-elencephalon, medulla oblongata ; o,

optic nerves ; V, fifth ^pair ; "VIII, eighth pair or glossopharyngeal and pneumogastric
;

i, infundibulum ; v, v', general ventricular cavity, opening at v, into the lateral ventricle
by the foramen of Monro.

In the base of this wall, it will be remembered that the notochord
extends forward beneath the posterior and middle of the vesicles, and
occupies, therefore, the part of the cranium corresponding to the occi-
pito-sphenoidal basis, while the trabecute cranii, developed forwards

Fig. 552.
Fig. 552.

—

Vertical Sections of Embryonic
Brains in two Stages of Transition from
the Rudimentary Condition, Magnified
THREE Diameters (from Eeichert).

A, Brain of the embryo pig in commencing
state of transition. 1, Right cerebral hemi-

sphere ; 2, thalamencephalon and position of

the pineal gland ; 3, midbrain, with a large

cavity
; /, foramen of Monro ; i, infundibulum

;

4, cereliellum ; 5, medulla oblongata.

B, Brain of the embryo of the cat more
advanced, c, Cerebral hemisphere passing back-

wards so as to cover the other parts in succes-

sion ; I, olfactory bulb ; II, optic ner^'e ; th,

thalamus opticus
; /, foramen of Monro ; cc, cor-

25US callosum
; ^3, pineal gland ; i, infundibulum

;

cq, corpora quadrigemina, not yet divided ; 3,

third ventricle ; cr, crura cerebri, the aque-

duct of Sylvius, now reduced in width ; c', cere-

bellum ; 4, fourth ventricle
;
jpv, Pons Varolii

;

mi, medulla oblongata.

from below the anterior vesicle, are prolonged in the anterior or spheno-

ethmoidal part. The latter cerebral rudiment, therefore, which corre-

sponds to the thalami optici and third ventricle, and which may with

Huxley be conveniently called thaJamcncepiialon, is at first the foremost

part of the brain, and the region of the ijituitary fossa lying below it is

the foremost part of the cranial basis. The manner in which the deve-

lopment of the trabecule and other elements of the face modifies the
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form of this re,e,'ion of the head has already been adverted to, aud need

not be repeated here.

As regards the earh'est phenomena of development in the brain itself,

there are three changes which mainly tend to modify its form in the

most marked degree, viz., 1st, the development from the anterior vesicle

on each side of the primitive ocnlar vesicle ; 2nd, the expansion from

another part, somewliat later, of the vesicles of the cerebral hemis-

pheres; and 3rd, tlie formation in the forepart of the posterior encephalic

vesicle of a new cerebral rudiment corresponding to the cerebellun).

Fig. r)53. Fig. 553.

—

Sketches op the Peimitiye Parts

I „T ., OF THE Human Brain (from Kolliker).

1, 2, and 3 are from the human embryo of

about seven weeks. 1, view of the wliole

embryo from behind, the brain and spinal

cord exposed ; 2, the posterior, and 3, the

lateral view of the brain removed from the

body ; h, the cerebral hemisj)here (prosen-

cephalon) ; i, the thalamenceiihalou ; i', the

infundibulum at the lower part of the same
;

m, the middle ^jrimary vesicle (mesen-

cephalon) ; c, the cerebellum (epencephalou)
;

m 0, the medulla oblongata. Figure 3 shows
also the several curves which take place in

the development of the parts from the primi-

tive medullary tube. In 4, a lateral view is

given of the brain of a human embrjo of

three months : the enlargement of the cerebral

hemisphere has covered in the optic thalami, leaving the tubercula quadrigemina, ?;?,

apparent.

The formation of the primitive ocnlar vesicles, by an evolution of the

lateral wall of the primitive medullary tube, gives to the first vesicle and

the adjacent part of the head a much greater lateral width ; but the

cranial wall, though pushed out by the enlarging oculai: vesicles, does

not follow closely the inflection of their surfaces. As the subse-

quent contraction of the stalk of the ocular vesicles progresses, these

vesicles are thrown more backwards and downwards by the change

next to be described.

Tills is the evolution or expansion of the wall of the anterior ence-

phalic vesicle into the two cerebral hemispheres, which takes place in

front and at each side, so that the vesicles of the right and left hemis-

pheres are from the first separate and distinct. As these vesicles

become dilated, the cranial wall undergoes a corresponding expansion

in the forepart of the head, and the vesicle of the thalamencephalon,

which was at first the foremost part of the embryo-head, is thrown

downwards and backwards into a deeper position.

The middle encephalic vesicle, increasing greatly in size, takes the

most prominent part of the head superiorly, both from its own greatei

relative magnitude, and from the sudden bend which the head now

takes below this vesicle in the great cranial curvature.

The formation of the cerebellum begins by a thickening in the upper

and lateral walls of the part of the posterior primitive vesicle which is

next to the midbrain, and is accompanied by a deep inflection of the

medullary tube between it and the remaining part of the vesicle which

forms the medulla oblongata.
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There are thus distinguished the rudiments of five fundamental
constituents of the brain, under which it will be found convenient to

bring the notice of the development of the several parts forming the
full grown organ, and which m^y in this association be shortly enume-
rated as follows, viz. :

—

1. The cerebral hemispheres, with their ventricular hollows or lateral

ventricles, the corpora striata, and the olfactory lobes,—a set of parts
to which, as a whole, the name ofproceredrum or j)rosejice2}haIo?i may be
Q-iveu.

Fig. 554.

—

Sketches of the early form Fig. 554.
OF THE PARTS OF THE CeREBRO-SPINAIi

Axis in the Human Embryo (after
'*-

Tiedemann).

A, at the seventh week, lateral view
;

1, spinal cord ; 2, medulla oblongata ; 3,

cerebellum ; 4, mesencej^halon ; 5, 6, 7,

cerebrum. B, at the ninth week, pos-

terior view; 1, medulla oblongata; 2,

cerebellum ; 3, mesencephalon ; 4, 5, tlia-

lami optici and cerebral hemispheres.

C and D, lateral and posterior views of

the brain of the human embryo at twelve
weeks, a, cerebrum ; b, corpora quadri-

gemina ; c, cerebellum ; d, medulla ob-

longata ; the thalami are now covered by
the enlarged hemispheres. E, posterior

view of the same brain dissected to show
the deeper parts. 1, medulla oblongata

;

2, cereliellum ; 3, corjDora quadrigemina
;

4, thalami optici ; 5, the hemisphere tuined
aside ; 6, the corpus striatum embedded
in the hemisphere ; 7, the commencement
of the aorpus callosum. F, the inner side

of the right half of the same brain sepa-

rated by a vertical median section, show-
ing the central or ventricular cavity. 1, 2,

the spinal cord and medulla oblongata,

still hollow ; 3, bend at which the pons
Varolii is formed ; 4, cerebellum ; 5, lamina
(supierior cerebellar peduncles) passing up
to the corpora quadrigemina ; 6, crura

cerebri ; 7, corpora quadrigemina, still

hollow ; 8, third ventricle ; 9, infundibu-

lum ; 10, thalamus, now solid ; 11, optic nerve ; 12, aperture leading into the 1

ventricle ; 13, commencing corpus callosum.

F

Literal

2. The tlialamencephalon with its cavity or third ventricle, the

primary ocular pedicles, and the infundibulum.

3. The mcsenceplialon, which is the same with the original middle

vesicle, and comprises the corpora quadrigemina and crura cerebri with

its contracted internal hollow, the iter a tertio ad quartuni ventriculum

of human anatomy.
4. The next part in succession is the cerehellimi, along with which

is included the pons Varolii and the fourth ventricle.

5. The hinder part, which passes into the spinal marrow, is the

medulla oblongata, with the continuation of the medullary cavity in

the fourth ventricle and into the central spinal canal.

In these five fundamental parts or rudiments of the brain, arising out
VOL. II. 3 c
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of very simple modifications of the primitive medullary tube, it is mainly

by an increased thickening of the medullary wall in some of the parts,

and the relative thinning, or even the removal of the substance in

others, that the changes accompanying the formation of the cerebral

masses are effected, while as a consequence of these and other modifi-

cations of form, the several parts of the internal cavity or ventricles of

the brain acquire the different degrees of expansion and contraction, or

the comparatively closed or open condition which they exhibit in after

life. Thus the cerebral hemispheres, and corpora striata are the main
masses formed by the lateral thickening and expansion of the medullary

walls of the procerebrum, while the corpus callosum and fornix are

formed later by a deeper median development in connection with these

parts : the thalami optici are the most solid parts of the lower and

lateral region of the second rudiment, while in the upper wall the

pineal gland, and in the lower the infundibulum with the hypophysis

cerebri, are added : the corpora quadrigemina are thickenings of the

upper wall of the third rudiment, while the crura cerebri arise by

increased deposit in its lower part ; the cerebellum is a large deposit

in the upper wall of the fourth radiment, while the pons Varolii is a

thickening of its lower wall ; and the parts composing the medulla

oblongata are principally formed by increased deposit in the lower and

lateral wall of the fifth rudiment.

Thus, also, the lateral ventricles are two lateral expansions of the

forepart of the original ventricular cavity which follow the dilatation of

the vesicles of the right and left cerebral hemispheres, and communi-

cate with the central or third ventricle by the common foramen of

Monro. The central or third ventricle, originally the foremost part of

the medullary hollow, is narrowed on the sides by the increased develop-

ment of the thalami optici, while inferiorly it is prolonged and projects

downwards as infundibulum into the pituitary fossa ; and above the

wall of this ventricle comes to be opened up by the thinning aAvay of

its medullary substance, excepting at the place where it is crossed by

the pineal gland. The continuation backwards of the original ventri-

cular hollow, greatly narrowed by the ultimate thickening of the sub-

stance of the corpora quadrigemina and crura cerebri, forms the aque-

Fis. 555. Fig. 555.

—

Vertical Section of thr Brain of a
Human Embryo of fourteen weeks, Magnified
THREE Diameters (from Reicliert).

c, cerebral bemispliere ; cc, carpus callosum be-

beginning to pass back
, /, foramen of Monro

; p,
membrane over tbe third ventricle and the pineal

gland ; tk, thalamus opticus ; 3, third ventricle
;

I, olfactory bulb ; cq, corpora quadrigemina, mesen-
cephalon : cr, crura cerebri, and above them the

aqueduct of Sylvius still wide ; c', cerebellum, and
below it the fourth ventricle

;
_/)c, Pons Varolii

;

m, medulla oblongata.

dnct of Sylvius, or the iter a tertio ad quartura ventriculmn, and is

succeeded by the more expanded cavity of the fourth ventricle, lying

between the cerebellum and the lower wall. The upper wall of the latter

cavity undergoes great thinning, like that of the third ventricle, so as

to be reduced m the part before the cerebellum to the valve of Vieussens,
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and in the part behind it to be covered only by membrane, and to

present an opening from the cavity into the posterior sub-arachnoid

space.

From what has before been said of the relation of the fundamental

parts of the brain to the basis of the skull, it will be seen that the

cerebral development is intimately connected also with the great cranial

flexure which occurs at the pituitary fossa ; for while the infundibular

prolongation of the thalaraencephalon projects down into this fossa, and
the lamina terminalis rises in front in the position of the original fore-

most part of the encephalon, certain parts of the brain may be con-

sidered as situated posterior to this point, viz., the mesencephalon

with crura cerebri, cerebellum with pons Varolii, and medulla oblongata,

while the cerebral hemispheres, with the corpora striata, corpus cal-

losum, and fornix, notwithstanding their enormous proportional de-

velopment, may be considered as formed by forward expansion, and as

situated in front of this turning point. But though the connections of

the cerebral hemispheres with the rest of the brain may thus be con-

sidered as anterior to the cranial centre, and while in their earlier stages,

and still of small size, they are actually placed as in the lowest Verte-

brates, entirely in front of it, yet by the later great proportional

development in the higher animals, and especially in man, the cerebral

hemispheres come to progress backwards, and successively to cover

superiorly the thalami, corpora quadrigemina, the cerebellum, and the

medulla oblongata.

The connection of the several parts of the brain, with the five funda-

mental parts respectively, may be stated in the following tabular form :

I"

Cerebral Hemispheres, Corpora Striata,

{1.
Prosencephalon.* s Corpus Callosum, Fornix, Lateral Ven-

(. tricles, Olfactory bulb (Rhiuencephalou).

2. Thalamencephalon. f Thalami Optici,Pinealglaud,Pituitai-y body,
(Diencephalon.) ( Third Ventricle, Optic nerve (iirimarily).

ir Middle urimarv Vesicle •? Mesenceiilnlon J
Corpora Quadrigemina, Crura Cerebri, Aque-

11. -MKime primal y vesicle, o. Jiebencepiiaion.
j duct of Sylvius, Optic nerve (secondarily).

III. Posterior primary Vesicle,

< Cerebellum, Pons Varolii, anterior part of

f-
4. Eiicncephalon. \ the Fom-th Ventricle.

"j ( Medulla Oblongata, Fourth Ventricle, Au-
1.5. Meteneephalon. ( ditory nerve.

The changes which take place in the growth of the brain were first elaborately

described by Tiedemann ; they have been investigated by Von Baer, Bischoff,

Remak, Reichert, KoUiker, and others. (Tiedemann. " Anatomic und Bildiings-

geschichte des Gehu-ns," Nilremberg, 1816 ; Reichert, '' Bau des Menschlichen

Gehirns," Leipzig, 1859, 1861 ; F. Schmidt, '• Beitragez. Entwick. des Gehims," in
" Zeitschr. f. Wissen. Zool.," 1862 ; KoUiker, " Entwicklmig,sgeschichte," 1861,)

FARTHER DEVELOPMENT OF THE BRAIN IN MAN AND MAMMALS.

The medulla oblongata is not completely closed in above bj^ nervous matter.

The open part of the medullary tube constitutes the floor of the fourth rentride,

which communicate.^ below with the canal of the spinal cord at the place where
the calamus scriptorius is eventually formed, and opens posteriorly into the
subarachnoid space.

* TliLs and the four following terms are adopted as applicable to the principal secondary
divisions of the primordial medullary tube, and a.s corresponding to the commonly received

names of the German embryologists, viz., Vorderhirn, Zwischenliirn, Mittelhirn, Hinter-
hirn, and Nachhirn ; or their less used English translations, viz., forebrain, interbraiu

('tweenbrain), midbrain, hiudbrain, and afterbrain.

3 c 2
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The three constituent parts of the medulla oblongata beg-in to ]je distrnguisheJ
about the thii-d month

; first the rr.stiform bodies, which are connected with the
commencing cerebellum, and afterwards the anterior pjTamids and olives. The
anterior puminidx become prominent on the surface and distinctly defined in the
fifth month

;
and by this time also their decussation is evident. The oUranj

fasciculi are early distinguishable, but the proper olirary hochj. or tubercle, doe's
not appear till about the sixth month. The fam'wlai c'merea; of the fourth
ventricle can be seen at the fomth or fifth month, bub the nvhltc strue not until
after birth. •

Cerebellum.—In the human embiyc the cerebellum exists at the end of the
second month, as a delicate medullary lamina, forming an arch behind the
corpora quadrigemina across the widely open primitive medullary tube.

According to Bischofi", the cerebellum does not commence, as was previously
supposed, by two lateral plates which grow up and meet each other in the middle
line

;
but a continuous deposit of nervous substance takes place across this part

Fig. 556. Fig. 556.

—

Brain and Spinal Cord exposed feom behind i:v

A FcETus OF THREE MONTHS (from Kolliker).

h, the hemispbei-es ; in, the mesencephalic vesicle or corpora
qnadrigemina, c, the cerebellum ; below this are the medulhi
oblongata, mo, and fourth ventricle, with remains of the meni-
brana obturatoria. The spinal cord, s, extends to the lower end
of the sacral canal and presents the brachial and crural

enlargements.

of the medullary tube, and closes it in at once. This layer

of nervous matter, which is soon connected with the
coi-pora restiformia, or inferior peduncles, increases gradu-
ally up to the fourth month, at which time there may be
seen on its under sui'face the commencing corpus th-ntatvm.

In the fifth month a division into five lobes has taken place ;

at the sixth, these lobes send out folia, which are at first

simple, but aftei-wards become subdivided. Moreover, the
hem i.'<])?!eres of the cerebellum are now relatively larger

than its median portion, or worm. In the seventh month
the organ is more complete, and thejfocoihis and 2Mt<terior

rein in, with the other parts of the mferior vennifoiin

process, are now distinguishable, except the amyrjdalo',

which are later in theii' appearance.

Of th.ej}eil-incles of the cerebellum, the inferior pair (corpora restiformia) are

the first seen—viz., about the thii-d month ; the middle peduncles are perceptible

in the foui-th month ; and at the fifth, the superior pedmicles and the Vieussenian

valve. The pons VfiroHi is formed, as it were, by the fibres from the hemispheres

of the cerebellvun embracing the pyramidal and olivary fasciculi of the meduUa
oblongata. According to Baer, the bend which takes place at this part of the

encephalon thrusts down a mass of nervous substance before any fibres can be
seen ; and m this substance transverse fibres, continuous with those of the

cerebellum, are afterwards developed. From its relation to the cerebellar hemi-

spheres the pons keeps pace with them in its gi'owth ; and. in conformity with
this relation, its transverse fibres are few, or entirely wanting, in those animals

in which there is a con-esponding deficiency or absence of the lateral parts of the

cerebellum.

Parts connected with, the Mesencephalon.—The eorjioni qvndricfemina are
formed in the upper part of the middle cephalic vesicle ; the hollow in the
interior of A^diich communicates with those of the first and thhd vesicles. Tlie

coi-pora qnadrigemina, in the early condition of the human embryo, are of great

proportionate volume, in harmony with what is seen in the lower vertebrata ;

but subsequently they do not grow so fast as the anterior parts of the ence-
phalon, and are therefore soon overlaid by the cerebral hemispheres, which
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at the sixth month cover them in completely. Moreover, they become gradually
solid by the deposition of matter within them : and as, in the meantime,
the ccrchval jwdunclcs are increasing rapidly in size in the floor of this

Fig. 557.

—

Brain of the Human Em- Fig. 557.
BRYO OF THREE MONTHS. NATURAL /, ^
SIZE (from KoUiker).

In 1 the view is from above, the

Upper fiart of the cerebral hemispheres

and mesencephalon having been re-

moved. /, fore-part of the divided

wall of the hemisphere
;
/', hind part

of the same turned in which becomes
the hippocampus ; est, corpus striatum

;

tha, thalamus opticus.

In 2 the lower surface is represented \

to, ti'actus opticus ; and in front of

this the olfactory bulbs and tracts ; c m, single mass of the corpora mammillaria not yet
divided

; p, pons Varolii. The cerebellum and medulla oblongata are seen behind and
to the sides in both iigures.

(A a.

middle cephalic vesicle, the cavity in its interior is quickly filled up, with the
exception of the narrow passage named the SijJrian aqueduct. The fillet is dis-

Fig.. 558.

—

Brain and Spinal Cord op a F(etus of four Fig. .558

MONTHS, seen from BEHIND (from Kolliker).

h, hemispheres of the cerebrum ; m, corpora quadrigemina
or mesencephalon ; f, cerebellum ; m o, medulla oblongata, the

fourth ventricle being overlapped by the cerebellum ; s s, the

spinal cord with its brachial and crural enlargements.

tmguishalble in the fourth month. The corpora quad-

rigemma of the two sides are not marked off from
each other by a vertical median groove until about the

sixth month ; and the transverse depression separating

the anterior and posterior pau-s is first seen about the

seventh month of intra-uterine life.

Thalamencephalon.—From the sides of this vesicle,

as has already been described, the optic vesicles are fonned.
and from its forepart on the two sides the vesicles of

the cerebral hemispheres are developed. Reichert first

pointed out that there is left between the hemu2)?ier(-

Tcslclcs of opposite sides a wedge-shaped interval, which
forms the thu-d ventricle. He points out that the

tenninal extremity (lamina terminalis) of the cerebro-

spinal tube is at the tip of this wedge, and is placed im-
mediately in front of the optic commissure, at the lamina
cinerea ; and that therefore the infundibulum is not that

extremity, as had been previously supposed by Baer, but
is an expansion of the vesicle downwards.-
The formation of the pituitary body has akeady been

described. The infundibulum of the thalamencephalon
becomes connected with it superiorly, and seems for a time even to form a part
of it.

The pineal gland, according to Baer, is developed from the back part of the
thalami, where those bodies continue joined together ; but it is suggested by
Bischoff that its development may be rather connected with the pia mater. It

was not seen by Tiedemann until the fourth month in the human foetus ; subse-
quently its growth is very slow : and it at first contains no gritty deposit : this,

however, was found by Sommeiiing at birth.
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The two optic thalamic fonned from the posterior and outer part of the anterior

vesicle, consist at first of a single hollow sac of nervous matter, the cavity of

which communicates on each side in front with the anterior of the commencing

Fig. 559.

Fig. 559.

—

Remimagrammatic Views of the Inner Surface op the Right Cerebraii
Hemisphere of the Fcetal Brain at various stages of development (from

Schmidt).

1, 2, and -3, are from foetuses of the respective ages of eight, ten, and sixteen M'eeks
;

4, from a foetus of six months, a, lamina terminalis or imrt of the first primary vesicle

which adheres to the sella turcica ; b, section of the cerebral i)eduncle as it passes into

the thalamus and corpus striatum ; the arched line which surrounds this bounds the gi-eat

cerebral fissure ; c, anterior part of the fornix and the sej)tum lucidum ; d, inner part

of the arch of the cerebrum, afterwards the hippocampus major and posterior part of

the fornix ; (, corpus callosum very short in 3, elongated backwards in 4 ; in 4, /, the

superior marginal convolution ;
/', fronto-parietal fissure

; g, gyrus fornicatus
;

p', the

internal vertical fissure descending to meet the fissure of the hippocampus ; I, olfactory

bulb ; F, P, 0, T, frontal, parietal, occipital and temporal lobes.

cerebral hemispheres, and behind with that of the middle cephalic vesicle

(corpora quadrigemina). Soon, however, by increased deposit taking jilace in

Fig. 560. B

560.— The Surface of the Fcetal Brain at Six Months (from R. Wagner).

This figure is intended to show the commencement of the formation of the principal
fissures and convolutions. A, from above ; B, from the left side. F, frontal lobe ; P,

parietal ; O, occipital ; T, temporal ; a, q, a, slight appearance of the several frontal

convolutions
; s, the Sylvian fissure ; s', its anterior division ; within it, C, the central

lobe or convolutions of the island ; r, fissure of Rolando
; p, the vertical fissure (external

part).
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their interior behind, below, nnd at the sides, the thalami become solid, and at

the same time a cleft or fis&ure appears between them above, and jjenetrates

down to the internal cavity, which continues open at the back part opposite the

entrance of the Sylvian aqueduct. This cleft or fissure is the tJiird rentriclc.

Behind, the two thalami continue united by the jyoxfrrinr C(i/ii»iix.\ure, -which, is

distinguishable about the end of the third month, and also by the ped7i?icle.i of

the 2>i»'''ii glnnrl. The Koft commissure probably exists from an early period,

although it could not be detected by Tiedemann until the ninth month.

At an early period the ojriie tracts may be recognised as hollow i^rolongations

from the outer part of the wall of the thalami while they are still vesicular. At
the fourth month these tracts are distinctly fonned. They subsequently are pro-

longed backwards into connection with the coi-pora quadiigemina.

Prosencephalon.—Each /iemisj>he/T-rcsicIc becomes divisible into two parts :

one of these is the part which from the interior appears as the corpus striatum,

and from the exterior as the island of Eeil, or central lobe ; the other fonns the

expanded or covering portion of the hemisphere, and is designated by Reichert

the mantle. The aperture existing at the constricted neck of the licmisphere-

vesicle, Schmidt and Reichert have recognised as the foramen of Monro.

The corpora striata, it will be observed, have a different origin from the optic

thalami ; for, while the latter are formed by thickening of the cu-cumferential

wall of a part of the first cerebral vesicle, and thus correspond in their origin

with all the parts of the encephalon behind them, which are likewise derived

from portions of the cerebro-spinal tube, the corpora striata appear as thicken-

ings of the floor of the hemisphere-vesicles, which are lateral ofl:'-shoots from the

original cerebro-spinal tube. On this account, Reichert considers the brain

primarily divisible into the stem, which comprises the whole encephalon forwards

to the taenia semicircularis, and the hemisphere-vesicles, which include the

corpora striata and hemispheres.

Fig. 561.

—

View of the Inner Fig. 56!

Surface of the Right Half
OF THE FffiTAL BrAIN OF ABOUT
SIX MONTHS (from Reichert).

F, frontal lohe ; P, parietal
;

0, occipital ; T, temporal ; I,

olfactory bulb ; II, right optic

nerve
; f p, fronto-parietal fis-

sure
; p, vertical fissure

; ;/,

internal vertical fissui'e ; /(, hip-

pocampal fissure
; ff, gyrus formi-

catus ; c, c, corpxis callosum ;

s, septum lucidum
; /, placed

between tlie middle commissure

and the foramen of Monro
;

V, in the upper part of the

third ventricle immediately be-

low the velum interpositum ami
fornix ; v', in the back part of

the third ventricle below the pineal gland, and pointing l)y a line to the aqueduct of

Sylvius ; v" , in the lower part of the third ventricle above tlie infundibuhim ; )•, recessus

pinealis passing backwards from tlie tela choroidea
; p r,pons Varolii ; C c, cerebellum.

The cerebral hemispheres enlarging, and having their walls increased in

thickness, fonn, dming the fourth month (Tiedemann), two smooth shell-like

lamellfe. which include the cavities afterwards named the lateral ventricles, and
the i^arts contained within them. FoUowdng out the subsequent changes affect-

ing the exterior of the cerebral hemispheres, it is found that about the foiuth.

month the first traces of some of the conrolvtions appear, the intermediate svlci

commencing- only as very slight depressions on the hitherto smooth sm-face.

Though the hemispheres continue to grow quickly upwards and backwards, the
convolutions at first become distinct by comparatively slow degrees ; but towards
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the seventh and eighth months they are developed with gi-eat rapidity, and at

the beginning of the last month of intra-uterine life, all the principal ones are

marked out.

The Sf/!r!fi)i _p\\:finv, which afterwards separates the anterior from the middle

lobe of each hemisphere, begins as a depression or cleft between them about the

fourth month, and, after the great longitudmal, is the first of the fissures to

make its ajipearance. It is followed by the fissure of Rolando, and the vertical

or parieto-occipital fissure, and somewhat later by the internal fronto-parietal

fissui-e. After this, the various subordinate fissures dividing the convolutions

gradually make their appearance. By the end of the third month the hemis-

pheres have extended so far backwards as to cover the thalami ; at the fourth

they reach the corpora quadrigemina ; at the sixth they cover those bodies and
great part of the cerebellum, beyond which they project still fiuther backwards

by the end of the seventh month.
During the growth of the hemisphere the aperture of the foramen of Monro

is extended backwards ; the arched margin of this opening is curved downwards
at its extremities, and forms anteriorly the fornix, and posteriorly the corpus

fimbriatum and hippocampus major ; above the margin a part of the wall of each

hemisphere comes into contact with its fellow, and in the lower part forais the

septum lucidum, while above this the hemispheres are united by the development

of the great commissure, the coipus callosum.

The corpus callo.sum is described by Tiedemann as being first seen about the

end of the third month, as a narrow vertical band, extending across between the

forepart of the two hemispheres, and subsequently growing backwards. With
this view the observations of Schmidt coincide. Reichert, however, maintains

that the commissural structure seen at the forepart of the hemispheres is the

anterior white commissure, and that the coiiaus callosum appears in its whole

extent at once.

The corpora alhtcantui at fixst form a single mass : so also do the anterior

pillars of the fornix, which are distinguished before the posterior pillars. The
posterior pillars are not seen until the fourth or fifth month. At that period the

hippocampus minor is also discernible.

DEVELOPMENT OF THE NERVES.

Spinal Nerves.—Very little is yet known as to the mode of origin

of the nerves. In their peripheral extension the great majority of them
seem to arise more immediately from mesoblastic formative elements,

and the manner in which this takes place has been adverted to in the

General Anatomy at p. 161. The ganglia and roots of the spinal nerves

are first seen to make their appearance in some very close association with

the protovertebral segments. In this the ganglion comes to be distin-

guishable as a mass by itself, and the anterior and posterior roots"follow,

with their jimctiou in the part forming the nerve-trunk beyond the

ganglion. But according to recent observations by Balfour in Elasmo-

Branch fishes (Scyllium and Torpedo), it would appear that both the

anterior and posterior roots may arise iu these animals in a closer con-

nection with the nervous centre than was previously believed, and as

independent outgrowths from the involuted epiblast of tlie neural

canal. The posterior roots are the first to appear, and commence by an

outgrowth at the summit (dorsal median groove) of the neural canal,

and gradually pass outwards from thence to reach their permanent
place of origin in a posterior lateral furrow. A subsequent division of

the nerve rudiment takes place into root, ganglion, and a part of the

nerve beyond.

The anterior roots spring by an outgrowth from tlie antero-lateral

angles of the cord, one for each muscular plate nearly in the place
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•which they permanently occupy, and after they have attained some size

they iniite with the posterior roots beyond the ganglion.

But although the roots of the nerves may thus be traced in their

commencement to elements of epiblastic nature, it is probable that

their sheaths and blood-vessels arise from mesoblastic tissue introduced

later into them. The ganglia are at first of proportionally very large

size, causing even a considerable part of the projections on the surface

of the body, as in the human embryo of from four to seven weeks,

which are usually attributed to the vertebrate segmentation (Kolliker).

The union of the roots with the grey matter soon becomes apparent,

being most obvious in the anterior roots.

The nerves, like the other elementary parts, are at first composed
entirely of cells, but fibres are soon formed by transformation of the

cells. On the sixth day in the chick, Foster and Balfour found the

fibres developed, but were unable to trace them into connection with
the ganglionic cells, but at a later period the connection was observed

by Lockhart Clarke to be formed.

The very early development of the trunks of the nerves of the limbs,

and their progress outwards into the first part of the commencing limb,

were observed and figured by Remak.
Cranial Nerves.—The optic nerve and the retina, arise from epi-

blast by an extension of the primary medullary wall of the brain, as

already described, and may therefore, in some sort, be regarded as an
extension of the brain itself. The olfactory tract and bulb are still

more to be looked upon as constituent parts of the cerebrum ; but the

manner in which the peripheral olfactory nerves which pass through the

cribriform plate into the nose are formed has not been yet observed.

Among the other cranial nerves there are four important ones of which
the rudiments are seen to be formed at an early period ; taking their

origin as has been supposed in the mesoblastic wall of the cranial cavity,

and extending thence into the facial or visceral plates. These are the fifth

pair or trifacial, the facial or portio dura of the seventh pair, the glosso-

pharyngeal and the pneumogastric nerves. The two first of these are

situated in front, and the two last behind the otic vesicle and tympano-
eustachian passage ; and according to Parker each of these nerves forks

or divides into two above one of the visceral clefts. Thus the fifth pair

gives its naso-maxillary division in fi-ont, and its infero-maxillary

division behind the oral cleft ; the facial gives its vidian or superior

petrosal before and its descending part behind the tympano-eustachian

passage ; the glosso-pharyngeal has its lingual and pharyngeal branches

divided by the first branchial cleft, and in animals the pneumo-gastric

is similarly divided at the second and succeeding clefts.

The third, fourth and sixth pairs of nerves are of subordinate import-

ance, and may be considered as related, the two first to the fifth pair,

and the last to the facial nerve. Their peripheral parts are developed

in connection with the muscles of the eyeball, but the mode of the

formation of their roots in connection with the nervous centres has not

been ascertained.

The hypoglossal nerve, although it passes through the exoccipital

bone in man, may be compared to a spinal nerve, and probably takes its

origin much in the same manner.
The Sympathetic Nerves.—Remak observed the development of

the great sympathetic nerves from the lateral plates in loops or arches
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connecting them with the spinal nerres ; wlnle the great sympathetic

itself consisted at first of a chain of rounded masses representing; the

ganglia, connected together, but so closely set that scarcely any inter-

vening nervous cord was at first perceptible. He also observed the

separate formation in the mesentery of birds of the large visceral nerve

which he discovered in these animals. The gangliated cord of the

sympathetic has been described and figured by Kiilliker in the human
foetus of eight or ten lines long. The peripheral sympathetic nerves

are also formed at a very early period, and are perceptible in a foetus

of three months. In the hinder part of the abdomen their origin

appears to be intimately connected in some way with the formation of

the suprarenal bodies.

DEVELOPMENT OP THE EYE.

The embryonic structures forming the eyeball and its contents may
be considered as proceeding from three sources, viz., 1st, by evolution

or expansion from the medullary wall of the first encephalic vesicle

(thalamencephalon), giving rise to the retina, in its nervous and pig-

mental structure and optic nerve ; 2nd, by involution or depression and
development of a part of the cuticular epiblast, forming the foundation

of the lens and the epithelium of the conjunctiva ; and 3rd, by the

intrusion of mesoblastic elements between and around the other parts,

so as to furnish the materials out of which are formed the general

coverings of the eyeball, cornea and sclerotic, the fibrous and vascular

choroid, the ciliary apparatus and iris, the capsule of the lens and
the capsulo-pupillary membrane, the vitreous humour, and all the

fibrous and vascular parts of the organ.

The very early formation of the primary optic vesicles by the expan-

sion of the lower and anterior parts of the wall of the anterior primary

encephalic vesicle has already been described, and the manner in which

each of these vesicles forms a hollow pediculated chamber communi-
cating by its stalk with the general ventricular cavity of the primitive

brain. The first important change which the primary optic vesicles

undergo is connected with the depression of the rudimentary lens from

Fir,'. 562. Fig-. 562.

—

Section of the Head through the Primitive

Optic Capsule uf one side in an Embryo-Calf of 9 mji.

LONO, MAGNIFIED (from Julius Arnold).

To the right is seen the optic capsule with its contracted

pedicle and its outer wall depressed by the thickening of the

corneous laj'er which forms the commencement of the forma-

tion of the lens. The optic stalk is in communication with the

thalamencephalon. Mesoblast is seen between the optic capsule

and the lens rudiment.

without, and consists in a doubling back or in-

wards of the medullary wall of each vesicle, so as

to form a depression or cup at its lower and

anterior part, into which the commencing lens

in part sinks. This depression has been called the

secondary optic vesicle, or the opfic cup (Foster and
Balfour). From a very early period the outer fold of this cup under-

goes a much greater thickening by the rapid development of its
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cellular constituents than the inner or that towards the brain, and
from this, as well as the increase of the inward folding, the original

cavity of the primary optic yesicle becomes in a great measure

obliterated or narrowed, and the outer and inner folds are closely

approximated, while the stalk or pedicle becomes i^roportionally much
diminished. The continued increase of cellular development in the

outer fold of this cup leads to the formation of the various elements

composing the retina ; while in the thinner inner fold only pigment cells

are formed. The transition at the bend from the thick nervous part tc

Fi- 5G3

g^.5^18 ^

Fig. 563.

—

Section thkottgh the Eye op an Em-
bryo-Calf OF TWELVE 3IM., OR HALF AN INCH,

LONG, MAGNIFIED (froui Julius Amold).

The lens follicle Ls now closed in and detached

fi'ora the corneous laj'er, and its cavity contains loose

cells which are the remains of the superficial corneous

cells. The oj^tic vesicle or cajisule is now completely

doubled back, so as to present towards the lens side

the secondary ocular capsule or cup ; its outer wall

now much thickened by the commencement of the

development of retina. Mesoblastic tissue is seen

to have passed in from the periphery between the

optic capsule and the lens, as well as in front of the

lens. The commencement of a vascular circle is

shown round the exterior of the ocular capsule, and
extending also between the lens follicle and the

cuticle.

the thin pigmental part is quite sudden, and as soon as pigment cells

begin to be developed, a very marked distinction is perceptible between

it and the nervous structure of the retina. These cells were formerly

regarded as a part of the choroid membrane, but they are now looked

upon as belonging rather to the retina,—a view which is supported by
the mode of development now described.

Fig. 56i.—Diagrammatic Sketch op a
Vertical Longitudinal Section
THROUGH THE EyEBALL OP A HuMAK
FcETus OF FOUR WEEKS (after KoUi-
ker). ^^

The section is a little to the side so as to

avoid passing through the ocular cleft, c,

the cuticle, where it becomes later the

cornea ; I, the lens ; o ij,
optic nerve

formed by the pedicle of the primary oj)tic

vesicle ; v 2'>, primary medullary cavity of

the optic vesicle
; p, the pigment-layer of

the outer wall ; r, the inner wall form- .

ing the retina ; v s, secondary optic vesicle

containing the rudiment of the vitreous

humour.

The fold which produces the optic cup proceeds from above down-
wards, and Avhen the lens is formed it seems as if it enclosed the lens

but left for a time an aperture or depression below. This is the
choroidal fold or fissure, which may easily be distinguished in the
emliryo-head after pigment has been deposited, fi'om the circumstance
that the pigment is absent from the cleft, which thus appears for a
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time as a broad white line, particularly obvious in the embryo bird,

running from the circumference in upon the lens.

The lens is developed in the part of the cuticle opposite to the -most

projecting part of the primary optic vesicle, or at the place where
this vesicle comes in contact with the surftice of the head. In this

situation there is seen from a very early period a thickening of the
epiblast, which seems to reside chiefly in its deeper layer of cells, and
in birds and mammals it would appear that an actual involution

of the cuticle takes place, so that first an open follicle and next an
enclosed ball of cuticle is formed. Although, however, both the

corneous and the deeper layer (sensory of Strieker) of the cuticle are

enclosed, it is only the cells of the deeper layer which undergo de-
velopment into the fibres of the lens. The ball of the lens separating

from the external cuticle, which passes freely over the surface, a cavity

filled with loose cells, the remains of cells of the corneous layer, exists

for a time within the lens ball. Then the cells of the hinder or inner

wall are seen to rise from the bottom by their elongation, and thus
a rapid growth of fibres from that side of the ball takes place, while

the anterior or outer wall undergoes no similar change, but retains its

simply cellular structure. Figures 565, and 566, show sufficiently

clearly the manner in which the fibres thus developed from cells rise

fi'om the bottom of the lens ball and come to constitute the solid part

of the lens.

The optic cup receives the enlarging lens in its anterior and lower
opening, and the reflected margins of the cup closely embrace the

margin of the lens ; but there is a considerable space intervening

between the lens and the hollow of the optic cup (or secondary ocular

vesicle), which comes to be occupied by the vitreous humour. Into this

space connective tissue and blood-vessels developed from mesoblastic

Fig. 565.

—

Sectiojt of the Eye in an Embryo-C^lf
OF 18 MM. LONG, MAGNIFIED (from JuUus Amold).

The posterior or inner v.-all of the lens follicle is now
much thickened by the elongation of its fibres, each
of which presents a nucleus, and the whole causing a
bulging of the posterior wall. The outer la^'er of the
lens capsule consists of columnar cells. The cavity of

the lens follicle is still visiljle, but is now widened
and flattened. Two layers of mesoblastic tissue are

now visible between the lens and the cuticle, viz., a
deeper vascular layer and a superficial non-vascular

one containing nuclei. The secondary optic capsule is

now occupied bj' connective tissue nuclei and numerous
blood-vessels. The retinal section of the primitive

ocular vesicle is now thicker. Pigment begins to aja-

pear in the choroidal section, and numerous blood-

vessels surrovmd the whole exterior.

elements are projected from below, so as

..'^,|y| to furnish the materials for the formation

^ '"^r of the vitreous humour and the blood-vessels

-W which pass through it to the lens, and also

to surround the lens with vascular and
fibrous elements, out of which are produced the capsulo-pupillary mem-
brane, and probably also the capsule of the lens. It results from tlie
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observations of Lieberkiihn that in mammals the fold -n'hich produces
the ocular cup or secondary vesicle runs back into the stalk so as to

fold in the optic nerve for a considerable space, and by the simul-
taneous intrusion of mesoblastic tissue, thus to lead to the introduction
of the central blood-vessels of the retina within the nerve. But in
birds,, according to the same observer, no such infolding of the stalk

occurs, so that in them the vessels are excluded from thenerve. The
malformation termed coloboma iridis is to be attributed to a persistence

of the choroidal cleft or fold, and the pecten of birds, close to the optic

nerve, with the vascular fold farther forwards, and the falciform fold of
the eyes of fishes are to be regarded as fibro-vascular structures formed
by original projection through the same fold.

The further development of the parts of the eye may be briefly

stated as follows :

—

The expansion of the ocular cup continuing to proceed, the chamber
for the vitreous humour enlarges, and that structure gradually comes
to occupy its space between the retina and the lens.

The marked distinction between the nervous and the pigmental
portions of the primitive ocular vesicle goes on increasing by the con-
tinued deposit of pigment in the latter, and its proportional thinning,
and by the great addition to the thickness and the textural differentia-

tion of the substance of the former. Thus the cells in the retinal or
nervous portion, by their rapid multiplication, soon l^ecome several

layers thick ; certain parts of these cells assume the spindle shape, and
exhibit elongation into fibres, while others retain the nuclear form, and
thus there is foreshadowed the division into the fibrous, ganglionic, and
nuclear layers of the retina. On the exterior a limiting membrane

Fig. 5C>6.

>>>.

\

\

Fig. 566.

—

Section of the Ei'e of
AN EjIERYO-CaLP of 30 MM. LONG,
MAGNIFIED (froiu Julius Arnold).

Tlie cavity of the lens is much
reduced in size from the increased

development of fibres from behind.

The intersection space begins to be

formed posteriorly, and the zone of

nuclei is thrown forward. The cornea
is now formed, covered externally by
the cuticular epithelium, and with the
separation of the aqueous chamber in-

ternally. Close to the lens is the

caiDsulo-pupillary membrane, which is

continuous with the vascular structure

occupying the secondary ocular capsule

or cavity for the vitreous humour, and
with the choroid membrane round the

mai-gin of the ocular capsule, where
iris and ciliary processes will afterwards .

-^"

be formed. The layer of pigment is

now more developed, and the tissue of

the sclerotic is begun to be formed. '
•

The eyelids are beginning to project as
'

folds of the skin.

makes its appearance, and in connexion with it the rudiments of the
cells composing the layer of rods and cones. The space between the

#
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retinal and pigmental layers rapidly contracts, and finally the rods and
cones are closely united ^Yith the layer of pigment cells.

The optic nerve, as already described, is at first connected by its

origin with the vesicle of the third ventricle or thalamencephalon, and

for a time it retains its original hollow form. But as the cerebral

hemispheres are developed forwards, the eye and the optic nerve are

thrown backwards and downwards, and a new connection is estal^lished

between the optic nerve (or tract) and the vesicle of the midbrain

(mesencephalon) : the rudiment of the optic commissure is at the

same time formed by the median approximation of the stalks and the

growth of one over the other. Each stalk then becomes more and more
solid by the development of nerve fibres along with the intruded

connective tissue which forms the sheath substance of the nerve.

Lens.—The development of fibres from the hinder wall of the

primitive lens-follicle continuing to take place, the cavity of the

follicle is first greatly narrowed and then completely filled up by the

lengthening fibres, and the lens takes more and more of its fall

spherical shape. The new fibres continue to be formed towards the

margin of the lens ; each fibre retaining its nucleus, so as to produce

the "nuclear zone which runs through the whole lens. This zone

is at first situated far back in the lens while the fibres are still

short, but as they elongate, its place is advanced, so that it comes to

be situated considerably in front of the equatorial plane of the lens.

It is most distinct towards the margin where the fibres are newly

formed. The anterior wall of the lens-follicle remains as a simple

cellular layer. The greater number of the fibres now follow the general

curve of the surface of the lens, presenting therefore their concavity

towards its centre, but the curvature gradually diminishing in those

nearest the middle, where they are straight or nearly so. Only the

external short and recently formed fibres present a concavity towards

tlie exterior. The intersecting stars of the anterior and posterior poles

of the lens now make their appearance by the collection of cells in the

peculiarly shaped triradiate space in these two situations, and the

ends of the fibres are now traceable to the edges of these spaces, so that

the fibres gradually take the arrangement round the poles of the lens

which belongs to the adult.

Fig. 567.—Transverse Vertical Section of the
Eyeball op a Human Embryo of four weeks
(from Kolliker). '""

The anterior half of the section is represented.

pr, the remains of the cavity of tlie primary optic

vesicle
; ii, the inflected part of the outer layer, form-

ing the retinal pigment ; r, the thickened inner

part giving rise to the columnar and other struc-

tures of the retina ; r, the commencing vitreous

humour within the secondary optic vesicle ; v', the

ocular cleft through which the loop of the central

blood-vessel, a, projects from below ; 1, the lens

with a central cavity.

The capsule of the lens, according to Lieberkiihn's and Julius Arnold's

most recent observations, owes its origin to the thin innermost pellicle

of mesoblast which is introduced atan early period of development

between the lens and the secondary ocular vesicle.
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Cornea.—There is at first no aqueous chamber in the eye, and even
after the solution of continuity which gives rise to this space lias oc-

curred, the cavity is not dilated with fluid, till near the time of ])irth.

Even then it is very shallow and the lens is placed very near to the

cornea. The formation of the cornea is due to a differentiation of the

tissue in the layer of mesoblast wliich is introduced from the neigh-
bouring wall of the head, between the primitive lens-follicle and the

corneous epiblast, the cavity of the aqueous humour arising by the

separation of the corneous part from a layer of the mesoblastic tissue

lying within it. The latter gives rise to the anterior part of the

vascular capsulo-pupillary membrane, while a still deeper lamina closely

embracing the lens, remaining non-vascular, is converted into the lens

capsule. Along with the latter is also formed the suspensory ligament
of the lens.

Vitreous humour.—The enlargement of the space for the vitreous

humour progTessing, the cells of the mesoblast which form its foundation

become stellated and very sparse from the effusion of a large quantity
of fluid, and the hyaloid membrane surrounding this structure takes its

origin from the same mesoblastic elements.

Choroid and other membranes.—The mesoblastic substance which
surrounds the ocular vesicle externally is the source of a number of

Fiir. 568.Fig. 568.

—

Blood-vessels of the Cap-
SULO-PUPILLARY MEMBRANE OF A
New-born Kitten, magnified (from

Kolliker).

The drawing is taken from a prepara-

tion injected by Tiersch, and shows in

the central part the convergence of the

net-work of vessels in tiie pupillary

membrane.

important parts. Among these

may be mentioned first the

choroid membrane, the cellular

(membrana fusca), fibrous, and
vascular layers of which are de-

veloped out of the deeper divi-

sion of the mesoblastic sub-

stance, and to the same source

may be traced in a later stage of

development the ciliary processes, ciliary muscle and iris ; while the

zonula ciliaris may be regarded as a part of the deeper mesoblastic tissue

connected with the formation of the hyaloid membrane and membrana
capsulo-pupillaris. The folds of the ciliary processes gradually in-

creasing, encroach upon the space outside the margin of the lens and
indent the zonula ciliaris and canal of Petit.

The sclerotic coat is due to a process of differentiation occurring in

the outer layer of the enveloping mesoblastic tissue, which occurs
considerably later than those which bring the choroid and the cornea
into existence, but there is from the first continuity between the corneal
tissue and that of the sclerotic coat.

The capsulo-pupillary membrane, already referred to, may be looked upon
as at first a complete fibro-vascular investment of the lens, which owes its origin
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to the deepest pcart of the intruded mesoblast. The vessels of this membrane are

svipplied by a branch of the central artery of the retina, which passes foi"n-ards in

the axis of the globe, and breaks up at the back of the lens into a brush of rapidly

subdividing twigs. The forepart of this tunic, adherent to the pupillary margin

of the iris, forms the jnipUhir// mcmhrane by which the aperture of the pupil is

closed in the middle periods of foetal life. In the human subject, the whole tunic,

to<^ether with the artery which supplies it, becomes atrophied, and is lost sight

of before birth, but in some animals it remains apparent for a few days after

birth. According to Kolliker, the anterior chamber expands only a short time

before birth by the intervention of the aqueous humour between the iris and

cornea.

The eyelids make their appearance as folds of integument, subsequently to the

foi-mation of the globe. "When they have met together in front of the eye, their

edges become closely glued together ; and they again open before birth.

The lachrymal canal may be regarded as a persistently open part of the fissure

between the lateral frontal process and maxillai-y lobe of the embryo.

The iii'st discovery of the mode of development of the eye as it is now generally

understood was made by Huschke in 1832, and was published in Meckel's Archiv

for that year. In addition to the vaiious systematic works on Development

previously quoted, the reader is refen-ed to the following, viz., Lieberkiihn, Uber

das Auge des Wirbelthier-enibryo, 1872 ; and Julius Arnold, Beitrage zur Entwick.

de^ Auges, Heidelberg, 1874.

DEVELOPMENT OF THE EAR.

The first origin of the organ of hearing as an involuted follicle from

the superficial epiblast of the head, constituting the primary auditory

Fig. 569.

Fig. 569.

—

Outlines showing the Formation of the External Ear in the Fietus.

A, head and upper part of the body of a human foetus of about four weeks (from

nature). \' Four branchial plates (the first, forming the lower jaw, is marked 1), and

four clefts are shown ; the auditory vesicle (a), though closed, is visible from the tran-

sparency of the parts, and is placed beliind the second branchial plate.

B, the same parts in a human fcetus of about six weeks (from Ecker). \ The third

r.nd fourth plates have nearly disappeared, and the third and fourth clefts are closed ;

the second is nearly closed ; but the first (1') is somewhat widened posteriorly in con-

nection with the formation of the meatus externus.

C, human fcetus of about nine weeks (from nature). \ The first branchial cleft is

more dilated, and has altered its form along with the integument behind it in connection

witli the formation of tlie meatus externus and the auricle.

or otic vesicles, has already been shortly described. From numerous
cbservations there is now no doubt that both in birds and mammals
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Fig. 570.

Fig. 570.

—

Transverse and slightly Oblique Section of the Head op a Fietal

iShkep, in the Eegion op the Hind Erain (from Foster and Balfour after

Boettclier).

HD, inner surface of the tliickened walls of the hind brain ; RL, recessus vestilnili
;

VB, commencing vertical semicircular canal ; CC, canalis cochlew, Avith the cavity of the

primitive otic vesicle. On the left side parts only of these structures are seen ; GC,
cochlear ganglion of the right side ; on the left side, Gr', the ganglion, and N, the

auJitoiy nerve connected with the hind brain.

the otic vesicle forms at first for a time a follicle open to the surface,

ami that it has therefore no original connection with the nervous
centre. Its position is at the side of the medulla oblongata, and in a
l)lace opposite to the interval between the first and second postoral

visceral arches. The outer opening of the follicle very soon contracts

Fig. 571.Fig. 571.

—

Labyrinth of tee Human Fcetus of

FOUR aveeks, magnified (from Kolliker).

A, from behind ; B, from before ; v, the vestibule
;

rv, recessus vestibuli, giving rise later to the aqueduct

;

r.s', commencement of the semicii'cular canals ; a, upper

dilatation, belonging perhaps to another semicircular

canal : c, cochlea.

and becomes entirely closed. The follicle

sinks down towards the basis of the cranium,

and becomes imbedded in the formative

mesoblastic tissue lying between the basi-

occipital and alisphenoid matrices, undergoing chondrification and
ossification at a very early period, as has been already described under
the development of the head.

There are therefore to be distinguished from an early period a part

corresponding to the internal membranous labyrinth proceeding from
VOL. II. 3 D
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Fig. 572.

Fig. 572.

—

Transverse Section of the Head op a Fcetal Sheep of four-fifths of

AN INCH IN LENGTH (from Foster and Balfour after Boettclier).

RV, recessus vestibuli ; VB, vertical semicircular canal ; CC, cochlear canal ; G,

cochlear ganglion ; HB, horizontal canal.

Fi-. 573. Fig. 573.—Tr.ANsvERSE Section of
THE Cochlea in a Fcetal Calf,
magnified (from Kolliker).

C, the wall of the cochlea, still

cartilaginous ; c c, canalis cochlear
;

I s, placed in the tissue occupying the

place of the scala vestibuli, indicates

the lamina spiralis ; n, the central

cochlear nerve
; (/, the jjlace of the

spiral ganglion ; S, the body of the

sphenoid • ch, remains of chorda dor-

salis.

the epiblast, and an outer car-

tilaginous or bony and fibrous

wall, together with other ad-

ventitious structures arising-

in the mesoblast.

Labyrinth.—In the development of the primary otic vesicle after

it becomes completely closed, a series of very remarkable changes by
extension of its cavity in different directions gives rise to the formation
of the different parts of the labyrinth. The first complication which
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the vesicle exhibits is by the extension of a process upwards and

backwards, which remains permanent in the lower vertebrata, but in

mammals is obliterated, its vestifi^es remaining in the aqueduct of the

vestibule. The semicircular canals next appear as elongated elevations

of the surface of the primary vesicle : tlie middle portion of each ele-

vation becomes separated from the rest of the vesicle by bending in of

Fig. 574.

Fig. 574.

—

Views of the
Cartilage of Meckel
and parts connected
WITH THE First and
Second Branchial
Plates.

A (after Kolliker), bead
of a fcetus of about eigh-

teen weeks, showing the

cartilage of Meckel in con-

nection with the malleus

and the surrounding parts.

M, placed upon the

lower jaw indicates the

cartilage of IMeckel of the

right side.

B (from nature). An
enlarged sketch explana-

tory of the above view ; z,

the zygomatic arch ; ma,
the mastoid process ; ml,

jDortions of the lower jaw
of which the parts near

the angle and the sym-
physis have been removed

;

M, the cartilage of Meckel
of the right side ; M', a
.sratdl part of that of the

left side, joining the left

cartilage at s, the symphy-
sis ; T, the tympanic ring

;

m, the malleus ; i, the in-

cus ; s, the stapes ; sta, the

stapedius muscle ; st, the

styloid process ;p,A,<7, the

stylo- j)haryngeus, stjdo-

hyoid, and stylo-glossus

muscles ; stl, stylo-hyoid

ligament attached to the

lesser cornu of the hyoid

bone ; hij, the hyoid bone
;

th, thyroid cartilage.

its walls under it, and thus the elevation is converted into a tube open at

each end, vyhich subsequently becomes elongated and acquires an ampullar
dilatation. The cartilage wliich forms the osseous labyrinth is con-
tinuous with that of the rest of the primordial cranium. The car-

tilaginous walls of the cavity are united by connective tissue to the
vesicle ; this connective tissue, according to Kolliker, becomes divided
into three layers, of which the outer forms the lining periosteum, the

3 D 2
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inner forms the external walls of the membranous labyrinth, while the

interveninp; layer swells up into gelatinous tissue, the meshes of which

become wider and wider, till at last the space is left which ultimately

contains the perilymph.

The cochlea appears at first as a prolongation downwards from the

auditory vesicle, but afterwards becomes tilted forwards. This pro-

longation of the auditory vesicle is the rudimentary canalis mem-
branacea. Close to it is placed the cochlear nerve, with a gangliform

extremity. The canal becomes elongated in a spiral direction, and the

ganglion, which is elongated with it, becomes the ganglion spirale.

Between the canal and the cartilaginous wall which afterwards sur-

rounds it a large amount of connective tissue intervenes, and in this

tissue the cavities of the scala vestibuli and scala tympani gradually

appear at a later period, precisely as does the space for the perilympli,

in the vestibule. The modiolus and spiral lamina, according to Kul-

liker, are ossified without intervention of cartilage. Within the canalis

membranacea Kulliker finds in the embryo a continuous epithelial

lining, thin on the membrane of Reissner and on the outer wall,

but forming a thick elevation in the position of the rods of Corti,

and a large'r elevation more internally, filling up the sulcus spiralis.

On the surface of this latter elevation he has observed a transparent

body, the membrane of Corti.

The auditory nerve is said to be developed, separately from both the brain and

the labyrinth, in the intermediate mesoblastic wall of the head ; the canal termed

meatus auditorius internus being left in the bones round it and the facial nerve.

The auditory nerve becomes secondarily connected with the medulla obloug-ata

in a manner not yet ascertained, and its fibres are extended into relation with

the delicate terminal structiu-es formed in the membranous labyrinth.

Middle and External Cavities of the Ear.—It has been already explained

that the external meatus, the tympanic cavity, and the Eustachian tube, are

formed in the posterior or upper part of the first postoral visceral cleft, which

remains permanently open as the tympano-eustachian passage, except at the place

where it is interrupted by the formation of the membrana tjmipani ; and also

that the malleus is formed in the first visceral plate from the proximal part of

Meckel's cartilage, and the incus, stapes, and stapedius muscle and the styloid

process probably in the second plate. It is pointed out by KoUiker that during

the whole period of foetal life the tympanic cavity is occupied by connective

tissue, in which the ossicles are imbedded ;
and that only after respiration has

been established this tissue recedes before an expansion of the mucous membrane.

The pinna is gradually developed on the posterior margin of the first visceral

cleft. It is deserving of notice that congenital malformation of the external

ear, with occlusion of the meatus and greater or less imperfection of the tympanic

apparatus, are observed in connection with abnormal development of the deeper

parts of the first and second visceral plates and the intermediate cleft ;
while

cases have been observed of the persistence in the neck of the adult of one or

more of the branchial clefts situated behind the first. (Allen Thomson, Proceed.

Eoy. Soc. of Edin. 1844, and Edin. Journ. of Med. Sc. 1847.)

DEVELOPMENO? OF THE NOSE.

The organ of smelling, as was first pointed out by V. Baer, owes its

origin, like the primary auditory vesicle and the crystalline lens of the

eye, to a depression of the integument, or what may be more precisely

designated as epiblast. This depression, the primary olfactory groove,

is at first encircled by a uniform wall, and is unconnected with the
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mouth. This staple has been observed by Kolliker in the human embryo
of four weeks. The olfactory groove is enclosed in the anterior ex-

tremity of the nasal cartilages prolonged forward from the trabeculas

cranii (Parker). Soon, however, by the unequal growth of the sur-

rounding parts, the groove so formed, descending from above, passes

into the mouth. Thus the middle frontal process is isolated between
the grooves of opposite sides, while the lateral frontal process separates

the nostril from the eye. The maxillary lobes, growing forwards from
behind the eyes, complete the boundaries of the nostrils, which then
open into the fore part of the mouth. Kolliker observed this stage in

the latter half of the second month. The palate subsequently grows
inwards to the middle line, as has been elsewhere stated, and separates

the nasal from the buccal cavity ; leaving only the small communication
of the incisor foramen. Meanwhile, with the growth of the face, the

Fig. 575.- -Views op the Head op Human Embryoes, illustrating the Development
OF the Nose.

A, Head of an embi^o of three weeks (from Ecker). ^^ 1, anterior cerebral vesicle
;

2, middle vesicle ; 3, nasal or middle frontal process ; 4, superior maxillary process ; 5,

eye ; 6, inferior maxillary process or first visceral plate, and below it the first cleft ; 7,

8, and 9, second, third, and fourth plates and clefts.

B, Head of an embryo of about five weeks (from Ecker). f
1, 2, 3, and 5, the same parts as in A ; 4, the external nasal or lateral frontal process,

inside which is the nasal groove ; 6, the superior maxillary process ; 7, the inferior

maxilla ; x , the tongue seen within the mouth ; 8, the first visceral cleft which becomes

the outer part of the meatus auditorius externus and tynipano-eustachian passage.

C, View of the head of an embryo of eight weeks seen from below, the lower jaw having

been removed (from Kolliker). *

n, the external nasal apertures ; ?', premaxillary or incisor process, and to the outer

side of this the internal nasal aperture ; m, one of the palatal processes of the upper jaw,

which, advancing inwards from the sides, form the partition between the mouth and nose
;

p, common cavity of the nose, mouth, and jiharynx.

nasal fossa3 deepen, and the turbinated bones make their appearance as

processes from their walls. The ethmo-turbinal cartilages are at first

simple, but rapidly extend themselves to take the more or less complex

shape which they present in different animals or in man.

Observations are still -^anting to determine whether the olfactory nerves are

developed from the bulbs, and have thus a cerebral origin, or are separately



77i DEYELOPMEXT OF THE ALIMEXTAEY CAXAL.

formed from peripheral blastema like all other n-erves, with the exception of the

optic.

DEVELOPMENT OF THE ALIMENTAEY CANAL AND ORGANS ARISING
FROM THE HYPOBLAST.

The whole alimentary canal, from the fauces to the anus, together

with the rudiments of certain organs associated with it in their com-

mencement, viz., the thyroid gland, lungs, trachea and larynx, the liver,

and pancreas, as well as the allantois, owe their origin more imme-
diately to inflections of the hypoblast layer of the germinal membrane,
which supplies the epithelial lining of their principal cavities ; but in

all these organs parts of their structure are supplemented, and some
other organs, such as the mesentery and spleen, are wholly formed from

the mesoblast, whence proceed the vascular, fibrous, and parenchyma-

tous elements, and also the serous coverings of the organs, where these

exist.

ALIMENTARY CANAL,

The primary digestive cavity of birds and mammals, as it extends

from one end of the embryo to the other below the vertebral axis,

presents at first a manifest division into three parts. One of these^

occupying the part of the embryo which is enclosed by the cephalic

fold, and which may be named the foregut, comprises the rudiments

of the pharynx and gullet, the stomach and duodenum. The posterior

division, which is comparatively short, occupies the caudal fold of the

embryo, and corresponds mainly to the lower part of the colon and
rectum. Both of these parts have from the first a tubular form, and

are closed respectively by the Inflection of the whole blastodermic

layers at the anterior and posterior extremities of the body. The
middle division has primarily the form of a long and wide groove,

lying close below the corresponding part of the vertei)ral bodies, lead-

ing at its opposite ends into the cephalic and caudal portions of the

gut, and is freely open throughout on its ventral aspect into the cavity

of the yolk-sac, with the blastodermic walls of which, as formerly

described, the constituents of the intestinal walls are directly con-

tinuous (see fig. 576).

The mouth, as elsewnere explained, is no part of the primitive

alimentary canal, but is formed by involution of parts of the face, and
receives, therefore, its lining membrane from epiblast. It is separated

for a time from the pharynx, which is the foremost part of the primi-

tive alimentary canal, by the reflection of the layers of the blastoderm,

and the communication which is later established between the mouth
and pharynx at the posterior arch of the fauces, is due to a solution of

continuity in these layers, which occurs in the chick on the fourth day
of incubation, and has been traced at a corresponding period of

development in several mammals. The aperture has at first the form

of a vertical slit, which widens later as it becomes the opening from
the pharynx into the common cavity of the nose and mouth. The
diverticulum of the pituitary gland, it will be remembered, occupying-

the place which becomes the top of the permanent pharynx, is formed
in connection with the epiblastic or buccal, and not the hypoblastic or

pharyngeal division of the alimentary passage (see fig. 535, A and B, py).
The hypoblastic layer of the germinal membrane, from which is

derived the epithelial lining of the whole alimentary canal and pas-
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sages communicating witli it, is at first extremely thin and simple, and

is composed of flat cells ; but as soon as this layer comes to form a part

of the. inflected alimentary tube, its character is completely altered, its

cells become cylindrical, and it attains a great proportional thickness,

which it preserves for a considerable time.

Fig. 576.Fig. o7i3.

—

Early form
OF THE Alimentary'

Canal (from Kolliker

after Bischotf).

In A a front view,

and in B an antero-pos-

terior section are repre-

sented.

a, four pliaryngeal or

visceral plates ; h, the

phai-ynx ; c, c, the com-
mencing lungs ; d, the

stomach
; /, /, the di-

verticula connected with

the formation of the liver

;

g, the yolk-sac into which

the middle intestinal

gi'oove opens ; h, the

posterior part of the in-

testine.

The outer surface of the inflected hypoblast of the alimentary tube is

more or less in contact with the splanchno-pleure division of the mesoblast.

In the head no marked separation of the splanchnopleure and somato-

pleure divisions of the mesoblast takes place, but the elements of the former

are no doubt combined with the hypoblast in the walls of the pharynx,

and the formation of the tympano-eustachian and following pharyngeal

clefts is therefore due to the perforation of both epiblastic and hypo-

blastic layers with intervening mesoblastic tissue, just as occurs in the

formation of the opening of the fauces. But in the thorax and

abdomen, the primitive alimentary canal is brought into relation with

the pleuro-peritoneal cavity, and receives in various parts a serous

investment from the lining membrane which becomes developed in

that space. In the thorax the right and left cavities remain distinct

as the two pleura, while a central portion is separated for the forma-

tion of the pericardium, and thus the gullet, as well as the lungs, is

brought into relation with the pleura, and receives partial covering

from them. The formation of the diaphragm, which does not at first

exist, and which grows down from the vertebral column as a partition

between the thorax and abdomen, leads to the ultimate separation of

the peritoneum from the pleurte. Some examples of diaphragmatic hernia

may be considered as arising from the persistence of the original

connection between the two cavities. In the abdomen, also, the right

and left peritoneal cavities are at first distinct, but when the intestine

assumes a tubular form, the right and left cavities are thrown into one

across the middle plane of the body.

As the development of the alimentary canal proceeds, the middle

open part shortens, more and more of it being converted into the

tubular intestiue, and at last, as before explained, there remains only
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the narrow opening by which the gradually lengthening ductus vitello-

intestinalis leads into the umbilical vesicle. The middle part of the
intestinal canal has, when first produced, more or less the form of a
straight tube lying close to the vertebral column ; but as it increases

Fi?. 577. Fig. 577.

—

Human Embryo of TniRxr-FiVE
DAYS SEEN FROM BEFORE (from Kcilliker after

Coste).

3, left external nasal process ; 4, superior

maxillary process ; 5, lower maxillary jirocess
;

z, tongue ; b, aortic bulb ; b', first perrmmeut
aortic arch, which becomes ascending aorta

;

b" , second aortic arch ; b"' , third aortic arch or

ductus Botalli ; ?/, the developing pulmonary
arteries ; c, the superior cava and right azygos

vein ; c', the common venous sinus of the heart
;

c", the common stem of the left vena cava and
left azygos ; o', left auricle of the heart ; v, right

v', left ventricle ; a e, lungs ; c, stomach
; j,

left omphalo-mesenteric vein ; s, continuation

of the same behind the pylorus, which becomes
afterwards the vena portaj ; x, vitello-intestinal

duct ; a, right omphalo-mesenteric artei-y ; m,
Wolffian body ;

?', rectum ; n, umbilical artery
;

Vi umbilical vein ; 8, tail ; 9, anterior, U',

jjosterior limb. The liver has been removed.

in length, it is thrown into the shape

of a loop bent downwards to the

umbilicus,—a change which is ac-

companied by the formation of the

mesentery. The latter structure is

undoubtedly entirely due to splanchno-

pleure mesoblastic elements, which,

extending themselves between the pro-

to-vertebral masses and the elongating

gut, become developed into the vascu-

lar and other parts of the mesentery,

as was long ago shown by Yon Baer.

But the mesoblast, also, by its splan-

chnopleure division, furnishes the con-

tractile fibrous, vascular, and con-

nective tissue elements of the intestinal walls. The extent to which

the glandular elements of the alimentary canal are supplied by the

hypoblast, to which their origin was entirely attributed by Remak, or

furnished rather by mesoblast from the protovertebral mass, as held by

Schenk, is not yet determined.

As develo[)ment proceeds in the forepart of the alimentary canal, a

change in its form manifests itself, by which one part, becoming dilated,

forms the commencement of the stomach, while the others remain of

smaller diameter as gullet and duodenum ; and in connection with dif-

ferent parts of these 'the rudiments begin to appear of the lungs, liver,

and pancreas.

When the tubular parts of the gut have attained to some length, a

change of position gradually accompanies their further development.

While the oesophageal part remains comparatively straight, the dilated



STOMACH AXD IXTESTIXE. 777

portion of the tube which forms the stomach turns over on its right

side, so that the border, which is connected to the vertebral cohminby
the membranous fold (or true mesogastrium) comes to be turned to the
left,—the position of the tube being still vertical, like the stomach of

some animals. By degrees it becomes more dilated, chiefly on what is

now the left border but subsequently becomes the great curvature, and
assumes first an oblique and finally a transverse position, carrying with

Ficr. 578.

K'fr^

Fig. f'78.

—

Outline of the Form ,and Position of the Alimentary Canal in

Successive Stages of its Development.

A, alimentary canal, &c., in an emln-yo of five weeks ; B, at eight weeks ; C, at ten

weeks ; D, at twelve weeks ; I, tbe primitive lungs connected with tlie pharynx ; s, the

.stomach ; d, duodenum ; /, the small intestine ; i', the large ; c, the ciecum and vermi-

form appendage ; r, the rectum ; c /, in A, the cloaca ; a, in B, the anus distinct from
s /, the sinus uro-genitalis ; r, the yolk-sac ; v i, the vitello-intestiual duct ; u, the

urinary bladder and urachus leading to the allantois
; g, the genital ducts. In B, and

0, the thickness of the colon is erroneously represented as greater than that of the

ileum.

it the mesogastrium, from which the great omentum is afterwards pro-

duced. A slight indication of the pylorus is seen at the third month.
Upon the surface of the part of the canal which immediately suc-

ceeds the stomach, and which forms the duodenum, the rudiments

of the liver, pancreas, and spleen are simultaneously deposited, in the

manner to be stated in the description of the development of these

organs.

The place of transition from the small to the large intestine, which
is soon indicated by the protrusion of the cfECum, is at a point just

below the apex or middle of the simple loop already mentioned, as

accompanying the first elongation of the tubular gut. As the small

intestine grows, the part below the duodenum forms a coil which at

first lies in the commencing umbilical cord, but retires again into the

abdomen about the twelfth week ; aftei'wards it continues to elongate,

and its convolutions become more and more numerous.
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The large intestine is at first less in calibre than the small. In the

early embryo there is at first no csecum. This part of the bowel
gradually grows out from the rest, and in the first instance forms a tube

of uniform calibre, without any appearance of the vermiform appendix:
subsequently the lower part of the tube ceases to grow in the same
proportion, and becomes the appendix, whilst the upper portion con-

tinues to be developed with the rest of the intestine. The caecum now
appears as a protrusion a little below the apex of the bend in the primi-

tive intestinal tube, and, together w'ith the commencing colon, and the

coil of small intestine, is at first lodged in the wide part of the um-
bilical cord W'hich is next the body of the embryo. The ileo-cascal

valve appears at the commencement of the third month. When the

coils of intestine and cjecum have retired from the umbilicus into

the abdomen, the colon is at first entirely to the left of the con-

volutions of the small intestines, but subsequently the first part of

the large intestine, together with the meso-colon, crosses over the

upper part of the small intestine, at the junction of the duodenum and
jejunum. The ca3cum and transverse colon are then found just below
the liver ; finally, the ca3cum descends to the right iliac fossa, and at

the fourth or fifth month the parts are in the same position as in the

adult. At first, villous processes or folds of various lengths are formed
throughout the whole canal. After a time these disappear in the

stomach and large intestine, but remain persistent in the intermediate

portions of the tube. According to Meckel, the villous processes are

formed from larger folds, which become sen-ated at the edge, and
divided into separate villi.

The formation of the hinder part of the gut is complicated with the

development of the allantois, which arises as a projection or out-

growth of the hypoblast and mesoblast from the lower wall of its

terminal portion. This part rapidly buds out in the pleuro-peritoneal

space, having from a very early period a rich network of the branches
of the umbilical vessels in its outer layer. The anal or cloacal portion

remains behind the allantoid pedicle, and by the fifth day in the chick

the whole of the tissues which close the terminal fold thin rapidly away,

and become perforated so as to form the primitive anal, or rather the

cloacal opening. The separation of the permanent anus fi'om the uro-

genital orifice is the result of a later process of development.

The mode of development of the alimentary canal explains, in some
measure, the complicated folds of the peritoneum. The stomacii

being originally more nearly in the line of the alimentary canal

and mesial in position, the small omentum aad gastro-phrenic ligament

are originally parts of a mesial fold with the free edge directed for-

wards, which afterwards forms the anterior boundary of the foramen
of Winslow. Thus the anterior wall of the sac of the omentum, as far

as the gi'eat curvature of the stomach, may be considered as formed by
the right side of a mesial fold, while the peritoneum in front of the

stomach belongs to the left side of the same, and a sac of the omentum
is a natural consequence of the version and disproportionate growth of
the tube between the duodenum and the cardiac orifice of the stomach.
It is obvious that the view of the omental sac, according to which its

posterior layers are held to return to the duodenum and posterior wall

of the body before proceeding to form the transverse meso-colon (p. 484)
is more consistent with the phenomena of development now described.
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than tliat which would make them directly enclose the colon. On the

other hand, the farther elongation of the omental sac and the whole
disposition of the peritoneum, with respect to the colon, must be
regarded as having taken place after the assumption by the great intes-

tine of its permanent position.

Fig. 579.

—

Sketch op the HujijiN Fig. 57
Embryo of the Tenth Week, show-
ing THE Coil of Intestine in the
Umbilical Cord. (A. T.)

Tlie amnion and villous chorion have
been ojiened and the embryo drawn aside

from them ; r, the umbilical vesicle or

yolk-sac placed between the amnion and
chorion, and connected with the coil of

intestine, i', by a small or almost linear

tube ; the figure at the side represents

the first part of the umbilical cord

magnified ; i, coil of intestine ; v i,

vitello-intestinal duct, alongside of which
are seen omphalo-mesenteric blood-ves-

sels.

The occuiTence of umbilical hernia in its various degrees may be

referred to the persistence of one or other of the foetal conditions in

which a greater or less portion of the intestinal canal is contained in

the umbilical cord ; and it has been shown that the most common form

of abnormal diverticula from the small intestine is connected with the

original opening of the ductus vitello-intestinalis into the ileum.

DEVELOPMENT OP THE LIVER, PANCREAS, AND SPLEEN.

The Liver.—The liver is one of the earliest formed abdominal
organs. It consists at first, according to most observers, of two solid

masses in connection with the lower surface of the duodenal portion of

the alimentary canal. Schenk, however (Lehrbuch, p. 93), states that

the blastemic mass of the liver is single. A hollow cavity soon appears

within the mass, which is the commencement of the main excretory

duct (ductus choledochus communis). This cavity is lined by hypo-

blastic epithelium ; and, according to the commonly received view, is

produced as a diverticulum of the hypoblast of the intestine. Through
the mass, but at first unconnected Avith its substance, there passes the

main stem of the veins from the umbilical vesicle and allantois (um-
bilical vein or meatus venosus).

In the rudimentary mass composing the liver there are soon observed

a number of solid cylinders of blastemic cells which branch out from
the hypoblast into the mesoblast, and as these come to unite together

by their ends, they at last form a network of solid cords with which
the hypoblastic diverticula are connected. In the meantime blood-

vessels are developed in the mesoblast lying between the cylinders,

which vessels become united as branches with the umbilical vein pass-

ing through the liver. Hollow processes also extend themselves from
the hypoblastic diverticula and stretch into the solid cylinders of the

hepatic parenchyma ; but the greater part of this remains solid for a
time, consisting of reticulated strings of cells between which there is

nothing but blood-vessels.

According to some embryologists, as Schenk, the hypoblast forms no
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more than the lining epitlielium of the bile-ducts and gall-ljladder, and
the hepatic or glandnlar cells are entirely derived from mesoblast ; but,

according to Foster and Balfour, following Reiuak and the earlier

observers, the cellular elements of the gland are stated to derive their

origin from the h3'poblast, and the mesoblast is mainly converted into

blood-vessels and the fibrous tissue of the ducts.

Fig. 580. Fig. oSO. — E.VRLT Con-
dition OF THE Liver
IN THE Chick on thk
Third Bxy of Incu-

bation (from J. ]\Iiil-

Lr.) \"

] , the lieai-t as a .sim-

ple curved tube ; 2, 2,

tlie intestinal tube : 3,

conical protrusion of the

coat of the commencing
intestine, on which the

blastema of the liver (4)

is formed ; 4, portion of

the layers of the germinal

membrane, passing into

the yolk-sac.

The gall bladder is formed by extension from the wall of the main
duct.

The blood-vessels formed in the liver become branches of the main
vein, which passes tlumigh the cellular mass. These are distinguish-

able as an anterior and posterior set, the arrangement of which is such

that the blood flows from stem to branches in the anterior, and from

branches to stem in the posterior. Thus the distinction is estab-

lished between portal and hepatic veins (sec the Development of the

Yeins).

The solid cylinders of the blastema represent the hepatic lobular

tissue, the hollow processes the hepatic ducts ; but the origin of the

finest ducts is not known. Perhaps each cellular cylinder may be

looked upon as a collection of hepatic cells, in the centre of which is

the minute duct, according to the view now taken of the structure of

the adult liver (Foster and Balfour).

The gall-bladder is at first tubular, and then has a rounded form.

The aU'eoli in its interior appear about the sixth month. At the

seventh month it first contains bile. In the fcetus its direction is more
horizontal than in the adult.

The following are the principal peculiarities in the liver of the

foetus :

—

Size.—In the human fcetus, at the fifth or sixth week, the liver is so largo that

it is said to constitute one -half of the weight of the -n-hole body. This propor-

tion gradually decreases as development advances, until at the full pei'iod the

relative weight of the foetal liver to that of the body is as 1 to IS.

In early foetal life, the right and left lobes of the liver are of equal, or nearly

equal, size. Later, the right preponderates, but not to such an extent as after

birth. Immediately before birth the relative weight of the left lobe to the riglit

is nearly as 1 to I'G.

Position.—In consequence of the nearly equal size of the two lobes, the posi-

tion of the foetal liver in the abdomen is more symmetrical than in the adult.
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In the very yoimg foetus it occupies nearly the whole of the abdominal cavity ;

at the full period it still descends an inch and a half IdcIow the margin of the
thorax, overlaps the spleen on the left side, and reaches nearly down to the
crest of the ilium on the right.

Form, Colour, (]'<"—The foital liver is considerably thicker in proportion from
above downwards than that of the adult. It is generally of a darker hue. Its

consistence and specific gravity are both less than in the adult.

During foetal life, the umbilical vein runs from the umbilicus along the free

margin of the suspensory ligament towards the anterior border and under surface
of the liver, beneath which it is lodged in the umbilical fissm-e. and proceeds as
far as the transverse fissure. Here it divides into tn-o branches ; one of these,

the smaller of the two, continues onward in the same du'ection, and joins the
vena cava ; this is the ductus rciumix. which occupies the posterior part of the
longitudinal fissure, and gives to it the name of the fossa of the ductus venosus.
The other and larger branch (the tnink of the umbilical vein) turns to the right

along the transverse or jjortal fissure, and ends in the vena portaj, which. })ro-

ceeding from the veins of the digestive organs, is in the foetus comparatively of

small dimensions. The umbilical vein, as it lies in the umbilical fissure, and
before it joins the vena porta3. gives off large lateral branches, which pass
dii-ectly into the right and left lobes of the liver. It also sends a few smaller
branches to the square lobe and to the lobe of Spigelius.

Fig. 581.

—

Under Surface of the
FcETAL Liver, with its gre.\t

Blood-vessels, at the full
Period.

a, the iimhilical A-ein, lying

in the umbilical fissure, and turn-

ing to the ri^dit side, at the

transverse fissure (o), to join the

vena portte (p) : the branch marked
d, named the ductus venosus, con-

tinues straight on to join the vena

cava inferior (c) : some branches of

the umliilical vein pass from a into

the substance of the liver ; >j. the

gall-bladder.

Fig. r.8i.

The blood which leaves the liver by the hepatic veins, and is carried into the

heart along with that of the vena cava inferior, consists of the following parts,

viz. ; 1. That of the mnbilical vein, which passes on directly by the ductus

venosus ; 2, that portion of the blood which is distributed to the liver by branches

proceeding immediately from the trunk of the umbilical vein ; and 3, the blood

from the digestive organs of the foetus arriving by the vena porta3.

After birth the umbilical vein becomes obliterated from the umbilicus up to

the point of its giving off branches to the liver. The ductus venosus is also

obliterated, but the veins which were given as l^ranches from the umbilical

vein to the liver remain in communication with and appear as branches of the

left division of the portal vein.

The Pancreas.—Tliis organ takes its origin in a mass of meso-

blastic tissue, which thickens the wall of the duodenum close to the

place where the rudiment of the liver is first seen, but placed more to

the left side. This mass may be seen on the third day in the chick.

There is, however, also a diverticulum from the primary wall of the

intestine or hypoblast. The same doubt prevails, as in regard to the
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liver, ^vith respect to the exact share of the hypoblastic and mesoblastic

elements in the formation of the glandular cells. The main duct and its

branches undoubtedly owe their origin to diverticula proceeding from
the intestinal hypoblast, and the epithelial lining of the ducts is doubt-

less derived from that source. By those who consider that the glan-

dular cells also arise from the hypoblast, solid processes of that layer

are described as stretching into the mass of mesoblast. Into these the

diverticular cavities subsequently extend in more than one main divi-

sion. The blood-vessels and the connective tissue of the gland are

undoubtedly due to the mesoblastic elements, and these are very soon

combined with the imrts proceeding from hypoblast.

The Spleen.—This organ appears soon after the pancreas as a

thickening of the mesogastrium, and is therefore entirely mesoblastic

in its origin. (Peremeschko, Vienna Acad., 18G7, and W. Mliller in

Strieker's Histol.) The gradual formation of the trabecular structure

from one set of cells and of the blood-vessels and cellular elements of

the organ from tlie blastemic substance has been traced. The pulp is

formed in connection with the veins, and the arteries are formed along

with the Malpighian corpuscles. The spleen is closely related to the

pancreas in its origin, but it is later of being formed and contains no
hypoblastic elements. In the human foetus of about twelve weeks its

shape can be recognised, but the Malpighian bodies are not visible till

the middle of foetal life.

Lymphatic Glands.—The development of the mesenteric lymphatic

glands has been observed by Sertoli in mammals. (Vienna Acad.,

18G6.) The blastema from which they are produced is imbedded in

the mesentery, and is therefore entirely mesoblastic. The gradual

differentiation of the blastema gives rise in succession to the lymph
spaces, the trabecuke and the lymph cells, and the distinction follows

between inferent and efferent lymphatic vessels. The development of

lym])hatic vessels has been described in the General Anatomy, p. 191.

The Thymus and Thyroid Glands.—The development of these

bodies has been described in an earlier part of this volume, pp. 297

and 299. The thymus gland proceeds entirely from mesoblastic tissue

;

but, according to the researches of W. Miiller (Jenaisch. Zeitsch.,

1871), it would appear that the thyroid body arises at first as a diver-

ticulum from the pharynx, and it therefore contains some hypoblastic

elements.

DEVELOPMENT OF THE LUNGS AND TRACHEA.

The lungs first appear as two small protrusions upon the front of the

oesophageal jiortion of the alimentary canal, completely hid by the

rudimentary heart and liver. These primitive protrusions or tubercles

are visible in the chick on the third day of incubation, and in the

embryoes of mammalia and of man at a corresponding stage of advance-

ment. Their internal cavities communicate with the oesophagus, and
are lined by a prolongation of the hypoblast. At a later period they
are connected with the oesophagus by means of a long pedicle, which
ultimately forms the trachea, whilst the bronchia and air-cells are

developed by the progressive ramification of the internal cavity in the
form of cffical tubes, after the manner of the ducts of glands.
The diverticulum of hypoblast is surrounded by a mass of meso-

blastic cells, so that the pulmonary parenchyma, like that of the glands,
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owes its origin to both hyiioblastic and mesoljlastic elements. The
substance of the mesoblast, thickening round the primary diverticula,

becomes penetrated by secondary diverticula formed from the hypoblast

processes ; these are succeeded by tertiary branches which develop the

bronchia, and ultimately have the air-cells formed as their terminations.

The formative process consists essentially in the budding of hypoblastic

into mesoblastic substance ; the hypoblast furnishing the lining epi-

thelium of the tubes, and the mesoblast the other tissues, such as

muscular fibres, cartilage, blood-vessels, elastic tissue, c^-c.

In the formation of the trachea and bronchi the wall of the primitive

oesophagus is projected downwards (or forwards), and by the gradual

folding in of the sides a second median tube is separated from the

primitive alimentary canal. This new tube grows out at its hinder

end so as to bulge at the two sides, and thus the commencement of a

right and left bronchus is formed. The subsequent division of the

diverticular hollow goes on by budding of the hypoblast from within

into the masses of pulmonary blastema. The division into larger lobes

externally, three in the right and two in the left lung, may be seen at

a very early period in the human foetus. As the bronchial subdivision

extends within the lungs, a tubercular or coarsely granular appearance

is seen over the outer surface, as observed by Kiilliker in the human
foetus in the latter half of the second montli. This is produced by the

primitive air-cells placed at the extremities of ramified tubes, which
occupy the whole of the interior of the organ : the ramification of the

bronchial twigs and multiplication of air-cells goes on increasing, and
this to such an extent that the air-cells in the fifth month are only
half the size of those which are found in the fourth month.

Fig. 582.

—

Sketch iLLUSTRATiNa the Deve- Fig. 5S2.

LOPMENT Oi THE RESPIRATORY ORGANS
(from Fathke). A. B O
A, oesophagus of a cliick, on the fourth

day of incubation, with the rudimentary
lung of the left side, seen laterally ; 1, the
front, and 2, the hack of the oesophagus

;

3, rudimentary lung protruding from that

tube ; 4, stomach. B, the same seen in

front, so as to show both lungs. C, tongue
and resjjiratory organs of embryo of the
horse; 1, tongue; 2, larjmx ; 3, trachea

j

4, lungs seen from behind.

In birds the principal air-sacs, three in number, are formed in direct

connection with the lung in the course of its early development, and
the riidiments of these sacs may be seen at an early period, as bulging
constituent parts of the rudimentary lungs.

Pleurae.—Each lung receives a covering externally from the lining'

membrane of the common pleuro-peritoneal cavity of its own side.

This is at first only on the outer side; but, as the lungs enlarge, a fissure

separates their solid substance from the outer wall of the oesophagus,
and the pleura is carried round the lung-mass so as to encircle the
gradually narrowing root of each lung. The two pleurse remain sepa-
rated by the mediastinum and heart.

Pulmonary Vessels.—The blood-vessels of the lungs which arise
in the mesoblastic tissue seem to be of comparatively late formation.
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penetrating into the mesoblast only on the twelfth day in the chick.

The pulmonary arteries are developed in mammals in connection Avith

the fifth branchial arch of the left side, but the manner in which they
become connected with the vessels formed in the lung-substance, and the

manner in which a union is established between the pulmonary veins

and the left auricle have not yet been ascertained.

DEVELOPMENT OF THE HEART AND BLOOD-VESSELS.

In the account of the general phenomena of development the esta-

blishment of the first circulation of blood, by the simultaneous formation
of the simple heart and of the first blood-vessels and blood in the body
of the embryo and in the vascular area of the blastoderm, has already

been described, and in the General Anatomy (p. 180) an account has

Fig. 583. Kg. 58S.

—

Outlines of the anterior
HALF OF THE EjIBRYO ChICK A'IEWED
FROM BELOW, SHOWING THE HeART IN

ITS EARLIEST STAGES OF FORMATION
(after Kemak). "»

A, Embryo of ab(jut 20 to 30 lioxirs
;

B, of about 36 to 40 hours ; a, anterior

cerebi'al vesicle ; h, j)roto-vertebral seg-

ments ; c, amniotic fold ; 1, 1, primitive

omphalo-mesenteric veins entering tlie

Iieart posteriorly ; 2, their union in the

auricle of the heart ; 3, the miLldle part

of the tube corresponding to the ven-

tricle ; 4 (in B) the arterial bulb.

been given of the histological

changes occurring in the first

development of the blood-vessels

and blood.

DEVELOPMENT OF THE HEART.

Origin of the Heart—Simple Tubular Foi'in.—The heart takes

its origin in the form of an elongated sac or dilated tube in the substance
of a thickening of the splanehuo-pleure layer of the mesoblast, in the

ventral aspect of the cephalic portion of the primitive alimentary canal,

immediately in front of the fovea cardiaca. Doubts have existed as to

the exact mode of production of the cavity of the organ, but the observa-

tions of Aflanasieff and Klein, and especially those of Foster and
Balfour, appear to show that the substance in which the first rudiments
of the heart arise is produced by a thickening of the lower wall of the

mesoblastic layer of the primitive intestine, and that the cavity is

formed by a solution of continuity or liquefaction of tliis substance in

such a manner that, while the outer cells constitute the foundation of

the commencing fibrous walls,, a deep set of cells very soon or from the

first arrange themselves in the form of an endo-vascular lining of the

cavity. The oi-gan has at first the form of an elongated sac or dilated

tube of symmetrical shape, widening out behind into two lateral

orifices, each of which is connected with an omphalo-mesenteric vein of
its own side bringing the nascent blood back from the vascular area,

while the anterior part of the rudimental heart leads into two arterial
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vessels, one of which arches over each side of the primitive pharynx

and turns backwards below the proto-vertebrge to form one of the two

primitive aortic tubes. From each of these last the omphalo-mesenteric

arteries pass off into the vascular area.

According to recent observations by KoUiker and by Hensen (loc. cit.) a still

earlier condition of the heart has been perceived in the embryo of mammals, in

which there are two separate tubes hollowed out of the lateral parts of the

cephalic fold. Each of these tubes is connected with a vein or entering vessel

posteriorly, and an artery or out-going vessel anteriorly : these slowly come to-

gether and unite by fusion in the middle, in a limited space at first, and then
more and more till the single tubular heart results. Each tube is in relation with
the isleui-operitoneal cavity of its own side, and when the median fusion takes

place the union of these two becomes the pericardium.

Fig. 584.

r.So.

Fig. 584.

—

Diagrammatic longitcdixal section through the Axis op an Embrto.

The section is supposed to be made at a time when the head-fold has commenced, but
the tail-fold has not yet appeared. A, epiblast ; B, mesoblast ; C, hypoblast ; FSo, fold

of the somatopleure ; Sp, and FiSp, fold of the splanclmopleure ; Avi, commencing (head)
fold of the amnion ; NO, neural canal, closed in front, but still open behind ; C/i, noto-
chord, in front uncleft mesoblast in the ba«e of the cranium ; D, the commencing foregut,

or alimentary canal ; Ht, heai-t
; jU^, pleuro-i>eritoneal cavity.

The rudimental heart in the form now described, exists in the chick

at the thirty-sixth hour of incubation, and already, while still consisting

of formative cells not differing greatly from those composing the other

parts of the mesoblast, begins to exhibit motions of alternating systole

and diastole, by slow contractions which begin behind and pass forward
to the anterior extremity of the tube ; and a small quantity of imper-
fectly formed blood is propelled through the cavity.

The elongation which the tubular heart now undergoes causes it to

lose the symmetrical form ; and its middle part now becomes detached
from the lower side of the alimentary canal, and projects downwards (or

forwards in the body) with an inclination to the right side of the

embryo.
The heart is now found to be surrounded on the ventral aspect by a

median cavity, which is a part of the pleuro-peritoneal space inter-

vening between the wall of the heart as splanchno-pleure, and the

somato-pleure forming the thoracic wall. This cavity becomes the peri-

cardial sac.

As the development of the tubular heart progresses, the bend
VOL. II. 3 E
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increases, and the venous is doubled back upon the arterial end. The
tube also becomes divided by two slight constrictions into three

Fig. 585.

—

Human Embryos
AT DIFFERENT EARLY STAGES
OF DEVELOPMENT, SHOWING
THE Heart in its tubular
CONDITION.

A, upper half of the body of

a human embryo of three weeks,
viewed from the abdominal side

(from Coste) ; «, frontal plate

;

h, protovertebrse, on which,

the primitive aortiB are lying
;

3, the middle of the tube of the
heart, below it the place of en-

trance of the great veins, above
it the aortic bulb.

B, lateral view of a human
embryo more advanced than that

last referred to, and somewhat imperfectly developed (from A. Thomson) ; a, the frontal

part of the head ; h, the vertebral column ; v, the wide communication of the umbilical

vesicle or yolk-sac with the intestine ; u, communication with the allantois or urachus ; 2,

auricular part of the heart connected with the veins posteriorly ; 8, ventricular part of

the bent tube ; 4, the aortic bulb ; near the extremities of the tube the divided peri-

cardium is seen.

portions, of which that originally posterior and receiving the veins is

the widest, and constitutes the primitive auricle ; the middle one, next

^\ ;a"

Fig. 586.—Diagrammatic Outlines of the Heart and First Arterial Vessels
OP THE Embryo, as seen from the Abdominal Surface.

A, at a period corresponding to the 36th or SStli hour of incubation in the chick •

B, and C, at the 48th hour of incubation
; 1, 1, primitive veins

; 2, auricular part of the
heart

; 3, ventricular part ; 4, aortic bulb ; 5, 5, the primitive aortic arches and their
continuation as descending aorta ; these vessels are still separate in their whole extent in
A, but at a later period, as shown more fully in C, have coalesced into one tube in a part
ot the dorsal region

; in B, below the upper 5, the second aortic arch is formed, and
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farther clown the dotted lines indicate tlie position of the succeeding arches to the number
of rive in all ; 5', 5', the continuation of the main vessels in the body of the embryo

;

6, 6, the omphalo-mesenteric arteries imssing out of the body of the embryo into the vas-

cular area of the germinal membrane.

in width and most strongly bent upon itself, becomes the ventricular

portion ; and the third, situated anteriorly and retaining most the

simple tubular form, is the arterial or aortic bulb. This tubular stage

of the rudimental heart has been observed in the human embryo by
Coste and Allen Thomson (see fig. 585, A and B).

Division into Single Auricle, Ventricle, and Arterial Bulb.—
By a continued increase of the inflection of the heart-tube, a change
in the relative position of the several parts is effected, so that the

auricular cavity comes to be placed above or behind (dorsally) and to

the left of the ventricular part, the veins being carried forwards along

with it, while the arterial bulb is attached by its extremity in front to

the neck of the embryo immediately behind the lower visceral plates.

There is as yet only a single passage through the heart, but the dis-

tinction of the auricular and ventricular cavities becomes more appa-

rent, both by an increase in the diameter of each, and by the constric-

tion which separates them, and by the much greater thickness acquired

]:»y the walls of the ventricular and bulbous parts as compared with the

auricular portion.

The three parts of the heart have now the appearance of being very

closely twisted together. The ventricular part becomes considerably

wider transversely, and the auricular part shows two projecting pouches,

one on each side of the arterial bulb, which are the first indications of

the future auricular appendages. At the same time the constriction

between the auricular and ventricular parts increases consideral:)ly, and
the constricted part elongating produces what has been called the

canalis auricular is.

Division of the Cavities. Ventricles.—The next series of changes

in the developing heart consists in the division of each original single

cavity of the ventricle, auricle, and arterial bulb into two compart-

Fig. 587.

—

Head op the Embrto of the Dog with the Fig. 587.

Heart seen from below (from Kolliker, after BischofF).

Magnified. <*

a, cerebral hemispheres : h, eyes ; c, midbrain ; d, inferior

maxillary plates ; e, superior maxillary processes
; /, /', /",

second, third, and fourth branchial or visceral plates
; g,

right, h, left auricle of the heart ; h, right, i, left ventricle
;

1, aortic or arterial bulb, with three paii's of aortic or vascular

arches protruding from it.

ments, so as to form the right and left ventricles

and auricles, and the stems of the -pulmonary
artery and aorta. The first of these changes
occurs in the ventricular portion, and is to be

seen in progress on the fourth day in the chick,

and the sixth and seventh week in the human
embryo. The ventricular chamber of the heart,

increasing considerably in breadth, that part of

it which ultimately becomes the apex of the

heart is thrown towards the left side, and in most mammals, and
3 E 2
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especially in the human embryo, a blmit cleft or depression appears

betAveen this and the right part of the ventricle, which causes an
external division into two portions corresponding to the future right

and left ventricles ; and if the interior of the ventricular cavity be
examined at this time, there is perceived a crescentic partition rising

from the anterior or lower border of the right wall and projecting into

the cavity, at first narrow and placed opposite the external notch, but

gradually growing more and more towards the auriculo-ventricular

aperture. As development progresses the external division becomes more
or less effaced, when the apex of the heart formed by the left ventricle

becomes more pointed, and the whole heart takes more of the conical

form which belongs to its more advanced condition ; but the depression

is still perceptible as the interventricular groove of the adult heart,

which, as is well known, varies considerably in depth in different cases.

In some animals, as the rabbit, the temporary external division of the

ventricles is greater than in the human embryo, while in others, as in

ruminants, there is very little of the external notching, and in them, as

in birds, the heart very early assumes the conical form. The dugong
presents a remarkable example of the persistence of the complete ex-

ternal separation of the ventricles, and there appears to be a tendency

to the occasional occurrence of the same in the seal.

The internal septum of the ventricles continuing to rise between the

right and left divisions of the cavity, reaches at last the base where it

is placed in relation with both the auriculo-ventricular orifice and the

root of the arterial bulb ; but at this place there remains for a time a

communication over the still free border of the septum between the

right and left ventricles, wdiich is interesting, as this is the seat of

the abnormal communication between the right and left ventricles in

almost all cases of malformation of the heart presenting that condition.

Division of the Auricles.—Although the auricular cavity presents

externally some appearance of being divided into two at a period ante-

cedent to the partition of the ventricles, in consequence of the forma-

tion of the right and left auricular appendages before mentioned, the

internal division of the cavity does not take place till some time later,

as on the fifth and sixth days in the chick, and in the eighth week in

the human embryo. The auricular septum commences as an internal

fold proceeding from the anterior wall of the common cavity, and
starting from the septum of the ventricles, it grows backwards towards

the entrance of the common vein or sinus, but stops short of it

some distance. For a time, therefore, the veins enter the back part of

the auricular cavity in common. It is proper to explain, however, that,

by the time at which the auricular septum is forming, the venous

sinus has been modified so as to produce three veins entering the

auricle at its .back part. Of these, two correspond with the right

superior cava and the inferior cava veins, and the third to the left

superior cava and connected with what afterwards becomes the coronary

sinus. For a time, all the three vessels open so as to communicate
freely with the whole auricular cavity. But changes now occur which
cause the left superior cava and the inferior cava to be directed towards
the left side, Avhile the right superior cava is placed more immediately
in connection with the right part of the auricular cavity.

The auricular septTim,in extending itself backwards, is not completed,
but leaves an oval deficiency in its lower and middle part, as the
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foramen ovale, and the inferior cava opens immediately behind this.
Some time later in the human embryo, or in the course of the tenth or
eleventh weeks, two new folds make their appearance in the auricles
posteriorly. One of these constituting the Eustachian valve, of a

Fig. 588. — Shows the position and
FORM OP THE HeART IN THE HuMAN
Embryo from the Fourth to the Sixth
WEEK.

A, upper half of tlie body of a human
embryo of Dearly four weeks old (from

Kolliker after Coste) ; B and C, anterior

and posterior views of the heart of a human
embryo of six weeks (from Kolliker after

Ecker) ; a, frontal lappet ; h, mouth ; c,

below the lower jaw and in front of the

second and third branchial arches ; d,

upijer limb ; e, liver
; /, intestine cut

short ; 1, superior vena cava ;
1', left

superior cava or brachio-cephalic connected
with the coronary vein ; 1", opening of the
inferior vena cava ; 2, 2', right and left

auricles ; 3, 3', right and left ventricles
;

4, aortic bulb.

crescentic form, is placed to the right of the entrance of the inferior

vena cava, and in the angle between it and the orifice of the left supe-

rior cava (or great coronary sinus), and besides separating these two
veins, and thus throwing the opening of the left superior cava into

communication with the right auricle, this fold, as it runs forward into

the annulus ovalis or border of the anterior auricular septum, has the

effect of deepening the entrance of the inferior cava into a groove
which lies close to the foramen ovale, and directs the blood entering by
that vessel through the passage into the left auricle.

The other fold referred to advances from the posterior wall of the

common auricle to meet the anterior auricular septum, but yet to the left

of the border of the foramen ovale. To this border, however, it adheres
as it grows forwards, and thus gradually fills up the floor of the fossa

ovalis. Up to the middle of foetal life, this posterior septum being
incomplete, there is a direct passage from right to left through the

foramen ; but, after that period, the fold in question, having advanced
beyond the anterior border of the annulus ovalis and lying to the left,

it does not adhere to this or the fore part of the annulus, but leaves a
passage between, and appears as a crescentic fold in the left auricle,

which, as it passes beyond the annulus, constitutes a very perfect valve

against the return of blood from the left into the right auricle.

Division of the Arterial Bulb.—The third important change
occurring in the heart belongs to the arterial bulb, by which there are

developed from this tube the first parts or main stems of the pulmonary
artery and the ao'-ta. Within the thick walls of this arterial tube
there is at first only a single cylindrical cavity, continued from the
originally single ventricle ; but, a short time after the partition of the
ventricular cavity has commenced, or in the seventh week of the human
embryo, a division of the bulb by an independent process begins to
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take place. This consists in the projection inwards of a lateral fold

of the wall on the two sides, affecting, however, only the inner and
middle coats, and not perceptible externallj^ ; so as to divide the cavity

of the bulb into two channels, which may be described as respectively

anterior and posterior, but which from the spiral direction taken by
the folds are somcAvhat twisted on each other, so that the channel which
at the ventricular end is placed anteriorly becomes connected with the

right ventricle and forms the pulmonary stem, and that which is placed

posteriorly becomes connected with the left ventricle and forms the

commencement of the aorta. In the distant portion of the bulb, how-
ever, the pulmonary channel is situated to the left and posteriorly, and
the aortic channel is to the right and most forwards, and at this end

these channels are respectively connected with different aortic arches,

giving rise to the permanent pulmonic and systemic vessels in the

manner afterwards described.

It is further to be noted that the partition of the bulb begins at the

remote extremity, and progresses towards the ventricles. There is a

time, therefore, during which the ventricular septum, and the septum
of the bulb, advancing towards each other, are incomplete and disunited ;

and from the difference in their direction it is obvious that there must

Fig. 5S9. Fiff. 590.

Fig. 589.

—

View op the Front and Right Side of the Fcetal Heart, at four

MONTHS, THE RIGHT AuRICLE BEING LAID OPEN (from Kilian).

a, the right auriculo-ventricular opening ; h, a probe passed iip the vena cava inferior

and throiigh tlie fossa ovalis and foramen ovale into the left auricle ; r, vena cava inferior
;

c, Eustachian valve ; v, valve of the foramen ovale ; s', vena cava superior.

Fig. 590.

—

A'iew of the Posterior and left surface of the Heart of a F(ETUs

OF four months, the left Auricle being opened (from Kilian).

o, left auriculo-ventricxilar orifice ; c, inferior vena cava, through which a probe b, is

passed from below, and thence by the foramen ovale into the left auricle ; e, left auricular

appendage laid open ; o, valve of the foramen ovale seen to be attached to the left side of

the annulus ovalis of the septum.
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be a peculiar twist of one or both, in order that they may finally unite

so as to become continuous.

The completion of the partition of the aortic and pulmonary stems

is afterwards effected by the progress of the division from within out-

wards through the external walls of the tubes ; but the two vessels

remain united externally by a common envelope of pericardium.

The remarkable cases sometimes observed of abnormal transposition

of the two great arterial stems from their natural connection with their

respective ventricles may be explained by reference to the history of the

development of the parts of the heart before given.

Pormation of the Valves.—The formation of the auriculo-ventri-

cular and semilunar valves begins during the time of the changes

previously described by the projection of thick folds from the inner

wall of the heart. In the case of the semilunar valves the trifid divi-

sion is early perceived, but the cavities or sinuses within the valves

are late of being developed. In the auriculo-ventricular valves there

is at first an entire or annular projecting fold of the inner substance

round the orifice, and this becomes gradually divided into segments,

and the chordse tendincEe arej gradually produced by perforation of the

valve plate. (See Tonge in Proceed. Eoy. Soc, 1868.)

The manner in which the pulmonary veins, which are formed

separately in the lungs, come to be connected with the left auricle has

not yet been ascertained.

No further important changes occur in the internal structure of the

heart, but there are some w^hich affect the external form and thickness

of its walls. In early foetal Hfe the size of the heart bears a consider-

ably greater proportion to that of the body than at a later period. At

birth it is still proportionally large. For some time the auricular

portion remains more voluminous than the ventricular, but in the latter

half of foetal life the permanent proportion is more nearly established.

The walls of both ventricles are also thicker than in after life, and it is

especially deserving of notice that the wall of the right is up to near

the time of birth quite as thick as that of the left,—a peculiarity

which may be connected with the ofiice of the right ventricle to propel

the blood of the foetus through the extended course of the ductus arte-

riosus, the descending aorta and the placental circulation.

DEVELOPMENT OF THE BLOOD-VESSELS.

The Principal Arteries. The Aorta.—The most interesting part

of this history is that relating to the development of the aortaand the

larger vessels'^ arising from it. The double condition of the main trunk

of "the aorta has already been referred to as existing in the chick up to

near the end of the second day. About the fortieth hour the inedian

fusion or coalescence of the two vessels begins to take place in the

dorsal region, by their external union, at first in a very limited space,

and very soon afterwards by the formation of a perforation through

their united walls. The union of the two vessels which begins in the

dorsal region extends itself backwards towards the lumbar vertebrae, and

when it reaches the place where the omphalo-mesenteric arteries pass

out on each side, these vessels, each of which was originally the con-

tinuation merely of one of the aortas, appear now as branches of a single

and median aorta. The iliac vessels are the next large vessels formed
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from the hinder part of the aorta. The first vessels belonging to these
trunks are not, however, those of the lower limbs, for these are not yet

Fig. 591.

Fig. 591.

—

Transverse Section through the Dorsal Region op an Embryo-Chick
OP THE Second Day (from Foster and Balfour, after His).

M, medullary canal ; Pv, proto-vertebral column ; w, rudiment of Wolffian duct in the
intermediate mass; Ch, notocliord ; Ao, one of the two aortas ; A, epiblast ; C, hypo-
blast

;
BC, splanchnopleure ; Pp, pleuroperitoneal space.

formed ; but the umbilical or hypogastric arteries, developed at a very
early period in connection with the allantois, and subsequently attain-

Fi£r. 592.

Fig. 592.-

—

^Transversb section through the Dorsal region op an Embryo Chick,
END op Third Day (from Foster and Balfour).

Am, amnion ; m p, muscle plate ; CV, cardinal vein; Ao, dorsal aorta at the point
where its two roots begin to join ; Ch, notochord (the line does not quite reach it) ; Wd,
Wolffian duct; Wb, commencement of formation of Wolffian body ; ep, epiblast ; so,

somatopleure
; Sp, splanchnopleure ; hy, hypoblast. The section passes through the

place where the alimentary canal {hy) communicates with the yolk-sac.
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ing to a large size along with the growth of the placenta. As the

limbs are formed, arteries are developed in them, and these are branches

of the main aorta ; but they are for a long time comparatively small,

w'hile the umbilical arteries speedily attain a large size, so that, even up
to the conclusion of foetal life, they appear to form the principal part of

the two large vessels into which the aorta divides at its lower extremity.

The middle sacral artery may be looked upon as the continuation of the

median stem of the aorta, and probably originates from a double vessel

in the same manner as the aorta itself.

The double state of the main aorta when first formed in the foetus was dis-

covered by Serres, and described bj him in his 4tli Memoir on Transcendental
Anatomy (Annal. des Scien. Nat., 18130), but was doubted by Von Baer, as

Serres's observations did not show the relation of the primitive trunks of the

aorta to the pharyngeal vascular arches. The fact of the original double condi-

tion was, however, placed beyond doubt by Allen Thomson (Edin. New Philos.

Journal, ISoO) by the method of tranverse sections, then fii-st employed as a
means of embryolog'ical investigation, and the process of median union was
traced in full detail. The relation of this process to the occurrence of a perma-
nent double canal in the aorta as a malformation, as described by Vrolik. Schroder
van der Kolk and Cruveilhier. and obseiwed in at least one case by Allen Thomson,
has already been refeiTed to in vol. i., p. 350.

According- to Serres, the vertebral arteries within the cranium are originally

separate, and the basilar artery results from their mesial union or fusion in the
same manner as occurs in the aorta, and the median union of the anterior cere-

bral arteries in the forepart of the Cu'cle of Willis is another example of the
same process. It seems probable that the internal cross band obser%^ed liy John
Davy in the interior of the basilar artery (Researches Physiol, and Anatom.,
lSo9, p. 301) may be a remains of the septum or united walls of the two vertebral

arteries.

Aortic OX' Branchial Arclies.—The two primitive arterial arches

which lead into the dorsal aorta from the arterial bulb of the rudi-

mentary heart, at the time of the establishment of the first circulation,

are the most anterior of a series of five pairs of vascular arches which
are developed in succession round this part of the pharynx ; and which,

since their discovery by Eathke in 1S25 (Oken's Jsis, 1825) have been
regarded with much interest, as coiTcsponding with those vessels which
are the seat of development of the subdivided blood-vessels of the gills in

fishes and amphibia. These vascular arches thus exhibit in the amniota,

along with the branchial or pharyngeal clefts and visceral plates, a typical

resemblance to the structure of gills, although no full development
of these respiratory organs occurs in such animals, but they furnish by
their various transformations the basis of formation of the permanent
pulmonary and aortic stems and the main vessels to which they give

rise.

The form and position of the primitive aortic arches, up to the time
of their transformation into permanent vessels, is nearly the same in

reptiles, birds and mammals ; and the main differences in the seat and
distribution of the large permanent vessels are to be traced to changes
in the openness and extent of growth of the several arches. The five

pairs Of arches do not all co-exist at the same time, for they are deve-

loped in succession from before backwards, and by the third day of

incubation, or by the corresponding period of the fourth week in the
human embryo, when the posterior arches have been formed, already a
part of the anterior arches, beginning with the first one, has become
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obliterated. Each of tlie first four branchial arches occupies a place in

the substance of the pharyngeal or visceral plates, and in front of one

of the pharyngeal clefts. The first or anterior is therefore situated in

the inferior maxillary plate, and in front of the tympano-Eustachian, or

first pharyngeal cleft ; and the fifth arterial arch is placed behind the

fourth pharyngeal cleft, and in the substance of the neck, in which there

is no distinct bar or plate in the higher animals, but which is the seat

of a developed branchial bar in some aquatic animals.

The vessels forming the arterial arches are given off on each side in

succession from two short canals, into which the primitive arterial bulb

divides immediately in front of the place where it joins the neck.

These may be named the lower (ventral) or anterior aortic roots ; and

similarly, when they have passed round the wall of the pharynx, the

branchial arches unite in succession into a vessel on each side, thus

forming the upper (dorsal) or posterior aortic roots.

On the third and fourth days in the chick, and from the fourth to

the sixth week in the human embryo, there are still three complete

pairs of arterial arches passing round the pharynx, and connected both

before and behind with the anterior and posterior aortic roots previously

mentioned. The transformations of these arches were in part traced

by Von Baer and various other observers, but the fuller knowledge of

their changes is due to the later researches of Eathke (Mem. of

Fig. 593. Fig. 593.

—

Diagram of the Aortic or

., Branchial Vascular Arches op the
Mammal, with their transformations

GIVING RISE TO THE PERMANENT ArTERIAL
Vessels (accordiug to Ilathke, slightly

altered).

A, P, ijrimitive arterial stem or aortic

Lnlb, now divided into A, the ascending
part of the aortic arch, and P, the pul-

monary ; a, the right ; a', the left aortic

root ; A', the descending aorta. On the
right side, 1, 2, 3, 4, 5, indicate the five

Ijranchial primitive arterial arches ; on the
left side, I, II, III, IV, the four branchial

clefts, which, for the sake of clearness, have
been omitted on the right side. It will be

observed, that while the fourth and fifth

pairs of arches rise from the part of the

aortic bulb or stem, which is at first un-

divided, the first, second, and third pairs

are branches above c, of a secondary stem

on each side. The permanent systemic

vessels are represented in deep shade, the

pulmonary arteries lighter ; the parts of

the primitive arches, which have only a
temporary existence, are drawn in outline only, c, placed between the permanent com-
mon carotid arteries ; ce, the external carotid arteries ; ci, c'l, the right and left internal

carotid arteries ; s, the right subclavian rising from the right aortic root beyond the
fifth arch ; r, the right vertebral from the same opposite the fourth arch ; v', s', the
left vertebral and subclavian arteries rising together from the left or permanent aortic

root opposite the fourth arch ; P, the pulmonary arteries rising together from the left'

fifth arch
; d, the outer or back part of the left fifth arch, forming the ductus arteriosus ;

j)n, 2^n , the right and left pneumogastric nerves, descending in front of the aortic

arches, with their recurrent branches represented diagrammatically as passing behind,
with a view to illustrate tlie relations of these nerves respectively to the right subclavian
arteiy (4) and the arch of the aorta and ductus arteriosus {d).
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Vienna Acad., 1857), and although some 'points are still left in

doubt, their history may now be given from these observations, and the

supplemental illustration derived from the investigation of the various

examples of congenital malformation, the greater number of which are

manifestly related to variations in the natural mode of transformation.

This will be explained by reference to the diagram in fig. 593.

From these researches it appears that the permanent vessels owe
their formation to the persiscence of certain of tlie foetal arches or

parts of them, while other arches or portions of them become oblite-

rated and disappear. Thus it is ascertained that in mammals the main
aortic arch, which in the adult passes to the left of the trachea and
gullet, is formed by the persistence of the fourth embryonic arterial arch

of the left side, which not only remains patent, and becomes con-

nected with tlie aortic stem of the arterial bulb, but keeps pace by its

increased width and the development of its walls with the rate of growth
in the other parts of the body, so that it soon surpasses all the rest

of the arches in its width of calibre and thickness of its walls. In
birds, however, the permanent aortic arch passes to the right of the

trachea and gullet, and it is formed by the persistence of the fourth

embryonic arch of the right side ; while, in all reptiles, as there are

two permanent aortic arches, it is by the persistence of both the right

and left foetal arches that the two aortas are produced, the right

being that which is most directly connected with the systemic or left

ventricle.

The pulmonary arteries of mammals would appear by Rathke's

observations to be developed in connection with only one foetal arterial

arch, viz., the fifth of the left side, from the middle part of which
they appear as branches, and the whole fifth arch of the right side

undergoes rapid atrophy and ultimate obliteration. The first part of

the left fifth arch, becoming the common pulmonary artery, is connected

with that division of the arterial bulb which is separated as the pulmo-
nary stem ; but the remote part of this arch also remains fully patent,

and undergoing equally with the rest of it full development, continues

to lead into the left root of the aorta as ductus arteriosus Botalli,

which serves to convey the blood from the right ventricle of the foetal

heart into the descending aorta, but becomes obliterated at the time of

birth.

This duct is therefore in mammals due to a persistent condition of

the fifth left branchial arch. But, in birds and reptiles, it appears that the

process of transformation is somewhat different, for in them the right

and left pulmonary arteries (excepting in those serpents in which there

is .only one lung developed) are formed in connection with the respec-

tive right and left fifth branchial arches, and there are thus two ductus

arteriosi during foetal life, the short one of the right side corresponding

to that which is left in mammals, and the longer one of the left side

passing round the pharynx into the left aortic root. Both of these

arches are obliterated at the time of the exclusion of the bird from

the eg^ ; but in some reptiles the ductus arteriosi remain permanently

open during life.

The subclavian and vertebral arteries were shown by Rathke to spring

from the posterior aortic roots at a place between the junction of the

fourth and fifth arches. In mammals, the vessels on the left side are

from the first in direct connection Avith the aortic root at the place
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which they permanently occupy ; but upon the right side, as the fourth

arch and the aortic root are obliterated posteriorly, the passage for

blood from the aortic stem into the subclavian trunk is formed by the

persistence of the forepart of the fourth right arch as far as the place

where it meets the origin of the subclavian and vertebral arteries.

The common carotid trunks, occupying the region which afterwards

becomes the neck, but which is at first absent or extremely short, are

formed by the anterior divisions of the aortic roots ; while the external

carotid artery is due to the persistence of a channel in the continuation

of each anterior aortic root, and the internal carotid artery arises from

the persistence of the crossing third arch and the upper part of the

posterior aortic root.

Thus it falls out that, in man and a certain number of mammals, an

innominate artery is formed on the right side by the union of the first

part of the fourth right aortic arch leading into the right subclavian,

and the right anterior aortic root which forms the common carotid ;

while, on the left side, the carotid and subclavian vessels rise separately

from the permanent aortic arch in consequence of the distance lying

between them in the original foetal condition.

It does not come within the scope of this chapter to describe the

further steps of development of these vessels, nor to enter into an

explanation of the manner in which abnormal position of the arch of

the aorta and its branches, or of the pulmonary arteries, may be sup-

posed to arise. For further information on this subject the reader is

referred to the short account of the varieties given in the description of

the blood-vessels in the first volume of this work, as well as to the third

volume of Henle's Handbuch, and to the special works of Tiedemann
and Eichard Quain on the Arteries.

DEVELOPMENT OF THE GREAT VEINS.

In the early embryo, before the development of the allantois, a right and a

left omphalo-mesenteric vem bring- back the blood from the walls of the nm-
bilical vesicle, and unite to form a short trunk, the meatus venosus, which is

continued into the auricular extremity of the rudimentary heart.

In the first commencement of the placental circulation, or in the fourth week
of foetal life, two umbilical veins are seen coming from the placenta, and uniting

to form a short trunk, which opens into the common omphalo-mesenteric vein.

Very soon the right omphalo-mesenteric vein and right umbilical vein disappear.

In connection with the common trunk of the umbilical and omphalo-mesenteric

veins, two sets of vessels make their appearance in the yomig liver. Those

furthest from the heart, named vena; Iwpatlca advehentcs, become the right and
left divisions of the portal vein ; the others are the hepatic veins, vencv kcpaticce.

Tcvclwnifs. The portion of vessel intervening between those two sets of veins

forms the ductnn rcnoKiix, and the part above the hepatic vein, being subse-

quently joined by the ascending vena cava, forms the upper extremity of that

vein. Into the remaining or left omphalo-mesenteric vein, open the mesen-

teric and splenic veins. The part above the latter forms the trank of the portal

vein ; and the portion of vessel between the union of this with the umbilical

vein and the origin of the venaj hepaticaj advehentes is so altered that the portal

tiimk opens into the commencement of the right vena advehens.

At the time of the commencement of the placental cu-culation, two short trans-

verse venous trunks, the ductii of Ci/ricr, open, one on each side, into the auricle

of the heart. Each is formed by the union of a superior and an inferior vein,

named the itrimitive jugular and the cardinal.

The primitive jugtdnr vem receives the lilood from the cranial cavity by
channels in front of the ear, which are subsequently obliterated : in the greater
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part of its extent it becomes the external jugiilar vein : and near its lower end
it receives small brandies, which, grow to be the external jugular and subclavian

Fig. 594. — Diagrams illustrating

THE DEVELOPMENT OF THE GrEAT
Veins (after KiJlliker).

A, plan of the principal veins of the

fretus of about four weeks, or soon after

the first formation of the vessels of the

hver and the vena cava inferior.

B, veins of the liver at a somewhat
earlier period.

C, principal veins of the foetus at the

time of the first estabhshment of the

placental circulation.

D, veins of the liver at the same
period.

dc, the right and left ducts of Cuvier
;

ca, the right and left cardinal veins
;

j. j,ihe jugular veins ; s, the subclavian

veins ; az, the azygos vein ; u, the um-
bilical or left umbilical vein ; «', in B,

the temporary right umbilical vein ; o,

the omphalo-meseuteric vein ; o', the

right omphalo-mesenteric vein ; m, the

mesenteric veins
; p, the jjortal vein

;

p', p', the vente advehentes ; I, the duc-

tus venosus ; V, I', the hepatic veins
;

c'l, vena cava inferior ; il, the division

of the vena cava inferior into common
iliac veins ; cr, the external iliac or

crural veins ; h, the hypogastric or in-

ternal iliac veins, in the line of continua-

tion of the jirimitive cardinal veins.

In C, li, in dotted lines, the trans-

verse branch of communication between
the jugular veins which forms the left

innominate vein ; ri, the right innomi-

nate vein ; ca, the remains of the left

cardinal vein by whish the superior

intercostal veins fall into the left in-

nominate vein ; above lo, the obliquely

crossing vein by which the hemiazygos

joins the azygos vein.

veins. The cardinal veins are the primitive vessels which return the blood from
the Wolffian bodies, the vertebral column, and the parietes of the trunk. The
inferior vena cava is a vessel of later development, wliich opens into the trunk
of the umbilical and omphalo-mesenteric veins, above the vense heijaticas reve-

hentes. The iliac veins, which unite to form the inferior vena cava, communi-
cate with the cardinal veins. The inferior extremities of the cardinal veins are

persistent as the internal iliac veins. Above the iliac veins the cardinal veins

are obliterated in a considerable part of theii' course ; their upper portions then
become continuous with two new vessels, fhe j;osfe?-ipr vertchral veins of Rathke,
which receive the lumbar and intercostal twigi-'.

As development proceeds, the direction of the ducts of Cuvier is altered by the
descent of the heart from the cervical into the thoracic region, and becomes
continuous with that of the primitive jugular veins. A communicating branch
makes its appearance, directed transversely from the junction of the Jeft sub-

clavian and jugular veins, downwards, and across the middle line to the rig-ht

jugular ; and further down in the dorsal region between the posterior verteljral

veras a communicating branch passes obliquely across the middle line from right
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to left. The communicating branch between the primitive jugular veins is

converted into the left innominate vein. The portion of vessel between the

rio-ht subclavian vein and the tennination of the communicating branch becomes

Fisr. 595.

Fig. 595.—A and B.

—

Diagrammatic Outlines op the Vestige of the Left Superigr
Cava and of a Case of its Persistence (sketched after Marshall), h,

A, brachio-cephalic veins with the superior intercostal, azygos, and principal cardiac

veins.

B, the same in a case of persistence of the left superior cava, showing its communication
with the sinus of the coronary vein. The views are supposed to be from before, thep)arts

of the heart being removed or seen tlirougli.

1, 1', the internal jugular veins ; 2, 2', subclavian veins ; 3, right innominate ;
3', right

or reguhir sujjerior cava ; 4, in A, the left innominate ; in B, the transverse or communi-
cating vein between the right and left superior vemg cavte ; 5, in A, the oj)ening of the

superior intercostal vein into the innominate ;
5', vestige of the left superior cava or duct

of Cuvier ; 5, 5', in B, the left vena cava superior abnormally persistent, along with a

contracted condition of 4, the communicating vein : 6, the sinus of the coronaiy vein ;
6',

branches of tlie coronary veins ; 7, the superior intercostal trunk of the left side, or left

cardinal vein ; 8, the principal azygos or right cardinal vein ; 7', 8', some of the upper
intercostal veins ; 9, the opening of the inferior vena cava, with the Eustachian valve.

the right innominate vein. The portion of the primitive jugular vein below the

communicating vein, together with the right duct of Cuvier. forms the vena cava
superior, while the cardinal vein opening into it is the extremity of the great

vena azygos. On the left side, the portion of the primitive jugular vein placed

below the communicating branch, and the cardinal and i^osterior vertebral veins,

together wdth the cross branch between the two posterior vertebral veins, are

converted into the left superior intercostal and left superior and inferior azygos

veins. The variability in the adult arrangement of these vessels depends on the

various extent to which the originally continuous vessels are developed or

atrophied at one point or another. The left duct of Cuvier is obliterated, except
at its lower end, which always remains pervious as the coronaiy sinus. Even i^i

the adirlt, traces of the existence of this vessel can always be recognised in the

form of a fibrous band, or sometimes even a narrow vein, which descends
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obliquely on the left auricle ; and in front of tlie root of the left lung there

remains a small fold of the serous membrane of the iiericardium, the re.sfii/ial

fold of the pericardium, so named by Marshall, to whom is due the first full

elucidation of the natui'e and relations of the left primitive vena cava.

The left duct of Cu%'ier has been observed persistent as a small vessel in the

adult. Less frequently a right and left innominate vein open separately into

the right am'icle. an arrangement which is also met witli in birds and in certain

mammals, and which results from the vessels of the left side being developed

similarly to those of the right, while the cross branch remains small or absent.

(Quain on the Arteries, plate 58, figs. 9 and 10.)

Fig. 596.

—

View op the F<etal Heart
AND Great Vessels, from the left

SIDE, TO SHOW THE VeSTIGE OF THE
Left Superior Cava VEI^f in situ.

(This figure is j)lanned after one of

Marshall's, and slightly altered accord-

ing to an original dissection.)

a, right auricle ; b, left auricle and
pulmonary veins ; c, the conns arteriosus

of the right ventricle ; d, the left ven-

tricle ; c, descending aorta ; + , vestigial

fold of the loericardium
; /, arch of the

aorta, with a part of the pericardium

remaining superiorly ;
r/, main pulmonary

artery and ductus arteriosus
; [/', left pul-

monary artery ; 1,1', right and left in-

ternal jugular veins ; 2, 2', subclavian

veins ; 3, 3', right innominate and superior

vena cava ; 4, left innominate or com-
municating vein ; 5, 5', remains of the

left superior cava and duct of Cuvier, passing at + in the vestigial fold of the pericardium,
joining the coronary sinus, 6, below, and receiving above the superior intercostal vein, 7 ;

7', 7', the upper and lower intercostal vein, joining into one.

A case is recorded by Gruber, in which the left vena azygos opened into the
coronary sinus, and was met by a small vein descending from the union of the
subclavian and jugular. (Reichert and Dubois. RejTnond's Archiv, 18(54, p. 729.)

In this case, the jugular veins had been developed in the usual manner, while
the left vena azygos continued to pour its blood into the duct of Cuvier.

(Consult KoUiker, Entwickelungsgeschichte, p. 41-1, et seq. ; J. Marshall on
the Development of the great Anterior Veins in Man and Mammalia, in Phil.

Trans., part i., 1850 ; and Wenzel Gruber, Uber die Sinus Communis und die

Valvulaj der Vense Cardiaca3, &c., in Mem. de I'Acad. imper. des Scien. de St.

Petersbourg, 1SG4 ;
and in Virchow's Archiv, Jan. 1SG6.)

PECULIARITIES OP THE FCETAL ORGANS OP CIRCULATION.

It may be useful here to recapitulate shortly the peculiarities of
structure existing in the advanced stage of the formation of the foetal

organs of circulation with reference to their influence in determining
the course of the blood during intra-uterine life, and the changes which
occur in them in consequence of the establishment of pulmonary respi-

ration at birth.

The so-called foramen ovale retains the form of a free oval opening
in the septum auricularum up to the fourth month, but in the course o"f

that month and tlie next there takes place the growth from below and
on the left side of a flat plate or curtain, which advancing upwards fills

up the floor of the fossa ovalis, adheres to its left borders as far as its

anterior part, and then becoming free and passing beyond the anterior
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border of the fossa, converts the aperture into an oblique passage or

slit over the valvular margin of the fold, so that in the last three and a
half months the arrangement is completed, by which blood may readily

pass from the right into the left auricle, but not in a contrary direction.

The Eustachian Valve constitutes a crescentic fold of the lining

structure of tlie heart, which is situated to the right of the opening of

the inferior vena cava and fossa ovalis, deepens that fossa, and directs

the blood entering it from the inferior cava towards the opening of the

foramen ovale ; while it throws the opening of the great coronary vein

into connection with the right auricle, into which the superior vena
cava also opens.

The formation at an early period of foetal life of the transverse vein

of the neck uniting the left with the right brachio-cephalic veins,

carries the whole of the blood returning from the head and neck, toge-

ther with that from the main azygos, into the stream entermg the heart

by the superior cava.

The ductus arteriosus passes from the main pulmonary artery into

the aorta, at the hollow part of the arch, a short distance beyond the

place of origin of the left subclavian artery. It is nearly of the same
width with the pulmonary stem, while the right and left pulmonary
arteries are of comparatively small size, so long as the lungs have

not been expanded by air in rfespiration.

TTmbilical Vessels.— Besides tlie usual branches of the descending aorta

intended to supply the abdominal viscera and the lower limbs, two large vessels,

named hypogastric or iimhilical arteries, are prolonged from the common iliacs,

and passing out of the abdomen, proceed along the umbilical cord, coiling round

Fig. 597.

—

Semi-diageammatic view of the Organs of Circulation in the Fcetus

FROM BEFORE (from Luschka, modified, and from Nature). |

a, front of the thyroid cartilage ; 6, right side of the thyroid body ; c, trachea ; d,

surface of the right lung turned outwards from the heart ; e, diai^hragm below the apex

of the heart
; /, right lobe of the liver, dissected to show ramifications of the portal and

hepatic veins
;
/', the middle part and left lobe of the liver in the same manner, .showing

branches of the umbilical veins and ductus venosus
; g, right, fj', left kidney ;

ij" , suin-a-

renal bodies ; h, right, li, left ureter ; i, portion of the small intestine tunied towards

the side, to show the veins from it going to the portal vein ; Ic, urinary bladder ; I, is

placed below the umbilicus, which is turned towards the left of the fcetus, and points by

a line to the urachus ; m, rectum, divided and tied at its upjier part.

A, A. right auricle of the heart opened to show the foramen ovale : a probe, intro-

duced through the large divided right hepatic vein and vena cava inferior, is seen passing

through the fossa ovalis into the left auricle : at the lower part of the fossa ovalis is seen

the Eustachian valve, to the right and inferioi'ly the auriculo-ventricular orifice ; B, the

left auricular appendix ; C, the surface of the right ventricle ; D, placed on the inner

surface of the left lung, i)oints to the left ventricle.

1, ascending part of the arch of the aorta ; 1', back part beyond the ductus arteriosus
;

1", abdominal aorta; 2, stem of the pulmonary artery ;
2', the place of division into right

and left pulmonary arteries and root of the ductus arteriosus : the left pueumo-gastric

nerve is seen descending over the arch of the aorta ; 3, superior vena cava ;
3', right, 3",

left innominate vein ; 4, stem of the inferior vena cava, between the junction of the

hepatic vein and the right auricle ;
4', continuation of the vena cava inferior below ; 5,

umbilical vein within the body of the fojtus ; 5 x , without the bo'ly, in the umbilical

cord ; 5', 5', ductus venosus ; between 5 and 5', the direct branches of the umbilical vein

to the liver ;
5", 5", hepatic veins, tlu-ough one of which a probe is passed into the fossa

ovalis and through the foramen ovale ; 6, vena portD3 ;
6', its left branch joining the

umbilical vein; (i", its right branch; 7, placed on the right iliac vein, points to the right

common iliac ai-tery; 7', left common iliac artery; 8, right, 8', left umbilical arteries

coming from the internal iliac arteries ; 8 x , umbilical arteries without the body, in the

umbilical cord ; 9, 9', external iliac arteries ; 10, placed below the right renal vessels ;

11, inferior mesenteric artery, above the root of which .ore seen the two spermatic arteries.



THE FCETAL CIRCULATION.

Fig. 597,

801,
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the umbilical vein to reach the placenta. The commencement of each of these

vessels afterwards forms the tmnk of the corresponding- internal iliac artery,

but, from their size, they might be regarded in the fojtus as the continuations

of the common iliac arteries into which the aorta divides. From the placenta

the blood is returned by the umbilical vem. which, after entering the abdomen,

communicates by one branch with the portal vein of the liver, and is continued by

another, named ductus rcnosus, into one of the hepatic veins, through which it

joins the main stem of the vena cava inferior.

Course of the Blood in the Poetus.—The right auricle of the foetal heart

receives its blood from the two venre cavfe and the coronary vein. The blood

brought by the superior cava is simply the venous blood returned from the head

and upper half of the body ; whilst the mferior cava, which is considerably

larger than the superior, conveys not only the blood from the lower half of the

body, but also that which is returned from the placenta through the umbilical

vein. This latter stream of blood reaches the vena cava inferior, partly by a

direct passage—the ductus venosus, and partly by the hepatic veins, which bring

to the vena cava inferior all the blood circulating through the liver, whether

derived from the supply of placental blood entering by the umbilical vein, or

proceeding from the vena portfe or hepatic artery.

The blood of the superior vena cava, descending in front and to the right

of the Eustachian valve, and mixed with a small portion of that from the

inferior cava, passes on into the right ventricle, and is thence propelled into the

trunk of the pulmonary artery. A small part of it is then distributed through

the branches of that vessel to the lungs, and retuins by the pulmonary veins to

the left auricle ; but, as these vessels remain comparatively undilated up to the

time of birth, by far the larger part passes through the ductus arteriosus into the

dorsal aorta, entering that vessel beyond the place of origin of the arteries of the

head and upper limbs, and, mixed perhaps with a small quantity of the blood

flowing into the aorta from the left ventricle, is distributed in part to the lower

half of the body and the viscera, and in part is conveyed along the umbilical

arteries to the placenta. From these several organs it is returned by the vena

cava inferior, the venaj portsB, and the umbilical vein : and, as already noticed,

reaches the right auricle through the trank of the inferior cava.

Of the blood entering the heart by the inferior vena cava, only a small part is

mingled with that of the superior cava, so as to pass into the right ventricle
;

by far the larger portion, directed by the Eustachian valve through the foramen

ovale, flows from the right into the left auricle, and thence, together with the

small quantity of blood returned from the lungs by the pulmonary veins, passes

into the left ventricle, from whence it is sent into the arch of the aorta, to be

distributed almost entu-ely to the head and upper limbs. A small portion of it,

may, however, flow on into the descending aorta, and join the fuller stream of

blood from the ductus arteriosus. From the upper half of the body the blood is

returned by the branches of the superior cava to the right auricle, from which

its course into the right ventricle and pulmonary trunk has been already traced.

There is probably a considerable difference in the early and more advanced

stages of foetal life, m the distribution of the stream of blood entering the heart

by the vena cava inferior. In the early stages, a lai-ge part of the cuiTcnt being

directed into the left, but in the three last months, and as the foetus approaches

maturity, more and more of the blood of the inferior cava joins the stream from

the superior cava ; and, indeed, the coui-se of the blood, and the relative position

of the veins, as well as other original peculiarities of the foetal heart, become

gradually altered, in preparation, as it were, for the important changes which

take place at birth. It seems also probable that very little of the blood pro-

pelled from the left ventricle passes into the descending aoi-ta beyond the

ductus arteriosus diu-ing those months of foetal life in which the peculiarities of

the circulation are most complete.
From the preceding account of the course of the blood in the foetus, it will be

seen that, whilst the modified blood from the placenta is principally conveyed to

the upper or cephalic half of the foetus, the lower half of the body is chiefly

supplied with the blood which has already circulated through the head and upper
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limbs. The larger portion of the blood, however, which passes into the descend-

ing aorta, is sent out of the body to the placenta. This duty is principally per-

formed by the right ventricle, which after birth is charged with an office some-
what analogous, in having to propel tlie blood through the lungs. But the
passage of the blood through the vessels of the umbilical cord and placenta is

longer and subject to greater resistance than that of the pulmonary chculation,

and the right ventricle of the foetus, although probably aided by the left in the

placental circulation, also takes a large shave in the systemic through the lower
half of the body ; and this, ijerhaps, may be the reason wliy the wall of the
right equals in thickness that of the left ventricle in the fa^tus.

Sabatier was the first to call attention particularly to the action of the Eusta-

chian valve in separating the currents of blood entering the right auricle by the

superior and inferior venaj cavse. (Traite d'Anat., vol. ii., p. 22i.) This sepa-

ration, as well as that occm-ring between the currents passing through the aortic

arch and the ductus arteriosus into the descending aorta, were illustrated experi-

mentally by John Reid. (See art. '• Heart," in Cyclop, of Anat. and Phj'siol., and
Edin. Med. and Sui-g. Journal, ISo.j.) A striking confirmation of the extent to

which the last mentioned division of the two currents of the foetal blood may
take place, without distm'bance of the chculation up to the time of bii-th, is

afforded by the examples of malformation in which a complete obliteration has
existed in the aortic trunk immediately before the place of the union of the
ductus arteriosus with the posterior part of the aortic arch.

CHANGES IN THE CIRCULATION AT BIRTH.

The changes which occur in the organs of circulation and respiration

at birth, and lead to the establishment of their permanent condition, are

more immediately determined by the inflation of the, lungs with air in

the first respiration, the consequent rapid dilatation of the pulmonary
l)lood-vessels with a greater quantity of blood, and the interruption to

the passage of blood through the placental circulation. These changes
are speedily accompanied by shrinking and obliteration of the ductus
arteriosus, in the space between the division of the right and left pul-

monary arteries and its junction with the aorta, and of the umbilical

arteries from the hypogastric trunk to the place of their issue from
the body by the umbilical cord ;—by the cessation of the passage of

blood through the foramen ovale, and somewhat later by the closure

of that foramen, and by the obliteration of the umbilical vein as

far as its entrauce into the liver, and of the ductus venosus within that

organ.

The process of obliteration of the arteries appears to depend at first

mainly on the contraction of the coats, but this is very soon followed

by a considerable thickening of their substance, reducing ra^mlly their

internal passage to a minute tube, and leading in a short time to final

closure, even although the vessel may not present externally any con-

siderable diminution of its diameter. It commences at once, and is per-

ceptible after: a few respirations have occurred. It makes rapid pro-

gress upon the first and second days, and by the third or fourth days
the passage through the umbilical arteries is usually completely inter-

rupted. The ductus arteriosus is rarely found open after the eighth
or tenth day, and by three weeks it has in almost all instances become
completely impervious.

The process of closure in the veins is slower, there not being the
same thickening or contraction of their coats ; but they remain empty
of blood and collapsed, and by the sixth or seventh day, are generally
closed.

3 F 2
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Although blood ceases at once to pass through the foramen ovale

from the moment of birth, or as soon as the left auricle becomes filled

with the blood returning from the lungs, and the pressure ^Yithin the

two auricles is equalised, yet the actual closure of the foramen is more
tardy than any of the other changes now referred to. It is gradually

effected by the union of the forepart of the valvular fold forming the

floor of the fossa ovalis with the margin of the annulus on the left

side ; but the crescentic margin is generally perceptible in the left

auricle as a free border beyond the place of union and not unfrequently

the union remains incomplete, so that a probe may be passed through
the reduced aperture. In many cases a wider aperture remains for

more or less of the first year of infancy, and in certain instances there

is such a failure of the union of the valve as to allow of the continued

passage of venous blood, especially when the circulation is disturbed by
over-exertion, from the right to the left auricle, as occurs in the mal-
formation attending the morbus coeruleus.

DEVELOPMENT OE THE GENITAL AND TJRINAEY ORGANS.

The development of the permanent genital and urinary organs in

Fig. 598. Fig. 598.

—

Enlarged View from before op the Left
Wolffian Body before the Establishment op the
DISTINCTION op Sex (from Farre after Kobelt).

a, a, h, d, tubular structure of the WoliBan bodj
;

e, Wolffian duct
; /, its upper extremity ; <y, its termina-

tion in .r, the iiro-genital sinus ; h, the duct of Miiller
;

i', its upper still closed extremity ; I:, its lower eud ter-

minating in the uro-genital sinus ; I, the mass of

blastema for the reproductive organ, ovary or testicle.

birds and mammals, is preceded by the

formation of a temporary glandular organ with

which the principal parts of both these sets

of organs are in their origin connected. These
bodies are named the Wolffian bodies, after

their discoverer, C. F. Wolff". From this close

association of these organs, it becomes neces-

sary to describe their development together.

PRIMARY FORMATION OP THE URO-GENITAL SYSTEM.

Wolifian bodies.—The Wolffian bodies occupy a considerable space

in the abdominal cavity of birds and mammals from an early period of

fcetal life, extending at first from the fifth or sixth protovertebral seg-

ments to near the caudal extremity, in the form of two reddish prominent

ridges, one on each side of the primitive intestine, and below the proto-

vertebral columns and primitive aortaa. They are thickest in the middle
of their length, and taper somewhat at their upper and lower extremities.

They consist, when fully formed, of short slightly convoluted tubes

running transversely, connected on the inner side with vascular glome-
ruli, very similar to the Malpighian corpuscles of the permanent
kidneys, and leading along the outer border into a tube named the
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Wolffian duct, which terminates on each side in the cloaca. The
Maipighian glomeruli were first discovered by Kathke, who pointed out

Fig. 599.

—

Human Embryo of from 25 to 28 days, viE\yED

FROM BEFORE, THE ThORAX AND AbDOMEN OPENED (frOlll

KoUiker after Coste).

0, tlie eye ; in, the maxillary plate ; mn, the inferior

maxillary plate ; h, the second postoral plate ; h, the heart

;

w, Wolttiaii bodies and ducts on their outer borders ; I, the

liver ; c', the upper and t", the lower limbs ; a, the allantoid

pedicle, and on each side of it the umbilical arteries ; i, i,

tue upper and lower parts of the intestine of which the

middle parts with the vitello-intestinal duct have been removed,

leaving the mesentery sti'etched between.

Fig. 599.

their vascular structure, and their vessels derived

from neighbouring branches of the aorta. The
ducts of the Wolffian bodies are found to contain

a whitish fluid, and the bodies are believed to

perform the glandular office of kidneys during a

part of foetal life in the higher vertebrata, and
they have accordingly received the name of

irrimonlial Iciihieys, a designation which is quite

appropriate, as it appears that in fishes and am-
phibia, they remain as the whole in some, and a

part in others, of the permanent kidneys.

In the human foetus they begin to be formed
along wuth the allantois, at a very early period,

probably before the third week, as they are already

very apparent in the fourth. They have attained

their full size by the sixth week, and in the

seventh and eighth are rapidly diminishing in

size, in connection with the changes which accompany the develop-

ment of the genital organs and the permanent kidneys.

Fig. 600.

Fig. 600.

—

Transverse Section through: the Embryo of the Chick and Blasto-
derm ON THE Second Day (from Kolliker).

d d, hypoblast ; ch, chorda dorsalis ; u w, primordial vertebrae ; m r, medullary
plates ; h, corneous layer or epihlast ; u lo h, cavity of the primordial vertebral mass

;

in p, mesoblast dividing at s p into h p I, somatopleure, and d f, splanchnopleui'e ;

un g, Wolffian duct, beginning in the intermediate cell-mass.

As development advances the "Wolffian bodies rapidly become pro-
portionally shorter and thicker : they shrink towards the lower part of
the abdominal cavity, and soon become almost entirely wasted. By



806 DEVELOPMENT OF THE TJRO-GENITAL OEGANS.

tne middle of tl\e third month only traces of them are visible in the

human embryo.

First origin of the Wolffian bodies.—Difference of opinion has

for some time existed among embryologists as to the exact source of

3 "-

fig. 601.

—

Tkaxsverse Section THRotJcn the Abdominal Region of the Chick ok
THE Third Day (from Kolliker).

The explanation of tlic letters is the same as that in the previous figure.

the rudiments of the uro-genital system, but it now appears to be fully

ascertained by the concurrence of a variety of observers, more especially

of Waldeyer, Scheuk, and Balfour, that the Wolffian duct, which is the

iirst part formed, and the formative substance of the AVolffian tubes

Fisr. 602.

d<l'

Fig. 602.

—

Transverse Section of the Embryo-Chick of the Third Day
(from Kolliker).

mr, medullary canal and medulla of the spinal cord ; en, notochord ; mch, primordial

•vertebral mass ; 7n, muscle-plate ; dr and (//, groove of the primitive intestine as formed

by the hyijoblast and splanchnopleure ; cio, one of the two aoi-tte : mw, Wolffian body ;

unff, Wolffian duct ; re, vena cardinalis ; h, epiblast ; hp, somatopleure and its reflection

into the amnion
; ^^j the p] euro-peritoneal space.

and glomeruli, proceed from the mesoblast, and as these form the founda-

tion of the principal urinary and genital organs, it follows that this
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system as a wliole has its Inundation in the mesoblastic layer. In birds

and mammals the duct, which is first formed, appears in its commence-
ment as a sohd cord in the upper part of a group of cells, projecting

below the epiblast, in the interval between the protovertebral mass and

Fig. 603.

—

Kidneys, Wolffia>- Bodies, Wolffian Fi^r. 603.
AKD MtJLLERIAN DuCTS OP A FtETAL BiRD.

Magnified (after J. Miiller).

a, kidney ; 5, tuliular part of Wolfflan body : c,

the ovary ; d, suprarenal body \ e, ureter
; /, Wolf-

fian duct
; g, duct of Miiller.

the united somatopleure and splanchno-

pleure of the mesoblast, and thence called

the mtermcdiate cell mass (fig. GOO, vnfi).

This cord becomes hollow, and gradually

changes its place by sinking downwards
in the cellular mass in which it is imbedded,
towards the pleuro-peritoneal cavity, while

the tubular and glomerular structures of

the Wolffian body are developed as diverti-

cula from the duct in connection with
the neighbouring cellular blastema.

The intermediate cell-mass now forms a

considerable projection to the outside of

the mesentery, which occupies a median
position (figs. 602 and C04), and the epithelium on its surface exhibits a

considerable thickening in two places, first, along the inner side, where
it becomes columnar, and forms an opaque whitish ridge, the //«'we^;//7itf-

lium, the seat of after formation of the primitive ovigerms ; and second,

along the outer side in a line inside the seat of the Wolffian duct, where,

by a process of grooved involution, there is gradually formed the duct

named Miillerian, after its discoverer, Johannes Miiller. It is now fully

ascertained that both the Wolffian and Miillerian ducts are constantly

present in all embryoes of birds and mammals, whatever the sex they

may be destined afterwards to assume ; but the respective ducts have a

difterent sexual destination, for the duct of ]\lUller becomes converted

into the oviduct of the female, while in the male the Wolffian duct

forms the vas deferens, or main seminal duct of the testicle ; and
while vestiges of the duct of Miiller are perceptible in the developed

male, remains of the Wolffian duct are almost always present in the

female in a manner afterwards to be described.

The permanent kichicijs of birds and mammals take their origin in

connection with the Wolffian duct and formative substance deposited

near the Wolffian bodies. Their first rudiments consist in a diver-

ticulum from the upper or dorsal aspect of the Wolffian duct near its

posterior extremity, which constitutes the commencement of the ureter

;

and from this the tubular and glandular parts of the kidney are formed
by extension into the neighbouring mass of blastema at a period
somewhat later than that of the development of the Wolffian body itself.

The researches of Waldeyer and others have shown that the procluc-

iive glands of the generative organs in the two sexes, ovary and testis,

arise from nearly the same part of the intermediate cell mass, but in
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a manner somewhat different. Both are mainly produced in the sub-

stance which lies along the inner border of the blastemic mass already-

referred to, and which may therefore be named the common reproductive

blastema ; but with this important difference between them, that in the

Fijr. C04.

Fig. G04.

—

Transverse Section op the Wolffian Body and Rudiment of the Ovary
AND THE Duct op Muller in an Embryo Chick at the end of the fourth
DAY (from Waldeyer).

WK, Wolffian body
; y, section of the Wolffian duct ; a, germ epithelium with, o, o,

cells enlarging into ovigerms ; a', epithelium near the place of involution of MviLler's

duct, z ; E, stroma of the ovai-y ; m, mesentery ; L, lateral wall of the abdomen.

female the primitive ova originate more immediately from the cells of

the surface in the germ ejntlieUum, and become afterwards imbedded
as Graafian follicles in the deeper substance of the mass which forms a

stroma round the ova ; while the glandular substance of the testicle is

apparently developed within the cell mass, without any direct con-

currence of the superficial or germ epithelium,—which, though at first

existing in male as well as in female cmbryoes, and even exhibiting

some tendency to the enlargement of some cells as ovigerms (Waldeyer),

soon becomes atrophied and reduced in thickness in the male as the

structure of the testicle becomes developed.

The ducts of Muller open at their anterior extremities into the

pleuro-peritoneal cavity by the orifice which ultimately becomes the

infundibulum and fimbriated ostium abdominale ; and, as their lining

membrane has originally been formed by an involution of the epithelium

(germ-epithelium) of that cavity, it follows that the lining membranes
of the female passages (Fallopian tubes and uterus) which in their later

development assume the characters of mucous membrane, and are de-
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scribed as such, have in reality the same origin as the lining mem-
brane ofthe pleuro-peritoneal cavity.

Fig. 605.Fig. 605.—DiAGRAiniATic Out-

line OF THE Wolffian Bodies

IN THEIR RELATIONS TO THE
EUDIJIENTS OF THE RErRODUC-

TivE Organs (A. T.).

ot, Seat of origin of the ovaries

or testes ; W, Wolffian bodies
;

11', w, Wolffian chicts ; m, m,
jVIiillerian ducts ; r/c, genital cord

;

iig, sinus iirogeuitalis ; /, intes-

tine ; cl, cloaca.

These ducts at first unite

with the Wolffian ducts on
each side separately, but

later they become separated

from them and conjoined

at their lower or posterior

extremity, and in the de-

velopment of the female

type the uterus results

from the further growth of this median or united part, while in the

male sex the prostatic vesicle and gland may be looked upon as its

nearest representative, and other partial vestiges of the female passages

are to be found in the human species and in various degrees in

different mammals.
. The Wolffian duct, as has already been stated, becomes the vas

deferens of the testicle, while the secreting part of the gland, com-
prising the tubuli seminiferi and the rete testis, are developed in the

reproductive blastema of the intermediate cell mass. The union of

these two parts of the male organs through the coni vasculosi and the

epididymis is brought about by the development of the eflFerent vessels

in the upper part, or what may appropriately be termed the sexual part

of the Wolffian body, as this structure has been shown by Banks and

others to differ from the lower and larger part of the organ by the

absence of the vascular tufts or glomerular arrangement in connection

^vith its tubes. The convoluted tubes forming the efferent vessels,

which fi-om the time of their first production are in communication

with the upper part of the Wolffian duct, become subsequently con-

nected with the vessels of the rete testis, and thus the original Wolffian

duct becomes in its upper part the tube of the epididymis, and in its

lower the main excretory duct or vas deferens of the testis.

Homologies of theWolffian body;—An interesting view of the cor-

respondence of the urino-genital organs in different animals is pre-

sented by the recent observations of embryologists on the formation of

the Wolffian bodies. It was ascertained by His, Bornhaupt, Rosenberg

and Goette, that in the lower vertebrates a second body similar to the

Wolffian was formed later in connection with its main duct ; and
the researches of Balfour and Semper have shown that in the selachians

the permanent kidneys, which had long been believed to be the same
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with the Wolffian bodies, consist in reality of two sets of tubular
organs, of which one corresponds to the Wolffian bodies of the embryoes
of the amniota, while the other tubnlar body, already referred to as

being of later formation and as connected with the main Wolffian duct,

corresponds to the permanent kidneys of the higher animals. Balfour

Fig. 606.
Fig. 606. — Diagram op toe

Primitive Uro-genital Or-
gans IN THE Embryo previous
TO Sexual Distinction.

The parts are shown chiefly in
profile, but the MuUerian and
Wolffian ducts are seen from
the front. 3, ureter ; 4, urinary
bladder ; 5, urachus ; ot, the
mass of blastema from which
ovary or testicle is afterwards
formed ; W, left Wolffian body

;

X
,
part at the apex from which

the coni vasculosi are after-

wards developed ; w, w, right

and left Wolffian ducts ; m, on,

right and left Miillerian ducts
uniting together and with the
Wolffian ducts in g c, the genital

cord ; ug, sinus urogenitalis ;
?',

lower part of the intestine ; cl,

common opening of the intestine

and urogenital sinus ; cp, eleva-

tion which becomes clitoris or

penis ; Is, ridge from which the
labia majora or scrotum are
formed.

has also ascertained (Jour, of Anat. and Physiol., yoI. x., 1875) that in

the selachians both the ducts are found which exist in the amniota,
viz., both the Wolffian and the Miillerian ducts, but that they arise in

a somewhat different manner from that by which they are produced in

birds and mammals, inasmuch as in the selachians the duct of Miiller

arises by the formation of a septal partition which divides the original

duct through a considerable part of its length into two canals : one of

these, the Miillerian duct, is in communication with the pleuro-perito-

neal cavity in front, and opens into the cloaca behind as a separate

tube ; the other corresponding with the Wolffian, besides being the

excretory duct of the primordial kidneys, becomes the vas deferens of
the testicle. In the selachians, therefore, the permanent kidneys con-

sist of two parts, of which one, the anterior, is homologous with the

temporary kidneys or Wolffian bodies, while the other, or posterior part,

corresponds with the permanent kidneys of birds and mammals.
Balfour and Semper have made further the interesting discovery that

the transverse tubes of the two parts of the primordial kidney of the
lower animals correspond in number and position with the vertebral

segments of the region of the embryo in which they are situated,—

a

fact of great interest in vertebrate morphology, and, according to the
authors, leading also to important views of the morphological corre-

spondence of the organs in question with similar organs in the anne-
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lida. The tubes of the kidneys in the lower vertebrata are therefore

named segmental tiilios, and their common duct (Wolffian), the seg-

mental duct. lu the amniota, however, the same correspondence

between vertebrate segments and Wolffian body tubes no longer exists.

The External Organs.—The existence in the embryo at first of a

single outlet or cloaca, for the urogenital passages and the alimentary

canal in common, has already been referred to. This condition of the

Fig. 607.

—

Development of the Ex-

ternal Sexual Organs in the Male
AND Female from the Inbifferext

Type (from Ecker).

A, the external sexual organs in an

embryo of about nine weelis, in which

external sexual distinction is not yet es-

tablished, and the cloaca still exists ; B,

the same in an embryo somewhat more
advanced, and in which, without marked
sexual distinction, the anus is now sepa-

rated from the urogenital aperture ; C,

the same in an embryo of aljoutten weeks,

showing the female tj^se ; D, the same
in a male embryo somewhat more ad-

vanced. Throughout the figures the

following indications are employed
;

})€,

common blastema of penis or clitoris
;

to the right of these letters in A, the

umbilical cord
; p, penis ; c, clitoris ; cl,

cloaca ; \({f, urogenital opening ; «, anus
;

I s, cutaneous elevation which becomes labium or scrotum ; I, labium

;

caudal or coccygeal elevation.

s, sci'otum ; co^

parts connected with the surface continues even beyond the time when
the sexual distinction has begun to become manifest in the deeper
organs, as up to the seventh day in the chick and the end of the eighth

week in the human foetus. Previous to this time the cloaca presents

itself in the form of a Avide cavity, into the middle of which the intestine

descends on the dorsal aspect. The pedicle of the allantois opens by a

deep groove or recess anteriorly or on the ventral aspect, and on each
side there is a widening, into wliich, in succession from the ventral to

the dorsal aspect, open the Mullerian and Wolffian ducts and the

ureters. The external opening has the form of a vertical slit wider
above and below, and is situated in a raised portion of the common
integument, from which all the other parts retire more and more within
the cavity of the pelvis as it gradually deepens.

The first change which takes place in the rudiments of the external

organs, and which is common to all embryoes, and therefore to botli

sexes, consists in the advance from the sides and behind of the parti-

tion which separates the intestinal portion from the rest, thus throw-
ing the urogenital ducts into connection with a wide ventral part ot

the lower aperture, urogenital sinus, while the intestine is left in com-
munication with the narrower dorsal section. The anus, strictly so
called, now appears as the opening of the alimentary canal, and in
front of it the urogenital aperture forms a narrow vertical slit wider
behind than before, and leading into the urogenital sinus.

In front of the last-named aperture there now rises a well-marked
prominence of the integument, the rudiment of the still indifferent
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organ rei:)resenting the clitoris or penis. Into this jirominence the
nrogenital groove runs forward, and surrounding the prominence in

front, and continued downwards on each side of the urogenital opening,

there is a raised ridge of integument, which is the foundation of the

future lal)ia majora in the female, and of the two halves of the scrotum

in the male.

The description of the later changes which occur in these parts in

the development of fuller sexual differences will be given hereafter.

Here it will be sufficient to state their general nature. In embryoes
which are assuming the male type, the common eminence becomes
gradually longer, more cylindrical and deeply grooved along its lower

surface. The lateral ridges of the urogenital opening become united

from behind forwards along the middle line, and this union is gradually

continued into the ridges of the groove below the penis, so as to

enclose a canal which becomes the urethra with its tegumental and
spongy vascular coverings, and to form below this the scrotum, in which
the raphe is the remains of the median union of the integmnent.

In female embryoes, on the other hand, the cylindrical eminence
remains comparatively small, and the groove along its lower surface

widens into two folds, forming the laljicc minorcc or nymphae ; while the

larger lateral integumental folds, retaining their prominence and remain-

ing separate, constitute the labia majora. The groove is not closed, but

widened and shortened so as to become the vulva, while more deeply

the sinus urogenitalis shortens itself considerably so as to form the

limited atrium vagiiuc, into which open the urethra from the urinary

bladder and the now united lower portion of Midler's ducts forming the

yagina.

From the previous statement, it appears that both the urinary and the

reproductive organs take their origin in symmetrical pairs from the

intermediate cell-masses of the mesoblast, which are situated to the out-

side at first, and subsequently below, the protovertebral columns. The
earliest formed of these organs are the Wolffian bodies, by which the

others are all intimately connected together in their development, so as,

to form one great system. It further appears that, while the urinary

organs are developed in an entirely similar manner in all embryoes,

there are in the sexual organs certain departures from the common type

b}^ which the peculiarities of the male and female are established. The
general plan of development of these organs having been previously

described, the history of the process will now be completed by an
account of the further changes which they undergo.

FURTHER HISTORY OF THE3 DEVELOPMENT OF THE UROaENITAL
ORGANS.

Tlie Kidneys and their Ducts.—-These organs are developed togetlier from
a mass of formative cells situated posteriorly on the dorsal aspect of the Wolffian

bodies, their first hollows being formed as diverticula from the Wolffian duct.

The formative blastema of the kidney, as observed 133- Eathke in the foetal calf,

soon contams a series of club-shaped bodies v^'hich have their larger ends free and
turned outwards, and their smaller ends or pedicles directed inwards towards the

futiire hilus, where they are blended together. As the organ grows these bodies

increase in number, and finally, becoming hollow, form the uriniferous tuhes. At
fii-st, short, wide, and dilated at their extremities, the tubuli soon become elongated,

narrow, and flexuous, occupying the whole mass of the kidney, which then appears

to consist of cortical substance only. At a subsequent period, the tubuli nearest
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the hilus become straighter. and thus fomi the medullary substance. The tubuli,

as sho-wTi by Valentin, are absolutely, as 'u-ell as relatively, wider in the early

stages of formation of the kidney. The Malpighian corpuscles have been

seen by Rathke in a sheep's emin-yo, the kidneys of which measured only two
and a half lines in length. Koliiker observed the kidneys already foi-med in tlie

human embryo of between six and seven weeks, the ureter being hollow, and
communicating with dilated cavities within the rest of the blastema. At eight

weeks they had assumed their characteristic reniform shape, and about the tenth

week they are distinctly lobulated. The separate lobules, generally about fifteen

in number, gi-adiially coalesce in the manner already described ; but at birth,

indications of the original lobulated condition of the kidney are still visible on
the surface, and the entire organ is more globular in its general figui-e than in

the adult. The kidneys are then also situated lower do-mi than in after-life.

In the advanced fcetus and in the new-born infant, the kidneys are relatively

larger than in the adult, the weight of both glands, compared with that of the

body, being, according to Meckel, about one to eighty at bu-th.

The Suprarenal Boclies.—These organs have their origin in a mass of
blastema, placed in front of and between the kidneys and the Wolffian bodies.

They appear to originate in a single mass, and afterwards to become divided.

Koliiker has also observed them in close connection with the substance in which
the large sympathetic plexus of the abdomen is produced, but it is not ascertained

that they have a common origin.

In the human emlnyo the suprarenal bodies are at the seventh or eighth week
larger than the kidneys, and quite conceal them, but after that time their relative

size diminishes, so that at about the tenth or twelfth week they are smaller than
the kidneys. At six months, according to Meckel, the proportion of the supra-

renal bodies to the kidneys is as 2 to 5 ; at birth the proportion between them is

1 to 3, whilst in the adult it is about 1 to 22. They diminish much in aged per-

sons, and are sometimes scarcely to be recognised.

The Urinary Bladder and Urachus.—It lias elsewhere been stated

that in the human eniljiTO the vesicular part of the allantois extending
beyond the umbilicus is closed at a very early period. Its pedicle, how-
ever, remains in communication with the urogenital sinus, and receives

the ureters from the developing kidneys. The lower part of the pe'dicle

undergoes a gradual dilatation to form the urinary hladder, while at the

connection of this part with the urogenital sinus a constriction occurs

in the part which gives rise to the urethra. Tliis in the female opens
at once into the original urogenital sinus, but in the male the passage

is continued onwards through the penis by the median union of the

parts below that organ.

The part of the allantois situated above or in front of the bladder within

the abdomen remains very much narrowed as the urachus, a tapering

process of the upper extremity of the bladder into which at first the

internal cavity is prolonged, but which later consists only of the

muscular and fibrous coats. This process may for a time be traced for

a short distance within the umbilical cord, but at an early period all

vestiges of its farther prolongation disappear.

Genital Cord;—In both sexes, as was first fully shown by Tiersch
and Leuckart in 1852, the two Wolffian ducts become united by sur-

rounding substances into one cord behind the lower part of the urinary

bladder ; but retaining internally their separate passages until they

reach the sinus urogenitalis. With this cord the Miillerian ducts are

incorporated posteriorly, so that at one time there are four passages
through the whole of the genital cord. The Miillerian ducts next

coalesce into one at some little distance from their lower ends, and this

fusion, progressing upwards and downwards for a considerable space, a
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single median cavity is produced which lies between the still separate

canals of the Wolffian ducts. A large accumulation of tissue in its walls

gives to the genital cord great thickness as compared with the neighbour-

Fig. GOS.

Pig. 608.

—

Transverse Sections of the Genital Cord in a Female Calf Embryo.
Magnified 14 diameters (from Kolliker).

1, near the upper end ; 2 and 3, near the middle ; 4, at the lower end ; a, anterior,

p, posterior aspect ; m, Miillerian ducts, united or separate ; W, Wolffian ducts.

ing parts of the ducts where tliey emerge from its enclosure. The lower

]3art of the united Miillerian ducts thus comes afterwards to form the

foundation of the vagina and lower part of the uterus in the female,

and the corresponding prostatic vesicle with its occasional accompani-

ments, or the uterus masculinus of the male.

REPRODUCTIVE ORGANS.

In the farther history of the development of the genital organs it

will be expedient to consider them in the two sexes in succession under

Fig. 609. Fig. 609.

—

Internal Genital Organs op a Male
Human Embryo of S^ inches long (from Waldej'er).

t, body of the testicle with seminal canals formed
;

c, epididymis, or upper part of Wolffian body ; w, Wolf-

fian body, lower part, 1>ecoming paradidymis or organ of

Giraldes ; w', Wolffian duct, becoming vas deferens
; ff,

gubernaculum.

the three heads of 1st, the productive

organs ; 2nd, the conducting passages ; and
3rd, the external organs.

Keproductive Glands.—It has already

been explained that although the male and

female productive organs lake their origin

fi'om a mass of blastema which is on the

whole identical in the two sexes, yet there

are such differences in the development ol'

the essential parts of the respective structures of the ovary and testicle

as almost to warrant the conclusion that these organs are from the firsfc

in some measure distinct.
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The distinction of sex begins to be perceptible in the internal organs

of the human eminyo in the seventh week, and becomes more apparent

in the eighth. The reproductive gland is from the first connected with

the Wolffian body, of which its blastema seems to be actually a part ;

and it remains attached to it, or after its disappearance to the structure

wliich occupies its place, by a fold of the peritoneal membrane, consti-

tuting the mesorchiura or mesovarium. Upper and lower bands fix

the Wolffian body ; the upper passing to the diaphragm may be named
the diaphragmatic ; the lower running down towards the groin from
the Wolffian duct, contains muscular fibres and constitutes the future

gubemaculum testis and round ligament of the uterus.

The Testicle.—In male embryoes at the tenth week already seminal

canals are visible, being at first, according to Kolliker, entirely composed
of cells, but by the eleventh and twelfth weeks the tubes have become
somewhat smaller, longer, and are now branched and possess a mem-
brana propria. There is also by the end of the third month a com-
mencement of lobular division, and the body of the testis is now
covered with a condensed laj-er of fibrous tissue which forms the tunica

albuginea.

In connection witli the development of the spermatic filaments or spennatozoa,
the essential part of the male reproductive element, previously referred to at

p. 448 of this volume, it may here fui'ther be stated that renewed researches by
Neumann (Ai'chiv filr Microsc. Anat., vol. xi., p. 292), appear to show that the
doubts thrown by Sertoli and Merckel on the statements of V. Ebner are not
well founded, that there really exist within the seminal ducts protoplasmic
columns stretching from within the wall of the tube into its cavity, and that the
spennatic filaments are produced in connection with the inner ends of the
columns as branched lobes, amounting- in general to ten or twelve in number, in

which the heads lie outwards imbedded in the protoplasmic stalk, and the fila-

ments or tails are directed inwards towards the central lumen of the tube. Each
stalk, or sjjcrmatohlant, as Neumann proposes to name it, possesses a large clear

nucleus with nucleolus, and previous to the formation of the heads there are

nuclei corresponding in number to them, which do not, however, appear to arise

directly from division of the main nucleus of the stalk, but rather to be formed
as free nuclei in the protoplasm. Each spermatozoon consists of three parts,

which are most easily disting-uished in those which have not reached their stage
of full development. These parts are, 1st, the head, or, as it may from its form
in some animals be called, the hook

; 2nd, the body or middle pai-t, forming a
slight thickening, and frequently of a vesicular appearance ; and 3rd, the fila-

ment or tail. The fii-st of these proceeds more immediately from a nucleus, the
second is the remains of the protoplasmic covering of a spennatoblastic lobe, the
feird is a ciliated production from the last. The bases of the spermatoblasts ai-e

attached to the inner sm-face of the fibrous coat of the seminal canals, to which
they furnish a complete lining, being set closely upon it like a layer of hexagonal
plates. The stalks rise as tapering processes from these plates, and in the inter-

vals between the stalks, necessarily largest towards the periphery, there is a
number of opaque gi-anular spherical cells, the exact nature of which is not
ascertained, but which it is conjectured may be the source of new sper-

matoblasts.

An interesting view is presented by Neumann of the analogy of these spenna-
toblasts of the seminal tubes with the much elongated ciliated cells wliich are
found in the canals of the coni vasculosi and tube of the epididymis, in accord-
ance with which it may be held that the spermatic filaments are a peculiar forai
of ciliary structm-e, developed from protoplasmic elements of a cellular nature, but
v/hich undergo a peculiar modification in connection with the special destination.
cf the spermatozoa.
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The Ovary.—Considered as a glandular organ the ovary differs from
other glands by the absence from it of excretory ducts, and by the

Fig. 610. Fig. 610.

—

Internal Okgans of a Female
HUJIAN FcETtJS OF 3.| INCHES LONG. MAGNIFIED
(from Waldeyer).

o, the ovai7 full of primordial ova ; e, tubes
of the upper part of tlie WoMan body forming
the epoophoron (parovarium of Kobelt) ; \V, the

lower part of tlie Wolffian body forming the
paroophoron of His and Waldeyer ; W', the Wolffian

/'-
.C"f ' 1 duct; M, the Miillerian duct; m, its upper

/;",':; -V '' Y' fimbriated opening.

/ .: separation of its conducting passages

/: . from the glandular or productive part

Ijj: -M of its structure. Like the testicle it

|S';
' begins to manifest its peculiar charac-

Si:: .::v; ., - ... L.\ \ teristics by the seventh or eighth week,

\^^ -wx-;^^. ;j|^ ^^
when the germ-epithelium has attained

considerable thickness, and forms a

decided prominence on the mesial side

of the Wolffian body. The farther de-

velopment of the glandular part of the organ consists mainly in the

formation of ovigerms and ova, and the implantation of these in

Graafian follicles by a peculiar combination or intermixture of the

superficial germinal cells with the deeper blastema which forms the

stroma of the organ.

In a former part of this volume, imder Ovary, p. 478, the development of the

primordial ova from a certain number cf the cells of the germ-epithelium and
their enclosure in Graafian follicles by the growing stroma of the ovary have
been described according to the most recent obsen'ations of "Waldeyer, Kolliker

and J. Foulis. The publication of the very careful researches of the last observer

enables us to add some important details to the previous description.

Figure 611, copied from some of Foulis's plates (Trans. Roy. Soc, Edin., 1875)

will best show what from these observations appears to be the most j^robable

view of the mode of development lof ova in the human ovary. At e, fig. 611. B,

is seen a portion of the germ-epithelium, and at c', one of the cells undergoing

enlargement and conversion into an ovigerm or primordial ovum. Of this the

outer jirotoplasm becomes the yolk, and the nucleus the germinal vesicle with its

nucleolus or macula. At o, a single o'S'igerm, and at o\ clusters of ovigerms in

various stages of development have sunk into the ovarian stroma, and are being-

surrounded collectively and individually by the growth of the connective tissue

of the ovarian stroma advancmg from below. Some of the o^^germs in the

clusters are more advanced than the rest, and in these, as also in the isolated

ovigerm represented in C, a covering of altered connective tissue coi-puscles is

seen to be forming round the yolk protoplasm. This is the oi-igin of the cells

of the tunica granulosa, which Foulis has shown are not produced, as W^aldeyer

believed, from germ-epithelial cells, but from the interstitial connective tissue

of the deeper ovarian stroma. In A, o, o, the cell fibres of the stroma («, «,)

are seen suiTOunding several individual ova, so as to furnish the first elements
of the wall of the Graafian follicles enveloping the ova, and covering imme-
diately the granular cells. In D, representing an ovum somewhat farther

advanced, the enlarged yolk-protoplasm and the geiininal vesicle are shown
entire, with a fragment of the granular cell covering and fibro-cellular wall of

the Graafian follicle ; but the zona pellucida is not yet perceptible.
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The furtliei* steps in the formation of the ovum, as ascertained by the observa-
tions of Foulis, consist mainly in the enlargement of the mass of yolk proto-

plasm, the formation of a certain quantity of albuminous and fatty granules in

combination with it (deutoplasm of Edw. van Beneden) ; and the formation ex-

ternally of the zona pellucida or yolk-membrane by a consolidation cf the outer

Fig Gil.

T

Fig. 611.

—

Views of the Formation op Ova and Graafian Follicles in the Ovart
(from Foulis).

A, small portion of tlie ovary of a human fcetus of SJ montbs, showing primordial
ova imbedded in the stroma ; o, larger primordial ova ; o cluster of earlier ova ; n, fusi-

form corpuscles of the stroma. B, portion of the ovary near the surface in a human
fcetus of 7 A months, showing the manner of inclusion of the germ epithelium corpuscles
in groups in the ovarian stroma ; e, germ epithelium ; e', one of the cells enlarging into a
primordial ovum before sinking into the stroma ; o, a larger cell imbedded, becoming an
ovum ; o', groups of ovigerms or germ cells which have been surrounded by the stroma.
C, young ovum from the same ovaiy, isolated

; p, yolk protoplasm. D, ovum more advanced,
enclosed in condensed stroma, wliich begins to form a Graafian follicle

; p, yolk proto-
plasm ; V, germinal vesicle with macula

; g, the fusiform corpuscles now converted into

the granular cells ; Gf, condensed stroma forming the wall of the Graafian follicle.

layer of the yolk substance. And here it may be remarked that the recent
observations of Oellacher and Balfour on the radiated structure of the yolk proto-
plasm may explain in some degree, or be connected with the linear radiated
marking of the zona pellucida.

Such is the number of ova formed in the manner now described, that
in the human foetus of six to seven months the whole substanc-e appears
to consist of them and their newly formed Graafian follicles, by which

VOL. II.
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each primordial ovum is closely embraced. A uniform layer of such
ova of nearly equal size is especially to be found tovs^ards the surface ;

but in the two later months of foetal life some of the ova and follicles

advance to a farther stage of development, and increase in size, and
this advance is invariably accompanied by a change of position of these
ova to a deeper stratum of the ovary. The most advanced of the ova,

therefore, are situated deepest in this the earlier stages of the ovarian
development. It is different, however, when some "years after Ijirth,

and still more towards the age of puberty, a few of the Graafian follicles

expand to a great extent, and ultimately when mature reach the
diameter of about a quarter of an inch, for then the expanding
Graafian follicle gradually approaches the surface of the ovary, or
perhaps rather, during the rapid expansion of the follicle, the ovarian
stroma gives way by absorption between the follicle and the surface.

As the Graafian follicle expands with the slightly enlarging ovum, the
thickness of the layers of condensed connective tissue or stroma round
the ovum increases, and thus there are gradually formed the layers which
liave been described as the follicular walls, while blood-vessels penetrate
into them so as to form the vascular network of the covering. Within the
follicle the granular cells multiply so as to form several layers lining the
•whole follicle and closely covering the ovum. As yet there is no space
between the ovum and wall of the follicle except that which is occupied
by the granular cells, and for a long time the follicle is not larger than
to enable it to enclose the ovum ; but in the more advanced stages a

proportionally great enlargement of the follicle takes place, in conse-

quence of the separation of two layers of the granular cells, so as to

form a space in which fluid accumulates, and thus one or more layers

•of cells are left lining the expanded follicle and constituting its tunica

granulosa, while those covering the ovum, which is now thrown to one
side of the follicle, form the investment known as the discus proligerus,

-which appears as a reflected portion of the tunica granulosa (see

figs. 335 and 336, p'3. 473 and 475).

As connected with the difference in the seat and mode of development of the
essential parts of the male and female productive organs, the important question

presents itself of the possibility or reality of the simultaneous coexistence in any
cases of malformation of ovaries and testes on one or both sides of the body in

the same individual. From what has been stated above, the possibility of such
coexistence may perhaps be theoretically admitted. On this subject the reader

may consult an interesting account by Dr. C. L. Heppner of St. Petersburg
(Reichert's and Dubois Reymond's Ax-chiv for 1870, p. 679), of a hermaphroditic
child which lived two months after biiiih, in which, along with a considerable

amount of the better kno-mi conditions of approximation or mingling of the
sexual charapters, it appeared that two organs coexisted, in one of which, agreeing
in all respects with the ovary, primordial ova in Graafian folUcles were observed,

and in another of a distinctly rounded iorm and compact structm'e, and so far

corresponding to the testicle and unlike any of the other known vestigial organs,

branched and coiled tubes, filled with cells in a manner exactly the same as

those of the seminal canals, were ascertained by microscopic observation to exist.

The jiarovarium (epididymis or coni vasculosi) also existed.

The genital passages.—The existence of two sets of tubes between
the iuteinal productive organs and the external parts has already been
adverted to as a feature common to both sexes. The female organs con-

trast Avith the male in the large development of one of these tubes, viz..
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the Miallerian ducts into their passages, and in the abortive disappear-

ance of the greater part of the Wolffian ducts ; while in the male the

ducts of Miiller suffer in a great measure the abortive retrogradation,

and the seminal conducting tubes are produced out of canals formed

within special parts of the Wolffian body and the whole of the Wolffian

duct. But as in all embryoes of whatever sex both sets of tubes are

originally present, while a different one of the original tubes becomes

developed into the respective permanent conducting passages, vestiges

of the other original tubes are invariably present in various degrees in

both sexes.

The Female passages.—In the female, the vagina, uterus, and
Fallopian tubes are formed out of the Miillerian ducts. That portion

of the ducts in which they become fused together is developed into the

vagina, the cervix, and part of the body of the uterus ; and the pecu-

Fi-. 612. —DiA- Fig. 612.

GKAJI OF THE FE-

MALE Type op
Sexual Organs.

This and figure

615 represent dia-

grammatically a
state of the parts

not actually visi-

ble at cue time
;

but they are in-

tended to illustrate

the general type in

the two sexes, and
more particularly

the relation of the

two conducting

tubes to the develop -

inent of one as the

natural passage in

either sex, and to

the natural occur-

rence of vestiges of

the other tube, as

•well as to the per-

•sistence of the whole

or i>arts of both

tubes in occasional

instances of herma-
phroditic nature.

1, the left kid-

ney ; 2, suprarenal

body ; 3, ureter, of

which a i)art is re-

moved to show the

parts passing within it ; 4, urinary bladder ; 5, urachus ; o, the left ovary nearly in the

place of its original formation
; p o, parovariiun, ejioophoron of Waldeyer ; W, scattered

remains of Wolffian tubes near it, parooi^horon of Waldeyer ; d G, remains of the left

Wolffian duct, such as give rise to the duct of Gaertner, represented by dotted lines
;

that of the right side cut short is marked w
; /, the abdominal opening of the left

Fallopian tube ; u, the upper part of the body of the uterus, presenting a slight appear-

ance of division into cornua ; the Fallopian tube of the right side cut short is marked
in ; g, round ligament, corresponding to gubernaculum ; i, lower part of the intestine

;

V a, vagina ; 7i, situation of the hymen ; C, gland of Bartholin (Cowper's gland), and
immediately above it the urethra ; c c, corpus cavernosum clitoridis ; s c, vascular bulb or

corpus spongiosum ; n, nympha ; I, labium ; v, vulva.

3 G 2
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liaritv of the mode of fusion accounts for the occurrence, as a rare

anomaly, not only of double uterus, but of duplicity of the vagina,

coincident with communication between two lateral halves of the uterus.

The next following part of the Miillerian duct, constitutes in animals

with horned uteri, the cornu of the uterus ; but in the human subject

it remains comparatively short, entering into the formation of the upper

part of the organ. The remaining upper portion of the Miillerian duct

constitutes the Fallopian tube—becoming at first open and subsequently

frino-ed at a short distance from its upper extremity.

The pediculated hydatid of the fimbriated extremity (Hydatid of Morgagni)

appears to be the remains of the original upper end of the Miillerian tube.

The additional or accessory fimbrise and openings referred to at p. 471, and by

Henle in his Handbuch, vol. ii., p. 470, may admit of explanation on the suppo-

sition of the duct of Miiller having remained open at these places.

In the human embryo of the third month the uterus is two-homed, and it is

by a subsequent median fusion and consolidation that the triangular body of the

entire organ is produced. The comua uteri, therefore, of the human uterus

con-espond with the separate comua of the divided uterus in animals, and this

explains the occasional malformation consisting in the gi-eater or less division of

the uterine cavity and vagina into two passages. There is no distinction in the

Fig. 613.

A B

Fig. 613.—Female Genital Okgans of the Embryo with the Remains of the

Wolffian Bodies (after J. Miiller).

A, fi'om a foetal sheep ; n, the kidneys ; h, the ureters ; c, the ovaries ; d, remains of

Wolffian bodies ; c, Fallopian tubes
; /, their abdominal openings ; g, their union in the

body of the uterus. B, more advanced from a foetal deer ; a, body of the uterus ;
b,

comua ; c, tubes ; d, ovaries ; e, remains of Wolffian bodies. C, still more advanced

from the hviman fcetus of three months ; a, the body of the uterus ; b, the round liga-

ment ; c, the Fallopian tubes ; d, the ovaries ; e, remains of the Wolffian bodies.

human foetus in the third and fourth month between the vagina and uteras. In

the fifth and sixth months the os uteri begins to be formed, and the neck is sub-

sequently gradually distinguished. Thickening succeeds in the walls of the

uterine portion ; but this takes place first in the cervix, which up to the time of

birth is much larger and thicker than the body of the uterus (KoLLiker).

In the meantime the Wolfiian bodies undergo a partial atrophy, and their ducts
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become more or less obliterated and abortive in different parts. The most con-
stant vestige of the "Wolffian bodies in the female is the now well-known body
of Rosenmiiller or Parovarium of Kobelt (Eosenmiiller, Quoidam de Ovariis
Embry. Human., Lipsiaj. 1802 ; Kobelt. der Nebeneierstock des Weibes, Heidelberg-,

1847), which has already been described at p. 480 of this volume, the ciHwj)horon
of Waldeyer, and which, being produced out of the same elements as the epididy-
mis of the male, presents a remarkable resemblance to that body. The canal
uniting the radiating tubes (coni vasculosi) of this organ is also usually persistent,

but ceases at a short distance below. In the sow and several ruminants, how-
ever, the subdivided upper tubular part or epoophoron has disappeared, and the
main tube (middle part of the Wolffian duct) remains in the (hu-t of Gaertner, a
strong, slightly undulated tube, which is traceable, first free in the broad ligament

Fig. 614.

Fig. 614.

—

Adult OvARr, Parovarium anu FalluI'Iaii Tube (from Farre, after

Kobelt).

a, a, Epoophoron (parovarium) formed from the xipper part of the Wolffian body
;

b, remains of the uppermost tubes sometimes forming hydatids ; c, middle set of tubes ;

d, some lower ati-ophied tubes ; c, atrophied remains of the Wolffian duct
; /, the terminal

bulb or hydatid
; h, the Fallopian tube, originally the duct of Midler ; i, hydatid

attached to the extremity ; I, the ovary.

of the uterus, and lower down becoming incorporated with the wall of the uterus
and vagina, upon which last it is lost.

The Male Passages.—The conversion of the Wolffian duct into

the vas deferens of the testicle was first demonstrated in animals by
Rathke, in correction of the views of J. Miiller (Meckel's Archiv, 1833),
and was further proved and illustrated by H. Meckel and Bidder (H.
Meckel, Zur Morphol. der Ham uud Geschlechts-Organe der Wirbel-
thiere, Halle, 1848 ; Bidder, Male Organs in the Amphibia, Dorpat,
184G). KuUiker showed that a similar process occurs in the human
embryo, and that a communication established between the seminal
tubes of the testicle (rete testis) and some of the upper tubes of the
Wolffian body gave rise to the epididymis.

The observations of Cleland and Banks first pointed out clearly the
difference between the structure of the upper nonglomerular, or simpl}''

tubular part of the Wolffian body, and that of the lov.er and glomerular,
or primordial-kidney part.
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In the male, the Miillerian ducts are destined to undergo little development and

are of no physiological importance, while the ducts of the Wolffian Iwdies, and

probably also some part of their glandular substance, form the principal part of

the excretory apparatus of the testicle. The rmited portion of the Miillerian

ducts remauis as the vesicula prostatica, which accordingly not only corresponds

with the uterus, as was shown by Weber, but likewise, as pointed out by Leuckai-t.

contains as much of the vagina as is represented in the male. In some animals

the vesicula prostatica is prolonged into comua and tubes ; but in the human
subject the whole of the ununited parts of the Miillerian ducts disappear, except-

ing, as suggested by Kobelt. their upper extremities, which seem to be the source

of the hydatids of Morgagni. The excretory duct of the Wolffian body, from the

base of that body to its orifice, is converted into vas deferens and ejaculatory

duct, the vesicula seminalis being formed as a diverticulum from its lower part

(Waldeyer).

With respect to the fomiation of the epididymis, it appears certain that the

larger convoluted seminal tube, which foi-ms the body and globus minor of the

epididymis, arises by a change or adaptation of that part of the Wolffian duct

which runs along the outer side of the organ. The vas aben-ans or vasa aber-

Fig. 61; Fig. 615.

—

Diagram of

THE Male Type of

Sexual Organs.

1, 2, 3, 4, and 5,

as in iigure 612 ; t,

testicle in the place of

its original formation ; e,

caput eiiididymis ; v d,

vas deferens ; W, scat-

tered remains of the Wolf-

fian body, constituting the

organ of Girakles, or the

paradidymis of Waldeyer

;

V h, vas aberraus ; on,

Miillerian duct, the upper

part of -which remains as

the hydatid of Morgagni,

the lower part, repre-

sented by a dotted line

descending to the pro-

static vesicle, consti-

tutes the cornu and tube

of the iiterus masculinus ;

g, the gubernaciilum ;

V s, the vesicula semi-

nalis
; p r, the prostate

gland ; C, CowiJer's

gland of one side ; c f,
corpora cavernosa penis

cut sliort ; s p, corpus

spongiosum urethraj ; s,

scrotum ; t' , together with

the dotted lines above,

indicates the - direction

in Avhich the testicle

and epididymis change

place in their descent

from the abdomen into

the scrotum.

rantia of Haller appear to be the remains also, in a more highly convoluted foi-m,

of one or more of the tubes of the Wolffian body still adhering to the excretory

duct of the organ, and their communication with the mam tube of the epidi-
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dymis receives an explanation from that circumstance. As to the coni vasculosi

in the upper part of the epididymis, it has been customary to regard them as

produced by a transformation of the tubes and duct in the upper part of the

Wolffian body, according to the views most fully given by Kobelt ; but, accord-

ing to the more recent observations of Banks, the origin of the coni vasculosi is

most jn'obably due to a process of development occm-ring in a new stnictiure or

mass of blastema which had been jireviously observed by Cleland, and which is

foiTued in connection with the upper end of the "Wolffian body, and close to the
Miillerian duct. "Within this blastema Cleland showed that the tubes of the
efferent seminal vessels and the coni vasculosi, together with the tube which
connects them, are formed anew, while the tubes of the lower primordial-kidney

part of the "Wolffian body are undergoing an atroi^hic degeneration. This has
been confirmed by the detailed observations of Banks, who has further shown
the continuity of their uniting tube with the "\Yolffian excretory duct.

According to this view, the caput epididymis must be regarded, not simply as a
conversion of the ujiper part of the "Wolffian body, but rather as a new forma-
tion, or superinduced development of tubes in blastema connected with it.

The coni vasculosi, so fonned, become connected with the body of the testicle

by means of a short straight cord, which is afterwards subdivided into the vasa
efferentia. The peritoneal elevation descending from the testis towards the lower
extremity of the "Wolffian body, is the upper part of the plica gubernatrix, and
becomes shortened as the testicle descends to meet the lower end of the epidi-

djTiiis ; the peritoneal elevation which passes do'OTi into the scrotum, and is

continuous with the other, is the more important part of the plica gubernatrix,

connected with the gnbernactilum testis. The spennatic arteiy is originally a
branch of one of those which go to the "Wolffian body, and ascend from the
surface of the Wolffian body to the upper part of the testis, along the ligaments
connecting them ; but, as the testis descends, the artery lies entnely above it,

and the secreting substance of the Wolffian body remains adherent to it ; and
hence it is that the organ of Gii-aldes, which consists of persistent "\\'olffian

tubules, is found in a position superior to the ei^ididymis. (For a fuller account
of this subject the reader is referred to Banks "-On the Wolffian Bodies," Edin
18G-i.)

Fig. 616. YiEW FROM BEFORE OF Fig. 616.

THE Adttlt Testis and Epididt-
Mis (from Farre, after Kobelt).

a, a, convoluted tubes in the

head of the epididymis developed

from the upper part of the Wolffian

body ; b and /, hydatids in the head
of the epididymis ; c, coni vasctdosi

;

(/, va.sa aberrantia ; /(, remains of

the duct of ]\Udler with i, the

hydatid of IMorgagni at its upper
end ; /, body of the testis.

The Descent of the Testicles.

—The testicles, which are origin-

ally sitixated in the abdominal
cavity, pass down into the

scrotum before birth. The testicle

enters the internal inguinal ring in the seventh month of foetal life : by the end
of the eighth month it has usually descended into the scrotum, and, a little time
before birth, the naiTow neck of the peritoneal pouch, by which it previously

communicated with the general pei-itoneal cavity, becomes closed, and the pro-

cess of peritoneum, now entu-ely shut off from the abdominal cavity, remains as

an independent serous sac. The peritoneal pouch, or processus vaginaliB, which,

passes do-mi into the scrotum, precedes the testis by some time in its descent,

and into its posterior part there projects a considerable columnar elevation
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akeady alluded to, which is filled with soft tissue, and is termed 2>lica (juhcrnatrix

.

There is likewise a fibrous structui'e attached inferiorly to the lower part of the

scrotum, and surrounding the peritoneal pouch above, which may be distin-

guished as the (jul}t'rnacular cord, both this and the plica gubernatrix being

included in the general tei-m g uhernaciiluvi testis (J. Hunter). The gubernacular

cord consists of fibres which pass downwards from the sub-peritoneal fascia,

others which pass upwards from the superficial fascia and integmnent, and others

again which pass both upwards and downwards from the internal oblique muscle

and the aponeurosis of the external oblique ; it exhibits, therefore, a fusion of

the layers of the abdominal wall. Superiorly, it surrounds the processus vagi-

nalis, without penetrating the plica gubernatrix ; and the processus vaginalis,

as it grows, pushes its way down through the gubernacular cord and disperses its

fibres. By the time that the testis enters the internal abdominal ring, the pro-

cessus vaginalis has reached a considerable way into the scrotum ; and. as the

testis follows, the plica gubernatrix becomes shoiler, till it at last disappears
;

but it cannot be said that the shortening of the plica is the cause of the

descent of the testicle, and much less that (as has been held by some) the mus-

cular fibres of the gubernacular cord are the agents which effect this change of

position. The arched fibres of the cremaster muscle make their appearance on

the surface of the processus vaginalis as it descends, while its other fibres are

those which descend in the gubernacular cord. (See, for a further account of

this process, and the various views which have been held with regard to the

descent of the testicles, Cleland, " Mechanism of the Gubemaculum Testis."

Edinburgh, IS.JG.)

The External Organs.—In the human embryo, as in that of animals, the

external organs are up to a certain time entirely of the same form in both sexes

;

and the several organs which aftenvards distinguish the male and female exter-

nally take their origin respectively from common masses of blastema of precisely

similar structure and connections. The common cloaca exists till after the fifth

week, and the genital emmence from which the clitoris or penis is formed makes
its appearance in the course of the fifth and sixth weeks in front of and within

the common orifice. In the course of the seventh and eighth weeks the com-
mon orifice is seen to become divided into two parts, viz., the longer slit of

the genito-urinary apeiture anteriorly, and the naiTower and more rounded anal

aperture posteriorly : but the exact manner in which the separation of these

two apertures takes place has not yet been acciu'ately traced. It -is intimately

connected with the formation of the urogenital cord as an independent stmc-

ture, and is probably mainly effected by the advance from the sides and poste-

riorly of septal bands which separate the lower pai"t of the intestine. Somewhat
later, or in the ninth and tenth weeks, a transverse integumental band completes

the division between the anal and the urogenital orifices, which band forms the

whole of the so-called perineum of the female, and the part of the perineal

integument in the male which is situated behind the scrotum ; the raphe being

most obvious in the male sex.

The cutaneous folds, or cii-cular genital ridge, which are afterwards converted

into mons Veneris, labia majora, and scrotum, as well as the lips of the urogenital

furrow, which are converted into the nymphte of the female and unite as integu-

ment below the penis in the male, are both of early formation and at first pre-

cisely the same in all embryoes. In this condition, which continues until the

eleventh or twelfth week, the parts aj^pear alike in both sexes, and resemble

very much the more advanced female organs. The rudiments of JJartholui's or

Ceirpcrs glands are, it is said, seen at an early period, near the root of the

rudimentary clitoris or penis, on each side of the genito-ui-inary passage.

In the female, the tvro lateral cutaneous folds enlarge, so as to cover the clitoris

and form the labia majora. The clitoris itself remains relatively smaller, and the

gToove on its under surface less and less marked, owing to the opening out, and
subsequent extension backwards, of its margins to form the ntjinplKP. The vas-

cular bulbs remain distinct and separate, except at one point where they run
togetlier in the glans clitoridis. The hijmcn begins to appear about the fifth

month as a fold of the lining membrane at the opening of the genital passage
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into the urogenital sinus. Within the vestibule, which is the shortened but

widened remains of the urogenital sinus, the urethral orifice is seen, the lu'ethra

itself undergoing considerable elongation.

In tlie male, on the contrary, the j;c'«w continues to enlarge, and the margins
of the groove along its under surface gradually unite from the primitive urethral

orifice behind, as far forwards as the glans, so as to comiilete the long canal of

the male itrcthra, which is therefore a prolongation of the urogenital sinus. This
is accomplished about the fifteenth week. "When this union remains incomplete,

the abnormal condition named iLUpo.^padlas is produced. In the meantime the
prcjniec is formed, and, moreover, tlie lateral cutaneous folds also unite from
behind forwards, along the middle line or raphe, and thus complete the scrotum,

into which the testicles descend in the course of the eighth month of fojtal life.

The corpora cavernosa, which are at first separate, become united in their

distal portions in botli sexes ; but the corpus spongiosum lu'ethraj which is

also originally divided in all embryoes, and in the female remains so in the
greater part of its extent, becomes enlarged in the male in the glans penis, and
its two parts united mesially both above and below the urethra, so as to enclose

the whole of that tube from the bulb forwards to the glans.

TYPE OF DEVELOPMENT AND ABNORMAL FORMS OF THE GENITAL
ORGANS.

The type of development of the genital organs may be stated to differ in the
several parts of the system in the two sexes as follows, viz. :

—

1st. It is single and homological in the external organs.

2nd. It is double and heterological in the middle organs or passages.

3rd. It is partially double and heterological in the productive organs.

Accordingly the congenital malformations of the reproductive organs admit of

being distributed under the following divisions :

—

1st. Abnormal forms attributable to deficient, redundant, or abnormal modes of
development of one or more of the external organs in either sex, producing an
approach to tlie fonn of the otlier sex.

2nd. Forms referrible to deficient, redundant, or abnonnal modes of develop-

ment of one or other of the two sets of sexual passages, viz., of the Wolffian or

Miillerian ducts, so as to lead to the greater or less predominance of sexual

characters in a part or the whole of these passages inconsistent with tliose pre-

vailing in other parts of the system, or to the coexistence of both sets of pas-

sages in whole or in i:)art.

8rd. Extremely rare forms referrible to the possible coexistence of the produc-
tive parts of testicles and ovaries in the same individual, usually combined with
more or less of the foregomg kinds of malformation.
Upon the subject of these malformations the reader may consult the learned

and able article Hermaphroditism by Sir James Y. Simpson in tlie Cyclop, of

An at. and Physiol.

Upon the subject of malformations in general the following works are recom-
mended, viz. :

—

Isid. Geoff. St. Hilaire, Hist. Gen. et Partic. des Anomalies de I'Organisa-

tion, &c., 3 torn. Paris, 1832—6 ; Cruveilhier, Anat. Pathol., &c., Paris, 1S;>()—42.

Otto, Sexcentorum Monstrorum desc Anat. Vratisl., 1841 ; Th. L. W. Bischoff.

Uber Missbildungen, &c., in R. Wagner's Handworterbuch der Physiol., 1843
;

Wm. Vrolik, Tab. ad illustr. Embryol. Hom. et Mammal, tam Natiu-. quam Abnor-
mem, Amstel., 1849, and tlie article " Teratology"' by the same author in Todd's
Cyclop, of Anat. and Physiol. ; Aug. Forster, Die Missbildungen des Menschen. &c.,

Jena, 1861 ; as also the systematic works of Rokitanski and others on Patho-
logical Anatomy.

The following tabular scheme of the Coreesponding Parts of the
ffenito-urinary organs in the two sexes, and of their relation to the
Formative Rudiments of the common embryonic type, may be useful in
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fixing attention on the more important points of tlie foregoing descrip-

tion, and indicating more clearly the homologies of the parts :

—

Fejule Perjiaxext. Common Embryonal. Male Permanent.

I. -COMMON BLASTEMA OF
REPRODUCTIVE GLANDS.

Ovary. Body of Testicle.
Fnniislies the ovigerms and re- 1. Germ-epithelium covering . . Uisuppear.s, and is replaced by
mains on the .surface. serous covering of tunica

vaginalis.
Forms stroma of the ovary and 2. Deeper blastema Forms glandular seminal tubes

the Graalian follicles. of the testis.

II.- WOLFFIAN BODIES.

Transverse tubes of epoophoron 1. Upper tubular non-glonieru- Vasa efferentia and coni vas-
or organ of Rosennuilkr lar part. culosi of the epididymis.
(Parovarium).

Paroophoron (Wald.) 2. Lower glomerular part (pri- Paradidymis (Wald.), organ of
mordial kidneys). Giraldes, and ^'asa aberrantia.

Koimd ligament of the uterus . . 3. Ligament of the "Wolffian Gubemaculum testis.

body.

Ill-WOLFFIAN DUCTS.

Tube of the Epoophoron 1. Upper and middle parts .... Convoluted tube of the epididy-
mis.

Ducts of Gaertner, in cow and pig 2. Lower part Vas deferens and vesiculse
seminales.

IV—MULLERIAN DUCTS.

Pimbriated abdominal opening 1. Upiwr extremity Hydatid of Morgagni.
and terminal and oecasiunal
hydatids

Paliopian tubes 2. Middle part Occasional tubular pi'olonga-

ticns (it uterus masculinus.
Vagina and uterus 3. Lower single or meiiian part Uterus masculinus (vesicuU

prostatica).

v.—GENITAL CORD AND
SINUS UROGENITALIS.

Tissue uniting female urethra and 1. Substance surrounding geni- Prostate gland. Muscular and
vagina. tal cord. glandular tissue.

Female urethra 2. Upper part of cavity or Upper part of prostatic portion
urinai-j' pedicle. of tlie urethra.

Ostium vaginae . Hymen 3. Confluence of urinary and Verumontanum.
genital ]iarts.

Vestibule 4. Lower part Lower ]iart of prostatic por-

tion and membranous part of
urethra.

Glands of Bartholin 5. Common blastema Cowper's Glands.

VL—EXTERNAL ORGANS.
1.—Vascular parts.

Crura and corpus clitoridis a. Corpora cavern<jsa Crura and corpus penis.

Glans clitoridis and vascular 0. Corpora spongiosa Glans penis and spongy body
bulbs separate) of urethra (united).

2. Integumental parts.

Preputium clitoridis «. On genital eminence Preputium penis.

Integumental folds of nymphee b. Lijjs of genital furrow Integument and raphe below
(separate). '• . ]ieiiis.

Labia majora (se]iarate) c. Genital ridges (lateraP Scrotum and raphe (united).

Perineum of female, with raphe . U. Transverse interauogcnital Perineum of male beliind
baud. scrotum, with raphe.
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Abdomen (aMo, I liiJe) regions and
viscera of, 346

Absorbents, 37, 183. Sec Lymphatics.
Acervuhis (dim. of accrvus, a heap)

cerebri, 549
Acid-albumin, 30
Acids, organic, in nuiscle, 122

in nerve-tissue, i6o
Adenoid {a^ifjv, a gland ; elSos, form)

tissue, 69
Adipose {adrps, fat) tissue, 59. See Fat.
Adventitia capillaris, 178
Agminated trlands {ayinen, a troop), 210,

365
"

Air-cells, 275. Sec LuxGS.
Air-tubes, 274
Ala vespertilionis, 467
Albinos, pigment wanting in, 52
Albumen, 3

of blood, 30
Albuminoid substances, 30
Alimentary canal, 300

abdominal portion of, 346
development of, 69S, 774

Alkali-albumin, 30
AUantois (aKKas, gen. aWauros, a sau-

sage), 704
vascular layer of, 709

Alveoli {ahrolus, a small hollow vessel)

of glands, 236
lungs, 275, 276
lymphatic glands, 193
mucous membrane, 209
salivary, 339
of stomach, 353

Amnion {ajxviov), 703
Amoeboid {amaba ; elSos, form) move-

ments in cells, 12

Ampullai (amjmUa, a flask or bottle) of

semicircular canals, 642, 646
of Fallopian tube, 471
mammary gland, 487
vas deferens, 450

Amygdake {amygdala, an almond), 335
of cerebellum, 518

Anastomosis (avd, through ; arofxa, a
mouth), 165, 172

Anatomy, general, i

special, of the viscera, 239

Anfractuosities {avfractvs, a winding),

523
Annulus ovalis (oval ring), 244
Antihelix (di-Ti, opposite ; helix), 628
Antitragus (avri, opposite ; traijus), 627
Antrum pylori, 349
Anus, 379

development of, 77S
Aorta (probably allied to aprao), I sus-

pend, and aufjTiip, a belt or strap

to hang anytiung to, from its ap-

parently sus}iending the heart),

development of, 791
orifice of, 251, 255

Aortic arches, 793
valve, 251

Apertura scaLe vestibuli, 641
Aponeurosis [airS, from ; pevpov, a string

or tendon), 63
Appendices epiploica>, 371
Appendix CKci vermiformis, 374

vesica', 425
Aqueduct [aqKceductus, vfa aqueduct) of

cochlea, 644
of Sylvius, 552
of vestil)ule, 641

Aqueous humour, 626
Arachnoid [apax^n, a spider or spider's

web ; dSos. shnpe) membrane, 519
peculiarity of, 197

Arbor vit;e (from resemblance of the
shrub so-called) of cerebellum, 519

uterinus, 464
Areolar tissue, 53

composition and properties of, 58
development of, 70
fibres of, 54
regeneration of, 69
structure of, 56
vessels and nerves of, 58

Arteria centralis retinre, 618
thyroidea ima, 297

Arteries, general anatomy of, 165
anastomoses of, 165
coats of, 167
contractility of, 171
development of, 791
distribution of, 164
epithelium of, 167
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Arteeies—continued.

nuiscnlar tissue of, 169
nerves of, 170
2:)liysical properties of, 166

sheath of, 166

small, 178
structure of, 166

tortuosity of, 165
vessels of, 170

Aeteries on Artery, auditory, in-

ternal, 662
hroiicliial, 278
ciliar}'^, 603, 604
deferent, 453
hepatic, 384, 388; 390
pulmonary, development of, 795

distribution of, 278
orifice of, 247, 255
portion at root of lung, 273

renal, 410
spermatic, 453
splenic, 399. Sec also the various

organs and tissues for arteries

belonging to them.
Arytenoid (apvTawa, a pitcher or ladle

;

elSos, shape) cartilages, 280, 282
Aryteno-epiglottidean folds, 285
Assimilating property, 5
Atrium (a court before a house) of au-

ricles of heart, 244, 248
of vagina, 812

Auditory canal, external, 630
hairs, 650
nerve. See Nerve, Auditory.
pit and vesicle, 740, 768

Auricle (aicricula, the outer ear) of ear,

626
Auricles of heart. Sec Heart.
Auriculo-ventricular. See Heart.
Azotised (azote, nitrogen) substances, 3

Bartholin's glands, 458
Basement membrane of glands, 232, 234,

236
of mucous membrane, 206
of skin, 214

Basilar membrane, 652, 655
Basis in cerebral peduncle, 555
Bicuspid {bis, twice ; cuspis, tlie point of

a weapon) teeth, 302, 303
Bile-duct, common, 385

ducts, aberrant, 394
commencement of, 391
structure of, 393

Bladder, gall. Sec Gail-Bladder.

Bladder, urinary, 419
coats of, 423
development of, 814
female, j)eculiarities of, 420, 422
ligaments of, 420, 421, 422
sacculated and fasciculated, 425
structure of, 423
m-ethral orifice of, 423
vessels and nerves of, 426

Blastide {^Aaarros, a germ), 679

Blastoderm {&Ka(n6s, a germ ; 5e'p/ta

skin), 675, 680, 681

discovery of elements of, 685
layers of, 683
of mammals, 688
relation to development, 683
vesicular, 682

Blood, 18

arterial and venous, 33
chemical composition of, 23, 32
coagulation of, 34
colouring principles of, 25
corpuscles. Sec Coktuscles.
hepatic, 34
liipior or plasma of, 24, 28
occasional constituents of, 23
l>hysical and organic constitution of,

18

portal, 34
renal, 34
splenic, 400

Blood-A^essels, General Anatomy, 163
development of, 180, 784

See the several organs and tissues,

for blood-vessels belonging to them.
Bone, General Anatomy of, 79

chemical composition of, 80
compact and cancellated, 81, 82
formation and growth of, 94
lymphatics of, 93
marrow of, 91
nerves of, 93
periosteum of, 91
physical properties of, 80
regeneration of, 107
structure of, 81

vessels of, 92
Bone-earth phosphates, 8
Bones, cartilaginous or membranous,

origin of, 745
Bones of ear, 635

development of, 740
Brachia (arms) in cerebrum, 551
Brain. Sec Cehebuum and Ence-

PHALON.
development of, 750

Branchial (fipdyxM, gills) arches, 793
I>reast. See Mam.mary Gland.
Bronchi (fipoyxos, tlie windpipe), 265

development of, 7S3
position at root of lungs, 273
structure of, 268
vessels and nerves of, 278

Bronchia (l3p6yxos, the windpipe), 274
Bruch, meml)rane of, 601

Brunner's glands, 363

j

Buccal (bucca, the mouth), glands of, 301

!

Buify coat of blood, 24, 35
Bulb, arterial, 7S7

division of, 789
Bulbi vestibuli, 459

Cadaveric rigidity, 125

Caecum (i.e., intcstiitum ccccum, the

blind gut), 374
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Csectim

—

contimied.

development of, 778
Calamus scriptorius (a writing pen), 506
Calcar avis (a bird's spur), 542
Calcification of teeth, 323
Calices (calix, kvM^) of kidney, 404
Canal of cochlea, 652

spiral, 643
of epididymis, 449
of Hugiiier, 632
of Nuck, 443, 467
of Petit, 621

of Recklinghausen, 594
of Sclilemm, 595
of Wirsung, 396

Canaliculi in bone, 85
in cement of teeth, 312

Canalis auricularis, 787
centralis modioli, 644
membranaceus, 645, 652
reuniens, 646, 653
spiralis modioli, 644, 662

Cancelli (lattice-work) of bone, 82
Canine teeth, 302, 303, 306
I'anthi (Kavdos, the corner of the eye),

583
Capillaries, biliarj% 392
Capillary (capillus, a hair") blood-vessels,

163, 175
development of, iSo
structure of, 177

hnnphatics, 184
Capsulre atrabiliaria?, 413
Capsule of Glisson, 386
Capsulo-pupillary membrane, 764, 767
Caput cfeeum coli, 374

cornu posterioris, 496, 509
gallinaginis (woodcock's head), 43S

Carbonic acid iu blood, 25
Carnin {ca7'o, flesh), 122
Caktilage (carlilago, gristle), General

Anatomy of, 72
articular, 72
chemical composition of, 75
costal, 75
elastic, 78
hyaline, 72

development of, 76
ossified at end of bones, 90
temporary, 72
varieties of, 72
yellow, 78

Cartilagines alarum nasi, 666
laterales nasi, 665
minores vel sesamoide;e, 666

Curtilage triticea (wheat-shaped cartilage),

284
Caruucula (dim. from caro, flesh) lachry-

malis, 583
CaruncruliB myrtiformes, 458
Casein {cascus, cheese), 3

formation from albumen, 30
Cauda equina (horse's tail), 490

development of, 750
Cavernous tissue, 180

Cells, animal, 8
changes in, 1

1

endogenous formation of, 14
function of, ingrowth of textures, 15
migratory, 12

movements of, 12

multiplication of, 13
production of, 9
in relation to each otlier, 14
vegetable, 7

See also various Organs and
Tissues.

Cellular tissue, 53. See AnEOLAR Tissue.
Cement of teeth, 307, 312

development of, 320
Centrum ovale, 537
Cerebellum (dim. of cerebrum, the

brain), 515
arteries of, 576
development of, 753, 756
fissures of, 516
folia of, 516
grey matter of, 520
hemispheres of, 525
internal structure of, 518
lobes of, 517. See Lobes.

middle crus of, 511
minute structm'e of, 520
peduncles of, 516, 552

development of, 757
position of, 502
weight of, 581

Cerebriu (crrebruni, the brain), 159
Cehebro-Spixal axis or centre, General

Anatomy of, 125
development of, 691, 695, 746
Special Anatomy of, 489

fluid, 575
nerves. Sec Nerves.

Cekebrum (the brain), 522
arteries of, 576
base of, 533
convolutions of, 523. See Convolu-

tions.

commissures of, 537
development of, 750
exterior of, 522
fibres of, jieduncular, 554

transverse or commissural, 556
longitudinal or collateral, 556
Foville's views on, 557

fissures of, 523, 544. Sec Fissures.

grey matter of, 558
hemispheres of, 522
internal parts of, 537
internal structure of, 553
lobes of, 523. See Lobes.

measurements of, 580, 581
peduncles or crura of, 533, 563

development of, 757
ventricles of, 539, 543, 546
weight of, 577
white matter of, 553

Cerumen (cera, wax), 631
Cheeks, 300
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Chemical composition of human Ijody, 3
of tissue-;. ,SVc the several tissues

Chicosma ix^'^C'^, I mark with tlie

letter X ; crossing or decussation).

536
Choanai narium, 342
Cholesterine (x'"^'7. hile ;

areap, fat), in

red cori)Uscles of blood, 25
in nerve-tissue, 160

Cholin, 159
Chondriii (xii'Spos, cartihige), 3, 75
Chorda dovsalis, 692
Chordaj tendinett, 247, 251

Chorion (xop^ov, the investing membrane
of the fiL'tus), 706

origin of, 708
Ciioroid (xopiof, the chorion or invest-

ing membrane of the ftetus ; el5os,

shajie) plexuses, 545
of fourth ventricle, 513
of lateral ventricles, 541
of third ventricle, 546

coat of eye, 598
development of, 767

Choroidal fold or fissure, 763
Chyle (x^Aos, juice), 37

coagulation of, 39
constitution of, 39
corpuscles, formation of, 40

Cicatricula, 674
Cilia {ciliwni, an eyelash), eyelashes, 585

vibratile, 46
Ciliary motion, 48

cause of, 50
processes, 601

Cineritious [chiis, ashes) substance of

nervous system, 126, 553
Circulation of blood, 163

changes in, at birth, 803
fffital, 799
in the phicenta, 719

Circulus articuli vasculosus, 75, 203
major and minor, 603
venosus of nipple, 48S

Claustrum (that which shuts off), 549,

564
Clitoris (wXeiTopiy, perhaps from K\dw, I

enclose), 456
development of, Sii, 824
erector muscles of, 457
vessels and nerves of, 459

Cloacal {cloaca, a sewei) aperture, 699,

778
Coagulation {coag^dum, a clot). Sec

lU.iioD, Chyli:, and Ly.mph.
Cochlea {k6x^os, a shell-hsh with a spiral

shell), 643
development of, 772
membranous, 651
nerves of, 662
vessels of, 662

Collar of eras, 552
CoUiculus bulbi urethrae, 435

nervi optici, 607
semiualis, 438

Colloid (icoWa, glue ; elSos, shape) sub-

stances, 4
Colon (KcoXoy, originally limb, the great

gut), 376
development of, 778
position of, 34S, 376

Columella cochlea?, 644
Column, ywsterior vesicular, 499
Colunnue Bertini, 404

carneiie (fleshy columns), 247, 250
recti, 379
rugarum, 460

Conies (a companion
; pi. comitcs), 172

Commissure (con, together ; mifto, I

send) cerebral, anterior, 546, 556
gi-eat, 537
middle or grey, 546, 563
posterior, 546, 556

optic, 536
of spinal cord, 493, 496, 500

Conarium {comes, the fruit of the fir),

549
Concha (Koyxv, a shell), 626
Conglobate {con, together

;
globus, a

ball) glands, 191, 210
Conglomerate {con, together ;

glovicro, I

gather in a round heaj)) glands,

236
Coni vaseulosi, 449

development of, 823
Conjunctiva, 583, 585
Connective tissue, 52

cells and cell-spaces of, 57
relation of lymphatics to, 186

development of, 70
homogeneous, 70
jelly-like, 68
retiform, 69
in brain and spinal cord, 136

Contractilit}', vital, 5. Sec also the

various tissues.

Conns arteriosus, 246, 247
meduUaris, 491

Convolutions (con, together ; volvo, I

roll) of cerebrum, 523
angular, 529
of coqjus callosum, 532
development of, 759
frontal, 526, 527
hippoeampal, 532
of island of Keil, 525, 530
marginal, 532
occipital, 524
occipito-temporal, 532
orbital, 527
parietal, 528
straight, 537
supramarginal, 52S
temporo-sphenoidal, 530
imcinate, 532

Corinm(skin), 213
blood-vessels and lymphatics of,

216
chemical composition of, 217
development of, 217
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Coriuin

—

continued.

nerves of, 216
structure of, 213

of mucous membrane, 206

Cornea (corncus, horny), 592
development of, 767
opaca, 589
nerves and vessels of, 597

C'ornicula laryngis, 280, 282

Coruu Ammonis, 541
Corona glandis, 430

radiata, 555
_

Corpora albicantia, 535
development of, 760

Corpora Arantii, 252
Corpora cavernosa clitoridis, 457

penis, 430, 431
Corpora geniculata, 551
Corpora mammillaria, 535
Corpora quadrigemina, 551

development of, 756
grey matter of, 563

Corpora striata, 541, 5-;7

development of, 75^
grey matter of, 563

Corpus callosum, 523, 537
development of, 760
peduncles of, 536, 538

Corpus ciliare, 504
Corpus dentatum of cerebellum, 519, 522

of olivary body, 504
Corpus fimbriatum, 542, 544
Corpus Higlunorianum, 446
Corpus luteum, 474
Corpus spongiosum urethrse, 430, 435
Corpuscles of blood, red, 19

chemical composition of, 25
formation of, 40, 42
proportion of, in blood, 27
shape and size of, 19
structure of, 20

pale, 23
of chyle, 39

formation of, 40
concentric, of Hassall, 29S

of connective tissue, 57
corneal, 594
of lymph, 38

formation of, 40
osseous, 84
of thj-mus gland, 298

Corpuscula tactus, 148
Corti, organ of, 657
Cowper's glands, 440

development of, 824, 826
Cranium, development of, 732
Crassamentum {crassus, thick) of blood,

19
Creatin and creatinin {Kpeas, flesh), 31

in muscle, 122

in nerve-tissue, 160

Cremasteric {Kpffidw, I suspend) layer of

scrotum, 442
Crico-aryteuoid joints, 284

ligaments, 285

Crico-ai-ytenoid

—

continued.

muscles, 289
Cricoid (kp'ikos, a ring ; tlSos, shape) car-

tilage, 2S0, 281

Crico-thyroid joints, 284
membrane, 2S4

Crista acustica, 647, 649
urethne, 438
vestibuli, 641

Crotchet, 532
Cruorin, 25
Crura cerebelli, 516

cerebri, 533
grey matter of, 563

of clitoris, 457
of fornix, 543, 544
of penis, 431

Crusta of cerebral peduncle, 555, 556, 557
Crusta petrosa, 307, 312

formation of, 320
Crypt {KpviTTw, I conceal), 234

nmltilocular, 234
Crypts of Lieberkuhn, 209, 363, 373
Cryptorchismus (kpvtttui, I conceal

;

opx's, a testicle), 443
Crystalloid substances, 4
Cumulus, 476
Cuneiform {cuneics, a wedge

; forma,
shape) cartilage, 283

Cupola, 643
Cuspidate (cu^j^s, the point of a weapon)

teeth, 303
Cuticle (dim. cutis, the skin), 42, 211

development of, 2
1

3

nutritive changes in, 16

of enamel, 312
Cutis vera (true skin), 213. See Corium

and Skin.

Cystic (KvffTis, a bladder) duct, 385, 394
Cytogenous (kvtos, a cell

;
yei/vdu, I pro-

duce) connective tissue, 69

Dartos (ScipTos, the skin of scrotum
;

Se'poj, I flay), 441
fibres of, 119

Docidua {dcciduus, falling off; i.e.,

memhrana) cavity of, 715
formation of, 711
incapsulation of ovum in, 710
penetration by villi, 7 1

7

placentalis, 717
reflexa, serotina, and vera, 715

Decussation (dcciciso, I cut cross-vise) of

pyramids, 504
' Dens sapieutii^ (wisdom tooth), 305
Dental arches, 301

grooves, 313, 315
pulp, 307, 317
sacs, 316, 321
sheath, 309
Sec also Teeth.

Dentine {dens, a tooth), 307
development of, 31S
of repair, 325
secondary, 324
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Derma (Se'p^a, skin), 213
Descemet's membrane, 595
Development of the fa'tus and its organs,

673
of the several organs and tissues.

Scr under these.

Dialysis (5ia, apart ; Kvco, I loosen), 4
Diencephalon [Zid, between ; iyKecpaAov,

the brain), 755
Digestion, organs of, 300
Diploe (5j7rA($os, double), 81

Discus proligerns {2)rolcs, progeny ; (jcro,

1 bear), ^76
Disdiar-lasts (Sis, twice ; haKXdw, I break),

14
Diverticulum (from dircrto, I turn aside)

of ileum, 371
Duct, or ducts, of Bartholin, 339

of Bellini, 406
hiliary. See Bile-Ducts,

of Cuvier, 242, 796
of Gartner, 821
of glands in general, 237
of Rivinus, 338
See also the various glands, &c.,

for their ducts.

Ductus ad nasum, 588
arteriosus, 795, 800

closure of, 803
cochlearis, 652
communis choledochus, 385
venosus, 796

fissure or fossa of, 382
vitello-intestinalis, 699

Duodenum {duodeni, twelve ; from being
twelve finger-breadths in length),

357, 369
position of, 347

Dura mater, 569
relation to ccrebro-spinal nerves,

145
Duverney, glands of, 458

Ear, anatomy of, 626
development of, 733, 740, 768
external, 626
internal, 641. ]

Sec LabyPvIxth.
middle, 631. See Tympanum.

Ear-Avax, 744
Ectoderm {iicros, without ; ZepfjLu, skin),

683
Ejaculatory ducts, 453
Elastic tissue, 66

in arteries, 168, 169, 179
in l}'mphatics, 186
in veins, 173

Electricity, manifestation of by muscles,

123
Elementary organisms, 8, note
Elements, structural, of human body, 2
Embryo, axial rudiment of, 691

development of, 689, et seq.

inflections of walls of, 694
Embryo-cells, formation of, 9

Embiyology (^jxBpvov, an embryo ; Kdyos,

discourse), 673
Eminentia collateralis, 542

papillaris, 634
pyramidalis, 641
teres, 511

Emotion, a stimulus of muscular action,

124
Enamel germ, 313

membi'ane, 320
organ, 320
of teeth, 307, 311

formation of, 319
Encephalic vesicles, 695, 750
En-ci;phalon [h, in ; K((paKri, the head),

502
development of, 750
size and weiglit of, 577

See Cerebrum, Cerebellum,
Medulla, and Pons.

End-bulbs of nerves, 147, 216
Endocardium (evSov, within ; KapSia, the

heart), 261
Endochorion {ivSov, within

; x<^P""'> the
investing membrane of the petus),

709
^

Endoderm (eVSoj'jM-ithin; Sfpfia, skin), 683
Endogenous {iv5ot>, within

;
yevvdce, I 2)ro-

duce) formation of cells, 14
Endolymph {evSof, within ; hjmplia,

water), 645
Endoh'mphaugial nodules, 198
Endosteum(IV5oi', within ; o(rTeo»',bone),9l

Endothelium {ivZov, -within ; fivjAvj, i)a-

pilla), 43, note

End-plates, motorial, 154
Epencephalon (eTri, on ; fyKe<pa\ov, the

brain), 755
Ependyma (eVi, on ; ivSvfxa, clothing)

ventriculorum, 540
Epiblast ( eVi, on ;

^AaaTos, a germ), 683,
684

Epidermis (eTri, on ; Sepua, the skin), 42,
211

EpididjTiiis {inl, on ; SlSv/xos, a testicle),

445
canal of, 449
development of, 821, 822
relation to "Wolffian body, 826

Ejugastric (eTri, on
;
yaarijp, the stomach)

region, 347
Epiglottis (iwi, on

;
glottis\ 2S3

tubercle or cushion of, 2S6
Epiotic (eVi, on ; oSj, gen. wtos, the ear)

centre of temporal bone, 733
Epithelioid {ci^ithelium ; ilhos, form) cells,

43) note

Epithelium (eVi, on ; d-qXi], papilla), 42
ciliated, 45, 46
columnar, 44
cylinder, 44
nerve-filaments in, 43
nutrition of, 16

paA'ement, 44
scaly, 44



INDEX TO VOLUME II. 833

EpiTHELiUiM;

—

continued.

spheroidal, 44
tessellated, 44
trausitional, 44
of organs. Sec the various organs.

Epoophoron (e-Tri, on ; ii6v, an egg; 4>opeai,

I bear) relation to Wolihau body,
481, 821

Erectile tissue, general characters of,

180
Ergot (Fr. a spur), 542
Eustachian tube, 634

development of, 772
valve, 245, 246

development of, 789, 800
Exci'etion, 231
Eye, anatomy of, 5S3

appendages of, 583
development of, 762
globe of, 588

Eyelashes, 585
Eyelids, 583

development of, 768
Eye-teeth, 303

Face, development of, 73S
Facial jilates or arches, 738
Falciform IfaJx, a sickle or scythe

; forma,
shape) ligament of liver, 383

Fallopian tubes, 470
development of, S19

False membrane, 200
Falx cerebelli, 571

cerebri, 523, 571
Fascia (a band), 6^

cremasteric, 442
dentata, 544
infundibuliform, 442
intercolumnar, 442
propria, 442
spermatic, 442
trausversalis, 442

Fascife, structure and use of, 63
Fasciculi graciles (slender fascicles), 505,

509
teretes (round fascicles), 506, 509

Fasciculus, olivary, 505, 509
uncinatus (hook-shaped fascicle),

557
rasciola einerea, 545
Fat, 59

absorption of by intestinal villi, 362
chemical composition of, 60
deposition of in cells, 11

development of, 62
distribution of, 59
in muscular tissue, 122
uses of, 61

Fatty matters, 3
Fatty compounds in blood, 31
Fauces (the throat), 300
Fecundation ofthe ovum, 675
Fenestra (a window or opening) ovalis,

633
rotunda, 633
VOL. II.

Fenestrated or perforated membrane, 168
Fibra primitiva (primitive band), 127
Fibrse arciformes, 506
Fibrin {fihra, a fibre) of blood, 19

action of in coagulation, 35, 36
origin of, 28

of chyle, 39
of lymph, 38

Fibrinogenous substance or Fibrinogen

{fibrin ;
jivvdoi, I produce), 29,

3i>36
Fibrinoplastic sixbstance or fibrino-

plastiu {fibrin ; Trx6.aao>, I form),

29
Fibro-cartilage, 72, 78
Fibro-serous membrane, 196
Fibrous cone, 555
Fibrous tissue, 63

chemical composition of, 65
distribution of, 6^
lymphatics of, 66
nerves of, 66
physical properties of, 6^
regeneration of, 66

Filamentous tissue, 53
Fillet, 509, 556

of corpus callosuni, 556
Filum terminale of spinal cord, 4S9, 492,

500
Fimbria (fringes) of Fallopian tube, 470
Fissura palpebrarum, 583
Fissure or fissures of cerebellum, 517

of cerebrum, calcarine, 531
calloso-marginal, 531
collateral, 532
dentate, 532
frontal, 527
hippocampal, 532 !•>- «

intraparietal, 527 »"«^ttS1l^S^ V\^iy^AX'
occipital, 531
parieto-occipital, 526, 531
of Eolando, 525
of Sj'lvius, 524

. temporo-sphenoidal, 550
of liver, 381, 382
of lungs, 270
of medulla oblongata, 503
ocular, in embryo, 739
of Santorini, 62S
of spinal cord, 492

Flesh, chemical composition of, 25
Flexures of colon, 376

cranial, in embryo, 733
Elocculus (dim. oifloccus, a lock of wool),

518
Foetus, development of, 673
Follicle (folUculus, dim. oi/ollis, a bag),

234
Follicles, teeth, 315
Follicular glands, 210
Foramen ciecuni of medulla oblongata,

504
of tongue, 327

comnume anteiius of brain, 544
of Monro, 544

?'V
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Foramen

—

continued.

ovale of heart, 7S9
closure of, 799
vestige of, 244, 249

of Winslow, 482
Foramina of Thebesius, 246
Force, nervous, 6
Forces, physical, probable relation of

vital action to, 5
Foreskin, 431
Formic acid, 3

in nerve-tissue, 160

Fornix (an arch or vault), 541, 543
bulbs of, 535
development of, 760
fibres of, 556

Fornix conjunctiviie, 5S6

Fossa of antihelix, 628
ductus venosi, 382
of gall-bladder, 3S2
of helix, 628
innominata, 628
navicularis of urethra, 439

vulva, 456
ovalis of heart, 244
scaphoidea (boat-shaped fossa), 628
triangularis, 628
of vena cava, 382

Fourchette (a fork), 456
Fovea anterior of fourth ventricle, 513

centralis, 607, 616
hemielliptica, 641
hemispherica, 641
ovalis, 244

Foville's researches on fibres of cere-

brum, 557
Frsena (pi. of frcoium, a bridle) of ileo-

eiecal valve, 375
of lips, 300
synovial, 202

Frfenulum (dim. of frceiiuin, a bridle)

cerebri, 552
pudendi, 456

Fnenum epiglottidis, 327
lingua;, 325
of prepuce, 430

Funiculus (dim. oifunis, a cord) of nerve,

140
Furrowed band, 51S

Galactophorotjs {yaXs., milk ; (popiu, I

carry) ducts, 4S7
Ctall-bladder, 385

development of, 7S0
structure of, 394
varieties of, 386

Ganglia, General Anatomy of, 125, 136
structure of, 136
connection of nerve-fibres with, 137
on arteries, 171
cerebral, anterior, 547

posterior, 549
Ganglion, basal optic, 536

of liabenula, 551
spirale, 662

Ganglion-cells, 132
connection of nerves with, 137

Ganglion-corpuscles, 132
nerves, 126, 157

Ganglionic layer of retina, 608
Gastric (yaffrrip, the stomach) glands

353
Gastro-colic (yaffr-np, the stomach ; kwKov,

the colon) omentum, 4S5
Gastro-phrenic (yaffrrip, the stomach

;

<pp-r]v, the diaphragm) ligament, 482
Gastro-pneumonic {yaffr^p, the stomach

;

TTvev/xocp, the lungs) mucous mem-
brane, 204

Gastro-splenic (yaaT-fip, the stomach
;

aTT\7}v, the spleen) ligament or

omentum, 482, 484
Gelatin, 3, 58

from muscle, 122
Gelatinous nerve-fibres, 131
Genital cord, 814

nerve-coi'puscles, 148
passages, development of, 818

Genito-urinary mucous membrane, 204
Geuito-nrinary organs, abnormal forms

of, 825
corresponding embryonal and per-

manent parts of, S26
female, development of, 8 19
male, development of, 815, S21
]3rimary formation of, 804
type of development of, 826

See also Eeproductive Organs
and Urinary Organs.

Genu (a knee) of corpus callosum, 538
of optic tract, 552

Germ-epithelium of ovary, 472, 476, S07
Germinal matter, 10

pole, 674
spot, 9, 476, 673
vesicle, 9, 476, 673

disappearance of, 67i
Giant-cells, 106
Gingivpe (gums), 301
Giraldes, organ of, 451, S26
Glands {glans, an acorn), Secreting,

General Anatomy of, 231
acini of, 236
ducts of, 237
envelope of, 237
follicles of, 234
formation of, 233
forms of, 234
lacunaj of, 234
lobules of, 235
parenchyma of, 237
reservoirs of, 237

Glands, ductless, General Anatomy of, 23S

Glands, lymphatic. Sec Lyjiphatio
Glands.

Glandula lacrymalis inferior, 587
socia ]iai'otidis, 336

Glandulai Pacchioni, 575
ceruminosiB, 631
solitarite of the intestine, 364
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Glans (an acorn) clitoridis, 457
penis, 430

Glissun's capsule, 386
Globiu, 26
Globulin, 3, 31

Globus major and minor of the epidi-

dymis, 445
Glomerulus (dim. of glomus, a clue of

thread) of kidney, 409
Glosso-epiglottic {jKwaaa, the tongue

;

cjiiijlo(tis) folds or fnenula, 327
Glottis (yKwTTts, a tongue), 2S6
Glycogen {yAvKvs, sweet

;
yivi/dcc, I pro-

duce), 3
in liver, 380
in muscle, 122

Goblet-cells, 211

Goitre, 297
Graafian follicles, 473, 816
Granule layer of cerebellum, 521

Granules {granum, a grain), in blood, 2},

in nerve-substance, 135
Grey fibres of nerves, 131

Gristle, 72
Growth, 16

Gubernaculum {guhcrno, I steer or guide)

testis, 824
Gullet, 343
Gums, 301
Gustatory (gusto, I taste) cells, 328
Gyri {yvpos, a ring) of brain, 523
Gy^us, angular, 529

fornicatus (arched convolution), 532,

556

ILemAIIX {aTfJ.a, blood), 27
H;ematoin, 27
Ha?min (af^ua, blood), 27
Hicmoglobiu, 3, 25

crystals of, 26

Hair, 219
chemical nature of, 226
cuticle of, 220, 222
development of, 224
distribution of, 226
ending of nerve-fibres in, 225
follicles of, 221

growth of, 226
medulla or pith of, 220
muscular fibres of, 223
regeneration of, 225
root of, 220
stem of, 219

Hair-cells in ear, 65S, 659
Halitus (breath) of blood, 34
Hamulus (dim. of hamus, a hook) of

cochlea, 644
Haversian canals, 82

folds and fringes, 200, 203
lamellae, 84
spaces, 84

Head, development of, 731
Heart, 242

action of, 163

Heakt—continued,

apex of, 255
atria of, 244, 248
auricles of, 244

capacity of, 263
development of, 788
fibres of, 256
left, 24S
right, 244
septum of, 244
position of, 253

auriculae or auricular appendages of,

244, 248, 253
bone of, 255
cavities of, 163, 244
development of, 696, 784
tibro-cartilage of, 255
fibrous rings of, 255

tissue of, 255
in foetus, 272
furrows of, 243
lining membrane of, 261
lymphatics of, 260
margins or borders of, 243
muscular tissue of, 119, 256
nerves of, 261

orifices oi', aortic, 251
auriculo-ventricular, left, 248,

250, 255
right, 246, 247

of coronary and cardiac veins

246
positions of, 255
of pulmonar}' artery, 247

veins, 248
size of, 263
of venfe cavre, 245

position of, 242, 253
serous coat, external, 240
size and weight of, 262
structure of, 255
valves of, auriculo-ventricular, left,

250
right, 247

development of, 79
mitral or bicuspid, 250
sigmoid, or semilunar, left, 251

right, 248
tricuspid, 247

veins of, 246
ventricles, capacity of, 263

development of, 7S7

fibres of, 257
left, 249
position of, 255
right, 246
septum of, 246

Helicine (eAi|, a spiral) arteries, 434
Helicotrema (e'Ai^, a spiral ; Tprjua, a hole),

643
Helix (eAi|, a spiral), 627
Hepatic (fii^ap, the liver) artery, 384, 38S,

390
cells, 391
duct, 385

3 n 2



836 IXDEX TO VOLUME IL

Hepatic

—

continiterl.

vein, 384, 38S
Hepato-cystic (^7ra/>, the liver ; kvcttis, a

bladder) duets, 386
Hepato-gastvic (^irap, the liver

;
yaffTTjp,

the throat) onientuni, 484
Hilus (or hihtm, the mark or scar on a

bean) of kidney, 403
of lymphatic glands, 193
of ovary, 47

1

of spleen, 397
of suprarenal capsules, 414

Hilusstronia, 193
Hip25oeam}ius (l-mruKafjoros, from '/ttttos, a

horse, and KanTTTu, 1 bend, a fish

with a coiled tail) major, 541
minor, 542

Hippuric ('ittwos, a horse ; ovpov, lU'ine)

acid, 3, 31
Holoblastic {o\us, whole ; SAoo-to's, a germ)

ovum of mammals, 674
Horny matter, 3
Hyaline {ua\os, glass) cartilage, 72

coat of hair-follicle, 221

Hyaloid (va\os, glass ; eUos, shape) mem-
brane, 620

Hydatids of Morgagni, 446, 820
Hymen (u/^tjj', a memlirane), 457

development of, 824
Hyoid arch in embryo, 740
Hypoblast (viro, under ; flAao-ro's, a germ),

683, 6S4
development of organs from, 774

Hypochondriac (vTr6, under
; x<5''5pos, car-

tilage) regions, 347, 348
H}TDOgastric {vtto, under ; "yaa-Tijp, the

stomach) region, 347
Hypophysis {vnS, under ; cpvu, I grow)

cerebri, 535, 734
Hypospadias {vtt6, under ; Tirdu, I draw

out), 825
Hypoxanthin {vno, under

;
^avdos, yellow),

3. 31
in nerve-tissue, iGo

iLEO-CiECAL or ileo-colic valve, 375
Ileum (eiAe'oi, I roll), 357, 370. JSce Ix-

TESTINK, SMALL.
diverticula of, 371
position of, 348

Hiac region, 347, 348
Impressio coli on livei', 3S3

renalis on liver, 383
Incisor teeth, 300, 306

eruption of, 320, 323
Incisura intertragica, 627
Incus (an anvil), 636
Infundibula (funnels) of kidney, 404
lufundibulum of heart, 246

lungs, 276
Inguinal {liigucn, the groin) canal, 440
Injection, natural method of, 392
Inosinic acid, 3, 122
Inosit, 3:-

Inosit

—

coniumcd.
in muscle, 122

in nerve-tissue, 160
Interalveolar lymphatics, 279
Intercellular substance, 15
Interpeduncular space, 534
Inte.stink, large, 371

areolar or submucous coat of, 372
development of, 778
divisions of, 371, 374
glands of, 373
length and extent of, 371
mucous membrane of, 373
muscular coat of, 371
position of, 347, 348
serous coat of, 371
structure of, 371
vessels and nerves of, 374

I^:testine, small, 357
areolar or su])mucous coat of, 358
development of, 777
divisions of, 357, 369
glands of, 363
length and extent of, 357
mucous membrane of, 359
muscular coat of, 358
movements of, 358
position of, 347, 348
serous coat of, 358
structure of, 358
vessels and nerves of, 367
villi of, 360

Intraembryonic phenomena of develop-

I
ment, 691

Iris ("tpis, a rainbow), 601
muscular tissue of, 602
pigment of, 603
j)illars of, 595
structure of, 602
vessels and nerves of, 603

Iron in blood, 32
Irritability, 5

muscular, 123
duration after death, 124

Island of Reil, 525, 530
Isotropic substance in muscle, 113
Isthmus of Fallopian tube, 471

faucium, 300
of thyroid body, 295
uteri, 464
Vieussenii, 245

Ivory of teeth, 307. Sec Dentine.

.Tacub'.s membrane, 60S
Jejunum (jejumis, empty), 357, 370

position of, 348
Joints, formation of in embryo, 745

Keratin (/ce'pas, horn), 3, 213
Kidneys, 402

blood-vessels of, 410
connections of, 402
cortical substance of, 403, 404
development of, S07, 812



INDEX TO VOLUME II. 83?

Kl'D'^EYS— continued.
excretory apparatus of, 404
fibrous coat of, 403
form of, 402
liorseshoe, 403
intertubular stroma of, 413
lymphatics of, 413
medullary sul)staiice of, 403
nerves of, 413
papilLe of, 403
jjelvis of, 404
position of, 402
primordial, 699, 805
size and weight of, 402
structure of, obvious, 403
tubules of, 405
varieties of, 403

Kreatin (Kp4ai, flesh) and Kreatiniu. Sec

Creatin and Creatiniu.

Labia majora, 456
development of, 824

minora, 457
Labial (labium, the lip) glands, 301
Lal>yrinth {\aPvpiudo';, a maze, from its

complex structure), osseous, 641
development of, 770
membranous, 645

Lachrymal apparatus, 587
development of, 768

canals, 587
gland, 587
sac, 58S

Lacteals (lac, milk) General Anatomy
oi, 37

ptlexuses of, in intestine, 367
relation to villi, 362

Lactic acid, 3
in nerve-tissue, 160

Lacuna magna, 440
Lacunre in bone, 84

formation of, 103
in crusta petrosa, 312

Lamellie of bone, 83
structure of, 86

Lamina cinerea (grey layer), 536, 562
cribrosa (a plate perforated like a

sieve) of sclerotic, 590
elastic, of cornea, 594
fusca, 600
reticular, 658
spiralis ossea, 644
suprachoroidea, 600

Lanugo (wool or down), 225
Lakyxx {Kdpvy^, the larynx), 2S0

aperture of, 285
cartilages of, 280
formation and growth of, 294
interior of, 285
ligaments and joints of, 2S3
mucous membrane of, 293
muscles of, 28S

action of, 292
nerves of, 294

Larynx—coni in ucd.

pouches of, 28 7, 288
ventricles or sinuses of, 285, 2S7,

288
vessels of, 294

Lecithin, 3, 25
in nerve-tissue, 159

Lemniscus, 556
Lens (a lentil) crystalline, 622

capsule of, 625
changes in by age, 625
development of, 764

Leucin (Aei/rerfv, white), 3, 32
in nerve-tissue, 160

Leucocytes (AeukJs, white ; hvtos, a cell),

198, 212
Lienculi (little spleens), 398
Life, application of the term, 4
Liganienta lata, 467

subilava, 67
Ligaments of bones of ear, 637

central or terminal of spinal cord

489, 492, 500
ciliary, 601
costo-colic, 376
cranio-pharyngeal, 343
hyo-epiglottic, 283
palpebral, 5S4
peritoneal, 348
pleuro-colic, 376
pubo-prostatic, 428
spiral, 652, 657
suspensory, of crystalline lens, 620

of penis, 43

1

thyro-arytenoid, 284
thyro-epiglottic, 283
thyro-hyoid, 283

Ligamentum denticulatum, 575
latum pulmonis, 268
nuchre, 67
pectinatum iridis, 595
spirale, 657
suspensorium (of bladder), 423
teres uteri, 467

Ligula, 506
Limbs, development of, 699, 742
Limbus of spiral lamina, 653

luteus of tlie retina, 606
Lime-salts in bone, 80
Linea splendens, 572
Lips, 300
Liquor Cotunnii, 641

Morgagni, 625
sanguinis, 19, 24, 28

Littre, glands of, 439
LiVEU, 380

accessory, 386
borders of, 383
changes in, after birth,

coats of, 3S6
congestion of, 390
development of, 779
ducts of, 385. See Bile-ducts.

excretory apparatus of, 384
fissui'es of, 381, 382
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Liver—continued.

ibssiB of, 38 1, 38.3

h;emapoietic {alfx-a, blood ; iroi(a>, I

make), function of, 41
ligaments of, 3S3
lobes of, 381, 382
lobules of, 386
Ijnnphatics of, 393
nerves of, 384
position of, 374, 383
size and weight of, 380
specific gravity of, 380
structure of, 386
surfaces of, 38

1

varieties in, 386
vessels of, 388

Lobes of cerebellum, 517
biventral, 518
central, 517
quadrate, 517
slender, 518
subpeduncular, 51S

of cerebrum, 523
central, 530
frontal, 526
occipital, 529
parietal, 527
temporo-sphenoidal, 530

Sec also various organs.

Lobule of ear, 627
Lobuli testis, 447
Lobules of cerebrum, ouneate, 532

parietal, 528
quadrate, 532

Lobulus caudatus, 382
quadratus, 382
Si^igelii, 3S2

Locus cceruleus, 513
niger, 555. 563
perforatus antieus, 536
perforatus posticus, 535

Luette vesicale (Fr., uvula of the bladder),

423
Lumbar region, 347, 348
Lungs, 269

capacity of, 271
changes at birth in, 272
colour of, 271
coverings of, 268, 273
development of, 782
form of, 269
lobes of, 270
lobules of, 274, 276
lymphatics of, 279
nerves of, 279
roots of, 273
specific gravity of, 272
structure of, 273
surfaces and borders of, 269
texture of, 271
vessels of, 278

Lunula (dim. lima) of nails, 217
of valves of heart, 252

Lymi'H {hjmpha, water), 37
chemical composition of, 39

Lymph—continued.

coagulation of, 38
corpuscles or globules of, 3S
formation of, 40

Lymph-channel, 194
Lymph -sinus, 194
Lymphatic system. General ^\natomy of,

183
glands, 191

development of, 782
function of, 196
structure of, 192

hearts, 190
nodules, 198
vessels, 37, 183

aft'erent and efferent, 192
contractility of, 1S6
coats of, 186
development of, 191

distribution of, 1S3
lacteal. Sec LactilALS,

orifices of, 188

origin of, 183
lacunar, 185
plexiform, 183

relation to connective tissue, 186
structure of, 18*^

terminations of, 190
valves of, 1S8
vessels of, 1S6
of various organs and tissues.

See the organs and tissues.

Lymphoid (/?/?Kj)/ia ; efSos, shape) cords,

193
glands, 210

in intestine, 365, 373
tissue, 20S, 23S

Lyra, 544

Macl'LA germinativa (germinal spot),

476, 673
lutea (3'ellow spot), 606, 616

Malleus (a hammer), 635
ligaments of, 637

JMamniary {mamma, the breast) glands,

486
difference according to sex, 488
varieties of, 488
vessels and nerves of, 488

Mammilla, 486
Mandibular arch in embryo, 740
Mantle of hemisjihere- vesicle, 759
Margo acutus and obtusus of heart, 243
Mastoid cells, 634
Matrix of cartilage, 72

formation of, 77
of cerebrum, 559
of elastic cartilnge, 78
of fibro-cartilage, 79
of nails, 218

Matrix (uterus), 462
Maxillar}' bones, formation of, 739
Meatus auditorius externus, 630

of nose, 667
urinarius in females, 457, 459
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Meckel's cartilage, 740, 771
Mediastinum {onrdius, the middle ; sto, I

stand), 239, 268
testis, 446

Medulla oblongata, 502, 503
columns of, 5^
development of, 753, 755
fibres of, longitudinal, 509

transverse, 506
fissiu'es of, 503
grey matter of, 50S
nerve-nuclei in, 510
origin of nerves from, 507

Medulla spinalis. See. Spinal Cord.
Medullary canal of bone, formation of, 103

centre of cerebellum, 521
slieath of nerve-fibre, 128
spaces, 100
substance of cerebrum, 553

of lym])liatic glands, 193
Meibomian glands, 585
Membrana adamantince, 320

eboris, 307
fusca, 5 89, 767
limitans, 608, 615, 616
nictitans, 583
prcformativa, 319
propria of glands, 236

of mucous membranes, 206
of skin, 214

pupillaris, 603
tympani, 632

secondar}', 634
Membranes of the i)rain and spinal cord,

569
fretal, 700
mucous, serous, &c. See Mucous
and Serous Membranes, &c.

Meninges (ixwiy^, a membrane), 569
]\Ieroblastic {fxipos, a part ; PAaaros,

genu) ovum, 674, 677
Mesencephalon (^eVos, middle; 4yK€(pa\oy,

the brain), 753, 755
de\'elopment of parts connected with,

756
Mesentery (fiea-os, middle ; ivrepov, intes-

tine), 348, 370
Mesoblast (^ecos, middle; fi\aar6s, germ),

683
cleavage of, 693
parts formed from, 684

Mesoccecum {fxiaos, middle ; coEcum),

348, 374,481
Mesocephalnn (fxicros, middle ; KecpaXr],

the head), 511
Mesocolon (^eVo?, middle ; kuKov, the

colon), 368, 376, 481
Mesogastrium (fiiaos, middle

;
yaaT^p,

the stomach), 777
Mesorchium (ixiaos. middle ; opx^s, a tes-

ticle), 442, 815
Mesorectuin (fi4aos, middle ; rcdum),

348, 378
Mesovarium (/ueVos, middle ; ovarium),

815

Metabolic (fifTajSaWai, I change) force, 5
Metencephalon (yuerd, behind ; i-yK^^aXov,

the brain), 755
Methsenioglobin, 26
Meynert's descri2)tion of the brain, 564
Milk-teeth, 301, 306
Mitral (/xirpa, a mitre) valve, 250
Modiolus (tlie nave of a wheel), 643, 644
Molar glands, 301
Molar [inoJa, a mill) teeth, permanent,-

304
eruption of, 323

temporary, 306, 321
Monoplasts {ix6vos, single : irAaaa-u, I

form), 8
Mons Veneris, 456
Morsus diaboli (devil's bite), 470
Mouth, 300

formation of, 734, 774
Mucilaginous glands, 201
Mucin, 3, 25 note, 68, 210
Mucous MEMBRANE, General Anatonij^

of, 204
attachment of, 205
basement membrane of, 206
connective tissue of, 207
corium of, 206
divisions of, 204
epithelium of. See Ei'ITIIELIUM.

fibro-vaseular layer of, 206
folds and valves of, 205
glands of, 209, See Glands.
lymphatics of, 207
IjTujjhoid tissue of, 20S
muscular tissue of, 20S
nerves of, 156, 207, 210
papilla? of, 208
jjliysical properties of, 205
regeneration of, 211
secretion of, 210
sensibility of, 210
structure of, 206
vessels of, 207
villi of, 209

Mucous tissue, 68
Mucus, 210
Miillerian duct, 807, 808, S19

parts formed from, 825
fibres in retina, 615

Multicuspidate (multus, many ; cuspis, a
point) teeth, 305

Muscle-rods, 112
Muscles, arytenoideus obliquus, 291

aryteno-epiglottidean, 291
arytenoid, 291
ciliaris Eiolani, 5S4
ciliary, 601
compressor urethrre, 439
cremaster, 442
crico-arytenoid, lateral, 290

posterior, 2S9
crico-thyroid, 289
detrusor of bladder, 424
dilatator pupillse, 602
erectores clitoridis, 457
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Mnscles—coiifinued.
kerato-cricoid, 290
laxator tympani, 638
levator glanduke thyroidese, 296

prostatiB, 429
lingualis, 331
noto-glossus (vwTos, a back

;
yXuaaa,

the tongue, 331
perpendiculaiis extenius of tongue,

332
of pinna of ear, 629
sphincter. See Sphixcter.
stapedius, 638
tensor tympani, 638
th\'ro-arytenoid, 290
tliyro-epiglottidean, 292

Muscular contractility or irritability,

107, 123
duration of, after death, 124

current, 123
plate in embryo, 730
rigidit}% 125
sense, 123

Muscular Tissue, General Anatomy of,

107
involuntarj^ 118

development of, 120
of heart, 119

voluntary, 108

blood-vessels of, 116
changes in contraction, 1 14
cleavage into discs, 1 1

1

corpuscles of, 115
cross stripes of, 1 10
development of, 120, 744
fasciculi of, 109
fibres of, no

length and ending of, 115
fibrils of^ 1 1

1

growth of, 120
interstitial granules of, 115
lacerti of, 108
lymphatics of, 117
nerves of, 117, 156

termination in, 153
nuclei of, 115
optical appearance of, 112
physical jiroperties of, 122
sensibility of, 123
sheath of, 108

Muscularis mucosae, 20S, 355, 359, 373
Musculi papillares, 247, 250

pectinati, 244, 248
Myeloplaques (ij.ve\6s, marrow

;
plaques),

92, 105
Myolemma (fivs, a muscle ; Ae/i^o, a

husk, or rind), in
Myosin (/llvs, a muscle), 31

in muscular tissue, 122

Nails, 217
development of, 219
growth of, 219
matrix of, 218
reproduction of, 219

Nails—continued.

structure of, 218
Nares (nostrils), anterior, 664

posterior, 665
Nasal {nasus, the nose),

duct, 588
Nasniytil's membrane, 312
Nates (buttocks) in cerebrum, 551
Negro, cause of colour in skin of, 5

1

Nerve or Nerves, auditory, arrange-

ment of membranes on, 145
cochlear division of, 662
origin of, from cerebrum, 568

in medulla oblongata, 507,

vestibular division of, 647
cerebro-si'IXAL, General Anatomy

of, 125, 140
branching and conjunction of,

141
compound or moto-sensory, i5o
construction of, 140
development of, 161

differences of, 156
fil)res of. See Nerve-fibres.
lymphatics of, 141
origins or roots of, 143, 501
relation of sympathetic to,

re-union and regeneration of,

162

sheath of, 140
simple, 161

terminations of, 145
in end-bulbs, 147
in muscle, 153
in networks or terminal

plexuses, 146
in Pacinian bodies, 149
in tactile corpuscles or

touch-bodies, 148
vaso-motorial, 161

vessels of, 141
ciliary, 604
cranial, development of, 740, 761

origins of, in medulla oblongata,

507, 510
from cerebrum, 565

facial, in ernbiyo, 741
origin of, from cerebrum, 568

in medulla oblongata, 507,

511
fifth, membranes of, 145

in embryo, 741
origin of, 567

of sensory portion of, 514
fourth, or trochlear, origin of, 567
glosso-]iharyngeal, in embryo, 741

origin of, from cerebrum, 568
in medulla oblongata, 507,
5"

hypoglossal, origin of, from brain,

569
in medulla oblongata, 507,
510
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Ner". 'e—continued.

of Laucisi, 537
olfactory, membranes of, 145

deep connections of, 566
distribution of, 671
structure of, in cranium, 562

cptic, membranes of, 145
deep connections of, 567
distribution in retina, 60S
origin of, 536

pneumogastric or vagus, in embr5'o,

742
origin from cerebrum, 569

from medulla oblongata,

507, 510
sixth, origin fiom cerebrum, 567

i"" medulla oblongata, 507,
'511

spinal, development of, 760
origin of, from spinal cord, 501

spinal accessory, origin from cere-

brum, 569
in medulla oblongata, 507,
510

sympathetic, 156
development of, 761
relation to cerebro-spinal nerves,

157
structure of, 157

third or oculo - motor, origin of,

567
Nerve-cells, 132

of cerebellum, 520
of cerebrum, 559
in ganglia, 137
connection with fibres, 144
development of, 161

of spinal cord, 497
Nerve-eminence, 154
Nerve-iibres, 125

atierent or centripetal, 125, 160
connection with cells, 144
development of, 161

efferent or centrifugal, 125, 160
grey, non-meduUuted, or gelatinous,

white or medullated, 126
axis-cylinder of, 127, 128
course of, 131
sheaths of, 128
varicose, 130 .

Avhite substance of, 128
arrangement and terminations of

>SVc Neuves, Cerebro-spinal
;

and Nervous substance.
Nervous substance, structural ele-

ments of, 126
of cerebellum, 518, 520
of cerebrum, 553
chemical composition of, 159
development of, 161

functions of, 125
of medulla oblongata, 509
of pons Varolii, 511
of spinal cord, 494, 497

Nervous substance—continued.

of sympathetic, 156
vital properties of, 160

Nervous system, General Anatomy of,

125
Descriptive Anatomy of central

organs of, 489
Neurilemma {vevpov, a nerve ; XeiJ-jxa, a

peel or skin), 141

lieculiarities of, 145
of spinal cord, 572
of sj'mpathetic nerve, 157

Neurin (vevpov, a nerve), 3, 25, 159
Neuroglia i^veZpov, a nerve

;
yhia, glue),

"136, 497, 559
Nipple, 486
Nitrogen in blood, 25
Nitrogenous and non-nitrogenous sub-

stances, 3
Nodes of Ranvier, 129
Nodule {noduhts, from nodus, a knot)

of cerebellum, 518
Nodulus Arantii, 252
Nose, 664

cartilages of, 665
development of, 739, 772
fossae or cavities of, 667
mucous mendirane of, 668
olfactory region of, 669

Notochord {vwtos, the back : x^P^^j ^
string), 692, 726

Nuclei {nucleus, a kernel) of blood-cor-

puscles, 22
of cartilage-cells, 72
of cells, 7, 8, 10

of colourless blood-corpuscles, 23
of connective tissue-corpuscles, 57
division of, 14
of epithelial cells, 45
of fat-cells, 60
of nerves in medulla oblongata,

510
in fourth ventricle, 513

Nucleolus (dim. of nucleus), 7, 10
Nucleus (kernel) of caudatus, 548, 564

lenticularis, 548, 564
olivary, 504, 505
of roof of fourth ventricle, 552
treniffiformis (tape-shaped nucleus),

564
of tegmentum, 563

Nutrition of textures, 16

office of vessels in, 17
relation to secretion, 231
use of fat in, 61

Nymphaj, 457
development of, S25

ODONTOBLASTs(oSouy,gen. oSoVroy, atooth,
/SXao-rJy, a germ), 307, 320

Odoriferous matters in blood, 32
QEsoplmgus (oico or o'laoc, obs. = ^f/>w, I

bear ; (payelv, to eat), 343
coats of, 344
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(Esophagus

—

continuad.

glands of, 345
vessels and nerves of, 346

Olein {olm.m, oil), 60
Olfactory cells, 670

mucous membrane, 669
nerve, 671
tract and bulb, 536

grey matter of, 562
origin of, 566

Olivary (oliva, an olive) bodies, 504
development of, 756
superior, 514

fasciculus, 505, 509
nucleus, 504, 505

Omenta, 348, 482
Omentum (the caul) gastro-spleuic, 397

great or gastro-colic, 485
1 esser or hepato-gastric, 484

Operculum (covering or lid) in cerebrum,

52> 531
0[iislliotic {uTTiadey, behind ; ovs, gen.

coTo'y, the ear) centre, 733
Optic commissure, 536

nerve, origin of, 567
membranes of, 145

thalamus, 549
development of, 75S
grey matter of, 563

tract, 533
development of, 759

vesicles, 752, 762
Ora serrata (serrated border), 605
Organisiug force, 5
Organon adamantinx', 320
Os (bone) cordis, 255
Os orbicularc seu lenticulare, 636

tincre (tench's mouth), 463
uteri externum, 463
nteri internum, 463

Osseous tissue, 79. Sec Boxe.
Ossicula auditxxs, 635
Ossification, 94

in cartilage, 97
in mem])rane, 94

Osteoblasts (oa-reoy, a bone ; ^Aaa-rds, a
germ), 97, 105

Osteoclasts [oariov, a bone ; kAcico, I

break), 105
Osteodentine {oareov, a bone ; dens, a

tooth), 324
Osteogen {htneov, a bone

;
yivvaca, I pro-

duce), 96
Ostium of Fallopian tube, 471

uteri, 464
Otoliths (oSs, gen. wt6s, an ear ; \iQos, a

stone), 651
OvAiUEs {ovum, an egg), 471

development of, 479, 816, 826
ligaments of, 467, 472
nerves of, 480
situation of, 471
structure of, 472
vessels of, 480

vula Nabothi, 465

Ovum, 476, 673
fecimdation of, 675
formation of, 478, 81

6

incapsulation of, in decidua, 710
production of cells in, 9
segmentation of, 676
sti-ucture of unfecundated, 673

Oxalic acid, 3
Oxygen in blood, 25

Pacinian bodies, 147, 149
distribution of, 149
end of nerve-fil)resin, 151
function of, 153
in skin, 216
structure of, 150

Palate, 333, 334
glands of, 335

Palmitin, 60
Palma; plicatre, 464
Palpebroj {valpchra, an eyelid), 5S3
Pancreas (Traf, all ; Kpias, tlesh), 394

development of, 781
duct of, 396
liead and tail of, 394
lesser, 395
position of, 347, 395
size and weight of, 394
structure of, 396
varieties of, 396
vessels and nerves of, 396

Panniculus adiposus, 59, 213
Papilla foliata, 328

lachrymalis, 583, 587
Papillfe dental, 314, 317

of skin, 215, 216
of tongue, 327. ;%e Tongue.

Paradid3'rais {jTapa., near ; Si'Su/xoy, testes),

481
Paraglobulin, 25, 30, 36
Parenchymal {napiyxvfJLO., interstitial in-

fusion) tissue, 54
Parepididymis (Topa, near ; epididymis),

451, 481
Parotid Gland (Trapd, near; ovs, gen.

wt6s, the ear), 335
accessory, 336
duet of, 337
position of, 335
vessels and nerves of, 337

Parovarium (irapd, near ; ovarium, ovary),

480, 481
origin of, 821, 826

Pars ciliaris retinre, 605
intermedia of vulva, 459

Pelvic cavity, 346
Penis, 430

development of, 812, S25
form and attachments of, 430
glans of, 430
integument of, 431
ligament, suspensory, of, 431
lymphatics of, 436
nerves of, 431, 436
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Penis

—

continued.

vessels of, 431, 434, 435
Pepsin (iri-mw, I digest), 3
Peptic cells and glands, 354
Pcjiton (^rfTTTo), I digest), 30
l^erforated space, anterior, 536, 563

posterior, 535, 562
Pericardium (Tepi, about ; KapZia, the

heart), 239
vestigial fold of, 242

Perichondrium (Tepi, about
; x'^^^P°^j

cartilage), 72
Perilymph (ntpi, about ; hjntplia, water),

641
Perilymphaiigial {irfpl, about ; lympli

;

ayyuov, a vessel) nodules, 198

Perimysium (Trepi, around
;
^vs, a muscle),

'loS
PeriuiBum, development of, S24
Perineurium (Trep/, about ; vivpou, a

nerve), 141

Periosteum (irfpi, about; oariov, abone),9l

Peristaltic {-KipicrTiKKw, I constrict or

narrow) movement of the intes-

tines, 358
PeriT0XEIJJ[ {trepi, about ; TtiVco, I

stretch), 348, 48

1

continuity of, traced, 48

1

formation of folds of, 778
Perivascular canals, 572

lynii)hatics, 183
of spleen, 401

Pes accessorius, 542
hippocampi, 541

Peyer's glands, 365
Pharynx {cpipvy^), 341

attachments of, 342
development of, 774
mucous membrane and glands of,

343
Physical properties of tissues, 2. Sec

also under each tissue.

Pia mater, 571
Pigment, 3, 51

chemical composition of, 52
deposition of in cells, 1

1

use of, 52
Pigment- cells, movements in, 12

Pigment-molecules, movements of, 51

Pineal body or gland, 549
development of, 757

Pinna (a feather), 626
development of, 772
ligaments of, 62S
muscles of, 629
nerves and vessels of, 630
structure of, 628

Pit of the stomach, 347, 350
Pituitary (intuitcc, phlegm or mucus)

.l3ody, 535
development of, 734

membrane of nose, 668
Placenta (TrActKoOy, gen. iiKaKovvTos, a flat

cake), 710
circulation in, 719

Placenta

—

continued.

separation of, 724
structure of, 718, 723

Placentation, 710
Plasma (izKaffaw, I form) of blood, 19,

24, 88
salts in, 32

of chyle, 39
of lymph, 38

Plastic (TrAao-o-co, I form) force, 5
changes in cells, 1

1

Plates, subcranial, facial, or pharjTigeal,

in embryo, 738
Pleuraj (TrAeupd, a rib or side), 26S

development of, 7S3
nerves of, 894
structure of, 269

Pleuro-peritoneal cavity, 6S5
Plexus, choroid. Sec Choroid Plexus.

Plexus of absorbent vessels, 183
interlaminar, 367

of nerves, 142
Auerbach's, 36S
Jleissner's, 368
myentericus (t^-vs, muscle ;

evTtpov, intestine), 368
tympanic, 640

of veins, Inemorrlioidal, 379
pam]>iniform (paiiqiiaus, a ten-

dril : J'urma, shape), 454
vaginal, 462

Plica gubernatrix (g'uiling fold), S25,

S26
semilunaris (semilunar fold) of ej'e-

lid, 583
Plicie semilunaros, 481
Pomum Adami (Adam's apple), 2S0, 294
Pons hepatis, 382
Pons Varolii (bridge of "\'aru]ius); 502,

511
development of, 756
grey matter of, 512

Portal canals, 3S8
fissure of liv(,'r, 382
vein, 384, 388

Portio dura, 568
mollis, 145, 568

Porus opticus (optic pore), 607
Postoral {2}ost, behind : os, the mouth)

pharyngeal visceral plates, 739
Premolar teeth, 303
Preoral (2}rce, before: os, the mouth)

pharyngeal visceral plates, 738
Prepuce (pra'pidium, foreskin), 431

development of, 825
Primordial (p)-imus, first : ordior, I

begin) kidney, 805
vertebne, 720

Procerebrum [pro, fore ; ccrchrum, the

brain), 753
Process, external nasal in embryo, 739

superior maxillary, 739
vermiform, 515

Processus a cerebello ad cerebrum, 551,

552, 556



8ii INDEX TO VOLUME II.

Processus

—

continued.

a cerebello ad testes, 516
arcitbrmes, 506
brevis vel obtusus, 6^6
cuneatus (wedge-shaped process),

509
gracilis, 636
lenticularis, 636
vaginalis peritonei, 442, 823

r'rojection-sj'stenis of Meynert, 565
Promontory of tympanum, 633
Prootic {Trph, before : ovs, gen. oin6s, the

ear) centre, 733
Prosencephalon (Trpds, before ; iyK€(pa\op,

the brain), 753, 755
Pkostate (TTpu, before ; IcTTrjfxi, I place)

GLAND, 427
anterior, 440
develojmient of, S14, 826
fluid of, 430
levator mn.sele of, 429
position and characters of, 427
.structure of, 429
vesicle of, 438
vessels and nerves of, 430

Protagon (irpSnos, first ; ayui, 1 lead), 3, 25
in nerve-tissue, 159

Proteids (2Jrotein; elSos, form), 33
Protein (npwros, first) bodies, 30
Protoplasm (Trpwros, first ; irXdaaw, I

form) of animal cells, 10, 15

contractility of, 12

of vegetable cells, 7
Protoplast, 8, 15
I'rotovertebrre (TrpcSros, first ; vcrtchra),

693
segmentation of, 728

Proximate constituents of the body, 3
Pseudostomata {^€v^i]s, false ; OTdfia, a

mouth), 1 98
Pterygo-palatine plates, 789
Pulmonary artery. Sec AnTJiRY.

veins. Sec Veins.
vesicles, 275

Pulvinar, 549
Punctum lachrymale, 5S3, 587
Pupil of eye, 601, 602
Pupillary membrane, 603, 768
Purkinje, cells of, 521
Pyloric glands, 354
P3dorus {vvXcopos, a gate-keeper), 349,

356
Pyramid in cerebellum, 518

of thyroid body, 295
in tympanum, 634

Pyramid's of medulla oblongata, anterior,

504
develojiment of, 756

posterior, 505
of kidney, Ferrein's, 406

Malpighi's, 403

Eacemo^;e {racemus, a cluster of grapes)
glands, 234'

Piaiivier's i:odes, 129

Piaphe [^a<p-h, a seam ; from pdirrw, I sew)

of corpus callosum, 537
of medulla oblongata, 506, 510

lions Varolii, 512
scrotum, 441
tongue, 326

Eccto-uterine folds, 467
Eecto-vesical folds, 422

pouch, 421, 481
Eectum {intcsdnnm rectum, the straight

intestine), 376
mucous membrane of, 379
position and course of, 377
structure of, 378
vessels and nerves of, 379

Eegeneration of textures, 16. See also

the various tissues.

Eeissner's membrane, 656
Eenes succenturiati, 413
Reproductive organs, female, 456

male, 427
development of, 699, 814

Respiration, organs of, 263
Eestiform {resiis, a cord

; forma, shape)
bodies, 505

development of, 756
Eete mirabile, 166

mncosum, 212
vasculosum testis, 448

Reticular tissue, 53, 69
Reticulum (dim. oi rcte, a neji) of nervous

tissue, 69, 136 ^
Retina (rcfc, a net), 605

ciliary part of, 617
development of, 763, 765
layers of, 608

bacillarj'', 612
ganglionic, 608
molecular, inner, 609

outer, 610
of nerve-filnes, 608
nuclear, inner, 609

outer, 611

pigmentary, 615
of rods and cones, 612

microscopic structure of, 607
sustentacular tissue of, 615
vessels of, 618

Retinacula (restraining bands) of ileo-

cfecal valve, 375
Rigor mortis, 1 25
Rima (cleft) of glottidis, 285, 2S6, 2S8

of pudendum, 456
Rods of Corti in ear, 658

of retina, 727
Root-sheath of hair, 222
Rosenmiiller, organ of, 481, 826
Rostrum (a beak) of corpus callo.sum, 538
Rug;e (wrinkles) of mucous membrane,

205
of stomach, 353

vagina, 460

Saccular (sacculus, a little bag) glands,

234
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Saccule of vestibule, 646
Sacculi of larynx, 287
Sacculus, vesical, 425
Salivary cells, 339
Salivary glands, 335

structure of, 339
vessels and nerves of, 341

Snlivin, 3
Salts of blood, 32

in muscular tissue, 122
in nerve-tissue, 160

Santorini, cartilages of, 282
Sarcoleninia {(rdp^, flesh ; Kefxixa., a luisk),

III

Sarldn, 3, 31
in muscle, 122

Satellite [satdlcs, an attendant) veins,

172
ScaljE (scala, a stair), of cochlea, 643,

644
Scarf-skin, 211
Schneiderian membrane, 668
Schreger's lines, 308
Sclerotic [aK\rip6s, hard) coat, 5S9

development of, 767
structure of, 591

Scrobiculus (a small pit) cordis, 347, 350
Scrotum (a hide), 441

development of, 825
Sebaceous {scbiim, suet) glands, 229
Secreting apparatus, 233

cells, 232
fringes, 233
glands, 231
membrane, 233

Seckiotion [scccrno, I separate), 231
cell-agency in, 232

Segmentation of protovertebra?, 72S
of yelk or germ, 9, 676

partial, 68

1

secondary, 68

1

Semen, 454
Semicircular canals, 641

membranous, 646
Semilunar valves, 248, 251
Seminal gram^les, 454

ducts, 454
tubes, 447
vesicles, 451

Semipenniform muscles, 109
Sense, muscular, 123
Senses, organs of, 583

development of, 695
Sensibility, 6

Sensory terminal organs, 147
Septula renum, 404
Septum (a partition, from sc^no, I hedge

in) of heart, 244, 246. /S'ccHEAiix.

lucidum, 540, 543
of medulla oblongata, 506
nasi, 665
pectinifornie (comb-like i)artition),

432
of pons Varolii, 512
posticum of spinal cord, 574

Septum

—

continued.

scroti, 442
of tongue, 333
transversum of semicircular canals,

. 647, 649
Serosity, 30
Serous memi!raxes. General Anatomy

of, 196
apertures in, 19S
epithelioid lining of, 197
fluid of, 199
form and arrangement of, 196
inflammation of, 200
lymphatics opening on, iSo
lymphatics of, 19S
nerves of, 199
reparation of, 200
structure and properties of, 197
vessels of, 198

Serum of blood, 19, 30
of chyle, 39

lymph, T,?>

Sesamoid tibro-cartilages, 79
Sigmoid_( J, a form of the letter ffiyixa ;

elSos, shape) flexure of colon, 376
valves, aortic, 251
pulmonary, 248

Sinus (a hollow) circularis iridis, 595
coronary, of heart, 246
pocularis (cup-like sinus), 438
prostatic, 438
uro-genital, Sii
venosus, 244, 24S
of vestii)ule, 645

Sinuses of veins, 174
of Valsalva, 252

Skeleton, development of, 725
Skin, General Anatomy of, 211

ehemical composition of, 213, 217
functions of, 230
glands of, 226
fllaments, 454
lymphatics of, 216
Malpighian layer of, 212
nerves of, 156
reproduction of, 230
vessels of, 216
vital properties of, 230

Smegma pneputii, 955
Somato-pleural {awfxa, a body; irXevpd,

side) elements, 685, 693
Solitary glands, 210

of small intestine, 364
Space, perforated, anterior, 539

posterior, 536
Spectrum analysis of blood, 27
Spermatic cells, 447
Spermatic cord, coverings of, 441

vessels and nerves
of, 444

structure of, 440
Spermatic fascia, 442

filaments, 454
Spermatoblast {airfpixa, seed ; ^KaarSs, a

germ), 815
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Spermatozoa {airipixa, seed
; C^ov, an

animal), 454
Sphincter ((T(p'i.yycjo, 1 bind) of anus,

internal, 380
of bladder, 425
of larynx, 293
of pupil, 602
vagiriffi, 461

vesicfe, 425
Spixal coiiD, Descriptive Anatomy of,

489
central canal of, 496, 500

ligament of, 492
columns of, 494
commissures of, 493, 496, 500
connective tissue of, 497
development of, 746
fibres of, 509
enlargement in, 491
external form of, 489
fissures of, 492
grey matter of, 496, 497
internal ctrueture of, 494
ligaments of, 489
membranes of, 489, 570, 572
minute structure of, 497
origin of nerves from, 501
size of, 491
terminal filament of, 4S9, 492,

500
wliite substance of, 495, 497

Splanchno-pleural (rr7rAa7x>'a, entrails

;

TrAeupa, a side) elements, 685, 693
Sr-LEEX (airX-r^v), 397

accessor}-, 39S
blood-vessels of, 399
coats of, 39S
corpuscles of, 399
development of, 782
hilus or fissure of, 397
lymphatics of, 40X
nerves of, 401
position of, 348, 397
pulp of, 399
size and v^eiglit of, 397
structure of, 398

Splenculi (little spleen), 398
Splenic artery, 399

flexure of colon, 376
Stapes (a stirrup), 636
Stearin (ar^ap, tallow), 60
Stellulai of Yerhe3V^n, 412
Stenson's duct, 337
Stigma in ovar^-, 474
Stomach, 349

areolar coat of, 352
changes in colour, after death, 352
connections of, 349
development of, 776
dimensions of, 349
epithelium of, 353
fundus of, 349
glands of, 353, 354
lymphatics of, 356
lymphoid accumulations in, 355

Stomach— continued.

mucous membi'ane of, 352
muscular coat of, 350
nerves of, 356
position of, 347, 349
pjdorus, 349, 356
ruga; of, 353
shape of, 349
structure of, 350
tubules of, 353
vessels of, 35 c;

Stomata (arS/j-a, a mouth), in serous
membranes, 189, 198

Stria terminalis, 549
Striie longitudinales, 537

medullares, 506
Stroma {ffrpw^xa, a bed), of lymphatic

glands, 193
intertubular, of kidnej', 413
of ovaries, 473
of suprarenal bodies, 415

Structural elements of the body, 2
Subarachnoid space, 573
Subcranial or pharyngeal arches, 738
Subhyoid or cervical arch, 740
Sublingual gland, 335, 33S
Sublobular veins of liver, 387
Submaxillary gland, 335, 337
Submucous tissue, 53, 205
Subserous tissue, 53, 197, 273
Substantia cinerea gelatinosa, 496, 49S
Sudoriferous glands, 226

contents of, 228
development of, 228

Sugar in blood, 32
in human body, 3
in muscle, 122

Sulci (furrows) in brain, 523
Sulcus, auriculo-ventricular, 243, 255
Sui'RAUEXAL Bodies or Cai'sules,

413
accessory, 416
cortical part of, 415
development of, S13
fibrous investment of, 415
forms and position of, 413
function of, 417
lympbatics of, 416
medullary part of, 415
nerves of, 416
size and weight of, 414
structure of, 414
vessels of, 416

Sustentaculum lienis (sujiport of the
spleen), 376

Sweat-glands, 226
Sympathetica nerve. Sec Nehve, Sympa-

thetic.
Synovia, 204
Synovial bursas 201

capsules, 200
folds or fringes, 200
membi-anes, 200

development of, 204
nerves of, 204
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Synovial merabrnnes, sti'ucture of, 202

vessels of, 203
sheaths, 201

Syutonin (cw, together ; reiVw, I stretch),

3. 30
in muscle, 121

Systems, organic, i

Tactile (fadus, touch) corpuscles, 147,

148
papilhe, 216
sensibility, 230

Tisnia (rawla, a band or ribbon) hippo-

campi, 542, 544
semicircnlaris, 541, 549

Tapetum (a carpet), 556
Tarsal (tarsus, the cartilage supporting

the eye) cartilages, 584
Taste-buds in tongue, 32S
Tectorial membrane, 658, 661
Teeth, 301

arrangement in jaws, 301
changes in jaw during growth of,

323
characters of, general, 301
follicular stage of, 315

formation of, 313
hard tissues of, 307

formation of, 31S
permanent, 302

calcification of, 323
cavities of reserve of, 321, 323
development of, 321
eruption of, 323

pulp of, 306
sacs of, 316
structiu-o of, 306
temporary, 301, 306

development of, 313
eruption of, 320
shedding of, 322

Tegmentum of crura cerebri, 555
Tela choroidea (the choroid web), 545
Tendons (Tetvco, I stretch), 6^

connection with muscles, 115
Tentorium (a tent, from tcndo. I stretch),

571
Testes (testicles), 440, 445

capsule of, 446
connective tissue of, 237
coverings of, 440
descent of, S23
development of, S15
excretory duct of, 450
secretion of, 455
situation and character of, 445
structure of, 445

minute, 447
, (in cerebrum), 551
nuiliebres, 471

TextiTlES in general, i

chemical conijiosition of, 3
development of, 6
enumeration of, i

Textukes—continued.

nutrition and regeneration of, 16
physical properties of, 2

vital properties of, 4
Thalamus opticus (otitic couch). Src

Optic thalanms
Thalameucephalon [fJialamus; iyKicpaXor,

the brain), 751, 753, 755
parts formed from, 757

Tlieca (sbeath) of spinal cord, 4S9, 570
Thoracic duct, 37, 190

viscera, 239
Thymus Glaxh, 297

development and growth of, 290,

7S2
lobes of, 29S
lymphatics of, 299
position of, 297
structure of, 29S
vessels and nerves of, 299

Thyro-hyoid arch, 740
membrane, 283

Thyroid (dvpeds, a shield ; elSos, shape)
BODY' OF GLAND, 295

development of, 297, 782
fluid of, 296
lobes of, 295
pathological changes in, 297
structure of, 296
vessels and nerves of, 297

Thj-roid cartilage, 280
Tomentuni (flock of wool, hair, &.c.) cere-

bri, 572
TOKGLTE, 325

dorsum of, 326
frrenum of, 325
glands of, 330
mucous membrane of, 325
muscles of, 331
nerves of, 333
papillae of, circumvallate, 327

conical and filiform, 329
fungiform, 327, 329
secondary, 329

raphe of, 326
septum of, 3S3
vessels of, ^t,3

Tonicit}' {tovos, tension) of arteries, 171
Tonsils, 335
Touch-bodies, 148
Trabecular (dim. from irc.bs, abeam) of

corpus cavernosum, 433
cranii, 738
of tymphatic glands, 193
of sjileen, 398

Trabs cerebri (corpus callosum). 537
Trachea {artcria trachea, the rough

artery ; rpax^s, rough), 263
cartilages of, 266
changes in, after-birth, 272
development of, 7S2
elastic tissue of, 267
glands of, 267
mucous membrane of, 267
muscular fibres of, 265
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Trachea—continued.

situation of, 263
structure of, 266
vessels and nerves of, 267

Tract, olfactor)^ See Olfactory.
optic. See Optic.

Tractus intermedio-lateralis, 499
spiralis foraininulentus, 662

Tragus (rpdyos, a goat), 627
muscle of, 629

Trapezium in pons Varolii, 511
Tricuspid {trcs, three ; caspis, the point

of a weapon) valve, 247
Trigone (triangle, from rpus, three

;

-yuivla, an angle) of bladder, 423
Triolein, 60
Tripalmitin, 60
Triploblastic {rpnrXSo^, triple ; ^Xacnos,

gerni) ovum, 6S3
Tristearin, 60

Tuber annulare, 511
cinereum, 535
cochle?e, 633
olfactoriiim, 537, 562

Tubercle, grey, of Kolando, 510
laminated, 518
of Lower, 245

Tubercula quadrigemina, 551
Tuberculum pharyngeum, 343
Tubular glands, 209

nerve-iibi'es, 126
Tubules, dentinal, 307, 30S
Tubuli seminiferi, 447

of stomach, 353
uriniferi, 405

Tunica adventitia of arteries, 170
albuginea of testicle, 446

of ovary, 472
choroidea, 598
chorio-capillaris, 600
granulosa of Graafian follicle, 475
propria of labyrinth, 649

of spleen, 39S
Euyschiana, 600
vaginalis, 443

oculi, 5S9
vasculosa testis, 447

Tutaniina oculi (defences of the eye), 583
Tympanum {rifx-navov, a drum) or middle

ear, 631
development of, 772
ligaments and muscles of, 637
membrane of, 632

lining, 639
vessels and nerves of, 640
walls of, 633, 634 -

Tyrosin, 3
in blood, 32

Tyson's glands, 431

Umbilical (umhilicv^, the navel) fissure

of liver, 382
region, 347

contents of, 348
vessels, 800

Urachus {ovpov, urine ; excn, I hold), S14
Urea, 3

in blood, 31
Ureters (ovpeta, I pass urine), 417

development of, 813
orifices of, 423
structure of, 418
varieties of, 418
vessels and nerves of, 418

Urethra {ovpov, urine), 427
female, 459

glands of, 460
mucous membrane of, 460
orifice, 457, 459

male, 436
bulb of, 435
crest of, 438
development of, S25
fossa navicularis of, 439
glands and lacunas of, 439
length of, 436
mucous membrane of, 439
orifice of, external, 439

internal, 423
portion of, membranous, 43S

bulbous, 439
prostatic, 436
spongy, 439

Uric acid, 3
in blood, 31
in nerve-tissue, 160

Urinary bladder, 419. Sec Bladder.
organs, 402

development of, 699, S04
vesicle, 704

Uriniferous tubes, 405
development of, 8i2

Utero-gestation, 710
Uterus (womb), 462

blood-vessels of, 467
cavity of, 464
cervix, or neck, 463
changes in, 468

from age, 469
in gestation, 121, 468, 711
in menstruation, 211, 468

development of, 819, S26
fundus of, 463
glands of, 466

in formation of decidua, 716
relation of, to placenta, 722
ligaments of, 467
malformations of, 470
mucous membrane of, 465

changes in, 7 1

1

separation of, 724
muscular tissue of, 464
nerves of, 468
OS, or mouth of, external, 463

internal, 464
position of, 462
structure of, 464

Utricle (utriculus, a small bag) of male
urethra, 438

of vestibide of the ear, 645
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Uvea {uva, a cluster of grapes), 603
Uvula (dim. of %i,va) of bladder, 423

of cerebellum, 518

Vacuoles in pale corpuscles, 23
Vagina (sheath), 460

development of, 819, 826
glands of, 461
orifice of, 457
bphincter of, 461
vessels and nerves of, 462

Vagina cellulosa (cellular sheath) of

nerves, 141 note
Vaginal arteries of liver, 390

synovial membranes, 201
veins of liver, 389

Vallecula of cerebellum, 516, 518
Valve or valves of Bauhin, 375

of foramen ovale, 789, 799
of heart. See Heart.
ileo-csecal, or ileo-colic, 375
of Kerkring, 359
of lachrymal sac and canals, 588
of lymphatics, 188
of Tulpius, 375
of veins, 1 74
of Vieussens, 552

Valvulse conniventes, 205, 359
Varicose nerve-fibres, 129, 130
Vas aberrans of testis, 451, 822

deferens, 449, 450
development of, 822, 826

spirale (spiral vessel), 656
Vasa afferentia and efferentia oflymphatic

glands, 192
efferentia of testis, 448

development of, 823, 826
lactea, 844
recta of kidney, 412

of testis, 448
vasorum, arteries, 170

veins, 174
Ijrmphatics, 176

vorticosa, 599
Vascular glands, 238

system, development of, 696
Vaso-motorial nerves, 161

Veins, General Anatomy of, 172
anastomoses of, 172
coats of, 173
contractility of, 174
development of, 796
distribution of, 172
formation of, 163
peculiarities of, 173
pulsation in, 174
satellite, 172
structure of, 172
vital properties of, 174

Veins, bronchial, 279
cardiac, openings of, 246
cardinal, 797
central, of liver, 387
coronary, of heart, 246
VOL. II.

Veins

—

continued.

of Galen, 546
hepatic, 384, 388
innominate, development of, 79S
interlobular, 388
intralobular, 317, 388
jugular, primitive, 796, 798
laryngeal, 294
omphalo-mesenteric, 796
portal, 384, 388
pulmonary, distribution of, 278

opening of, 248
renal, blood of, 34
sublobular, 387, 388
umbilical, 802

closure of, 803
vaginal, in liver, 389
vertebral, posterior, 797

Velum meduUare anterius, 552
interpositum of brain, 541, 545'
pendulum, palati 334
posterior medullary, 518

Vena port*, 384, 3S8
Vense cavse, openings of, 2S0

cordis minimee, 246
hepaticse advehentes and revehentes,

726
Ventricles {ventriculus, dim. of venter, a

belly), cerebral, of Arantius, 506
fifth, 543
fourth, 512

floor of, 506, 512
lining membrane of, 513

lateral, 539
of septum, or Sylvian, 543 .

third, 546
of heart. See Heart.
of larynx, 285, 287, 288

Vermicular motion {vermiculus, dim. of

vermis, a worm), 358
Vertebrae, formation of, 692, 725

primordial, 728
Verumoutauuni i^veru, ridge), 438
Vesica urinaria, 419. See Bladder,

Urinary.
Vesicula prostatica, 438
Vesico-uterine folds, 467
Vesiculte seminales, 451

development of, 822, 826
Vessels. See Arteries, Capillaries,

and Veins
Vestibule, aortic, 253

of ear, 641
membranous, 645

of vulva, 457
Vibrissse, 665
Villi {villus, shaggy hair), 209

of chorion, 709
of small intestine, 359, 360

Vis nervosa, 6
Vital affinity, 5

capacity of lung, 271
properties of textures, 4. See each

tissue

Vitality, 4
3 I
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Vitelline (vitcUus, yelk) membrane, 476,
673

Vitellus, 476, 673
A^itreous {intrum, glass) body, 619

development of, 764, 767
Vocal cords, false, 2S5, 287

true, 284, 287
Voice, organ of, 280
Voluntary muscles, 108
Vulva, 456

erectile tissue of, 458
glands of, 458
mucous membrane of, 458
nerves of, 459
vessels of, 459

Wharton's duct, 3
jelly, 69

Windpipe, 263
Wisdom tooth, 305

37

Wolffian bodie?^ 480, 699, 804, 826
homologies of, 809
origin of, 806
duct, 809, 826

Womb, 462. See Uterus.
Wrisberg, cartilages of, 283

Yellow cartilage, 72, 78
fibres of areolar tissue, 55
tissue, 66

Yolk, 476, 673
segmentation of, 9, 676

Yolk-sac, 700

Zona glomerulosa, 415
pectinata, 763
pellucida, 476, 47S, 673
reticularis, 415

Zones, abdominal, 346
Zonula of Zinn, 620

THE END.
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